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REACTIVEMICROPARTICLESANDTHEIRUSETOPREPAREFUNCTIONAL 
HYDROGELPARTICLES 

ThisapplicationclaimsprioritytoUnitedStatesprovisionalpatentapplication631122,322filed 

5 December7,2020,thecontentsofwhichareincorporatedhereinbyreference.  

Field of the Invention: 

[0001] Thepresentinventionisdirectedtowardtheformationanduseofhydrogel 

microparticlesbearingchargedgroups.Moreparticularlytheinventionrelatestotheformationof 

reactivecrosslinkedmicroparticlesthatmaybeconvertedintocrosslinkedfunctionalhydrogel 

10 microparticles.  

Description of the Related Art.  

[0002] Hydrogelshavelongbeenrecognizedasusefulmaterialstointerfacewithcellsand 

tissuesasitisrecognizedthathydrogelscanmimiccertainpropertiesofnaturaltissueandcan 

hencebethoughtofassyntheticextracellularmatrix(ECM)materials.Examplesrangefrom 

15 syntheticcrosslinkedhydrogelsbasedonhydroxyethylmethacrylate(HEMA)usedascontact 

lensestoMatrigelT M acommerciallyavailableEGMderivedfrommousecancercell-linesthat 

allowsculturingstemcellswithoutinducingdifferentiationandmanyformsofpolyethyleneglycol

[0003] Inadditiontobulkhydrogelstherehavebeenmanytechniquesandapplications 

20 describedforhydrogelsformedasirregularorsphericalparticleswithnarroworbroadsize 

distributioninthenanometerandmicrometersizerange.Suchmicrogelparticleshavereceived 

greatinterestduetotheirmanypotentialapplications.  

[0004] Microgelshavebeenusedascryoprotectivematerialsforcryostorageofmammalian 

cells.Forexamplebetaine-functionalcrosslinkedhydrogelshavebeenmechanicallybroken 

25 downintoirregularmicroparticlesthathaveshowncryoprotectiveproperties.Cellattachment 

withinmatricesconstructedofinversesuspensionmicrogelswithbroadparticlesizedistribution 

havebeenshown.I 

[0005] Somepolymerparticlesinthemicronandsubmicronrangehavefounduseasvirus 

likeparticles(VLPs),enhancingantigenuptakebythehostsimmunesystem.  

basedhydrogels.
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[0006] Thereisaneedtobeabletofine-tunethepropertiesofhydrogelsbothbulkand 

microparticlesuchthattheyhavethesuitablemechanicalpropertiesandpresentchemicaland 

biologicalgroupsappropriatetothebiomedicalapplication.Onewayoffine-tuningthehydrogel 

propertiesisthroughtheuseofareactiveprecursorparticlethatcanbefunctionalizedasdesired 

5 priortohydrogelformation.Polymerparticlesaretypicallymadebysuspensionemulsion 

dispersionorprecipitationpolymerization.  

[0007] Polymerparticlesmaybeobtainedbybreakingalargerpolymersolidorgelintosmall 

piecesorbycontrolledphaseseparationofapreformedpolymerfromsolution.Howevermost 

oftenpolymerparticleswithsphericalshapesareformedusingaparticle-formingpolymerization 

10 methodsuchassuspensioninverse(water-in-oil)suspensionemulsioninverseemulsion 

dispersionorprecipitationtypepolymerizations.  

[0008] Suspensionandinversesuspensionpolymerparticleshavehomogeneousparticle 

properties astheyareformedinessentiallymini-bulkpolymerizationvhoweverresidual 

stabilizerontheirsurfacescanaffecttheirinteractionwithcellsandtissue.Aswellsuspension 

15 andinversesuspensionpolymerizationcarriedoutusingmechanicaldispersaloftheliquid 

particleformingphase(e.g.,monomermixture)inabulkcontinuousphaseusuallyproduce 

particleswithbroadsizedistributionsgiventhestatisticalbalanceofdropletsharingand 

coalescencefoundintheseprocesses.  

[0009] Inversesuspensionpolymerizationsofdropletsofaqueoussolutionsofhydrophilic 

microparticlesandmicrogelsatlargescalethoughwithbroadsizedistributions.  

[0010] Similarlydispersalofaqueouscoacervatephasesinacontinuousaqueousphase 

followedbycrosslinkingofthedisperseddropletsintohydrogelbeadscanbeseenasanexample 

ofaqueous-aqueoussuspensionpolymerizationleadingtospherical, crosslinkedhydrogel 

25 particlesthoughagainwithlargeparticlesizedistributions.2 3 

[0011] Emulsiontypepolymerizationsuseparticleinitiationinthecontinuousmediaandcan 

resultinthelarge-scaleproductionofnarrow-dispersenanoparticles.Inbothsuspensionand 

emulsiontypepolymerizationswateristypicallyusedasthesolventwhichmaynotbeamenable 

toreactivehydrolyticallyunstablemonomers.  

2 

20 monomersmechanicallydispersedinanimmiscibleoil-likemediacanbeusedtoformspherical
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[0012] Dispersionpolymerizationstartswithasolutionofmonomersinitiatorsandcolloidal 

stabilizersinsolventsthatarepoorfortheformingpolymer.Thisprocesstakesadvantageofthe 

decreasingsolubilityofgrowingpolymerchainsandcanbeusedtoformmono-disperse 

microparticlesiflargeamountsofstericstabilizersareusedtopreventaggregationoftheforming 

5 particles.  

[0013] Microfluidicparticleformationisaversionofsuspensionpolymerizationthatinvolves 

one-by-oneformationofmicrometer-rangedropletsofmonomerorpolymersolutionssuspended 

inacontinuousmediumfollowedbyrapidcuringorcrosslinking.Suchmethodshavebeenused 

topreparenarrowandmono-dispersehydrogelparticlesforuseassupportsincultureofbeta 

I0 cells.4Theabilityof20micrometerhydrogelbeadswasdemonstratedtosupportcellattachment 

throughRGDcellattachmentmotifsandtoincreasecellviabilitywhichwasattributedtoanumber 

offactorsincludingbetteroxygendiffusion.Disadvantagesofthisapproacharethelimited 

through-putgiventheparticle-at-a-timeformationprincipletheneedforstabilizersandthe 

inabilitytoproduceparticleswithradialcrosslinkorothercompositionalgradients.  

15 [0014] Thestabilizersandsurfactantsusedindispersionsuspensioninversesuspension 

andemulsionpolymerizationsincludingmicrofluidicvariantscanbeincorporatedintothe 

particlesandtheirpresenceinparticularattheparticlesurfacecanaffectsubsequent 

applicationsoftheparticles.  

[0015] Precipitationpolymerizationisavariantofdispersionpolymerizationwithoutadded 

leadingtoirregularshapedparticleswithabroadsizedistribution.  

[0016] Controlledprecipitationpolymerizationisavariantofprecipitationpolymerization 

typicallyusingasignificantcrosslinkerloadingwherethepolarityandhydrogenbondingabilities 

ofthesolventorsolventsareadjustedrelativetothoseoftheformingpolymerssuchthatthe 

25 formingpolymerchainsassembleintonucleithatarecolloidallystabilizedbytheirsolvated 

surfacelayerofjust-absorbedchains.Theseparticlenucleisubsequentlygrowinparallelby 

absorbingmorepolymerandmonomertoformafinalsetofmicroparticlesinthe0.3to20 

micrometerdiameterrange.  

[0017] Overallmonomerloadinginprecipitationpolymerizationtendstobelimitedto2 20 

30 andmorenormally2-10,weightpercenttotalmonomerinsolvent.Highermonomerloading 

3 

20 colloidalstabilizer.Asaresulttheformingpolymerchainsaggregateinanuncontrolledfashion
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typicallyleadstoformationofparticleaggregateswhilelowermonomerloadingleadstolow 

yieldsduetoinefficientparticlenucleationandgrowth.  

[0018] Thoseskilledintheartcanadjustthesolventpolaritytoinfluencethenumberof 

polymernucleipresentatthepointwherethiscolloidalstabilizationtakesplacethereby 

5 controllingthefinalparticlesize.Oneofthemonomersusedinprecipitationpolymerizationmust 

beacrosslinker.Presenceofsuchcrosslinkersiscriticaltocaptureoligomersintonucleiand 

subsequentlyontothegrowingparticles.Presenceofcrosslinkersalsohelpsmaintainparticle 

integrityduringgrowth.  

[0019] Particleyieldinprecipitationpolymerizationsishighestathighcrosslinkercontent 

10 relativetoothermonomers.Howeverparticlesmadewithhighcrosslinkerloadingaretypically 

lessdeformablethandesirablefortargetedapplications.Whenlowcrosslinkercontentisused 

theyieldobtainedisoftenquitelow(e.g.,<1O%)~,andwouldonlybesuitableatsmallscale(i.e.  

experimentalorlaboratory).Itwouldnotbepossibletoobtainacommerciallyandeconomically 

viablemethodwhentheyieldistoolowduetothelowcrosslinkercontent.  

15 [0020] Lightlycrosslinkedswellableparticlesarehenceformedtypicallyinlowyieldsbythis 

methodasthelowcrosslinkingdensityrequiredforswellableparticlesconflictswiththeneedfor 

largeamountsofcrosslinkertobepresentduringpolymerizationtoformparticlesinhighyield.It 

isnecessarytoobtainahighyieldinordertoderiveanyusefulnessatindustrialscale.  

[0021] Functional groupsaregenerallyintroducedthroughselectionofappropriate 

offunctionalizingmicrogelparticlestosuitspecificneedsarenotalwaysavailable.  

SUMMARY 

[0022] Inoneaspectthereisprovidedamethodforproducingmicroparticlescomprising: 

combiningatleastonetemporarycrosslinkerandatleastonepermanentcrosslinkerinanorganic 

25 solventhavingapolaritysuitableforacontrolledprecipitationpolymerizationtooccurand 

allowingtheprecipitationpolymerizationtotakeplacetherebyformingthemicroparticleshaving 

polymerscomprisingmonomersofthetemporarycrosslinkersandthepermanentcrosslinkers.  

4 

20 comonomersratherthanthroughpost-functionalizationofpre-formedparticles.Assuchmeans
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[0023] Inoneembodimentatotalmonomerloadingbeforetheprecipitationpolymerization 

iscalculatedasthecombinedloadingoftheatleastonetemporarycrosslinkertheatleastone 

permanentcrosslinkerandanyothermonomersandhasavalueofbetweenIto20weight%.  

[0024] Inoneembodimentatotalcrosslinkerloadingbeforetheprecipitationpolymerization 

5 isthecombinedloadingoftemporarycrosslinkerandpermanentcrosslinkerandhasavalueof 

morethan10molandwhereintheratiooftemporarycrosslinkertopermanentcrosslinkeris 

between50:50and99:1mol%.  

[0025] Inoneembodimentthesolventis4to5MPa 1 4 aboveorbelowthatofthepolymers.  

Inoneembodimentthesolventisselectedfromthegroupconsistingofacetonitrilemethylethyl 

10 ketoneheptaneandcombinationsthereof.Inafurtherembodimentthesolventisselectedfrom 

thegroupconsistingofacetonitrilemethylethylketoneheptaneandcombinationsofmethyl 

ethylketoneandheptane.  

[0026] Inoneembodimentthetemporarycrosslinkerisofformula(I)or(lla)-(lIf) 

0 0 

R2  (I) 

benzylphenylorOJwhereJisdefinedasa01-04linearorbranchedcarbonchain 

0 0 

0 

(Ila) 

5 

15 whereinR1 andKareindependentlyselectedfromH,01-04linearorbranchedcarbonchain
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0 0 

0 

(lib) 

0 0 

0 

(lic) 

0 0 

0 

0 

0 0 

(lid) 

0 

(lie) 

6 

5 andwhereinnisanintegerfrom1to 7
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0 

0 

Rr3 

(lit) 

whereKisindependentlyHormethyl.  

[0027] Inoneembodimentthetemporarycrosslinkerismethacrylicanhydrideoracrylic 

anhydride.  

5 [0028] Inoneembodimentthepermanentcrosslinkerhastwoormorevinylgroups.Inone 

embodimentthepermanentcrosslinkerisselectedfromthegroupconsistingofdivinylbenzene 

(DVB),ethyleneglycoldimethacrylate(EGDMA),diethyleneglycoldimethacrylate(DEGDMA), 

andNN'-methylenebisacrylamide(MBA).  

[0029] InoneembodimentthepermanentcrosslinkerisbetweenIto30molofthetotal 

10 monomerloading.  

least50%.  

[0031] Inoneembodimentprecipitationpolymerizationisperformedinabsenceofsurfactant 

and/orstabilizer.Inoneembodimentthemethodisperformedwithouttheadditionofsurfactant 

15 and/orstabilizer.  

[0032] Inoneembodimentthemicroparticleshaveanoutersurfacecomprisinglessthan3% 

surfactantand/orstabilizer.  

[0033] Inoneembodimentthemethodfurthercomprisesfunctionalizingthemonomerunits 

withintheparticlederivedfromthetemporarycrosslinkers.  

7 

[0030] Inoneembodimenttheyieldofthemicroparticlesisatleast30%,andpreferablyat
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[0034] Inoneembodimentthestepoffunctionalizingcomprisesfunctionalizingtoobtain 

aminesandcarboxylicacidunitsinaratioof3:1toI:3.Inoneembodimenttheratioisbetween 

2:1to1:2.  

[0035] Inafurtheraspectthereisprovidedmicroparticlescomprisingatleastonepolymer 

5 theatleastonepolymercomprising: 

[0036] atemporarycrosslinkermonomerofformula(lila),(IlIb),(IlIc),(lIld),(Ille),(IIIQ,(IlIg), 

0 ID 

0 

(lila), 

0 

0 

10 (IlIc), 

whereinR1 andR2 areindependentlyselectedfromH,01-04linearorbranchedcarbonchain 

benzylphenylorfrom-OJandwhereinJisdefinedasa01-04linearorbranchedcarbonchain 

withthewavylinesstandinginfortherestofthepolymerbackbone 

8 

0 0
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0 0 

0 

(hid), 

0 0 

(Ille), 

0 0 

Q 

0 0 

0 

(lug), 

9 

(1119,
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0 0 

0 

(IIIh), 

0 0 

0 

(liii), 

0 0 

0 (CH2)n 

0 

0 0 
(''Iii), 

0 
0 

0 0 

(111k) 

5 whereinnisanintegerfromIto3.  

10 

0 0
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(liii) 

(him) 

0 

0 

(Ilin) 

11 

0
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0 
R 

0 

0 

(1110) 

whereKisindependentlyHormethylapermanentcrosslinkingmonomerwhereinthe 

microparticlesarenarrow-disperseormono-disperseandhaveasizedistributionhavinga 

coefficientofvariationoflessthan0.3.  

5 [0037] Inoneembodimentthehydrogelmicroparticlesincludenodetectablesurfactantor 

stabilizer.  

[0038] Insomeembodimentsthehydrogelmicroparticlescompriselessthan3%,preferably 

lessthanIofasurfactantand/orastabilizer.  

10 than3%,preferablylessthan1%ofthesurfaceareaisasurfactantand/orastabilizer.  

[0040] Inoneembodimentthehydrogelmicroparticleshaveaswellingratioofwettodryof 

between5:1to50:1.  

[0041] Inoneembodimentthehydrogelmicroparticleshaveatotalcrosslinkercontent 

relativetoatotalmonomercontentofbetweenIto20mol%,andpreferably5to15mol%.  

15 [0042] InoneembodimentthehydrogelmicroparticleshaveadeformabilityofbetweenIkPa 

to500kPaandpreferably10to100kPa.  

[0043] Inoneembodimentthehydrogelmicroparticleshaveasphericalshapewhenswollen 

inaqueousmedia.  

12 

[0039] Insomeembodimentsthehydrogelmicroparticleshaveasurfaceandacoreandless
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[0044] Inoneembodimentthehydrogelmicroparticleshaveadiameterofbetween0.5-20 

micrometer.  

[0045] InoneembodimentthehydrogelmicroparticleshaveadiameterofbetweenIand10 

micrometer.  

5 [0046] Inoneembodimentthepermanentcrosslinkermonomersaremonomersof 

divinylbenzene(DVB), ethyleneglycoldimethacrylate(EGDMA), diethyleneglycoldimethacrylate 

(DEGDMA),oligo/polyethyleneglycoldimethyacrylate, 1,4-butanedioldimethacrylate, 1,6

hexanediol dimethacrylate, NN'-methylenebisacrylamide (MBA), oligo/polyethyleneglycol 

dimethyacrylateI,4-butanedioldimethacrylateandI,6-hexanedioldimethacrylate.  

10 [0047] Inoneembodimentthetemporarycrosslinkermonomersaremonomersof 

methacrylicanhydrideand/oracrylicanhydride.  

[0048] Inyetafurtheraspectthereisprovidedmicroparticlesproducedbythemethod 

describedherein.  

[0049] Inanadditionalaspectthereisprovidedamethodofcryopreservingcellscomprising: 

15 providingmicroparticlesasdescribedhereinfunctionalizingthemicroparticlescontactingthe 

cellswiththemicroparticlesandfreezingthecells.  

[0050] Inyetanadditionalaspectthereisprovidedamethodofproducingavaccinedelivery 

platform comprising: providing microparticles as described herein functionalizing the 

20 [0051] Inafurtheraspectthereisprovidedamethodofproducingencapsulatedcells 

comprising:providingthemicroparticlesasdescribedhereinfunctionalizingthemicroparticle& 

combiningfunctionalizedmicroparticleswithcellsandacapsule-forming , gellingthe 

capsule-formingmaterialsuchthattheparticlesandcellsbecomeentrappedwithinthecapsule.  

Inoneembodimentthecapsule-formingmaterialisalginate.  

25 [0052] Inyetafurtheraspectthereisprovidedacryopreservativeforcellscomprising:a 

monodispersecompositionofbiocompatiblepolyampholytehydrogelmicroparticlesthehydrogel 

microparticleshavingadeformabilityofbetween100Pato100kPaandpreferablyIto10kPa 

beingsubstantiallyfreeofsurfactantorstabilizerandhavingaswellingratioofwettodryof 

between5:1to50:1.  

13 

microparticlestoactasacarrierforanantigen;andassociatingtheantigentothecarrier.
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[0053] Inanadditionalaspectthereisprovidedamethodofcryopreservingcellscomprising 

combining the monodisperse composition of biocompatible polyampholyte hydrogen 

microparticlesasdescribedhereinwithcellsinanaqueoussuspensioninamicroparticletocell 

volumeratioof5000:1to10:1,preferably1000:1to U andfreezingthesuspensionof 

5 microparticlesandcells.  

[0054] InoneembodimentthefreezingisdoneatarateofIdegreeCelsiusperminutedown 

tominus80degreeCelsiusfollowedoptionallybytransferofthecryotubeintostoragecontainers 

heldatliquidnitrogenboil-offtemperature.  

[0055] Inanotherembodimentthecellsuspensionisfrozenrapidlybyimmersionintoan 

10 environmentheldatminus70tominus80degreecentigrade.  

[0056] Inyetanotherembodimentthecellsuspensionisfrozenbyimmersionintoan 

environmentheldattheboil-offtemperatureofliquidnitrogenwhichisminus195.6degree 

centigradeatoneatmospherepressure.  

[0057] Inanotherembodimentthecellsarestemcells.Inafurtherembodimentthecellsare 

15 primarycells.  

[0058] Inanotherembodimentthehydrogelmicroparticlesareinaconcentrationof1-2SwtIv 

[0059] Inanotherembodimentthecellsareclustersofcellsalsoknownasorganoids 

20 [0060] Inyetanadditionalaspectthereisprovidedavaccinedeliveryvehiclecomprising:a 

monodispersecompositionofbiocompatiblehydrogelmicroparticlesthehydrogelmicroparticles 

beingcationicorpolyampholyteshavinganexcessofcationiccharge;beingsubstantiallyfreeof 

addedsurfactantorstabilizerhavingaswellingratioofwettodryofbetween5:1to50:1and 

havinganaverageparticlediameterbetween0.1and10microns.  

25 [0061] Inoneembodimentthemicroparticlesaredegradableinphysiologicalconditions 

overatimespanofbetween30minutesand10daysandpreferablybetween2and48hours 

[0062] Inoneaspectthereisprovidedamethodofmakingavaccinecomprisingcombining 

thevaccinedeliveryvehicleasdescribedhereinwithanantigen.  

14 

comprisingbetween10and5000cellsandpreferablybetween100and2000cellseach.
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[0063] Inafurtheraspectthereisprovidedagranularextracellularmatrixcomprising:a 

monodispersecompositionofbiocompatiblehydrogelmicroparticlesthehydrogelmicroparticles 

havingadeformabilityofbetween100to100kPaandpreferablyIto10kPaasurface 

substantiallyfreeofsurfactantorstabilizerandaswellingratioofwettodryofbetween5:1to 

5 50:1.Inoneembodimentthemicroparticlesaremodifiedwithacellularadhesionmolecule.  

[0064] Inyetafurtheraspectthereisprovidedamethodcomprisingaddingthe 

monodispersecompositionofbiocompatiblehydrogelmicroparticlesasdescribedhereintoa 

suspensionofmammaliancellsinaratioofcellstomicroparticlesofbetweenI:I00andI:Iina 

gelformerandgellingthesuspension.  

10 [0065] Inanotheraspectthereisprovidedacellculturemethodcomprisingprovidingthe 

granularextracellularmatrixasdescribedhereinandgrowingacellcultureonthegranular 

extracellular U 

[0066] Inyetanotheraspectthereisprovidedabiomimeticbeadcomprisingabiocompatible 

hydrogelmicroparticlethehydrogelmicroparticlehavingadeformabilityofbetween100to100 

15 kPaandpreferablyIto10kPabeingsubstantiallyfreeofaddedsurfactantorstabilizerand 

havingaswellingratioofwettodryofbetween5:1to50:1U andabiomimeticfunctionalgroup.  

[0067] Instillanotheraspectthereisprovidedacellculturemethodcomprisingprovidingthe 

biomimeticbeadasdescribedhereintoacellcultureandgrowingthecellculture.  

20 [0068] Figure1isareactionschemeshowingpolymerizationofmethacrylicanhydride 

(MeAn)showingcyclopolymerizationwherethetwovinylgroupsareconsumedinsequential 

reactionsoramoreconventionalreactionwhereonlyonevinylgroupreactsifthesecondvinyl 

groupreactsatalatertimeacrosslinkisformed.  

[0069] Figure2isareactionschemeshowingreactionofmethacrylicanhydride-based 

25 polymerwithnucleophiles(RXHwhereXmaybe0,NorSforexample),whichcouldtakethe 

formofhydrolysisorfunctionalization.Reactionofanhydridebridgingtwochainswillleadtoloss 

ofcrosslink.  

[0070] Figure3showsthreeapproachestoformingmicron-rangemicrogelparticleswith 

polyampholyteproperties.Allthreeapproachesstartwithaprecipitationpolymerizationona 

15 

BRIEFDESCRIPTIONOFTHEDRAWINGS
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temporarydivinylcrosslinker(e.g.,methacrylicanhydrideMeAn)togetherwithapermanent 

crosslinker(e.g.,diethyleneglycoldimethacrylate(DEGDMA)).  

[0071] Figure4showstwoapproachestoformingnanoparticlesforuseasantigencarriers 

forvaccineapplications.Bothincludeaninitialprecipitationpolymerizationofatemporary 

5 crosslinker(e.g.,methacrylicanhydride),togetherwithaslowlyerodibledivinylcrosslinker(e.g., 

adisulfide-bridgeddimethacrylate)toensuretheparticleswillultimatelyberemovedbyrenal 

clearance.  

[0072] Figure5showstheformationandfunctionalizationofareactiveparticleplatform 

composedoftemporaryandpermanentcrosslinkerstoproducemicrogels.  

10 [0073] Figures6A-CshowlightmicroscopeimagesofMeAN/DEGDMA(90:10)particles 

madein60:40MEK/heptane:6A afterformation(anhydridesintact)inDMF6B- hydrolyzed 

particles(anhydridescleaved)inphosphate-bufferedsaline(PBS)atpH2and60- hydrolyzed 

particlesinPBSatpH7.4.Sizebars:20pm.  

[0074] Figure7showsabrightfieldopticalmicroscopeimageofMeAN-only(MED-55/O/O) 

15 microspheresformedina55145MEK/heptaneintheabsenceofpermanentcrosslinkers.The 

particlesweresuspendedinMEKforimaging.  

[0075] Figures8A-FshowsbrightfieldopticalmicroscopeimagesofMED-55/5/5particles 

madewith2to7%monomerloadinginacetonitrileICOxoilimmersion(8A:2%,8B:3%80:4% 

20 [0076] Figure9showsagraphofthediameterinfunctionoftheweightofAIBN(initiator) 

demonstratingtheeffectofinitiatorloadingonthesizeofMED-62/O/1Oparticlesmadeby 

photopolymerization.  

[0077] Figure10showsagraphofthediameterasafunctionoftheMEKvoI.%inthesolvent 

demonstratingtheeffectofvaryingMEK/HeptaneratioonthesizeofMED-XIO/1Oparticlesmade 

25 byphotopolymerization.Particlesareformedwith>62%MEKbuttheybecamegraduallysmaller 

andtheirsizecouldnotbeaccuratelydeterminedbyopticalmicroscopy(datapointsmarkedwith 
"9" 

.  

[0078] Figure11showsbrightfieldopticalmicroscopeimagesofanionicMED-55microgels 

madewithdifferentratiosofEGDMA/DEGDMApermanentcrosslinker(10moltotal).Toprow 

16 

8D:5%,8E:6%,and8F:7%).ParticledispersedinACNforimaging.Sizebar:10pm.
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MED-55/1O/0Middlerow MED-551515Bottomrow- MED-55/O/1O.Scalebar=5pm;Images 

croppedtomagnifyimages.  

[0079] Figure12showsagraphoftheswellingratioinfunctionofthepHfor(MED-55/1O/O 

(A)andMED-551515(in)),demonstratingtheeffectofcrosslinkercompositionontheswellingof 

5 anionicmicrogelsasafunctionofpH.Theswellingratioisnormalizedtotheparticlevolumeat 

pH2.4using(D~ID2 .4 )3 ,whereD~istheparticlediameteratagivenpHandD 2.4 isthediameterat 

pH2.4.  

[0080] Figure13Ashowsanexampleofmicrogelparticlesformedbyprecipitation 

copolymerizationofmethacrylicanhydride(90mol%)withDEGDMA(10mol%)at5wttotal 

10 monomerloadingina60:40MEK:heptanemixturefollowedbyfunctionalizationwithNN

dimethylethylenediaminetoproducepolyampholytehydrogelparticles.Theparticlesare 

suspendedinHEPES-bufferedsaline(pH7.6).  

[0081] Figure13Bshowsagraphofthedistributionofparticlesizesexpressedastheparticle 

areainpm2 .Themajorityoftheparticleshaveareasbetween4and6pm2correspondingto 

15 particlediametersof2.25to2.75pm.  

[0082] Figure14AshowsabrightfieldmicroscopyimageofMED-551515particlesinDMF 

beforehydrolysis.Figure14Bshowsamicroscopyimageofclose-packedmultilayerofDMAPA

andTAMRA-functionalizedMED-551515particlesinwater.Figure140showsaconfocal 

fluorescencemicroscopyimageofDMAPA-andTAMRA-functionalizedMED-551515particlesin 

[0083] Figure15showsabargraphofthezetapotentialofMED-5511010microspheresafter 

hydrolysisandfunctionalizationwithDMAPAmeasuredinPBSatpH7.4.  

[0084] Figure16isa1H-NMR(600MHz)spectrumof(propane-2,2-diylbis(oxy))bis(ethane

2,1-diyl)bis(2-methylacrylate)(KTMA)in0D01 3.  

25 [0085] Figure17showsanopticalmicroscopyimageofMKT-55/15particlesmadewith85:15 

MeAn/KTMAin55:45MEK/heptane.Sizebar:5pm.  

[0086] Figure18showsbrightfieldopticalmicroscopeimagesofMKT-55/15Anionic 

microgelsovertimeatpH5(toprow),pH7(middlerow),andpH10(bottomrow).Scalebar=15 

pm.  

17 

20 water.Sizebars:15pm.
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[0087] Figure19showsagraphoftheimmediatepost-thawcellviabilityandpercentageof 

recovered3T3cellsaftera24-hourfreeze/thawcycleforcellsinthepresenceofMED-55/2/8 

lOwt%(in),MED-55/2/85wt%(t),negativecontrol(*),andDMSOlOv/v%(A).  

[0088] Figure20showsagraphof3T3cellnumbersasafunctionofdaypostthawingfor 

5 cellsfrozenwithDMEMcontainingeitherpolyampholytemicrogelsorDMSOandanegative 

controlofcellsfrozeninDMEMwithoutsupplementalcryoprotectiveagents:MED-55/2/8lOwt% 

(U),MED-55/2/85wt%(t),negativecontrol(*),andDMSOlOv/v%(A).  

[0089] Figure21showsbrightfieldmicroscopyimagesofthawed3T3cellsafterfreezingwith 

cryoprotectivepolyampholytemicrogels.  

10 [0090] Figures22A-22Bshowsbright-fieldandfluorescenceimagesofpDMAEA-grafted 

particlesafterexposuretofluorescein-labelledovalbumin(OVA-FITO)inPBSatpH7.4.22A: 

pDMAEA-graftedparticles OVA-FITObright-fieldimageinPBSpH7.33and22B:pDMAEA

graftedparticles- OVA-FITOfluorescenceimageinPBSpH7.40.  

[0091] Figures23A-Cshowconfocalfluorescenceimagesoffluorescentlystained3T3cells 

15 co-culturedwithTAMRA-labeledMED-55/5/5microgels.23A- DMAPApolyampholytes,23B

RGDanionic,230- anionic.  

[0092] Figure24showsaconfocalimageofNIH3T3cellsstainedwithCalcein-AMmixed 

withTAMRAlabelledpolyampholyteMED-55/1510microgels.  

20 PLL/PM5OcalciumalginatecapsuleswithMED-55/10/0polyampholytemicrogelsatacell 

concentrationof2.0x106cells/mLand0.5wtlvmicrogelsandstainedwithCalcein-AMand 

Ethidium-homodimerLIVE/DEADstaining(25A:100pmscalebarand25B:15pmscalebar).  

DETAILEDDESCRIPTION 

[0094] Thepresentinventioninvolvesseveralaspects.  

25 [0095] Inoneaspectthereisprovidednewcompositionsofmonomersandcrosslinkersfor 

precipitationpolymerizationdesignedtoenableformationofanewtypeofpolymermicrogel 

particleinhighyieldandthroughascalableprocessandthatcombinepropertiesnotpreviously 

accessible.Thesepropertiesincludebutarenotlimitedtopolymermicroparticlesbeinglightly 

18 

[0093] Figures25Aand25BshowconfocalimagesofNIH3T3cellsco-encapsulatedin
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crosslinkedswellablenarrow-ormono-disperse stabilizer-freereactiveandoptionally, 

degradable.Suchparticlescanserveasaplatformforhighlydefinedhydrogelparticlesforusein 

differentareasofbiomedicine.  

[0096] Inotheraspectsthereisprovidednovelapplicationsfornanoandmicrogelparticles 

5 includingascryoprotectiveparticlesgranularECMcomponentsandcharge-shiftingvaccine 

platforms.  

[0097] Insomeembodimentsthemicrogelparticlesareformedbynewmethodsfor 

precipitationpolymerizationtaughtherein.  

[0098] Theterm"microgel"asusedhereinreferstolightlycrosslinkedpolymersystemsinthe 

10 formofmicroparticlesthatareswollenbyasolvent.Thetermhydrogel"asusedhereinrefersto 

lightlycrosslinkedpolymersystemsthatareswolleninwater.  

[0099] Theterm"microparticle"whilegenerallyusedtorefertoparticlesbetweenIandI000 

pminsizeasusedhereincanalsoencompassunlessthecontextdictatesotherwisesubmicron 

particlesinthe0.1toIpmsize(i.e. nanoparticleswithinthissizerange.)Inpreferred 

15 embodimentsthemicroparticleshaveaparticlediameterbetween0.1and50pmmore 

preferablybetween0.3and30pmorstillmorepreferablybetween0.5and20pm.  

[0100] Thetermcovalentlycrosslinked"asusedhereinwithrespecttoapolymermatrix 

referstotheformationofcovalentbondsbetweenpolymerchainsthatholdtogetherthepolymer 

20 intoindividualpolymerchainswhenthecovalentcrosslinksarepresent.Inthecaseoftheinitially

formedreactiveparticlesthecovalentcrosslinksareprovidedbybothtemporaryandpermanent 

crosslinkers.Afterthetemporarycrosslinkshavebeencleavedbyhydrolysisorfunctionalization 

theoverallnetworkstructureofthehydrogelparticlesismaintainedbythecovalentcrosslinks 

providedbythepermanentcrosslinker.  

25 [0101] Insomevariantsthepermanentcrosslinkerisaslowlydegradablecrosslinkerthat 

canundergodegradationunderphysiologicalconditionswithtimeframesontheorderof2hours 

to2weeksandpreferablybetween8hourand48hours.Suchslowlydegradablecrosslinker 

maybebasedonbisacrylateorbismethacrylatecrosslinkersthatcontainadisulfidelinkage, 

whichmaybecleavedovertimeunderphysiologicalconditionssuchasafteradministrationinto 

30 tissueduringavaccinationbyreductiveprocessesinvolvingreactionwithphysiological 

19 

matrixamicroparticleinthiswork.Itisnotpossibleforthepolymertoundergofaciledissolution
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glutathionethatarechemicallyorthogonaltotheprocessesusedtochemicallymodifyor 

hydrolyzetheanhydride-basedtemporarycrosslinkers.Othervariantsaredescribedbelowand 

includeotherbisacrylateorbismethacrylatecrosslinkerscontainingothercleavablelinkers 

betweenthetwoacrylateormethacrylateunits.Thepurposeofusingsuchslowlydegrading 

5 crosslinkersisthattheypermitclearanceoftheparticlesafteruse.  

[0102] Theterm polyampholyte"asusedhereinreferstozwitterionicpolymerswhich 

comprisemonomerunitswithapositivechargeandmonomerunitswithanegativecharge, 

whereinthepositiveandnegativechargesoccurondifferentmonomerunits.Thepolyampholytes 

asdiscussedherearemeanttobethecopolymercomprisinganionicandcationiccomonomers 

10 (andoptionallyneutralandhydrophobiccomonomers)thataregraftedthroughtheresidualor 

introducedvinylgroupsboundtothemicrogelparticles.Inoneembodimentpolyampholytes 

comprisecationicunitswhichareprimaryaminesaswellasanionicunitswhicharecarboxylic 

acids.Generallythepolyampholytemaycompriseabout10-90molofapositivelycharged 

monomerand90-10molofanegativelychargedmonomerandpreferablyabout30-70mol% 

15 ofapositivelychargedmonomerandabout70-30molofanegativelychargedmonomer.  

[0103] ThefinalparticlesmaycontainatleastI0%ofpolyampholytebydryweightpreferably 

50to400%.  

[0104] Inotherembodimentsthecationicgroupcanbeamonomercomprisingasecondary, 

tertiaryorquaternaryammoniumgrouporamonomercomprisingaguanidiniumgroupora 

suchasfoundinimidazolesandanalogouscyclicandlineargroupsknowntothoseskilledinthe 

art.  

[0105] Inotherembodimentstheanionicgroupmaybecomprisedofamonomercontaining 

acarboxylicacidgroupsuchasacrylicacidmethacrylicacidorprecursorstosuchmonomers 

25 suchast-butylacrylateort-butylmethacrylate.  

[0106] Inyetotherembodimentsthehydrolyzedmicrogelactsasthepolyanioniccomponent 

andthegraftedpolymerorcopolymeractsasthecationiccomponent.Insuchembodimentsthe 

cationiccomponentmaybeahomopolymercomprisingcationicmonomersincorporatinga 

primarysecondarytertiaryorquaternarycationicmonomerbasedonacrylatemethacrylate 

30 acrylamideormethacrylamidepolymerizableunits.Inrelatedembodiments thecationic 

componentmaybeacopolymercomprisingoneormoreoftheabovecationicmonomers 

20 

20 monomercomprisingasulfoniumgrouporamonomercomprisingaconjugateddiazolegroup
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togetherwithaneutraloranioniccomonomer.Insuchcopolymersthecationicmonomeror 

monomerscomprise50to99,andpreferably70to90molcationiccomonomer.  

[0107] Inyetotherembodimentsthepolyampholytemicrogelisformedbyprecipitation 

copolymerizationofthetemporarycrosslinkerwithacationicmonomerandapermanent 

5 crosslinkeroratemporarycrosslinkeracationicmonomerandaslowlydegradabledisulfide

containingcrosslinker.Intheseembodimentstheamountsoftemporarycrosslinkerandcationic 

monomerarechosensuchthatthefinalanionic/cationicratiocanbecontrolledbetween10190 

anionic/cationicand50/50anionic/cationic.Suitablecationicmonomersforthisembodiment 

include tertiary amines such as 2-(dimethylamino)ethyl methacrylate and 

10 (dimethylamino)propyl)methacrylamide.  

[0108] Inyetotherembodimentsthecationicpolymerorcopolymerisnotgrafted-through 

usingresidualornewlyintroducedvinylgroupsbutratherisintroducedbyelectrostatic 

complexationbetweentheanionichydrolyzedmicrogelparticlesandthesolublecationicpolymer 

orcopolymers.Asknownbypeopleskilledintheartpolyanionicpolymershaveastrongaffinity 

15 tobindpolycationicpolymerstoformpolyelectrolytecomplexes.Thiscomplexationbetween 

cationicornetcationicpolymerswithanionicpolymernetworksisdrivenbytheassociatedrelease 

ofsmallcounterionsfrombothparticipatingchargedpolymers.Furthermoreitisknownintheart 

thattheresultingpolyelectrolytecomplexesmayhavephysicalpropertiesspanningfromsolid 

precipitatesofinsolublePEGstoliquidcomplexphasescalledcomplexcoacervatesdepending 

20 onthenetstrengthoftheelectrostaticinteractionbetweenthetwochargedpolymers.Asfurther 

comprisedofonlycationicmonomers(cationichomopolymers),butalsocationiccopolymersthat 

comprisemixturesofcationicmonomerswithhydrophilicneutralorevenanioniccomonomers.  

Thesecopolymerswouldbenon-stoichiometricpolyampholytesdefinedascopolymershavingan 

25 excessofcationicoveranionicmonomersinordertoenhanceabsorptionofthepolyampholyte 

intotheanionicmicrogel.Suchnon-stoichiometricpolyampholytesmaycontain30to99%cationic 

monomerandpreferably50 80%cationiccomonomerandmostpreferably60 70%cationic 

comonomer.Theymayalsocontainneutralandevenhydrophobiccomonomersinadditionto 

cationic and anionic monomers. Gopolymers of a cationic monomer (3

30 aminopropylmethacrylamideAPM)withanionicmonomermethacrylicacid 6orwithaneutral 

hydrophiliccomonomerN-(2-hydroxypropyl)methacrylamide(HPM) 7canbeabsorbedinto 

calciumalginatehydrogelbeads.  

21 

knownintheartpolyanionichydrogelparticleshavetheabilitytonotonlybindpolycations
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[0109] Insomeembodimentstheterm"temporarycrosslinkeKasusedhereinreferstoa 

crosslinkerusedtocreateapolymerparticlethatisyettobefunctionalized.Thetemporary 

crosslinkerisusedtograftoneormorefunctionalgroupssuchasaminecarboxylorthiol 

dependingonthedesiredapplicationforthepolymer.Thetemporarycrosslinkerscanhavean 

5 anhydridegroupandmaybeofformula(I)describedbelow.Inoneembodimentthetemporary 

crosslinkeriscompletelycleaved.Howeverevenwhenthetemporarycrosslinkeriscompletely 

cleavedtheintegrityofthepolymerinsolventcanbemaintainedthankstothepermanent 

crosslinker.  

[0110] Thetermpermanentcrosslinker"asdefinedhereinreferstoacrosslinkerthatwill 

10 survivelargelyintacttheconditionsusedtohydrolyzeorfunctionalizeatemporarycrosslinker 

thatispartofthesamepolymericmicroparticle.Forexampletheconditionscanbethoseto 

hydrolyzeorfunctionalizeanhydridegroups.Itmaybeonethatitselfcanbecleavedunder 

differentconditions orsimplymoreslowlyasdescribedbelow.Inoneembodimentthe 

permanentcrosslinkerhasatleasttwovinylgroups.Examplesincludecombinationsof 

15 hydrolyticallylabilemethacrylicanhydridewithhydrolyticallystablemono- di-andhigher 

ethyleneglycoldimethacrylates.Insomeembodiments thepermanentcrosslinkerisa 

degradablecrosslinkerorabiodegradablecrosslinker.Thedegradableorbiodegradable 

crosslinkerdoesnotreactduringthehydrolysisorthefunctionalizationreactionofthetemporary 

crosslinkerbutwilldegradeinvivounderphysiologicalconditions.Suchdegradablecrosslinkers 

20 includeketalordisulfide-containingcrosslinkersthatpersistduringhydrolyticcleavageofthe 

temporarycrosslinkerbutwilldegradeunderphysiologicalconditionsoverthecourseofhoursto 

,, 

[0111] Theterm"functionalizeorfunctionalization"asusedhereinreferstoareactionwhere 

afunctionalgroupisproducedfromareactivegroup.Thefunctionalgroupcanbeapeptidegroup 

25 (forexampleRGD)orothermolecules(e.g.,fluorophorespolymersetc.).Functionalization 

includesreactionswithnucleophileslikewater(hydrolysis),aminesalcoholsandthiolswhich 

cleavestheanhydridegroupofthetemporarycrosslinker.Inoneexamplethiolsbearing 

hydrophobichydrophilicorbiologicallyactivegroupscanbeused.Furthermorethereactionmay 

bewithdifunctionalspeciessuchasadiamine.Whenadifunctionalspeciesisinvolvedinthe 

30 functionalizationreactiondefinedforexampleasadiaminewherebothaminesareprimaryor 

secondaryaminessuchasI,2-ethylenediamineorI,3propylenediamineanewcrosslinkmay 

beformedwheretheanhydridecrosslinkswouldbebrokenandmightbereplacedwithadiamide 

crosslinkifbothendsofthediaminereactedwithanhydridegroups.Aswellthefunctionalization 

22 

weeks.
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couldinvolvediaminesortriaminesorhigheramineswhereinonlyoneoftheaminegroupsisa 

primaryorsecondaryamineandtheotheraminegroupsaretertiaryorquaternaryamine 

(ammonium)groups.AnexamplewouldbeNN-dimethylaminopropylamineandanalogousdi 

andhigheraminesknowntopeopleskilledintheart.Aparticularaspectofthisfunctionalization 

5 withhigheraminesistheabilitytointroduceanexcessofcationicoveranionicgroupsintothe 

hydrogelparticle.  

[0112] Theterm"biocompatible"asdefinedhereinreferstocompoundsormicroparticlesthat 

arecompatiblewithinvitroorinvivoprolongedcontactwithcellsand/orspecificbiologicaltissues.  

Biocompatiblecompoundsormicroparticlesdonotelicitasignificantnegativeeffectonthecell 

10 survivabilitycellfunctionand/ortissuefunctionwherebybiocompatibilityisusuallyspecifiedin 

termsofbeingcompatiblewithaparticulartissueorcellenvironment.  

[0113] Inoneaspectthepresentinventionprovidesswellablestabilizer-freereactive 

narrowsize-dispersenano-andmicroparticlesinhighyieldthatcanbemodifiedtoserveas 

usefulagentsforvariousbiomedicalapplications.  

15 [0114] Thisincludeshighlyswellablemicrogelparticlesfunctionalizedwithaminesand 

carboxylicacidunitsinan80:20to20:80,andpreferablyina70:30to30:70ratio.  

[0115] Thesemicrogelparticlesmayalsobefunctionalizedbygrafting-throughorgrafting

fromusingmixturesofanionicandcationiccomonomersagainachievingananionictocationic 

20 [0116] Neutralhydrophilicmonomersforsuchfunctionalizationsinclude2-hydroxyethyl 

methacrylate2-hydroxyethylacrylate acrylamidemethacrylamideNN-dimethylacrylamide 

NN-diethylacrylamideN-isopropylacrylamide,(andotheracrylamides/methacrylamides),PEG 

methacrylateN-vinylpyrrolidoneandsimilarmonomersknowntopeopleskilledintheart.  

[0117] Neutralhydrophobicmonomersincludealkyl(01-012)methacrylatesandacrylates 

25 alkyl (04-012) methacrylamides and acrylamides, styrene, 4-methylstyrene, and other 

substitutedstyrenes.  

[0118] Anionicmonomersincludeacrylicacidmethacrylicacid,2-carboxyethylacrylate,2

acrylamido-2-methylpropanesulfonicacid(orsodiumsalt),vinylsulfonicacidstyrenesulfonicacid 

(orsodiumsalts),vinyl-functionalphosphoricandphosphonicacidssuchasbutnotlimitedto 

30 vinylphosphonicacidand2-(methacryloyloxy)ethylphosphoricacid.  

23 

chargeratioofabout80:20to20:80,andpreferably70:30to30:70.
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[0119] Cationic monomers include NN-dimethylaminoethyl methacrylate, NN

dimethylaminoethyl acrylate 3-(NN-dimethylamino)propylmethacrylamide, 3

aminopropylmethacrylamide, 2-(methacryloyloxyethyl)trimethylammonium chloride, 3

(methacrylamidopropyl)trimethylammoniumchloride(alIrepresentedinthegeneralstructures 

5 shownbelow),andvinylpyridine.  

0 

I I 
0 N~, N 

H 

o FR2  0 
FR I +I~2 

FR1 

0 N 
H 

R=HMe 
1 

R=HMeEt 
2 

x=1,2,3 

[0120] Zwitterionicmonomersinclude2-methacryloyloxyethylphosphorylcholine 

methacryloyloxy)ethyl-NN-dimethylammoniopropanesulfonateN-(3-methacryloylimino)propyl

NN-dimethylammonio propanesulfonate, 3-(2'-vinyl-pyridinio)propanesulfonate, and 3-E[2

I0 (methacryloyloxy)ethyl]-dimethylammoniojpropionate(OBMA).  

[0121] In someembodiments, the polymermay begraftedwith monomers after 

functionalization.Thegraftedpolymernetworkcanforexamplecontainhydrophobicmonomers 

embodimentsthepolymernetworkcontainsneutralhydrophiliccomonomersdesignedto 

15 enhancethedesiredproperties.Examplesincludeadditionofmonomersbearingcarbohydrate 

groupstoenhancecryoprotectiveproperties.Examplesofneutralhydrophilicmonomersinclude 

2-hydroxyethyl methacrylate 2-hydroxyethyl acrylate, acrylamide, methacrylamide NN

dimethylacrylamide, NN-diethylacrylamide, N-isopropylacrylamide, (and other 

acrylamides/methacrylamides), andPEGmethacrylate. Examplesofneutralhydrophobic 

20 monomersincludealkyl(01-012)methacrylatesandacrylatesalkyl(04-012)methacrylamides 

andacrylamidesstyreneand4-methylstyrene.  

[0122] Inpriorartparticleformingprocessesitisnecessarytoaddastabilizerorsurfactant 

(e.g.,poly(vinylalcohol),poly(vinylpyrrolidone),cellulosesodiumdodecylsulfateetc.)tothe 

polymerizationmixturetosuccessfullyformparticles.Aportionoftheaddedstabilizersor 

24 

suchasbutylacrylateinamountsupto50mol%,andpreferablyupto20mol%.Insome
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surfactantsaccordingtoknownmethodsarepermanentlyboundtotheparticleorverydifficultto 

remove.Inthecontextofthestabilizersandsurfactantsthetermadd"oradded"asusedherein 

referstovoluntarilyaddingstabilizersand/orsurfactantstopromotecolloidalstabilityinthe 

formationofmicroparticles.Microparticlesprecipitatedaccordingtomethodstaughtherein 

5 withoutaddedstabilizersand/orsurfactantsaredescribedasbeing substantiallyfree"of 

stabilizerorsurfactantwhichallowsforthepresenceofaminimalamountofstabilizers(e.g.,as 

animpurity).Inthepresentmethodsofprecipitationpolymerizationnostabilizerorsurfactantis 

addedatanypointintheprocess.Thereforetheparticlesarefreeofaddedstabilizersand/or 

surfactants.Insomeembodimentssurfactantsand/orstabilizersarelessthan0.1wt.%ofthe 

10 totalmonomer.Thesurfacesofsuchprecipitationpolymerizationparticlesarethusonlydefined 

bythecomonomersandcrosslinkerspresentduringtheparticleformationanyinitiatorgroups 

usedtoinitiatetheparticleformingpolymerizationofthegrafting-throughpolymerizationandany 

subsequentfunctionalization.Inpreferredembodimentsanystabilizerorsurfactantisanimpurity 

i.e.itisinadvertentlyadded.Inoneembodimenttheparticlesaccordingtothepresentdisclosure 

15 compriselessthan1%of(aninadvertentlyadded)surfactantorstabilizer.Apersonskilledinthe 

artcandeterminethecompositionofaparticleaccordingtoknownmethodsintheartsuchas~H 

nuclearmagneticresonancespectroscopyorotherchemicaltechniquessuchascoagulation.  

[0123] Themicroparticlesofthepresentinventionarenarrowdisperseormonodisperse.In 

oneembodimentthemicroparticleshaveasizedistributionhavingacoefficientofvariationof 

20 aboutlessthan0.3,aboutlessthan0.2,oraboutlessthan0.1.  

advantageousnarrowdispersityormonodispersity.  

[0125] Byvaryingsynthesisconditionssuchasthenatureofthesolventtheaverageparticle 

sizemaybevariedwhilemaintaininganarrow-dispersesizedistribution(suchasacoefficientof 

25 variationoflessthanabout0.3).Theaveragediameterwouldbeinthe0.2-20umrange, 

dependingonsolventcompositions.Solventcompositionscanbeadjustedtogivenarrow

disperseparticleswithdiametersacrossthisrange.'Afithinthisoverallrangeparticleswith 

diametersrangingfromIto10micrometersaremosteasilyaccessible.  

[0126] Thepresentmicroparticlescanbecharacterizedasswellableoncethetemporary 

30 crosslinkshavebeencleavedbyhydrolysisorfunctionalization.Inoneembodimentthe 

microparticleshaveaswellingratioofwettodryofbetweenabout3:1toabout50:1. Foursome 

25 

[0124] Themicroparticlescanbeproducedinavarietyofdifferentsizeswhilemaintainingthe
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applicationsincludingcryoprotectionandcellchaperonesaswellingratioofwettodryis 

preferably5:1to30:1. Forapplicationssuchasvaccineencapsulationaratioofwettodryof3:1 

to10:1ispreferred.Thustheswellingcapacityofthemicroparticlescanbeadjustedforthe 

specificapplicationdesired.Theswellingoftheparticlescontributestothecolloidalstabilityofthe 

5 particlesbylimitingthephenomenaofparticlesstickingtoeachother.  

[0127] Forbiomaterialsapplicationslightlycrosslinkedswellablehydrogelscomprising0.1 

30mol%,andpreferably2-10mol%,permanentcrosslinkerrelativetototalmonomerareoften 

desirableinordertobettermimictissueproperties.  

[0128] Thepresentmicroparticlescanbecharacterizedassoftandlightlycrosslinked.Inone 

10 embodimentapolymerofthemicroparticlescomprisesbetween0.1to20mol%,andpreferably 

1-10mol%,ofpermanentcrosslinkersrelativetototalmonomerofthepolymer.Functionally,"soft" 

canbedefinedasbeingbiologicaltissue-likeintermsofdeformability.Quantitatively,"soft"can 

bedefinedasadeformabilitythatisofthesameorderofmagnitudeasthatofcellsandtissues 

whichisbetweenabout100Pascal(Pa)toabout100kPaabout5toabout50kPaoraboutI 

15 toaboutl0kPa.  

[0129] Theparticlesofthepresentdisclosuregenerallyhaveasphericalshapewithasmooth 

orroughsurface.Inoneembodimenttheshapeisasphereoranirregularsphere.Theirregular 

spheremaybedefinedashavingsmallbumpsonthesurfacetherebyrenderingthesurface 

rough.VVithoutwishingtobeboundbytheorythesphericalnatureorirregularsphereshapeis 

aregrownbyadditionandarethereforedriventowardsasphericalshape.Theshapemaybe 

advantageousinthatitpromotesclose-packedarraysbothwithotherparticlesandwithcells.  

[0130] Duetothepropertiesdetailedhereinthepresentmicroparticlesandmethodsof 

producingcanhavemanyadvantages: 

25 Theprecipitationpolymerizationmethoddescribedhereinenablescontrolofradial 

compositionprofilesincludingcompositionalandcrosslinkdensityprofilesofmicrogel 

particleswhichinturnenablesbettermanagementofmicrogel-cellinteractions.  

Thenarrowsizedistributionmaylimitthedeformationofadmixedcellsincomparisonto 

irregularmicroparticles.Withoutwishingtobeboundbyatheorythenarrowsize 

30 distributionallowstheformationofclose-packedarraysofparticleswhichprovides 

26 

20 explainedbythewayparticlesareformedwithprecipitationpolymerizationwheretheparticles
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consistentinterstitialvolumesbetweenmicrogels.Irregularparticlespacktogetherwitha 

rangeofinterstitialvolumessomequitesmallwhichinturnmayincreasethedeformation 

oftheadmixedcells.  

Thesurfactantsorstabilizerstypicallypresentonparticlesformedbyotherpolymerization 

5 techniquesmayaffectandpotentiallydominatecell-particleinteractions.Incontrastthe 

absenceofanyaddedsurfactantorstabilizeronthemicroparticlesurfaceadistinctive 

featureofprecipitationpolymerizationmeansthattheinteractionofcellswiththe 

microparticlesarepredominantlydrivenbythechemicalandbiologicalgroupspresenton 

theparticlesurfaceasaresultofthechoiceofmonomersU andfunctionalization 

10 reagentsduringtheparticlepreparation.  

Theprecipitationpolymerizationmethoddescribedhereinallowsforahighthrough-put 

andhighyieldproductionofthemicroparticles.  

Thesemicroparticlescanbeefficientlypost-modifiedtotuneparticleproperties.Examples 

offunctionalizingagentsincludemoleculescontaininganucleophilicgroupcomprising 

15 (primaryorsecondary)aminehydroxylorthiolsuchasshownbelow 

A NH2  A OH A SH 

WhereA= H alkyl(linearandbranched,01-012), phenylbenzyldialkylaminoalkyl-or 

ForpurposesofcellattachmentAmayalsobecellbindingmotifssuchasRGDaminoacid 

20 sequencesaswellaslargerextracellularmatrixcomponentssuchaslaminins.Forpurposesof 

studyandparticletrackingAmayalsobeafluorescentgroupsuchasfluoresceinorrhodamine 

orothergroupsknowntothoseskilledintheart.  

Finallythesemicroparticlescanbedesignedtochangetheirchargebalanceforinstance 

byhydrolyticcharge-shiftingofthecationiccomponentsintroducedduringprecipitation 

25 polymerization post-functionalization, grafting-through as well as absorption of 

polycations.Examplesincludeembodimentswherethecationiccomponentsinclude 

charge-shiftingcationicmonomerssuchasdimethylaminoethylacrylate(DMAEA)orother 

monomersandfunctionalgroupsthatareknowninthearttoundergospontaneous 

hydrolysisoftheiresterlinkageunderphysiologicalconditionswithhalf-livesontheorder 

27 

trialkylammonioalkylalkoxyethyloligo(ethyleneglycol).
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ofhoursanddays.Suchgroupsmayalsobeintroducedduringpost-functionalizationwith 

e.g.,thelithiumsaltofNN-dimethylaminoethanolintoparticlesswollenine.g., 

tetrahydrofuranorI,4-dioxaneorsimilarsolventsorsolventmixturesthatareknownin 

thearttobeaproticpolarsolvents.Suchgroupsmayalsobeintroducedbygrafting

5 through orgrafting-from the particles with charge-shifting monomers such as 

dimethylaminoethylacrylateeitherbyitselforincombinationwithothercationicneutral 

anionicorhydrophobicmonomersdesignedtoachieveadesiredoverallchargebalance 

inthefinalparticles.Suchgroupsmayalsobeintroducedbyelectrostaticabsorptionof 

polymerscomprisingdimethylaminoethylacrylateeitherbyitselforincombinationwith 

10 othercationicneutralanionicand/orhydrophobicmonomers.  

[0131] Thefinalchargebalanceofthemicrogelparticlesproducedbysuchfunctionalization 

graftingorabsorptionofcharge-shiftinggroupsmaycompriseamajorityofcationicchargesfor 

microgeldesignedforuseinantigenbindingforvaccinedevelopment orhaveanear

stoichiometricratioofcationictoanionicchargesformicrogelparticlesdesignedforcell 

15 cryoprotection.  

Precipitation Polymerization 

[0132] Thereisgrowinginterestintheuseofmono-disperseswellablestabilizer-free 

hydrogelparticlesinbiomedicalapplicationsandhencethereisaneedforhighyieldmethods 

20 topreparesuchparticles.Providedhereinarehighyieldmethodsforproducingmono-disperse 

advantageouslyallowfortheformationofhydrogelparticleswitharangeofproperties(e.g.,size 

stiffnesscompositione.g.,chemical/biologicalmoietiespresentradialdistributionofproperties 

suchascrosslinkdensityandcomposition).Inoneembodimenttheyieldisdefinedastheweight 

25 ormolarratioofstartingmonomersandoptionallyinitiatorstomonomerspresentinthepolymer 

formed.Inanotherembodimenttheyieldisdefinedastheweightormolarratioofstarting 

monomersandoptionallyinitiatorstomonomerspresentintheparticles.Invariousembodiments 

theyieldcanbeatleastatleast30%atleast40%,atleast50%,atleast60%,andpreferablyat 

least70%oratleast80%.  

30 [0133] Thehydrogelparticleshavingtheabove-mentionedpropertiescanbeadvantageously 

obtainedbyprecipitationpolymerizationofoneormorereactivemonomer(s),underparticle

28 

swellablestabilizer-freehydrogelparticlessuitableforuseinbiomedicalapplicationsthat
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formingconditionsfollowedbyhydrolysisand/orfunctionalizationofthatreactivemonomerwith 

suitablemodifiersandswellinginwater.  

[0134] Precipitationpolymerizationiswellsuitedtomakingparticlescontainingreactive 

monomer(s),inparticularwater-sensitiveonesaswellasproducingnarrow-dispersemicron

5 sizedparticlesthatarefreeofstabilizersorsurfactants.Howevertherelativelyhighlevelsof 

crosslinkerrequiredforefficientparticleformationinprecipitationpolymerizationwouldtendto 

giveparticlesthatweremuchstifferthansuitableformostbiomaterialapplications.  

[0135] Precipitationpolymerizationbeginswithahomogeneoussolutionofmonomersat 

leastoneofwhichisacrosslinkerandaninitiator.Aspolymerisformed, itprecipitatesfromthe 

10 solution.AsevidencedintheExamplesunderconditionsprovidedhereinparticlesofthepresent 

disclosureareformed.Theseconditionstypicallyincludeatotalmonomerloadingbetweenabout 

Itoabout20wt%,orbetweenabout2toabout10wt%,acrosslinkerfraction(cf.totalmonomers) 

ofbetweenabout10toabout100molorbetweenabout20toabout80molandmost 

importantlyasolventwiththerightsolvencypropertiesforthepolymerthatisformed.The 

15 formationofparticlesbecomesinefficientandlimitedwithatotalmonomerloadinglowerthanI 

wt%.Inoneembodimentonlycrosslinkersareusedintheloading.Inoneembodimentoneor 

moreadditionalmonomers(notatemporarycrosslinkerorapermanentcrosslinker)maybe 

addedtothemonomerloadingtoproduceapolymergearedtowardsaspecificapplication.In 

oneembodimenttheratiobetweentemporarycrosslinkertopermanentcrosslinkerisbetween 

20 about90:10toabout80:20.Thesolventshouldbepoorenoughtocausethepolymertoaggregate 

swollenwhichpreventsparticle-particleaggregationduringpolymerization.Inoneembodiment 

solventsusedhaveHildebrandsolubilityparametersabout4toabout5MPa 1 4 aboveorbelow 

(i.e moreorlesspolar)thanthatoftheformingpolymer.Forexampletheformationof 

25 poly(divinylbenzene)(I9.3MPaI4 )byprecipitationpolymerizationcanbeperformedinthesolvent 

acetonitrile(24.3MPa1 ")and20:80MEK/heptane(15.9MPaI 4 )toyieldmonodisperse 

microparticlesaccordingtothepresentdisclosure.Precipitationpolymerizationcanbeusedto 

formparticlesfromreactivemonomers(i.e.,onesthatallowlaterfunctionalizationoftheparticle) 

suchasmethacrylicanhydride.Furthermoreinsomeembodimentstheviscosityofthesolventis 

30 afurtherfactortoconsiderintheselectionofthesolvent.Alowviscositysolventispreferred.In 

oneembodimentthesolventhasaviscosityoflessthanabout0.5cPat20 0 Q.Thesolventused 

forprecipitationpolymerizationshouldhaveaboilingpointgreaterthanthepolymerization 

temperature(typically60-700 Qforthermallyinitiatedpolymerization),anditshouldnot 

29 

andformparticlesbutstillgoodenoughthatthepolymerchainsontheparticlesurfaceare
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substantiallyreactwiththemonomersorinitiator.InthecaseofreactivemonomerslikeMeAn 

nucleophilicsolventslikewateralcoholsoraminesshouldbeavoided.Particlesmayalsobe 

obtainedfromphotoinitiatedprecipitationpolymerizationwhichallowslowerboilingsolventsto 

beused.Examplesofsolventssuitablefortheprecipitationpolymerizationofthepresent 

5 disclosureincludebutarenotlimitedtoheptanetoluenexylenesmethylethylketone(MEK), 

tetrahydrofuran(THF),acetonitrileethylacetatebenzenecyclohexanechloroformormixtures 

thereof.Inthecaseofphotoinitiatedpolymerizationsolventssuchasacetonediethylether 

dichloromethaneandpentanemaybeused.  

[0136] Hydrogelsrequiredincellapplicationsareusuallyhighlyhydratedandsoftwhich 

10 correlateswithalowdegreeofcrosslinkingwithinthegel.Howeveralowlevelofcrosslinker 

duringprecipitationpolymerizationisassociatedwithlowparticleyields.  

[0137] Thepresentinventiondescribestheuseofareactivetemporarycrosslinkerduring 

precipitationpolymerizationtoincreaseparticleyieldtoatleast30%,preferablyatleast50%and 

mostpreferablyatleast70%comparedtoatypicalyieldoflessthan20%forpriormethodsof 

15 precipitationpolymerizationwithlowcrosslinkerloadings.Asimportantlyafterpolymerizationis 

completethereactivecrosslinksarecleavedtoenableparticleswelling.Atthesametimethis 

conversionallowsintroductionofhydrophilicionicgroupsandadditionaldesiredfunctional 

groupsthroughcarefulchoiceofcleavagereagent.Amoderateamountofpermanent(which 

maybeamoreslowlyerodible)crosslinker(5- 20molrelativetotemporarycrosslinker),is 

20 includedinordertopreventcompletedissolutionoftheparticlesuponpost-polymerization 

thatallowuseofprecipitationpolymerizationtogiveparticlesinhighyieldwithcleavable 

crosslinksthatcanbereadilyfunctionalizedtogivefacileaccesstohighlyhydratedsoftnarrow

dispersemicrogels.  

25 [0138] Itwasfoundthatthemonomermethacrylicanhydride(MeAn),oritsacrylicanalog, 

acrylicanhydrideareparticularlysuitableforthepresentmethodastheycanproduceapolymer 

withanhydridegroupsthatareeasilyfunctionalizedandbecauseanhydridecrosslinkscanbe 

easilycleavedtoallowswellingoftheas-formedhighlycrosslinkedparticlesintomicrogel 

particles.  

30 [0139] MeAnisadivinylmonomerthatundergoestwotypesofpolymerizationthatconsume 

both vinyl groups: crosslinking and cyclopolymerization (a non-crosslinking form of 

30 

modification.Insummarytheinventorshavesurprisinglyfoundcomonomer/solventcombinations
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polymerization)(Scheme1).'Afithoutwishingtobeboundbytheorycyclopolymerizationisa 

"lineaKpolymerizationinthatitdoesnotleadtobranchingorcrosslinking.Incyclopolymerization 

thegrowingpolymerchainaddstothetwovinylgroupsoneaftertheotherleadingtotheformation 

ofaring(5-memberedor6-memberedinthecaseofMeAn)alongasinglepolymerchain.Even 

5 thoughbothvinylgroupsareconsumeditisnotacrosslink.Whilesomedivinylmonomerslike 

diallyldimethylammoniumchlorideexperienceonlycyclopolymerizationMeAnshowsbothtypes 

ofreactioninaratiothatvarieswithexperimentalconditions(temperaturesolventmonomer 

concentration)*8 

[0140] Accordinglythereisprovidedatemporarycrosslinkermonomerofformula(l),(lla)to 

10 (lID: 

0 0 

R2  (I) 

whereR1 andR2 areindependentlyselectedfromH,01-04linearorbranchedcarbonchain 

benzylphenylorOJwhereJisdefinedasa01-04linearorbranchedcarbonchain.  

0 

(Ila) 

0 0 

0 

15 (lIb) 

31 

0 0
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0 0 

0 

(lic) 

[0141] Symmetricaswellasmixedanhydrides(asshowninformulasIatoIf)aresuitable 

temporarycrosslinkers.Compound Iais4-vinylbenzoicanhydridecompoundlIbis3,4

5 vinylbenzoicanhydrideandcompound110is3-vinylbenzoicanhydride.Allthreeformulasare 

suitabletemporarycrosslinkersasaremixturesofdifferentsymmetricormixedanhydrides.  

0 0 

0 

0 

0 0 

(lid) 

0 0 

0 

(lie) 

32 

WherenisanintegerfromIto3.
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0 

0 

Rr3 

(lit) 

whereKisindependentlyHormethyl.  

[0142] Cyclicanhydridessuchasmaleicanhydridecitraconicanhydrideoritaconic 

anhydridearenotsuitableastemporarycrosslinkersforthepresentmethodbecausetheyhave 

5 onlyasinglevinylgroupandcannotbeconsideredascrosslinkers.Inadditionthesecompounds 

havepoorpolymerizationefficiencyundercertainconditionssuchaswhenpresentasmorethan 

50molofthemonomermixturewhichlimitstheirusefulness.  

[0143] Figure 1 illustrates polymerization of methacrylic anhydride showing 

cyclopolymerizationwherethetwovinylgroupsareconsumedinsequentialreactionsoramore 

I0 conventionalreactionwhereonlyonevinylgroupreacts.Ifthesecondvinylgroupreactsatalater 

timeatemporarycrosslinkisformed.  

(1110): 

0 0 

0 

15 (lila), 

33 

[0144] Theprecipitatedmicroparticlesformedhaveatemporarycrosslinkermonomerof
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0 

0 0 

0 

(Ilic), 

whereR1 andR2 areindependentlyselectedfromH,01-04linearorbranchedcarbonchain 

benzylphenylorOJandJisdefinedasa01-04linearorbranchedcarbonchain.Thewavylines 

5 representtheextendedpolymerbackbone.  

0 0 

0 

0 0 

(Ille) 

34 

(lIld)
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0 0 

0 

(lilt) 

0 0 

0 

(lug) 

0 0 

0 

(lllh) 

0 

(1111) 

0 0 

0 (OH2In 
0 

0 0 

5 (lllj) 
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0 0 

0 
0 

0 0 

(111k), 

wherenisanintegerfromIto3, 

(him) 

36 

(liii)
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0 

0 

(Ilin) 

0 

(1110) 

whereKisindependentlyHormethyl.  

[0145] Thesemonomerscanbefunctionalizedintoamultitudeofmonomersforexampleof 

5 formulas(IV)describedbelow.  

[0146] AsillustratedinFigure2,thepolymerwillhaveMeAngroupswhereonlyonevinyl 

bond has reacted swell as thosewhere both have been consumed either by 

cyclopolymerizationorbycrosslinking.Ifthepolymerisexposedtonucleophilicreagentssuchas 

wateralcoholsthiolsoraminestheanhydridegroupswouldbeconsumedleadingtothe 

10 formationofcarboxylicacidsestersincludingthioestersoramides.Inthecourseofthisreaction 

37 

0
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thepolymerwouldbefunctionalizedandtheanhydridecrosslinkswouldbecleaved.Ifthesewere 

theonlycrosslinkstheparticlewoulddissolve.Forthisreasonaconventionalcrosslinkersuch 

asethyleneglycoldiacrylate ethyleneglycoldimethacrylate(EGDMA),diethyleneglycol 

diacrylate, diethyleneglycol dimethacrylate (DEGDMA), oligo(ethyleneglycol) diacrylate 

5 oligo(ethyleneglycol) dimethacrylate trimethylolpropane triacrylate, trimethylolpropane 

trimethacrylate NN'-methylenebisacrylamide (MBA), NN-methylene dimethacrylamide 

polyvinylorpolyallylethersofglycolofglycerol ofpentaerythritolofcarbohydrates 

divinylbenzenes(DVB),trivinylbenzenesdivinylpyridinesorsimilarareaddedaspermanent 

crosslinkersinamountsbetweenIand30%,andpreferablybetween5and20%oftotalmonomer 

10 weightinordertoensurethattheparticleswillsurvivefunctionalizationandhydrolysis.The 

schemebelowshowsadditionalamine-functionalpermanentcrosslinkerswhereRandR 1=Hor 

methylR'=alkylorarylandx=Ior2.  

0 14= C, 

K N P 
N N 
H H 

P 

o a 

R N P 
N N 
H H 

15 P=H~Me 

C NH 

N N 

HN RI 

38 
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[0147] Incaseswherethemicrogelparticlesarerequiredtoundergoeventualspontaneous 

hydrolyticorenzyme-mediateddegradationthepermanentcrosslinkercanbechosenfroma 

groupofknowndegradablecrosslinkerscontainingagroupcleavableunderphysiological 

conditionsoverasuitabletimeframeincludingbutnotlimitedtodisulfidegroupslabileesters 

5 labileacetalsandketalsandhinderedanhydridegroups.Theyalltaketheformofadegradable 

spacerbetweentwomonomerunits.Thedegradationcouldoccurinanumberofwaysincluding 

hydrolysisenzymaticredoxorphotochemical.  

[0148] Examplesofsuchslowlydegradablecrosslinkersincludedisulfidecontainingdivinyl 

or higher vinyl crosslinkers such as bis(2-methacryloyl)oxyethyl disulfide or bis(2

10 acryloyl)oxyethyldisulfideorthecorrespondingmethacrylamidesoracrylamides(R 1 - MeH, 

- 1-3) 

0 

0 

0 

0 

0 

H 
N 

N 
H 

labile acetal-containing diacrylates or dimethacrylates such as bisE(2

I5 methacryloyloxy)ethoxymethyljether 

~ 

o a 

orcorrespondingcrosslinkerscontainingasingleacetalunitwhereR 1 - HMeandR2 =H 

alkyl(01-08,linearorbranched),oraryl: 

39 
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0 0 

0 0 
x x 

OtherdegradablecrossiinkersIncludebis-methacrylate-terminatedpolylactic/glycolicacid 

5 oligomersandtheirmulti-armanalogsaswellasacrylateandacrylamideanalogswhereR 1=H 

MeR- U 

, 2 -HMeR3=HMe: 
0 0 0 

H 
0 0 N 

N ~r~r 

H 
II 0 n 0 

R2 0 

Furtherdegradablecrosslinkersmaybebasedonesterlinkagesmadedegradablebyproximity 

toanaminegroupsuchasthetwobisacryloylaminoestersshownbelowaswellasanalogous 

10 crosslinkersthatretaintheacrylateesterbasedonthe2-aminoethanolmotif.  

0 0 

N N 

asthedimethyldi(methacryloyloxy-1-ethoxy)silaneshownbelowaswellasanalogousbis 

15 acrylateandbisacrylamideandbismethacrylamidecrosslinkersandanalogouscrosslinkers 

containingspacerslongerthanethylmultipledialkylsiloxanelabileunitsandwellasmulti-arm 

analogsoftheabove.  

0 0 
0%ION~~-~NQ 

I 

Furthermoredegradablecrosslinkersmaycontainlabile0-NlinkagessuchasintheN,0

20 dimethacrylaylhydroxylamineshownbelow.  

40 

Furthermoredegradablecrosslinkersmayincorporatehydrolyticallylabilesiloxanebondssuch
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0 

0 H 

Finallydegradablecrosslinkersmaycontainmatrixmetalloprotease(MMP)-cleavablegroups 

suchas(Pro-Leu-Gly-Leu-Trp-Ala)toallowmatrixmetalloproteases(MMPI7 MMP37 MMP7and 

MMP9)todegradethepolymernetwork.  

5 [0149] Figure2providesareactionschemeshowingreactionofmethacrylicanhydride-based 

polymerwithnucleophiles(RXH),whichcouldtaketheformofhydrolysisorfunctionalization.  

Reactionofanhydridebridgingtwochainswillleadtolossofcrosslink.XisselectedfromNH7 

NR,0,andSandRisasuitablebiocompatiblecompoundormolecule.ForexampleRcanbe 

definedaslinearorbranched01-018,arylheteroaromaticsaccharidesfluorophoresamino 

10 acidspeptidessuchasRGDpolymerizationinitiatorpolyethyleneglycol(PEG),betaines7 

proteinsethylenediamineorotherbiomolecules(nucleotidesDNARNAtherapeuticmolecules 

oragentsandthelike).Themicroparticlescomprisingtheanhydridemonomersofformulas(lila) 

to(IlIc)arefunctionalizedtobemonomersofformulas(IVa)to(lVc).Similarmonomersare 

derivedfromformulas(lIld)and(Ille).Theexemplarymonomersshownbelowarederivedfrom 

15 ahydrolysisand/orfunctionalizationofthetemporarycrosslinkermonomerofformula(lila)to 

(IlIc).  

$444 HO 

(IVa), 

~~s4 

0 
0 

XR3 HO (lVb), 

41 
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0 0 

XR3  HO 

(IVc).  

whereR1 andR2 areHalkyl(01-04),phenylorbenzylXis0,NHNR3 ,orSandKisHalkyl 

(01-012),arylheteroaromaticpolyethyleneglycolsaccharidesfluorophoresaminoacids 

peptidesotherbiomolecules(DNARNAetc.),orothermonomers.  

5 [0150] Themicroparticlesdescribedinthepresentinventionareformedbyprecipitation 

polymerizationofspecificmixturesofcomonomersandcrosslinkersundersolventconditions 

wheretheresultingpolymertakestheshapeofnarrow-disperseormono-dispersemicrospheres 

wheretheaveragediameterrangesfromabout0.3toabout20micrometerdependingonthe 

natureandamountsofthesolventsmonomersandcrosslinkersused.  

10 [0151] Comonomersmaybeusedwiththecrosslinkersintheprecipitationpolymerization 

process.Inoneembodimentcomonomersmaybealkyl(01-012)methacrylatesandacrylates 

alkyl(04-012)methacrylamidesandacrylamidesstyrene,3-or4-alkylstyreneswherethealkyl 

maybelinearorbranched01-08,aswellasstyrenescarryingalkyletheroralkylestersubstituents 

inthe3and/or4position.  

andmethoxyethyleneglycolsidechainsincorporatingbetweenIand4unitsandoptionallymixed 

lengtholigoethyleneglycolsidechainsaswellasmixturesthereof.  

0 0 0 

H 

whereR1 = Halkyl(01-04);R2 orK= Halkyl(linearandbranched,01-012),phenylbenzyl, 

20 dialkylaminoethyl, dialkylaminopropyl, dialkylaminobutyl, alkoxyethyl, oligo(ethyleneglycol), 

methoxyoligo(ethyleneglycol).  

42 

15 [0152] Comonomersmayalsobeacrylicandmethacrylicmonomersthatcarryethyleneglycol
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[0153] ComonomerscanalsobevinyletherslinearandcyclicN-vinylamidesorvinylesters 

suchasshownbelow, 

____ 0 ____ 

OR1  x N 

II 

whereR1 =alkyl(linearorbranched,01-08);X=0orNHK=Halkylphenyl;n=I,2.  

5 [0154] Inoneembodimenttheresultingcompositionbasedondryweightincludes 

microparticleshavinganaverageparticlediameter(D)ofbetween0.3and20micrometerswhere 

thecoefficientofvariationislessthan0.3,ormorepreferredlessthan0.2,ormostpreferredless 

than0.1.Inoneembodimentthecompositionbasedondryweightincludesmicroparticleshaving 

anaverageparticlediameterofbetween0.3and20micrometerswherethecoefficientofvariation 

10 islessthanabout0.3,lessthanabout0.2,orlessthanabout0.1micrometers.Inone 

embodimenttheexpression"includesmicroparticles"inthecontextofacompositionisdefined 

asthecompositioncomprisingatleastabout50%atleastabout60%atleastabout70%,at 

leastabout80%,oratleastabout90%microparticlesbyweight.Thesizeoftheparticlecanbe 

selectedbasedonthespecificapplicationwhethertheparticleisdesiredtobeinternalizedby 

15 cellsornotforexampleforavaccinedeliveryasizeof0.1toImicrometersispreferredandfor 

[0155] Oneaspectofthecurrentinventionisthatthesenano-andmicroparticlesareformed 

inthepresenceofahighamountofatemporarycrosslinkerwhichaidsintheformationofhigh 

particleyieldswhileenablingsubsequentcontrolleddecrosslinkingandchemicalmodificationby 

20 hydrolysisandintroductionofdesiredfunctionalgroupstoservemultipleapplicationsdescribed 

below.Thefunctionalizationrendersthenanoandmicroparticlesbiocompatible.Theanhydride 

groupswhencontactedwithanaqueousbodyfluidwillreactandreducethepHandarethusnot 

particularlybiocompatible.  

[0156] Figure3showsthreeapproachestoformingmicron-rangemicrogelparticleswith 

25 polyampholyteproperties.Allthreeapproachesstartwithaprecipitationpolymerizationona 

temporarydivinylcrosslinker(e.g.,methacrylicanhydrideMeAn)togetherwithapermanent 

crosslinker(e.g.,diethyleneglycoldimethacrylate(DEGDMA).Inthefirstapproachthetemporary 

43 

cryopreservationorcellchaperonesasizeofIto10micrometersispreferred.
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crosslinker(temporaryXL)andthepermanentcrosslinker(permanentXL)undergoaprecipitation 

polymerization101toyielddensereactivemicrospheres102.Thedensereactivemicrospheres 

arethenmodified103withdiortriaminestoformpolyampholytegels.Inthesecondapproach 

thedensereactivemicrospheres102,areinsteadhydrolyzedorfunctionalizedintovinyl

5 functionalmicrogelsI04.Thenthegrafting-throughI05ofcationicandanionicmonomersforms 

polyampholytemicrogels.Inthethirdapproachthetemporarycrosslinkerandthepermanent 

crosslinkerarecombinedwithadditionalmonomersintheprecipitationpolymerization106,to 

yielddensereactivemicrospheres107.Thedensereactivemicrospheres107withtheadditional 

monomersarethenmodified108withdiortriaminesorhydrolyzedtoformapolyampholyte 

10 microgel.  

[0157] Inoneembodimentthemicroparticlesformedfromtheprecipitationpolymerization 

consistorconsistessentiallyofthetemporarycrosslinkersandthepermanentcrosslinkers 

accordingtothepresentdisclosure.Inafurtherembodimentthemicroparticlesconsistorconsist 

essentiallyofmethacrylicanhydrideand/oracrylicanhydrideandthepermanentcrosslinkers 

15 accordingtothepresentdisclosure.Inyetafurtherembodimentthemicroparticlesconsistor 

consistessentiallyofmethacrylicanhydrideand/oracrylicanhydrideaswellasapermanent 

crosslinkerselectedfromthegroupconsistingofethyleneglycoldiacrylateethyleneglycol 

dimethacrylate (EGDMA), diethyleneglycol diacrylate, diethyleneglycol dimethacrylate 

(DEGDMA), oligo(ethyleneglycol) diacrylate oligo(ethyleneglycol) dimethacrylate 

20 trimethylolpropanetriacrylatetrimethylolpropanetrimethacrylateNN'-methylenebisacrylamide 

(MBA),NN-methylenedimethacrylamidepolyvinylorpolyallylethersofglycolofglycerolof 

combinationsthereof.Inanadditionalembodimentthemicroparticlesconsistorconsist 

essentiallyofmethacrylicanhydrideand/oracrylicanhydrideandDEGDMA.  

25 [0158] Withoutwishingtobeboundbyatheorytheformationofthemicroparticlesissuch 

thatthedensitywillbehigherinthecenterversusthesurfaceandthemicroparticleisstifferin 

thecoreversusthesurface.Theparticlesgrowbythedepositionofthenewlyformedpolymer 

whichconsistsoflightlycrosslinkedorbranchedpolymerchains.Thedivinyltemporary 

crosslinkersofthepresentdisclosureprovidemoreavailabledoublebondsforcrosslinkingand 

30 astheparticlegrowstherearemoreavailabledoublebondstomaintainthegrowththana 

monovinylmonomer.Materialthatiscapturedearlyintheparticlegrowthandishencecloseto 

theparticlecorewillundergofurthercrosslinkingreactionssuchthatitbecomesdenserand 

stiffer.Theradialgradientmaybefurtherenhancedbyusingcrosslinkersthatarepreferentially 
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pentaerythritol, ofcarbohydratesdivinylbenzenes(DVB), trivinylbenzenesdivinylpyridinesand
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incorporated.Forexampleifasmallamountofelectron-richcrosslinkersuchasdivinylbenzene 

oradivinyletherisaddedtotheMeAn/DEGDMApolymerizationtheelectron-richcrosslinkeris 

incorporatedpreferentiallyinthecoreduetoitshigherreactivitycomparedtotheothermonomers 

bothofwhichareelectron-poor.Thisresultsinahigherlevelofpermanentelectron-rich 

5 crosslinkerintheparticlecorethanatthesurface.Thesepropertiesareinherenttothe 

precipitationpolymerizationmethodusedhereinasthesequentialradialgrowthoftheparticles 

leadstothesurfacecompositionatanypointreflectingthecompositionofthecopolymerformed 

atthattime.  

[0159] Inoneexampleacleavabletemporarycrosslinkersuchasmethacrylicanhydride 

10 (MeAn)iscopolymerizedwithapermanentcrosslinkersuchasdiethyleneglycoldimethacrylate 

(DEGDMA)at5%(weight/volume)totalmonomerloadinginasolventmixturecomprising60vol% 

ofmethylethylketoneand40voln-heptaneandinpresenceofabout2wtofAIBN(relative 

tototalmonomer)sewingasfreeradicalinitiator.Thepolymerizationiscarriedoutin20mL 

screwcapglassvialswhichareheatedtoatemperatureof55to8O~Candpreferably65to75 

15 NDfor4to24hoursandpreferably12to20hours.Asknownintheartthereexistthermal 

initiatorsthatcaninitiatepolymerizationatloweraswellasathighertemperatures.Aswellthere 

areknownintheartradicalinitiatorsbasedonredoxprocessesthatcaninitiatepolymerizationat 

theseandothertemperaturesthatareincorporatedherein.  

[0160] Theratiooftemporarycrosslinkertopermanentcrosslinkermayrangefrom50:50to 

20 99:1molpercentandpreferablyfrom80:20to95:5.Examplesoftemporaryreactivecrosslinkers 

ofpermanentcrosslinkersincludeEGDMADEGDMAmethylenebisacrylamidedivinylbenzene 

andthelike.  

[0161] Inthisexampletheresultingmicrospheresareformedinhighyield(67±10%)asall 

25 monomerspresentduringtheprecipitationpolymerizationaredivinylcompoundsleadingtoa 

higherdegreeofcrosslinkingandhencemoreefficientparticleformation.Thisfeaturesignificantly 

increasestheisolatedyieldofthesemicrospheres(40%to80%)overthatofcomparableparticles 

formedbyprecipitationcopolymerizationintheabsenceofthetemporarycrosslinkerbutwiththe 

sameamountsofpermanentcrosslinkers.Inaspecificexampletheyieldobtainedbya 

30 precipitationpolymerizationusingaratioof10:90ofpermanentcrosslinkertotemporary 

crosslinkeraccordingtothepresentdisclosureishigherthantheyieldobtainedbyprecipitation 
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polymerizationusingapermanentcrosslinkertosimplemonovinylcompounds(non-crosslinkers) 

ratioofabout10:90.  

[0162] Insomeembodimentsaninitiatorpreferablyaphotoinitiatorcanbeusedtodecouple 

therateofinitiationfromthereactiontemperature.Therateofpolymerizationandpolymerradial 

5 distributionarebothaffectedbythereactiontemperature.Theuseofaphotoinitatiorratherthan 

thermoinitiatorallowsforaconstantrateofinitiationoverarangeofreactiontemperatures.The 

photoinitiatorcanbeselectedsuchthatthewavelengthofthephotostimulusisnotabsorbedby 

thesolventorthemonomers.Forexample,2,2'-Azobis(2-methylpropionitrile)(AIBN)canbeused 

toinitiatetheprecipitationpolymerizationfollowingirradiationwithlighthavinga365nm 

10 wavelength.  

Cryopreservation 

[0163] Swollenandsuspendedmicrogelshavingpropertiesdescribedhereinmaybe 

combinedwithmammalianandothercellsinculturesuitablyinaI0,000:1toI.17andpreferably 

5000:1to200:1volumeratioofmicrogelstocells.Insomeembodimentsthemicrogelsform 

15 jammedgelsuponco-sedimentationwithcells.Jammedgelsareclose-packedarraysofsoft 

particlesthataresolid-orgel-likeunderlowstressbutcanflowunderhigherstress.Entrapment 

ofcellswithinthejammedgelcanmitigatecryodamagetocellsbyreducingicecrystallization 

aroundthecellsandbypartialdehydrationofthecells.Inanotherembodimentsolutionsor 

suspensionsofhighlyswollenmicrogelsformviscoussolutionsthatpreventcellsedimentation.  

between70:30 30:70.Insomeembodimentsthehydrogelmicroparticlesareinaconcentration 

of1-25wtIv%.Thisvaluecandependonthemicrogelstiffness.Stiffermicrogelscapableofco

sedimentingwithcellstoformajammedgelcanbeusedeffectivelyintherangeof1-5wtlvand 

softermicrogelscapableofformingavolumefillingviscoussolutionthatpreventscell 

25 sedimentationataconcentrationrangeof5-25wtlvthatcanbeseparatedfromcellsby 

centrifugation.  

[0164] Duringfreezingandthawingthesemicrogelssurroundthecellsandpreventice 

crystalsfromcausingcelldamagebypenetratingcellwalls.Atthesametimeslowfreezingof 

thecontinuousmediawillleadtoincreasedosmoticpressureinthemicrogelswhichinturnwill 

30 leadtopartialdehydrationofthecytosol.Theresultinghigherosmoticstrength(higherprotein 

concentration)withinthecytosolwillreduceicecrystalformationwithinthecells.Additionallythe 
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20 Insomeembodimentsthemicrogelsusedforcryopreservationhaveananionic:cationicratioof
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microgelscanreduceicecrystalrecrystallizationunderthawingconditionsthatwouldproduce 

largercell-damagingicecrystals.Inanotherembodimenttheadditionofmicrogelsunderrapid 

freezingconditionsleadstothevitrificationofthecontinuousmediainhibitingicecrystalformation.  

[0165] Thesemicrogelsbyvirtueoftheirrelativelylargesize(1- 10micrometer)andnon

5 foulingnaturearenotlikelytobetakenupintothemammaliancellsbyaffinity-mediated 

processesorevenpinocytosisandhenceovercomekeyconcernswithcurrentcellcryoprotective 

agentssuchasdimethylsulfoxide(DMSO)(usedwithcellsincludingstemcells),and 

ethyleneglycol/glycerinandothersugar-derivedmolecules9(usedwithcryostoredblood),thatis 

residualcytotoxicityandtheeffectofthecryoprotectiveagentsonthecell'sabilitytodifferentiate 

10 (stemness)aswellastimeneededtoremoveintra-cellularcryoprotectiveagents.  

[0166] Mono-dispersemicrogelparticlesenablebettercontroloverdegreeofdeformationof 

cellsintointerstitialvolumesbetweenmicrogels.Moreoverinsomeembodimentsthesoft 

deformablepolyampholytemicrogelsofthepresentdisclosurecanbeusedtoreplace 

conventionalcryo-protectiveagentsthatarecell-penetratingsuchasDMSO.Thisisparticularly 

15 advantageousforcellsthataresensitivetocryo-protectingcellpenetrativeagents(e.g.,DMSO).  

Thepolyampholytemicrogelsofthepresentdisclosurecanpreventrapidcellsedimentationto 

ensurecell-survivalduringfreeze-thawprocessesencounteredduringcryo-storage.Avoidingthe 

formationofexternalicecrystalsisimportantastheseicecrystalscanpiercecellsmembranes.  

Advantageouslyexternalicecrystalscanbeminimizedoravoidedwiththepresentmicrogel.  

20 Furthermorethemicrogelofthepresentdisclosurecanalsodehydratethecytosolthereby 

[0167] Thesecell-sizedhydrogelparticlesaremuchlesslikelytobetakenupbythecells 

thanwouldbelinearpolymersofsimilarcompositionreducingconcernssuchascytotoxicityor 

interferencewithcellulardifferentiation.Inadditionthemicrogelsofthepresentdisclosureare 

25 formedwithpolymersthataresufficientlycross-linkedtominimizeorpreventcelluptake.  

Methodsofmakingnon-penetratingcellcryoprotectiveagents 

[0168] Microspheresasdescribedhereinmaybeturnedintocryoprotectivehydrogel 

microparticlesbythreemethods: 

[0169] Post-modificationoftheas-formedmicrospheresbytreatmentwithaslightexcessof 

30 NN-dimethylethylenediamine 3-(dimethylamino)propylamine NN-dimethylaminoethanol 
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cholineaminoacidsbetainesdiaminestriaminespolyaminesorothersimilarcompoundsthat 

convertanhydridegroupsintoacombinationofafreecarboxylicacidandanamideorester 

carryinganaminegroup.Thismodificationessentiallyconvertsthetemporaryanhydride 

crosslinksaswellascyclicanhydridesformedduringtheprecipitationpolymerizationU a 

5 mixtureofanioniccarboxylatesandcationicgroupsthatconferpolyampholyticcharactertothe 

resultingmicrogels.Asaresultofthecleavageofthetemporaryanhydridecrosslinkerand 

dependingontheamountofpermanentcrosslinkerpresentthesemicrogelsarenowhighly 

swellableanddeformablewithoverallmoduliapproachingthoseofmammaliancellsandtissues.  

Theseparticleshavenoorveryminimalextraneoussurfaceresiduesofstabilizer.These 

10 microgelshaveshownutilityasnon-cellpenetratingcellcryoprotectingagents.  

[0170] Analternatemethodforformingmono-dispersecryoprotectivemicrogelsinvolves 

graftingapolyampholyteontothehydrogelmicroparticlesusingpendantvinylgroups.The 

pendantvinylgroupsmayberesidualvinylgroupsofthepermanentcrosslinkerusedinthe 

precipitationpolymerization(e.g., DEGDMA), ortheymaybevinylgroupsaddedby 

I5 functionalizationofthereactivemicroparticleswith, forexample,3-aminopropylmethacrylamide 

2-aminoethylmethacrylate or2-hydroxyethylmethacrylate.Hydrolysis orfunctionalization 

followedbyhydrolysisoftheas-formedmicrospheresundermildlyalkalineconditionsconverting 

thetemporaryanhydridecrosslinksaswellascyclicanhydridegroupsandpendantanhydrides 

intocarboxylicacidsandinthecaseoffunctionalizationamidesoresters(functionalized 

20 carboxylicacids).Subsequentlythenowhighlyswollenmicrogelscanbemodifiedinto 

polyampholytemicrogelsbyaprocesscalledgrafting-throughwhereinthehydrolyzedmicrogels 

tomethacrylicacid(MAA)andNN-dimethylaminoethylmethacrylate(DMAEMA),togetherwith 

awater-solublefreeradicalinitiatorandheatedoralternativelyirradiatedwithlightsuchthatthe 

25 resultingcopolymerizationleadstocopolymersofthewater-solublemonomerscovalently 

attachedbygrafting-throughthependantvinylgroups.Examplesofanioniccationicand 

zwitterionicmonomersareprovidedbelow: 

Anionic Acrylic acid Methacrylic acid, 2-carboxyethyl acrylate, 2-acrylamido-2

methylpropanesulfonicacid(orsodiumsalt),vinylsulfonicacidstyrenesulfonicacid(orsodium 

30 salt),phosphonicacids.  

Cationic NN-dimethylaminoethylmethacrylateNN-dimethylaminoethylacrylate,3-(NN

dimethylamino)propylmethacrylamide, 3-aminopropylmethacrylamide 2
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(methacryloyloxyethyl)trimethylammonium chloride 3

(methacrylamidopropyl)trimethylammoniumchloride(theprecedingmonomersarerepresented 

inthegeneralstructuresshownbelow),andvinylpyridine.  

o 0 

I I 
N 

H 

0 

I I 
N 
H 

R=HMe 
1 

R=HMeEt 
2 

x=t2,3 

5 Zwitterionic 2-Methacryloyloxyethyl phosphorylcholine, N-(2-methacryloyloxy)ethyl-NN

dimethylammonio propanesulfonate N-(3-methacryloylimino)propyl-NN-dimethylammonio 

propanesulfonate 3-(2'-vinyl-pyridinio)propanesulfonate, 3-EE2-(methacryloyloxy)ethylj

dimethylammoniojpropionateaswellasotherbetainemonomers.  

[0171] Finallytheasformedmicrogelsmaybemodifiedintonon-penetratingcryoprotective 

10 microgelsbyhydrolysisfollowedbyabsorptionofpolycationsorcopolymershavingnetpositive 

charge.Examplesmayincludehomopolymersofpermanentcationicmonomerssuchas 

homopolymersofdimethylaminoethylacrylateandsimilarcharge-shiftingmonomersaswellas 

copolymersofsuchpermanentorcharge-shiftingmonomerswithothercationicneutralanionic 

15 orhydrophobicmonomersdescribedelsewhereinthisfilingprovidedtheresultingcopolymers 

haveanetcationicchargeandcomprising30to99molcationicmonomerspreferably50to 

80%cationicmonomersandmostpreferably60-70%cationicmonomers.  

[0172] Providedtheabovefinalmicrogelshaveproperratiosofanionicandcationicgroups, 

whichincludesratiosrangingfrom80:20to20:80anionictocationicandpreferably70:30to 

20 40:60anionictocationiccombinationsofthesemicrogelswith(mammalian)cellsintheformof 

densesuspensionswithswollenmicrogeltocellvolumeratiosintherangeof10,000:1to1:1 

andpreferably5000:1to . Ihavetheabilitytochangethefreezingbehaviorofwateraround 

thesecellssuchastopreventdamagetothesecellsduringlong-termstorageundercryogenic 
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conditions.Thesemicrogelsmayoptionallyincludeneutralhydrophilicandhydrophobicgroups, 

andtheseaswellasthechargedgroupsmaybeintroducedduringtheoriginalprecipitation 

polymerizationorduringpost-functionalizationwithsmallmoleculesorduringpost-grafting 

through 7 orpost-hydrolysisabsorptionofpredominantlycationiccopolymers.  

5 Examplesofneutralhydrophilicandhydrophobicmonomersareprovidedbelow: 

Neutral Hydrophilic Functionalizing Reagents aminoethanol, PEG-amine 

ethyleneglycolandglycinemethylester,(andotheraminoacids).  

NeutralHydrophilicMonomers 2-hydroxyethylmethacrylate,2-hydroxyethylacrylate 

acrylamide, methacrylamide, NN-dimethylacrylamide NN-diethylacrylamide N

10 isopropylacrylamide,(andotheracrylamides/methacrylamides),andPEGmethacrylate.  

NeutralHydrophobicFunctionalizingAgents alkyl(04-012)andarylaminesalcohols 

(02-012),andthiols(02-012).  

NeutralHydrophobicMonomers- alkyl(01-012)methacrylatesandacrylatesalkyl(04

012)methacrylamidesandacrylamidesstyreneand4-methylstyrene.  

I5 [0173] Akeybenefitofthepresentmicroparticlesandmethodsarethatthemicrogelsformed 

byvirtueoftheirsizeandnon-foulingcompositionsarehighlyunlikelytoenterintothecytosolof 

thecryoprotectedmammaliancellsobviatingakeyconcernaboutuseofpenetrating 

cryoprotectiveagentscommonlyusedincludingethyleneglycolpropyleneglycolandespecially 

20 affecttheabilityofstemcellstodifferentiate.  

[0174] Furtherthesemicroparticlesarepredictedtobelesssusceptibletocellular 

penetrationthanlinearcopolymershavingsimilarcompositions.  

[0175] Otherbenefitsarethatthesemicrogelswhenformedbyprecipitationpolymerization 

methodsdescribedhereinareformedwithoutneedforsurfactantsorstericstabilizerandthus 

25 havesurfacesfreeorsubstantiallyfreefromthesepotentiallyinterferingcompounds.  

[0176] Aswellthecontinuousgrowthoftheparticlesoverthecourseoftheprecipitation 

copolymerizationmeansthattheoutershellismorelightlycrosslinkedandhencesofterthan 

theparticlecore.  
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[0177] Furthermorethesemicrogelparticlesmaybeseparatedfromthecellsafterthawing 

fromcryostoragebysimplecentrifugationbasedontheirdifferentratesofsedimentationrelative 

tocells.Alternativelythemicrogelsmayalsobeseparatedfromcellsbyfiltrationincaseswhere 

microgelsaresignificantlysmallerthancells.Examplesincludemicrogelsthatare0.5to3 

5 micrometerindiametercomparedtotypicalcelldiametersof10to15micrometer.  

[0178] Aswellseparationofthesemicrogelsfromcellsaftercryostorageandthawingcanbe 

facilitatedbyincorporatingmagneticnanoparticleswithinthemicrogelparticleseitherby 

entrapmentofpreformedmagneticnanoparticlesduringprecipitationpolymerization orby 

formationofmagneticnanoparticleswithintheanionichydrolyzedmicrogelparticlespriorto 

10 incorporationofcationicchargesusingmethodsforformingsuchmagneticnanoparticleswithin 

anionicpolymergelsthatareknownintheart.Thesemethodsincludeabsorptionofsolubleiron 

saltsfollowedbytheirprecipitationintoinsolublemagneticironoxidenanoparticles.  

[0179] Finallythedescribedprocessofprecipitationpolymerizationinvolvinghighlevelsof 

temporarycrosslinkerleadstohighyieldsofsoftwell-hydratedandmono-ornarrow-disperse 

15 microgelsthatallowexcellentpackingarounddispersedcells.  

Cell Mimetics 

[0180] Alsoprovidedhereinareanalogousnano-andmicroparticlesthataremodifiedto 

serveassyntheticgranularcomponentsofECMforcellsindifferentformsofcellculturein 

20 [0181] Suchmicrogelsmaybeusedascellmimeticsincellcultureofadherentcellswhere 

theycanbeusedasgranularcomponentsofsyntheticcompositeorganoidsthatcomprisecells 

andmicrogelsinratiosof1:100to1:1,andpreferably1:20to1:3.  

[0182] Suchcompositescanprovidemanyofthebenefitstocellsofferedbyrealorganoicis 

consistingsolelyofcellsincludingattachmentwithoutadditionalnutrientandoxygendemand.  

25 Infactthepresenceofthesepermeablemicrogelscanincreasenutrientandoxygensupplyto 

cellslocatedwithinthecompositeclusterastheconnectednetworksofhighlyswollenpermeable 

microgelscanactasdiffusionpathsforoxygenandnutrientsaswellaseffluxofcellproductsof 

lowtomoderatemolecularweightsuchasinsulin.  

[0183] Inadditiontohelpingmaintainhigheroxygenpartialpressureandnutrientlevelsnear 

30 thetherapeuticcellssuchartificialdiffusionpaths/networksofpermeablemicrogelsalsohavethe 
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potentialtoincreasesolublesignaltransductionintoandoutoftheclusterandthusincreasethe 

kineticsoffeedback-controlledsystemssuchasglucose-triggeredinsulinresponse.  

[0184] Inreaggregatesofisletcellsorbetacellsorothertherapeuticcellswithsuchmicrogel

basedcellmimeticsthesediffusionpathscantaketheplaceoftheextensivemicrovasculature 

5 typicallypresentinIsletsofLangerhans.  

[0185] Thesebenefitsholdespeciallyforfunctionaltherapeuticcellsandorganoids 
U encapsulatedintosemi-permeablehydrogelcapsulesfortransplantationintohumansaspartof 

cell-basedtherapiesforendocrinedisorderssuchasdiabeteshemophiliaandlysosomalstorage 

disorders.  

10 
GranularECMcomponentswithincapsules 

[0186] Similarmicrogelstothoseasdescribedaboveforuseincryopreservationoptionally 

additionallymodifiedwithcellattachmentgroupssuchasRGD(Arginine-Glycine-Asparticacid), 

maybeusedasgranularECMsindifferenttypesofcellcultureapplications.Theseincludeco

15 encapsulationwithdonororstem-cellderivedmammalianendocrinecellsdesignedforcell

therapiesforendocrinedisorderssuchasdiabetesParkinsonshemophiliaandlysosomal 

storagedisorders.  

[0187] Theymayalsoincludecellculturesusedtostudycellbehaviorsinsimulatedtissue 

includingcancercellmigrationthroughtissueduringmetastasisimmunecellmigrationaspartof 

placentaformationinpregnancyandspreadofe.g.,bacterialinfectionswithintissue.  

[0188] Thepost-modificationscanbedesignedtointroducechemicalpropertiesthatenable 

useofthemicrogelparticlesinanumberofbiomaterialsapplications.  

[0189] Suitablemicrogelsmaybeformedforexamplebyprecipitationpolymerizationof 

25 methacrylicanhydridewithdiethyleneglycoldimethacrylate(DEGDMA)ina90:10moleratio(99:1 

to80:20with95:5to85:15preferred)atatotalmonomerloadingof5wt%(1-20%with2-10wt% 

preferred),andinthepresenceof2weightAIBNinmethylethylketone/heptanemixtures 

(60:40).  
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[0190] Theresultingparticlesmaybemodifiedbyhydrolysisorbyfunctionalizationwith 

variousmodifiersincludingaminesalcoholsandthiolsbearinghydrophobichydrophilicor 

biologicallyactivegroups.Morespecificallythesemodifiersmaybeprimaryaminessuchas 

ammoniaoralkylamineswherealkylcanbemethylethylpropylbutyletcglucosamine 

5 ethanolamine.  

[0191] Theabovemicrogelsmaybepost-modifiedwithacellularadhesionmoleculewhich 

asusedhereincanincludeallproteinsequencescapableofbindingtoanintegralmembrane 

protein(e.g.,anintegrin)onacellresultinginacell-proteinadhesion.Asusedhereintheterms 

"Arg-Gly-AsppeptideorsequenceorRGD"peptideorsequencerefertoapeptideoraminoacid 

10 sequencehavingatleastoneArg-Gly-Asp-containingsequencewhichcanfunctionasabinding 

siteforanintegrintypereceptoraswellasanyfunctionalequivalents.  

[0192] Theabovemicrogelsmaybeaddedtoasuspensionofmammalian(therapeutic)cells 

insodiumalginateorsimilargelformeranddroppedintocalciumchlorideforgelation.  

[0193] Theymayalsobeaddedtocellsdepositedinothercellculturedevicesincludingmulti

15 wellplatestomoderatecell-cellinteractions.  

Vaccine Applications 

[0194] Inanotherembodimentthereisprovidednano-andmicroparticlesmodifiedtoserve 

20 Actascarriersfortheantigense.g.,RNAincludingm-RNADNAproteinsviralshell 

fragments wholeinactivatedviralshells, oractiveinnocuousvirusessuchas 

adenovirusesthathavebeenmodifiedtoexpressthedesiredantigenprotein.  

Havecationicgroupsthatcanelectrostaticallybindtheantigenduringstorageand 

administrationtotherecipient'simmunesystem.  

25 Haveadjuvantpropertiestoensurerecognitionandprocessingbythehostimmune 

systemincludingwheresaidadjuvantpropertiesarebasedoncationicorpolycationic 

groupsoroncertaincarbohydrategroups.  
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Havecompositionswherecationicorpolycationicgroupscanbecleavedbyspontaneous 

orenzyme-mediatedhydrolysisinordertoreleasetheboundantigenpayloadovera 

timeframebeneficialtoevokingastrongimmuneresponseintherecipient.  

Havecrosslinkersthatmayundergoslowspontaneousorenzyme-mediatedhydrolysisin 

5 ordertoensureultimateclearanceofthemicroparticlesfromtherecipientthrough 

processesincludingrenalclearance.  

Havecompositionsincludingcationicandpolycationsgroupsaswellasnon-stoichiometric 

polyampholytesthatcanbindantigenforstorageatroomtemperaturedefinedasupto40 

00,andwithoutneedforcold-chainlogisticsduringstorageandtransportation.  

10 Mayadditionallybeloadedwithsilvernanoparticlestoenhancecellularimmune 

responseeitherbycoprecipitationduringprecipitationpolymerizationorbyreductive 

precipitationfromsilversaltsaspartofthepost-functionalizationorbyadsorptionof 

preformedsilvernanoparticlesontothedescribedpolymernanoparticles.  

15 Methodsofmakingvaccinedeliveryparticles 

[0195] Figure4showstwoapproachestoformingnanoparticlesforuseasantigencarriers 

suitableforvaccineapplications.Bothincludeaninitialprecipitationpolymerization201, 206ofa 

temporarycrosslinker(e.g.,methacrylicanhydride),togetherwithaslowlyerodibledivinyl 

20 removedbyrenalclearance.Thesecondapproachincludestheadditionofcationicmonomersin 

theprecipitationpolymerization206.Inthefirstapproachadenseas-formedmicrosphereis 

obtained202whichcanthenbemodifiedwithdiortriamines203oralternativelyhydrolyzedor 

functionalizedintovinyl-functionalpolyanionicmicrogels204whicharethengrafted-through205 

using DMAEMA/DMAEA and anionic monomers to form off-stoichiometric cationicc) 

25 polyampholytemicrogels.Inthesecondapproachmicrosphereswithcationicpropertiesand 

anhydridecrosslinks207areobtained.Theyarethenmodifiedwithdiortriamines208,andmay 

thenbeloadedwithantigenandlyophilized209.  

[0196] Inoneexamplesubmicron(0.1- 0.9micron)particlesgraftedwithsuitablecopolymer 

maybeusedasvaccinedeliveryvehicles.HereantigensbasedonproteinsmRNADNAorvirus 

30 orbacterialshellfragmentsorwholeinactivatedvirusorbacteriaorotherpathogensmaybe 
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absorbedintoorboundtohydrogelparticlespost-functionalizedwithgroupsorpolymerableto 

bindtheseantigens. Thismayinvolvecationicmodifyinggroupsoroff-stoichiometric 

polyampholytescontaininganexcessofcationicchargesinthegraftedcopolymer.  

[0197] Inadditiontobindingtheantigenthecationicnatureofthemicrogelsmayassistin 

5 uptakeoftheantigen-loadedvaccineparticlesintomacrophagesorothercellsupon 

administration.  

[0198] Aswellthecationicnatureofthemicrogelsurfacemayexertanadjuvantresponse 

uponintroductionintotissueeitherbyinjection nasaladministrationorotherformof 

administration.  

10 [0199] Alternativelyorinadditionsilvernanoparticlesmaybeintroducedintothevaccine 

particlesinordertoenhanceadjuvancy.  

[0200] Aswellthecationicgroupsorcopolymersmaybedesignedtoundergochargeshifting 

intoanionicgroupstherebyreleasingtheantigenoveratimeframesuitabletoelicitasustained 

immuneresponse.  

15 [0201] Aswellthecopolymersgraftedontothemicrogelscanbedesignedtobindthe 

antigeninafashiontopreventdenaturationorotherformsofdeactivationduringextended 

storageatelevatedtemperaturewhichmaymeantemperaturesabove-80 0 Qincludingstorage 

at-300 Q,-100 Q,+2-80 Qorroomtemperature(definedastemperaturesupto37 0 Qor400 Q.) 

20 protecttheproteinfromdenaturation.ExamplesincludethenaturalproteinscalledHEROproteins 

describedin202010andwellasotherInherentlyDisorderedProteins(IDPs)Y'Aswellsynthetic 

polyampholytescansequesternativeproteinsandprotectthemfromdenaturationduringheating 

ordrystorage.Thecopolymersgraftedontothepresentmicrogelscanbedesignedtoforma 

coacervatephasewiththeanionicmicrogelatphysiologicalpHthatcansequesternativeproteins 

25 andpreventdenaturationduringdrystorageafterlyophilization(freezedrying).Acoacervateis 

definedasanelectrostaticallymaintainedhighlyhydratedpolymerphasecomprisingeithera 

singlepolymercontaininganear-stoichiometricbalanceofanionicandcationiccharges(simple 

coacervate),orapairorlargersetofpolymersandcopolymerscarryinganetstoichiometricor 

nearstoichiometricbalanceofcationicand anionicmonomers (complexcoacervate).  

30 Alternativelythemicrogeltogetherwiththegraftedcopolymersmayformacomplexcoacervate 

phaseuponcomplexationwithapredominantlyanionicallychargedproteinorotherantigensuch 
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asRNAorDNAthatsimilarlycanprotectthepayloadproteinofpolynucleotidefromdenaturation 

orotherdegradationuponstorage.Finallytheantigen-bindingcoacervatemaybeproducedby 

electrostaticallyabsorbingapredominantlycationicpolymerorcopolymerintotheanionic 

hydrolyzedmicrogelparticle.  

5 [0202] Inallthesecasesthenetchargeofthecoacervatephaseshouldbeneutralor 

preferablycationicinordertopromoteabsorptionoftheantigencellularuptakeofthemicrogel 

particleandadjuvancy.Aswellthepermanentcrosslinkermaybedesignedtoalsodegradeover 

atimerangesuitabletoenableultimaterenalclearanceofinjectedvaccineparticles.  

EXAMPLES 

10 [0203] ThefollowingexamplesshowthepreparationofreactiveparticlesbasedonMeAn 

conversionofthereactiveparticlestoavarietyoffunctionalizedhydrogelparticlesandseveral 

applicationsofthehydrogelparticles.Preparationofthereactiveparticlesandtheirconversion 

tohydrogelsisshownschematicallyinFigure5.  

[0204] Allmaterialswereusedasreceivedunlessotherwisestated.22'-Azobis(2

15 methylpropionitrile)(AIBN,99.9%)waspurchasedfromDupont.Methacrylicanhydride(MeAn 

94%), ethyleneglycol dimethacrylate (EGDMA, 98%), diethyleneglycol dimethacrylate 

(DEGDMA95%),dimethoxypropane(DMPA,98%),2-hydroxyethylmethacrylate(HEMA 

99%),p-toluenesulfonicacidmonohydrate(pTSA>98.5%),4-methoxyphenol(MEHQ,99%), 

silicagel(technicalgradeporesize60A,230-400mesh),sand(50-70mesh),potassium 

(ACN 99.5%),methylethylketone(MEK 99.0%),heptane(99%),acetone( 99.5%), 

hexanes( 99.5%),ethylacetate( 99.5%),NN-dimethylformamide(DMF 99.8%),and 

chloroform-D(0D01 3,99.8%D)werepurchasedfromSigmaAldrich.Sodiumchloride(NaCIACS 

reagent)andsodiumhydroxide(NaCHACSreagent)werepurchasedfromACPchemicals.  

25 Disodiumhydrogendiphosphateheptahydrate(Na 2HPO4*7H 20),sodiumbicarbonate(NaHCO3), 

hydrochlorideacid35-37wt%(HOlReagent),glacialaceticacid(reagentgrade),andsodium 

acetate(reagentgrade)werepurchasedfromCaledonLaboratoriesLtd.Sodiumdihydrogen 

orthophosphate(NaH2PO4*H 20,Assuredgrade)waspurchasedfromBDHChemicals.Deuterium 

oxide(D2 0,99.9%D)waspurchasedfromCambridgeIsotopeLaboratoriesInc.Trypanblue 

30 0.4%,phosphatebufferedsaline(PBS),DulbeccosmodifiedEaglemedium(DMEM,4.5gILD

glucose L-glutamine 110mg/Lsodiumpyruvate),0.5%Trypsin-EDTA(lOX),Penicillin
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Streptomycin, bovinecalfserum(BOS), andtetramethyirhodammecadaverine,5-(and-6)-((N-(5

aminopentyl)amino)carbonyl)tetramethyirhodamine(mixedisomers)(TAMRAcadaverine)were 

purchasedfromThermoFisherScientific.2-Propanol(certifiedACS)anddimethylsulfoxide 

(DM50>99.7%)werepurchasedfromFisherChemicals.RGD(Arg-Gly-Asp)(>95%)was 

5 purchasedfromAbcam.  

[0205] Particlesas-formedand/orafterhydrolysisand/orfunctionalizationwerecharacterized 

bymicroscopy,1HNMRandzetapotentialmeasurements.Brightfieldimagesweretakenwitha 

NikonEclipseLVIOONDuprightmicroscopeoraNikonTiEclipseinvertedmicroscope.Confocal 

imagesweretakenwithaNikonAlConfocalTiEclipsemicroscope.Microgeldiameterswere 

10 measuredmanuallywitha2-pointmeasurementonbrightfieldimagesusingNikonNIS-elements 

AdvancedResearchsoftware. 1 HNMRanalysiswasdonewithaBruker600MHzforparticles 

swolleninD2 0orDMSO-d 6 .ZetapotentialsweremeasuredusingaZetasizerNano75from 

Malvern.  

15 ExampleI 

[0206] ThefollowingexampleshowsthesynthesisofMeAn-containingparticleswiththermal

andphotoinitiatedpolymerization.Precipitationpolymerizationsaccordingtotheschemebelow 

wereperformedtoobtainmicroparticles.Theschemeshowsconditionsforaphotoinitiated 

polymerizationbutthesamesolutioncanbeusedforthermallyinitiatedpolymerizationbyheating 

20 at60-70ND.InthisandfollowingexamplestheMeAn-basedparticleswillbedenotedas(MED

usedandYand7representthemolpercentagesofthetwopermanentcrosslinkersEGDMA 

andDEGDMAinthetotalmonomerpoolwiththeremainingamountrepresentingMeAn 

$?.~rhiofloflierLoading 
½ AIBN 

0 0 0 
(I) + (E~.) 4 (E~) MFK:HL~ptd?1L' PT 

0 1~hciers ~ K) 
C p 

r 

C) t a U 
Nh h 

/ I -I 
C 

a 'it a 
I C) 

Fr-F 

25 [0207] Polymerizationsweretypicallydoneata5%(wlv)totalmonomerloadingwith2wt% 

AIBNrelativetototalmonomer.ForexampleMED-5515/5particlesweremadefromMeAn(1.596 

57 

)(/YIZ)whereXrepresentsthevolumepercentageofMEKintheMEK/Heptaneco-solventmixture
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g10.3mmol),EGDMA(0.114g,0.57mmcl),DEGDMA(0.139g,0.57mmol)andAIBN(0.037 

g)dissolvedin35.15mLofa55145(vlv)MEK/heptanemixture(19.33mLMEK,15.82mL 

heptane).Themixedsolventswerepreparedbyweightusingroomtemperaturedensitiesof0.805 

g/mLforMEKand0.684g/mLforheptanesuchthat15.56gMEKand10.82gheptanewere 

5 combinedtomakethe55/45mixture.Thereactionmixturewasthentransferredtoa40mLglass 

scintillationvialfittedwithascrewcapincorporatingaPTFEseptum.Forphotoinitiated 

polymerizationthevialwasplacedonasetofsteelrollers(VIVOelectric12hotdogand5roller 

grillcookermodelhotdg-v005)androtatedat3.25rpmwhilebeingirradiatedwithanEverbeam 

I00W365nmUVLEDBlacklightsetpositioned9cmabovethesteelrollersfor5hoursatroom 

10 temperature.Inthecaseofthermally-initiatedpolymerizationthevialsweresimilarlyrotated 

alongtheirlongaxis(4-8rpm)withinanoven(UVPHB-1000Hybridizerorsimilar)setto70ND.  

Afterpolymerizationthereactionmixturewastransferredtoa50mLcentrifugetubeandthe 

particleswereisolatedbycentrifugation(4000rpm,3082g,15mm).Theparticleswerepurified 

bythreewasheswith40mLofacetonefollowedbyonewashwith40mLofACNaccomplished 

15 byredispersingtheparticlesinthesolventandthensedimentationbycentrifugation.After 

purificationtheparticleswereredispersedin40mLofACNorDMFforstorageor 

functionalizationreactions.TomeasureisolatedyieldsanagitatedImLaliquotoftheparticle 

suspensioninACNwastransferredtoapre-weighed20mLscintillationvialanddriedunder 

nitrogenforIhbeforetransferringthevialintotoadesiccatortodryinvacuoforfourdaysat20 

20 0cxAmicroscopeimageoftheMED-60/0/10particles(thermally-initiated)inDMFisshownin 
Figure6- Diameter: 1.74+0.22pm(CV0.13).SimilarMED-57/0/10particlesmadeusinga 

[0208] MeAncanbeaninefficientcrosslinkerbecauseithasastrongpropensityforcyclic 

polymerizationandbecauserearrangementofanhydridegroupscanleadtothelossofinitially 

25 formedcrosslinks.Inaddition theconditionsrequiredforprecipitationpolymerizationto 

microspheres(lowtotalmonomerloadingmarginalsolvency)tendtofavorcyclicoveracyclic 

propagationofMeAn.Howeverthepresenceofco-monomersasinthepresentexamplewhere 

MeAnwaspairedwithapermanentcrosslinkerreducedtheextentofMeAncyclicpolymerization 

andthusleadtomoreMeAncrosslinks.Figure7showsabrightfieldopticalmicroscopeimageof 

30 MeAN-only(MED-55/0/0,photo)microspheresformedin55/45MEK/heptaneintheabsenceof 

permanentcrosslinkers.TheMED-Sb/C/Cmicrosphereswereformedinanisolatedyieldof38% 

(Table1),andremainedintactwhendispersedinMEKorDMFsolventsthatwouldcause 

dissolutionormergingoftheparticlesiftheywerenotcrosslinkedandconsistedoflinearpMeAn 

58 

57:43ratioofMEK/heptanealesspolarsolventhadadiameterof2.74+0.57pm(CV0.21).
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chainsonly.Thesuccessfulformationofmicrospheresinreasonableyielddemonstratedthat 

MeAnactsasacrosslinkerunderthesepolymerizationconditions.  

[0209] Particleswereobtainedunderthesamepolymerizationconditionswhenthe 

permanentcrosslinkersEGDMAorDEGDMAormixturesofthetwowereaddedat10mol% 

5 relativetototalmonomer.Particlespreparedbyphotopolymerizationinthepresenceofthe 

permanentcrosslinker(s)wereobtainedwithabout40to55%yieldsofisolatedparticles(Table 

1).Theparticleyieldswerehigherabout50to80%,forthermally-initiatedpolymerizations(Table 

1).  

10 [0210] Table1:Isolatedyieldsofmethacrylic-basedanhydridemicrospherespreparedby 

precipitationpolymerization 

Photoinitiation Thermoinitation 

Composition IsolatedYield Composition IsolatedYield 

MED-55/1O/O 53% MED-60/O/1O 67+10%(n=7) 

MED-55/5/5 48% 

MED-55/3/7 44% 

MED-55/2/8 38% 

MED-55/0/10 54% 

MED-55/0/0 38% 

[0211] TheMEK/heptanemixedsolventselectedforprecipitationpolymerizationwas 

advantageouslyamarginalsolvent(withlowviscosity)thatdoesnotreactwiththeanhydride.An 

15 additionalbenefitoftheMEK/heptanesolventsystemisthatitallowsfine-tuningofthesolvency 

byvaryingtheratioofthetwocomponents.  

59 

MED-55/2/8 42%
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[0212] Figures8A-8Fshowthatnarrow-disperseMED-55/5/5(photo)particlescanbemade 

atmonomerloadingsupto7%,andthatthesizeincreaseswithloading.Sizesintherangeofno 

morethan1-3pmwereobserved.Largerparticleswereseenwitha10%loadingwhereasize 

of5-6pmcanbeobtainedbutthesizedispersitywaspoor.Thesizeofallparticleswillfurther 

5 increaseafterhydrolysisorfunctionalization.  

[0213] Figure9showsthattheMED-62/O/1O(photo)particlesincreasedinsizegraduallyas 

theinitiatorconcentrationwasincreasedandnarrow-disperseparticleswereobtained.Thiswas 

likelyaresultofhighermonomerconversion.  

[0214] Figure10showsthediameterofMED-X/O/1O(photo)particlesmadeinMEK/heptane 

10 containing50-70%MEK.Varyingthesolventpolarityatleastinthisrangehadlittleeffectonthe 

size.Particleswithaveragediametersofabout2pmandnarrow-dispersity(CV<0.1)were 

obtainedforsamplesmadeinsolventswithupto62%MEK.Theparticlessizewillincrease 

followinghydrolysisorfunctionalization.  

15 Example2 

[0215] AnhydridesarehydrolyzedquiterapidlyinaqueousmediawhichinthecaseofMeAn

basedparticleswillleadtocleavageoftheanhydrides(crosslinkscyclicandpendant)andthe 

creationofmethacrylicacidorcarboxylategroupsdependingonthepH.Thiswillcausethe 

particlestoswellespeciallyathigherpHwhentheacidgroupsaredeprotonatedordissolveif 

MeAn-basedmicrospheres.ForexamplepurifiedMED-551515(photo)microspheressuspended 

in40mLofACNweresedimentedbycentrifugationandresuspendedin5mLofACNbeforeI1.3 

mLofIMNaOH(1. Ieq.)wasadded.After30mmthemixturewasdilutedto40mLwithdistilled 

waterandthenmaintainedatroomtemperatureovernightunderconstantmixingbyrotationat 

25 20rpm.Thesuspensionofhydrolyzedmicrogelswastransferredtocellulosedialysistubing(3500 

Damolecularweightcutoff(MWCO),SpectrumLaboratories)andwerepurifiedbydialysisagainst 

distilledwaterwithdailywaterchangesuntilthedialysateshowednoabsorbancebyUV-Vis 

spectroscopy.Thepurifiedmicrogelswerethenfreeze-driedtoyieldawhitesolid.Toprepare 

sterilemicrogelsthefreeze-driedmicrogelsweresoakedin70%ethanolfor2hsedimentedby 

30 centrifugation(3082g,15mins),reswolleninsteriledistilled-waterandthenfreeze-driedunder 

sterileconditionsusingaLabconcoasepticadapter.  

60 

20 thereisnopermanentcrosslinkerpresent.Anionicmicrogelswereproducedbyhydrolysisofthe
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[0216] MicroscopeimagesofhydrolyzedMED-6010110(thermal)particlesareshownFigure 

6.AtpH7.4(Figure60)theparticlediameterwas5.49H0.78pmandatpH2itwasI.6H0.4 
U pmsimilartothediameteroftheparticlesbeforehydrolysis.Survivaloftheparticlesafter 

hydrolysisshowedthattheywerepermanentlycrosslinkedandthedramaticswellingatpH7.4 

5 isconsistentwiththeformationofalightlycrosslinkedhydrogel.1HNMRanalysisofasuspension 

ofacidified(COOH-form)MED-6010110(thermal)particlesinDMSO-d6showedsignalsat0.7-2.2 

ppm(OH3 ,OH2 backbone),3.5-4.2ppm(0H2 0)and12.3ppm(COOH)ina76:8:12.5ratio 

consistentwithMAA:DEGDMA=93:7.ThiscorrespondstoMeAn:DEGDMA=87:13sinceeach 

MeAnmoleculecouldgiverisetotwoMAAunits.  

10 [0217] MED-551010(photo)particleswhichlackapermanentcrosslinkerdissolvedwhenthe 

anhydrideswerehydrolyzedwhileparticlesmadewithpermanentcrosslinkerssuchasMED

55110/0or-55/5/5swelledandbecamemoretransparentbutdidnotdissolve.Particlesmadewith 

agreaterfractionofDEGDMAsuchasMED-551218(photo)orMED-5510110(photo)werevery 

difficultorimpossibletoresolvebyconventionalopticalmicroscopyafterhydrolysisreflecting 

15 extremelyhighdegreesofsolvationandswelling.AnaqueoussolutionofMED-5510110microgels 

wereabletopassthrougha0.45pmporesyringefilterbutnota0.22pmsyringefiltersuggesting 

thattheyarestillparticlesthoughhighlydeformable.  

[0218] TheeffectofpHontheswellingofMeAn-basedanionicmicrogelswithdifferent 

permanentcrosslinkercompositionswasdeterminedbyopticalmicroscopy.HydrolyzedMED

20 55/10/0-55/5/5and-55/0/10madebyphotopolymerizationweredispersedat0.05wtin100 

(pH7.06),and100mMcarbonatebuffer(pH10.0).  

[0219] Swellingofthehydrolyzedparticlesprovidesinformationaboutthedegreeof 

crosslinkingandaboutthestiffnessofthehydrogels.Crosslinkedpoly(methacrylicacid)(pMAA) 

25 particlessuchasthoseformedbyhydrolysisofMEDparticlescollapseatlowpHandarehighly 

swollenathighpHwhenalloftheMAAgroupsareionized.HydrolyzedMEDparticlesmadewith 

10molpermanentcrosslinkerbutdifferingratiosofEGDMAandDEGDMAweresuspendedin 

solutionsatpH2.4,4.75,and7(Figure11),wherethecarboxylicacidgroupsshouldbefully 

protonated(neutral),halfionizedandfullyionizedrespectively.Theparticlesclearlyswellasthe 

30 pHwasincreasedandbecamemoredifficulttoresolveastheirrefractiveindexbecamecloser 

tothatofthesolution.  
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mMphosphoricacidbuffer(pH2.4),100mMacetatebuffer(pH4.75),100mMphosphatebuffer
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[0220] Thedegreeofswellingwasestimatedbycomparingthevolumeofthecollapsed 

particleatpH2.4withthevolumeathigherpHusingtherelationship(DiD 2 .4 )3 ,whereD~isthe 

particlediameteratagivenpHandD 2 .4 isthediameteratpH2.4.AsshowninFigure12,the 

particlesunderwentconsiderableswelling( lOx)atpH7showingthattheywerelightly 

5 crosslinkedhydrogels.TheswellingwasincreasedsignificantlybyincreasingtheDEGDMA 

contentinthepermanentcrosslinker.Greaterswellingisconsistentwithacrosslinkerthatis 

longerandmorehydrophilicthanEGDMAbutthemagnitudeofchangewasunexpected.The 

resultsdemonstratethatusingcrosslinkerswithlongerspacerssuchasoligo/poly(ethylene 

glycol)methacrylateandhydrophobicalkylspacerssuchasbutanedioldimethacrylatecanbe 

10 usedtofurthertunethesizeandswellabilityofthemicrogels.  

Example 

[0221] Thepolymer-boundanhydridegroupscanalsobeusedforpost-polymerization 

modificationviareactionwithnucleophileslikeaminesalcoholsorthiolsleadingtoincorporation 

15 ofthemodifierformationofpolymer-boundcarboxylicacidgroupsandcleavageofanhydride 

crosslinks.ParticleswithabroadrangeofpropertiescanbeobtainedbyreactionofMeAn-based 

particleswithoneormoreofthewidevarietyofmodifiersavailable.Itispossibletovarythe 

hydrophobicityandchargeoftheparticlesandtointroducegroupsthatprovideavarietyofuseful 

properties(e.g.,fluorescentorradiolabelscell-bindingdrugreleaseetc.).Functionalizationof 

20 MeAn-basedparticlesenablesthepreparationofparticlesthatwouldbeotherwiseinaccessible 

onthemodifierandconditionschosenitisalsopossibletocontrolwhethermodificationhappens 

throughouttheparticleorislargelyrestrictedtotheparticlesurface.Todemonstrate 

functionalizationparticlessuchasthosemadeinExampleIwerereactedwithreagentsthat 

25 werefluorescentcationicand/orcell-bindingmotifsasdescribedbelow.  

Polyampholyte Microqels 

[0222] MeAn-containingparticleswerefunctionalizedwithanexcessofDMAPAtomake 

polyampholytemicrogels.Forexample,50:50cationic:anionicpolyampholytemicrogelswere 

targetedbyaddingDMAPA(3.17g,31.1mmol)toMED-551515(photo)microspheressuspended 

30 in40mLofACNina50mLcentrifugetube.Thiscorrespondstoaroughlysixfoldexcessof 

DMAPArelativetotheamountofMeAnintheparticles.Thereactionwasmaintainedatroom 

62 

bydirectprecipitationpolymerizationofthestructurallyanalogousmonomerunitsanddepending
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temperatureovernightwhilebeingmixedbyrotationofthevial/tubeat20rpm.Afterreactionthe 

microgelsweresedimentedbycentrifugation(3082g,15mm)andthenwashedonceby 

resuspendingin40mLACNfollowedbycentrifugation.Afterwashingthemicrogelswere 

dispersedin40mLdistilledwaterandallowedtoswellbeforebeingtransferredtocellulose 

5 dialysistubing(3500DaMWCO).Themicrogelswerefirstdialyzedtwiceagainst0.9wtlvNaCI 

over2daysfollowedbydialysisagainstdistilledwaterchangeddailyfor4days.Themicrogels 

werethenfreeze-driedtogiveawhitesolidthatwasthensterilizedasdescribedabove.  

Fluorescently-labeled micro~els 

10 [0223] As-formedMeAn-basedmicrosphereswerefluorescentlylabeledwithTAMRA 

targetingadegreeoflabelingof0.025-0.05molrelativetoMeAnunits.TAMRA-cadaverine 

(2224ofa0.2wtsolutioninDMR0.86pmol)wasaddedtoasuspensionofMeAn-based 

microspheresin30mLofACNthatcontainedabout0.53g(3.45mmol)ofpolymericMeAn 

groupsandthenmixedfor2daysatroomtemperature(22aC) m Theparticleswereisolatedby 

15 centrifugationfollowedbythreewasheswith40mLACN.Themicrosphereswerethen 

resuspendedin40mLofdistilledwatermixedforIdayatroomtemperature(22 0 Q),andthen 

isolatedbycentrifugationbeforebeingresuspendedin10mLofdistilledwateranddialyzedin 

waterusing3500DaMWCOcelluloseacetatetubing.Thewaterbathwaschangeddailyuntilthe 

absorbancemeasurementsofthedialysatereached0,indicatingnofurtherelutionofsmall 

20 molecules.Theparticleswereisolatedresuspendedin40mLof70%(vlv)ethanolforIhfor 

wherethesupernatantwasremoved.Theparticlesweredispersedin30mLofsterilewater 

frozenindryiceandlyophilizedwithanasepticadapter(Labconco)toprovideTAMRA-labelled 

particlesasapinksolid.  

25 RGD-functionalized microqels 

[0224] MeAn-basedmicrosphereswerefunctionalizedwithbothTAMRAandRGDwith 

targeteddegreesoffunctionalization(w.r.t.MeAn)ofabout0.025and0.5molrespectively.A 

solutionof5.3mg(15.3pmol)RGDin2mLof1:1(vlv)ACN/DMFwasaddedtoa30mL 

suspensionofMeAn-basedmicrospheresinACNcontainingapproximately0.53g(3.45mmol) 

30 ofMeAnunitsandthenapproximately10mm laterTAMRA-cadaverine(222jiLofa0.2wt% 

solutioninDMF 0.86pmol)wasadded.Thereactionwashingandisolationstepswere 
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sterilization.Theethanolsuspensionwascentrifugedandthentransferredtoabiosafetycabinet
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conductedasdescribedpreviouslyinthepresentexample.Thefreeze-driedRGD-andTAMRA

functionalizedmicrosphereswereisolatedasapinksolid.  

Properties of Functionalized Particles 

5 [0225] 1HNMRanalysisoftheDMAPA-functionalizedMED-5710110(thermal)particlesinD 20 

showedsignalsat0.7-2.4ppm(OH 3,OH2backbone),2.85ppm(N(0H3)2 ),3.15ppm(N-OH2), 

and3.5-4.2ppm(0H20)ina15.8:6:3.7:1.5ratioconsistentwithMAA:DMAPMA(acid/amine)= 

58:42.ParticlesresuspendedinPBSatpH2andpH7.4wereexaminedbymicroscopy.The 

particlediameterwas6.57+I.01pmatpH7.4and7.06±I.61pmatpH2.Thelargediameters 

10 cf.theprecursorparticle(DiameterinDMF:2.74±0.57pm;CV0.21)showsthatthetemporary 

crosslinkshavebeencleavedandalightlycrosslinkedhydrogelproduced.Incontrasttothe 

hydrolyzedparticlesinExample2,theparticlesdonotcollapseatlowpH.Thisshowsthatthe 

functionalizationwassuccessfulasthepresenceofchargedgroupsintheformofammonium 

ionsensuresthattheparticlesremainswollenatlowpH.  

15 [0226] AmicroscopeimageofMED-6010110(thermal)particlesthathadbeenfunctionalized 

withNN-dimethylethylenediamine(DMEDA)andthendispersedinHEPES-bufferedsaline(pH 

7.6)isshowninFigure13A.InFigure13Bisaplotofparticleareashowingthatmostofthe 

particleshaveareasbetween4and6pm 2 whichcorrespondstoparticlediametersof2.25to 

2.75pm.  

andTAMRA-cadaverine(0.05mol%)areshowninFigures14A-C.Theparticlesunderwent 

dramaticswellinguponfunctionalizationanddispersalinaqueoussolutionandwereabletoform 

aclose-packedarraybecausetheyareoffairlyuniformsize(Figure14B).Confocalfluorescence 

microscopyrevealedthattheTAMRAlabelwasconcentratedattheparticlesurfaceperhaps 

25 becausetheTAMRA-cadaverinewhichwasaddedbeforeDMAPA, reactedwiththefirstMeAn 

groupsthatwereencountered.Thisdemonstratedtheeaseofparticlefunctionalizationandthe 

abilitytolocalizedifferentmodifiersdependingontheorderofadditionand/ormolecularweight.  

[0228] ReactionoftheMeAngroupsintheparticleswithdi-orpolyaminesallowstheparticle 

chargetobetailoredforspecificbiomaterialapplicationsstartingfromthesamebasescaffold 

30 particles.WhilehydrolysisofMeAnyieldsparticlesthatareanionicatneutralpHcomplete 

reactionoftheanhydridegroupswithadiaminesuchasDMAPAwouldyieldapolyampholyte 

64 

20 [0227] ImagesofMED-551515(photo)particlesbeforeandafterfunctionalizationwithDMAPA
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particlewithanapproximatelyI:Ichargeratio.MED-55/O/10(photo)particlesfunctionalizedwith 

anexcessofDMAPAweresuspendedinD 20andanalyzedby1 HNMR.Theywerefoundtohave 

anapproximately80%degreeoffunctionalization7 correspondingtoacationic:anioniccharge 

ratioof40:60,closetothetargeted50:50ratio.Theslightexcessanionicchargemaybearesult 

5 ofincompletefunctionalizationthepresenceofsomeMAAintheMeAnstartingmaterial(94% 

purity),and/orinadvertenthydrolysisofsomeanhydridegroupspriortofunctionalization.  

[0229] MED-55/10/0(photo)microspheresthathadbeenonlyhydrolyzedorfunctionalized 

withDMAPAweredispersedinPBSatpH7.4ataconcentrationof0.25wt%.Thezetapotential 

ofeachparticlesamplewasmeasuredusingaZetasizerNano75fromMalvern.Approx.700pit 

10 oftheparticledispersionwastransferredtoaMalvernZeta-DipCellandmeasurements(n=3) 

wereperformedat25ND.Zetapotentialmeasurementswhichrevealthechargeontheparticle 

surfacewerecarriedoutforthehydrolyzedandDMAPA-functionalizedMED-55/10/0particles 

(Figure15).HydrolyzedMED-55/10/0particlesshowedastronglynegativezetapotential(-20.7 

+4.7my)atphysiologicalpHasexpectedforlightlycrosslinkedpMAAparticles.TheDMAPA

15 functionalizedparticleshadazetapotentialclosetozero(-1.82±0.27my),consistentwitha 

polyampholytewithaA:1chargeratio.  

Example 

[0230] Insomebiomaterialapplicationsitisdesirabletoincorporatecontrolleddegradation 

ofmaterialsunderphysiologicalconditions.Acid-labilefunctionalgroupssuchasacetalsand 

atbasicconditions.Todemonstratetheparticledegradationaketal-containingcrosslinker7 

71-diyl)bis(2-methylacrylate)(calledKTMAhere)was 

preparedbytheacid-catalyzedreactionof2-hydroxyethylmethacrylatewithdimethoxypropane.  

KTMAisstructurallysimilartoDEGDMAanditwasexpectedthatitmightbeusedunderthesame 

25 polymerizationconditions.  

[0231] KTMA was synthesized using a procedure based on previously reported 

syntheses.1 2 1 3HEMA(10.0g,76.8mmol),DMPA(3.805g,36.5mmol),pTSA(0.157g,0.825 

mmol),andMEHQ(0.20g,0.2%w.r.t.HEMA)werechargedtoa25mLpear-shapedflask 

equippedwithamagneticstirbar.Thereactionmixturewasheatedat60NDovernightinanoil 

30 bathwithnitrogengasbubblingtoremovemethanol.Theresultingdarkredreactionmixturewas 

cooledtoroomtemperature7 andthenpassedthrougha100gsilicaplugusingan80/20 
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hexanes/ethylacetateeluent.Theproduct-containingfractionswerecombinedandconcentrated 

invacuotogiveKTMAasapale-yellowliquidin21%yieldandapprox.95%purity.The 1HNMR 

(0D013 ,600MHz)ofKTMAisshowninFigure16:56.09(2Hs),5.55(2Hs),4.26(4Ht),3.69 

(4Ht)1.93(6Hs),1.37(6Hs).  

5 [0232] KTMA-crosslinkedMeAnmicroparticlesweresynthesizedusingtheprocedure 

describedabove(Example1),butwiththedegradableKTMAcrosslinkerinplaceofEGDMA 

and/orDEGDMA.ForexampleMKT-55/15particles(15molKTMA,55/45MEK/heptane)were 

madebyphotoinitiatedpolymerizationusingMeAn(1.284g,8.3mmol),KTMA(0.448g,1.49 

mmol),andAIBN(0.036g,0.022mmol)dissolvedin35.15mLofa55145MEK/heptane.After 

10 isolationandwashingthesupernatantwasremovedandNaCHsolution(20molexcessrelative 

toMeAnunits)wasaddedtohydrolyzetheanhydridegroups.ThereactionmixturewasleftforI 

daybeforetheparticleswereisolatedbycentrifugationandresuspendedin40mLofdistilled 

water.ThesuspensionhadpHAI, whichisimportanttopreventprematuredegradationofthe 

ketalgroups.  

15 [0233] Indeednarrow-disperseKTMA-crosslinkedsphericalparticleswereobtainedunder 

thesameconditionsemployedwithEGDMAandDEGDMAasevidencedbytheformationof 

close-packedparticlearrays(Figure17).Afterhydrolysisparticlesmadewith10molKTMA 

(MKT-55/1O)werehighlyswollenanddegradedfairlyquicklyatphysiologicalpH.WhentheKTMA 

loadingwasraisedto15mol%(MKT-55/15),morelong-livedparticleswereobtained.  

groupsunderbasicconditionsweredispersedinbuffersatpH5,7and10atroomtemperature 

toprobetherateofparticledegradation(Figure18).AtpH5,theparticlesvisiblyswellwithin15 

mm andhavedisappearedafter30mm whileatpH7ittakes75mm.Theparticlesremainintact 

after24hatpH10.TheacceleratedrateofdegradationatlowpHisinlinewiththeacidcatalyzed 

25 mechanismofhydrolysisforketalsandacetals.Slowerdegradationcanbeachievedbyusing 

higherKTMAloadingintroducinghydrophobicityviafunctionalizationorcopolymerizationorby 

changingthenatureoftheketallinkage.  

Example 

[0235] Thefollowingexampleshowsthattheresidualvinylgroupsfromthepermanent 

30 crosslinkermaybeusedtograftapolycationontothehydrogelmicroparticles.  
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[0236] ThehydrolyzedparticlesofExample2weregraftedwith2-(NN-dimethylamino)ethyl 

acrylate(DMAEA).HydrolyzedMeAn-DEGDMA(90:10)particlesintheacid(COCH)form(0.100 

g)werecombinedwith10mLDMF,1.00gDMAEA(7.00mmol),11.5mg(1mol%)AIBNand 

optionally28.0mg(1mol%)fluorescein0-methacrylate.Thesolutionwasbubbledwithnitrogen 

5 for45mm andthenheatedfor18hinanoilbathat70ND. 1 HNMR(DMSO-d6)ofanaliquotof 

thereactionmixtureindicatedthattherehadbeen58%monomerconversionforthereactionwith 

fluorescein0-methacrylateand83%fortheonewithout.Theparticlessettledoncethereaction 

mixturewascooledandtheyellowsupernatantwasremoved.Theparticleswerewashedonce 

bydispersinginacetone(A5mL)followedbycentrifugationandthentheyweredispersedinII 

10 mLof~0.1MHOl.ThesuspensionwasadjustedtopH2.2using0.1MNaCHbeforeitwas 

transferredtodialysistubing(1MDamolecularweightcutoff)anddialyzedinImMHOl(4L)for 

2dayswithonechangeofthebath.Theparticleswereisolatedbyfreeze-drying.The 1 HNMR 

spectrumofasuspensionoftheparticlesinDMSO-d6includedsignalsat0.7-2.2ppm(OH 3,OH2 , 

OHbackbone),2.8ppm(N(0H3 )2 ),and12.3ppm(COOH)ina26.7:6:3.89ratioconsistentwith 

15 MAA:DMAEA=80:20.  

Example6:Cryopreservation 

[0237] ThisexampleshowsthatthehydrogelmicroparticlesaspreparedintheExamples 

abovecanactascryoprotectiveagents.  

[0238] NIH3T3murinefibroblastscellswereculturedinT-75tissueculture-treatedflaskswith 

maintainedina370Q,5%002incubator.Whenthecellsreached70-90%confluencytheywere 

washedwithPBSandincubatedat370Qfor2minuteswitha0.05%trypsin-EDTAsolutionin 

PBStodetachthecells.Thetrypsin-EDTAwasquenchedbyadditionofsupplementedDMEM 

andthecellswerecollectedandtransferredtoa15mLcentrifugetube.Thecellswerespundown 

25 bycentrifugationatSOOgfor5minsandresuspendedin5mLofsupplementedDMEM.A50pL 

aliquotoftheresuspendedcellswasstainedwith50pLof0.4%trypanblueandthecellviability 

andconcentrationweremeasuredwithanInvitrogenCountessautomatedcellcounter.Thecells 

werepreparedforcryopreservationbytransferringaliquotsoftheresuspendedcellsto15mL 

centrifugetubesusinganappropriatevolumeofcellsuspensiontoachieve4millioncellsper 

30 tube.Thecellswerespundownat300gfor5minsandresuspendedinImLofcryoprotective 

solutiontoachieveacellconcentrationof4millioncells/mLandthentransferredto2mL 

polypropylenecryotubes.ThecryotubeswereplacedinaMr.Frostycontainerfilledwithiso
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propanolandthecontainerwasthenplacedina-80 0 Qfreezerresultinginacoolingrateof 

approximatelyI0 0/min.After24hthefrozensampleswerethawedina37NDwaterbathfor2 

mm7 afterwhichtheyweredilutedinto9mLofpre-warmed(37 0 Q)DMEMandsedimentedat 

300gfor5mm.ThecellswereresuspendedinImLofDMEMandthen50pLaliquotsofeach 

5 samplewerestainedwith50pLof0.4%trypanblueandthecellviabilityandconcentrationwere 

measured.Tomonitorcellattachmentandgrowthafterthawingtheremainderofeach 

cryopreservationsamplewasdividedintothree300pLaliquotswhichwereseededintothree 

wellsofa6-welltissueculturetreatedplatewhereeachwellcontained3mLofDMEM.Theplates 

weremaintainedina370 Q,5%002incubatorandmonitoredfor7daysafterthawing.Any 

10 samplesthatreachedconfluencyduringthistimeweretransferredfromthe6-wellplatestoT-75 

flasksbydetachmentwithtrypsin-EDTA.Ondays3,5and7afterthawingthecellsinonewell 

foreachsamplewerewashedwithPBSanddetachedbyincubationwith0.025%trypsin-EDTA 

for2minsat37ND.Thedetachedcellswerecollectedandtransferredto15mLspundownat 

300gfor5minsandresuspendedinlmLofDMEMbefore50pLaliquotswerestainedwith50 

15 pLof0.4%trypanblueandcountedwithaCountessautomatedcellcounter.  

[0239] A24-hourfreeze/thawcycleusingastandardmammaliancellfreezingprocedurewas 

usedtofreezeNIH3T3cellswithMED-55/2/8(photo)DMAPA-functionalizedpolyampholyte 

microgelsat10and5wtlvconcentrationinDMEMalongsideapositivecontrolof10%v/v 

DM50andnegativecontrolofiustDMEM.Figure19showstheimmediatepost-thawviabilityand 

20 percentageofcellsrecoveredasmeasuredbytrypanbluestaining.  

comparabletothatofthe10%v/vDM50samplewiththeDMSOsamplehavingaslightlyhigher 

%recovery.Bothhighcellviabilityandrecoveryareimportantmeasuresoftheeffectivenessof 

cryoprotectiveagents.Forlinearpolyampholytescelldeathfromice-crystalformationleadingto 

25 cellfragmentationcangiveanover-estimationoftheeffectivenessasacryoprotectiveagent.The 

fragmenteddeadcellsarenotdetectedleadingtoahighermeasuredcellviabilitybutlower 

%recoveryi'4 Figure19alsoshowsanincreasedeffectivenessgoingfrom5to10wtlvofthe 

microgelsthistrendisinlinewithpreviousreportsonlinearpolyampholytesforcryopreservation 

andmaybearesultofimprovedcellulardehydrationduringfreezingwhichpreventsintracellular 

30 icecrystalformation7 decreasedicecrystalsizeandreducedcellsedimentationduring 

freezing14,15,16 
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[0241] Inadditiontoimmediatepost-thawmeasuresthawedcellswereseededontotissue 

cultureplatestoobservecellattachmentandgrowthaslonger-termmeasuresofcellularhealth.  

AsshowninFigure20,cellattachmentandgrowthofthesamplefrozenwith10wtlvmicrogels 

wassimilartothatofcellsfrozenin10%v/vDMSO.Inadditionbrightfieldimagesofattached 

5 cellsshownormalhealthy3T3morphologyafterattachment(Figure21).Interestinglybythis 

measurethepolyampholytemicrogelsseemtodemonstrateimprovedeffectivenessas 

cryoprotectiveagentscomparedtoanalogouslinearpolyampholytes.Althoughthemechanismof 

cryopreservationwithlinearpolyampholytesisnotclearakeystepisthoughttobeconformal 

coatingofthepolymeraroundthecellsduringfreezing, 1 7 anditispossiblethattheincomplete 

I0 removalofthiscoatingfromthecellsafterthawingmayleadtotheobservedpoorattachmentand 

proliferation.Withoutwishingtobeboundbyatheorythesoftpolyampholytemicrogelswhich 

candeformaroundthecellstoprovideaconformalcoatingbutarethenmoreeasilyseparated 

fromthecellsbydifferentialsedimentationmayleadtobettercellattachmentandgrowth.  

Example7:Protein(antigen)binding 

15 [0242] Thefollowingexampleshowsthatcationicmicroparticlessuchasthosepreparedin 

Example5canbindovalbuminanantigen.  

[0243] 4mLofaImg/mLsolutionofpDMAEA-graftedmicroparticles(preparedasdescribed 

inExample5)indistilledwaterwasaddedtoapprox.100pLofaIwt.%solutionoffluorescein

labelledovalbumin(OVA-FITO)inphosphate-bufferedsaline(PBS)atpH7.4.Thesolutionwas 

toisolatetheparticles.TheparticleswereresuspendedinImLofPBSbeforebeingexamined 

byfluorescencemicroscopy.AsshowninFigures22Aand22Btheparticlesbecomefluorescent 

revealingthattheyhaveboundOVA-FITO.  

Example8:Microgelcellularuptake 

25 [0244] Thisexampleshowsthecellularuptakeofappropriatelyfunctionalizedmicrogelsin 

thiscasewithRGDacell-attachmentmotitaspreparedinExample3.  

[0245] NIH3T3murinefibroblastscellswereculturedto70-90%confluencydetachedand 

counted.Aftercountingthecellsweresedimentedat300gfor5minsandthenresuspendedin 

theappropriatevolumeofDMEMtoachieveacellconcentrationof2.0x10 6 cells/mL.Toform 

30 microgel-cellcompositeclustersthreestocksolutions(2wt/vinDMEM)werepreparedfrom 
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MED-55/5/5(photo)microgelsthatwere:a)TAMRA-functionalizedb)TAMRA-andRGD

functionalizedandc)TAMRA-andDMAPA-functionalized.InthewellsofaCelivis96-wellglass 

bottomplateaseriesof200pL/wellsamplescontaining1.0x10 6 cells/mLandvarying 

concentrations(0.01toI.0wtlv%)ofoneofthethreemicrogelscompositionswerepreparedby 

5 combiningaliquotsofthecellsuspensionmicrogelstocksolutionsandDMEM.Thecellswere 

incubatedwiththemicrogelsfor3daysat37NDtoallowforcell/microgelinteractionpriorto 

imaging.Afterthe3-dayincubationthecellswerestainedwith50pLofa10pmolsolutionof 

Calcein-AMinPBSandimagedonaNikonAlConfocalTiEclipsemicroscope.  

[0246] Particlefunctionalizationcanbeusedtoincorporatemodifiersthatpromotecell 

10 bindingorinternalization.MED-55/5/5(photo)particlesweremodifiedwithRGDtopromotecell

bindingandTAMRAtofacilitatevisualizationoftheparticles(Example3).NIH3T3cellswereco

culturedfor3-dayswiththreedifferenttypesofTAMRA-labeledMED-551515particles:A)DMAPA

functionalizedpolyampholyte, B) RGD-functionalizedanionic andC)anionic. Following 

incubationthecellswerestainedwithcalcein-AMandimagedbyconfocalmicroscopy(Figure 

15 23A-C).CellsincubatedinthepresenceofmicrogelsfunctionalizedwithRGDatripeptide 

attachmentmotifwerefoundtobeinternalizedbythecellsasseeninFigure23Bwiththe 

appearanceofTAMRA-labeledmicrogels(red)withinthecells.Italsoappearsthattheparticles 

excludetheCalceinstainwhichresultsintheappearanceofholeswithinthecellswhenviewed 

throughtheFITOchannel.Confocalimagesofthe3T3cellsincubatedwiththeDMAPA

20 functionalizedpolyampholyteparticles(Figure23A),oranionicparticles(Figure230)showno 

evidenceofinternalization.ThissuggeststhattheincorporationofRGDonthemicrogels 

tocellssuchasantigensforvaccinedrugdelivery.  

Example9:CellscaffoldsandCo-encapsulationofCellsandMicrogels 

25 [0247] DMAPAfunctionalizedpolyampholyteMED-5511510(photo)microgelsfluorescently 

labeledwith0.05%TAMRAcadaverinerelativetoMeAn-groupswerepreparedasdescribedin 

Example3andafterhydrolysiswerepurifiedbycentrifugation/resuspensionthreetimeswith 

distilledwaterandtwicewithPBSandthenresuspendedin4OmLofPBS.NIH3T3murine 

fibroblastscellswereculturedto70-90%confluencyinaT75cellcultureflaskdetachedand 

30 countedasdescribedaboveandresuspendedtoanapproximatecellconcentrationof6.0x10 6 

cells/mLinPBS.Totheresuspendedcells34.7pLofalmg/mLcalceinAMsolutionwasadded 

tostainthecellsataconcentrationof4pMcalceinAM.Ina96-wellglassbottomplate50pLof 
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stainedcells,50pLoffluorescentlylabeledMED-55/15/O(photo)anionicmicrogelsand200pL 

ofPBSweremixedandimagedonaNikonAlConfocalTiEclipsemicroscope.  

[0248] Thereisinterestinusinghydrogelparticlesascellscaffoldsbecausetheycanforma 

2-or3-Darrayandthepropertiesofthescaffoldcanbefine-tunedbymixingparticleswith 

5 differingsizestiffnessorchemistry.ThefacilefunctionalizationofMeAn-basedparticlesmakes 

themidealstartingmaterialsforthemanufactureofcomponentsinaparticlescaffold.Figure24 

showsasimpledemonstrationofa3-DparticlescaffoldwithNIH3T3cells(stainedwithCalcein

AMgreen)dispersedamongstTAMRA-labeledpolyampholyteMED-5511510(photo)microgels.  

[0249] Theeaseofhandlingparticlesmeansthattheymaybeeasilycombinedwithcellsin 

10 amoreconfinedgeometrysuchasacapsule.Calciumalginateisoftenusedtoencapsulatecells 

butsometimesprovidesalessthanidealenvironmentforcellsintermsofviabilitydifferentiation 

orproliferation.Co-encapsulationofcellswithparticlesbearingsuitablebindingorsignalingmotifs 

mayprovideanimprovedenvironment.AsademonstrationNIH3T3cellswereco-encapsulated 

withvaryingconcentrations(0.001to0.5%)ofMED-5511010(photo)polyampholytemicrogelsin 

15 calcium alginate capsules. The capsules were subsequently given a protective 

polycation/polyanioncoatingbeforeLive/Deadstainingoftheencapsulatedcellswithcalcein-AM 

andethidium-homodimer.  

[0250] NIH3T3murinefibroblastscellswereco-encapsulatedwithMED-5511010(photo) 

anionicmicrogelsincalcium-alginatecapsules.A4x106 cells/mLsolutionof3T3cellswere 

2wt/vsolutionofNa-AlginateinpH7.435mMHEPES-bufferedsaline,2wtlvsolutionofMED

5511010anionicmicrogelsinpH7.435mMHEPES-bufferedsalineandpH7.435mMHEPES

bufferedsalinetoachievesolutionsatatotalvolumeofImLandconcentrationsof0.5,0.05,and 

0.001wt/vofthemicrogelsataconstantcellandNa-alginateconcentrationof2x10 6 cells/mL 

25 and1.0wtlvNa-alginaterespectively.ThepreparedsolutionswereloadedintothreelmLBD 

plasticsyringesandthecapsuleswereformedbyextrusionthrougharam6-hart20Gcoaxial 

needleatasolutionflowrateofl5mLIhrcontrolledbyaHarvardApparatussyringepumpanda 

coaxialairflowof2.25L/mintoshearoffsmalldropletsintoa100mMCaCI 2 ,45mMNaCIand 

35mMHEPESpH7.6gellingbath.Theformedcapsuleswerethenallowedtogelfor5minutes 

30 inthegellingbathaftercompletionofextrusion.Theformedcapsuleswerecollectedandwashed 

andthencoatedwithpoly-L-lysine(PLL)andpartially(50%)hydrolyzedpoly(methylvinylether

alt-maleicanhydride)(PM5O)toformcapsuleswithcovalentlycrosslinkedshells.Thecoated 
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capsulesweretransferredto60mmpetridishescontaining5mLofDMEMsupplementedwith 

10%v/vBOSandIv/vpenicillin-streptomycinandmaintainedina370Q,5%002incubator.  

After1-dayofincubationapproximately200pLaliquotsofcapsulespreparedatthethree 

concentrationsweretransferredtoa96-wellglassbottomplateandstainedfor30minuteswith 

5 50pLofa10pmand50pLof4pmethidiumhomodimersolutionspreparedin35mMHEPES

bufferedsalinepriortoimagingonaNikonAlConfocalTiEclipsemicroscope.  

[0251] AsshowninFigures25A-Btheparticlesdidnotinterferewiththeencapsulation 

processandtheencapsulatedcellsshowedhighviabilityinthepresenceoftheparticles.The 

capsuleshowninFigure25Ahadthehighestparticleloadingwhichimpactedthetransparency 

I0 ofthecapsules.Figure25Bshowsa3T3cellinclosecontactwiththeparticleswithinthecapsule.  

Whilethecellsmightattachandspreadonthesepolyampholyteparticlesattachmentand 

spreadingwouldbepromotedbyincludingcellbindingmotifsallowingtheparticlestoserveas 
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WHATISCLAIMEDIS: 

I. Amethodforproducingmicroparticlescomprising: 

combiningatleastonetemporarycrosslinkerandatleastonepermanent 

5 crosslinkerinanorganicsolventhavingapolaritysuitableforaprecipitationpolymerizationto 

occurand 

allowingtheprecipitationpolymerizationtotakeplacetherebyformingthe 

microparticleshavingpolymerscomprisingmonomersofthetemporarycrosslinkersandthe 

permanentcrosslinkers.  

I0 2. Themethodaccordingtoclaim 7 whereinatotalmonomerloadingbeforetheprecipitation 

polymerizationiscalculatedasthecombinedloadingoftheatleastonetemporary 

crosslinkertheatleastonepermanentcrosslinkerandanyothermonomersandhasa 

valueofbetweenIto20weight%.  

3. ThemethodaccordingtoclaimIor2,whereinatotalcrosslinkerloadingbeforethe 

15 precipitationpolymerizationisthecombinedloadingoftemporarycrosslinkerandpermanent 

crosslinkerandhasavalueofmorethan10mol%,andwhereintheratiooftemporary 

crosslinkertopermanentcrosslinkerisbetween50:50and99:1mol%.  

4. ThemethodaccordingtoanyoneofclaimsIto3whereinthesolventis4to5 I 

orbelowthatofthepolymers.  

20 5. ThemethodaccordingtoanyoneofclaimsIto4whereinthesolventisselectedfromthe 

ethylketoneandheptanethereof.  

6. ThemethodaccordingtoanyoneofclaimsIto5whereinthetemporarycrosslinkerisof 

formula(I)or(lla)-(llf) 

0 0 

25 (I) 

whereinR1 andKareindependentlyselectedfromH,01-04linearorbranchedcarbonchain 

benzylphenylorOJwhereJisdefinedasa01-04linearorbranchedcarbonchain 
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groupconsistingofacetonitrilemethylethylketoneheptaneandcombinationsofmethyl
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0 0 

C 

(ha) 

0 0 

0 

(lib) 

0 0 

0 

(lic) 

0 

0 

0 0 

(lid) 

5 andwhereinnisanintegerfrom1to37 

75 

0 0
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0 

(lie) 

0 

0 

Rr3 

(hf) 

whereKisindependentlyHormethyl.  

7. ThemethodaccordingtoanyoneofclaimsIto6whereinthetemporarycrosslinkeris 

5 methacrylicanhydrideoracrylicanhydride.  

twoormorevinylgroups.  

9. ThemethodaccordingtoanyoneofclaimsIto8whereinthepermanentcrosslinkeris 

selectedfromthegroupconsistingofdivinylbenzene(DVB),ethyleneglycoldimethacrylate 

10 (EGDMA),diethyleneglycoldimethacrylate(DEGDMA),NN'-methylenebisacrylamide 

(MBA),oligo/polyethyleneglycoldimethyacrylateI,4-butanedioldimethacrylateandI,6

hexanedioldimethacrylate.  

10.ThemethodaccordingtoanyoneofclaimsIto9whereinthepermanentcrosslinkeris 

betweenIto30molofthetotalmonomerloading.  

I5 11. ThemethodaccordingtoanyoneofclaimsItoI0,whereintheyieldofthemicroparticlesis 

atleast50%.  
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8. ThemethodaccordingtoanyoneofclaimsIto7whereinthepermanentcrosslinkerhas
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12.ThemethodaccordingtoanyoneofclaimsItoII, whereinthestepofcombining 

comprisescombiningaphotoinitiatorandthemethodfurthercomprisesirradiatingthe 

photoinitiator.  

I3.ThemethodaccordingtoanyoneofclaimsItoII, whereintheprecipitationpolymerization 

5 isperformedwithouttheadditionofsurfactantand/orstabilizerand/orthemicroparticles 

compriselessthan1%surfactantand/orstabilizer.  

14.ThemethodaccordingtoanyoneofclaimsIto13,furthercomprisingfunctionalizingthe 

monomersofthetemporarycrosslinkers.  

15.Themethodaccordingtoclaim14,whereinthestepoffunctionalizingcomprises 

10 functionalizingtoobtainaminesandcarboxylicacidunitsinaratioof3:1to1:3.  

16.Themethodaccordingtoclaim15,whereintheratioisbetween2:1to1:2.  

17.Microparticlescomprisingatleastonepolymertheatleastonepolymercomprising: 

atemporarycrosslinkermonomerofformula(lila),(IlIb),(IlIc),(lIld),(Ille),(1110,(IlIg),(lllh), 

0 0 

0 

0 

0 0 

0 

(IlIc), 
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15 (lila),
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whereinR1 andR2 areareindependentlyselectedfromH,01-04linearorbranchedcarbon 

chainbenzylphenylorOJandwhereinJisdefinedasa01-04linearorbranchedcarbon 

chain, 

0 0 

0 

(lIld), 

0 0 

5 (lIle), 

0 0 

(1119, 

0 0 

0 

(IlIg), 

78 

Q
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0 0 

0 

(IIIh), 

0 0 

0 

(liii), 

0 0 

0 (CH2)n 

0 

0 0 
(''Iii), 

0 
0 

0 0 

(111k), 

5 whereinnisanintegerfromIto3 

79 

0 0
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(liii) 

(him) 

0 

0 

(Ilin) 

80 

0
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0 
R 

0 

0 

(1110) 

whereKisindependentlyHormethyl; 

apermanentcrosslinker 7 

whereinthemicroparticlesarenarrow-disperseormono-disperseandhaveasizedistribution 

5 havingacoefficientofvariationoflessthan0.3.  

18.Thehydrogelmicroparticlesaccordingtoclaim17,whereinthehydrogelmicroparticles 

comprisenodetectablesurfactantorstabilizer.  

19.Thehydrogelmicroparticlesaccordingtoclaim17,whereinthehydrogelmicroparticles 

compriselessthanIofofasurfactantand/orastabilizer.  

microparticleshaveaswellingratioofwettodryofbetween5:1to50:1.  

21. ThehydrogelmicroparticlesaccordingtoanyoneofclaimsI7to20,whereinthehydrogel 

microparticleshaveatotalcrosslinkercontentrelativetoatotalmonomercontentof 

between0.1to20mol%,andpreferablyIto10mol%.  

I5 22.ThehydrogelmicroparticlesaccordingtoanyoneofclaimsI7to21,whereinthehydrogel 

microparticleshaveadeformabilityofbetween100Pato100kPaandpreferablyIto10 

kPa.  

23.Thehydrogelmicroparticlesaccordingtoanyoneofclaims17to22,whereinthehydrogel 

microparticleshaveasphericalshape.  
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10 20.Thehydrogelmicroparticlesaccordingtoanyoneofclaims17to19,whereinthehydrogel
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24.Thehydrogelmicroparticlesaccordingtoanyoneofclaims17to23,whereinthehydrogel 

microparticleshaveadiameterofbetween0.5-20pm.  

25.Thehydrogelmicroparticlesaccordingtoanyoneofclaims17to24,whereinthepermanent 

crosslinkermonomersaremonomersofdivinylbenzene(DVB),ethyleneglycol 

5 dimethacrylate(EGDMA),diethyleneglycoldimethacrylate(DEGDMA),and/orNN'

methylenebisacrylamide(MBA).  

26.Thehydrogelmicroparticlesaccordingtoanyoneofclaims17to25,whereinthetemporary 

crosslinkermonomersaremonomersofmethacrylicanhydrideand/oracrylicanhydride.  

27.Thehydrogelmicroparticlesaccordingtoanyoneofclaims17to26,producedbythe 

10 methodaccordingtoanyoneofclaimsIto16.  

28.Amethodofcryopreservingcellscomprising: 

providingmicroparticlesaccordingtoanyoneofclaims17to26 

functionalizingthemicroparticle& 

contactingthecellswiththemicroparticlesand 

15 freezingthecells.  

29.Amethodofproducingavaccinedeliveryplatformcomprising: 

providingmicroparticlesaccordingtoanyoneofclaims17to26 

functionalizingthemicroparticlestoactasacarrierforanantigenand 

associatingtheantigentothecarrier.  

providingthemicroparticlesaccordingtoanyoneofclaims17to26 

functionalizingthemicroparticle& 

combiningfunctionalizedmicroparticleswithcellsandacapsule-formingmaterial; 

gellingthecapsule-formingmaterialsuchthattheparticlesandcellsbecome 

25 entrappedwithinthecapsule.  

31.Themethodaccordingtoclaim30,whereinthecapsule-formingmaterialisalginate.  

32.Acryopreservativeforcellscomprising: 

amonodispersecompositionofbiocompatiblepolyampholytehydrogelmicroparticles7 the 

hydrogelmicroparticleshavingadeformabilityofbetween10Pato100kPaandpreferablyIto 

kPabeingsubstantiallyfreeofsurfactantorstabilizerandhavingaswellingratioofwetto 

dryofbetween5:1to50:1.  
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20 30.Amethodofproducingencapsulatedcellscomprising.
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33.Amethodofcryopreservingcellscomprisingcombiningthecompositionofclaim32withcells 

inanaqueoussuspensioninamicroparticletocellvolumeratioof10000:1to1:1,preferably 

5000:1to200:1, andfreezingthesuspensionofmicroparticlesandcells.  

34.Themethodofclaim33,whereinthecellsarestemcells.  

5 35.Themethodofanyoneofclaims32to34,whereintheaqueoussuspensioncomprises 

hydrogelmicroparticlesinaconcentrationof1-25wtIv%.  

36.Avaccinedeliveryvehiclecomprising: 

a monodisperse composition of biocompatible hydrogen microparticles the hydrogen 

microparticlesbeingcationicorpolyampholyteshavinganexcessofcationic U being 

I0 substantiallyfreeofaddedsurfactantorstabilizerhavingaswellingratioofwettodryofbetween 

5:1to50:1andhavinganaverageparticlediameterbetween0.1and0.9microns.  

37.Thevaccinedeliveryvehicleofclaim36whereinthemicroparticlesaredegradablein 

physiologicalconditions.  

38.Amethodofmakingavaccinecomprisingcombiningthevaccinedeliveryvehicleofclaim36 

15 or37withanantigen.  

39.Agranularextracellularmatrixcomprising.  

a monodisperse composition of biocompatible hydrogen microparticles the hydrogen 

microparticleshavingadeformabilityofbetween100to100kPaandpreferablyIto10kPaa 

surfacesubstantiallyfreeofsurfactantorstabilizerandaswellingratioofwettodryofbetween 

40.Thegranularextracellularmatrixofclaim39whereinthemicroparticlesaremodifiedwitha 

cellularadhesionmolecule.  

41.Amethodcomprisingaddingthemonodispersecompositionofbiocompatiblehydrogel 

microparticlesasdefinedinclaim39or40toasuspensionofmammaliancellsinaratioofcells 

25 tomicroparticlesofbetween1:100and1:1inagelformerandgellingthesuspension.  

42.Acellculturemethodcomprisingprovidingthegranularextracellularmatrixaccordingtoclaim 

39or40andgrowingacellcultureonthegranularextracellularmatrix.  

43.Abiomimeticbeadcomprisingabiocompatiblehydrogelmicroparticlethehydrogel 

microparticlehavingadeformabilityofbetween100to100kPaandpreferablyIto10kPaa 

30 surfacesubstantiallyfreeofaddedsurfactantorstabilizerandaswellingratioofwettodryof 

between5:1to50:1. andabiomimeticfunctionalgroup.  
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44.Acellculturemethodcomprisingprovidingthebiomimeticbeadaccordingtoclaim43toacell 
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cultureandgrowingthecellculture.
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