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. 0 Bl ODEGRADABLE PCLYMER- LI GAND CONJUGATES AND THEI R
USES I N | SOLATI ON OF CELLULAR SUBPOPULATI ONS AND | N

WO GRYOPREGERVATI ON, CULTURE AND TRANSPLANTATI GACHUSH0L/68193

2.0 FIELD OF THE | NVENTI ON [ 0001] The present

i nven [ vices used |
Wio B0 gﬁ@%ﬁ%ﬁ#@%—ﬁ%ﬂﬁ% CATRAND btk Uses
medi gL %‘é‘gfIQINQE LIdeAR SUBPORIT AT Mhe

i nventGFrOFPBESERYATION, frbd iUl ANTHTRANGHL OF CELLS
natural or synthetic resins conjugated with reactive
[2.@an@@ELMORE IV INVENTIONent i on rel ates to net hods of

usi ng such conpositions for enrichnment for specific
subpop@f0dl i ons Bfe peesentdnventedn relatey pencradly te/zpdiead devdses used in vivo
vivo mai ntenance of cells, and cell therapy. 3.0
RAMGKEROfINDremetigirnd NeBRT dixhgddaliyhsefal kebstantes c Mogd pagtiqufarly the
isolated cell culture are characteristically of two

tigyraton ©haestty gampositiongeibiadegridablernatuval lor symthetic resins conjugated with
proliferation in suspension culture. Anong cells

peactive ligaads. yMengotee,dhd mvertibn selawesde nefhoduisfiising lsychaompositions for
cells derived fromcancers and | ynphomas, and cells
tenecisiicnt for dpdoificchigpvpalations of slls,adell agyepieservaltion, e mive amintenance of
a second type of cell is that which requires anchorage

toellg andidasitthadpym f or survival and proliferation of the
cells. Among cells in this latter category are

erent I ived fromsolid

%@su%%@@mb%@mmgmr ent cell types such
as th 2[ rom g ye otid 4 in i?@ﬁk&‘ceuehﬁ%re L nEAREG Rl Yor two
progenitor cel | "populations rom ol d t1ssues.

Ry &du plt MF iss’clz'llcaq)%ecoqJ er%ivraleegl ! rrqifee}at‘i'oacnq g@sﬁ%nﬁo% culture. Among cells
extracerl Idl ar r1X conponéﬁ%s and 'maiatenance

erumfree ?or. nal.ly. def.i ned di,a. t row and/
JarTgEY e W PR St e A gL i SRl hegpromas.

rot eogl ycan

e
AR U N NI RER TN T

S4B iy Pl A e S T thas ke iERRe SR s and

I i neage but they al so have so requjrenents that are .
B Atprmes serrseel) pes ke eSS IVSF. Ny Pgif e, and especially
adherent cell types may. have been defined but even
VIFRATEATi R BORMAtORbForR &3lidh tisgucs cBieqtnely: speufelly Equipgpdipchment to
can be established in routine cell cultures but are i
extracellular matrix components and maintenance in serum-free, hormonally defined media
to grow and/or survive. The matrix component(s) can be proteins such as collagen or laminin
or can be proteoglycans such as heparan sulfate proteoglycans. The composition of the
hormonally defined media is unique to each cell type and to the maturational or lineage stage
of the cell type; thus, progenitor cells of a given lineage have overlapping requirements with

the mature cells of the lineage but they also have some requirements that are distinct. These

ex vivo requirements of various adherent cell types may have been defined but even when
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not easily used in clinical therapies, in mass cel
culture, or in bioreactors that m ght be used

WO edosno2icad |y or industrially. Mreover, the copdi/UsDINg028193

that work for storage of adherent cell types, such as

Qa4 26 Rdt YeauldilP SoalaBle Sthht TR RS tch £ B estdbBshell EroG@id ¢311 @610 Fes but are
to be recovered after thawing and to be used in

W3t ¢a@ikpudda YiScliniddtherapied) &1 @iks cEBEU1@ird; 610HH ibidPeadfdtsAHA might be used
nmet hods for storage of the cells Iong term for

SHRRAIAL drgHuSItE11E MdredviR) ehel JoRIMiGHR A Rlork BNElotaSd of adherent cell
handling of the cells in anticipated nedical uses of

sl AsSory dpRRG3tioR! 26 GEFrAGRA vheR HRRY el BMR BQRBred after

Siseh
used’for ti'ssue engi neering. Among the nost

xRS hndab lSe | @nﬂrdrﬂﬁ; @stb’l"lgﬁ OfIR&EhREEs RG\fre unique methods for
bi odegr adabl e pol yners used for tissue engineering,

&fRage fb@ tHRQLIYs 16RY- fel‘-}ﬁl By LpMAithefnk Qén rbh aQéthé}OAfof@ﬂﬁndlmg of

and rel ated co polymers. Sore of ese polyners are
LAY ﬁpangylpﬁtgc?mgdlcal ﬁ‘ses be §ucﬁ LéiRRi C al use. Thus, they
are used he nost eaS|b e starting polyner

mat er Iqﬂj o8 I nt f]gﬁﬁygﬁtﬁ 612&{%9?15\%%eer{'|95\é@¥c§russu% I@ﬁglneermg

attachnment of ce olynmers remnalns

R hlgf&ﬂ%ﬁf‘*e%é&@g%g%ada;'a%“(}‘%?é%‘?%eewlwefs used
0GR m? g .'%qg H’lt 8 l Iéha—k%:ﬁ‘%:&pa%l é%gntl éJtAI ”@m%&’!xﬁﬁ related co-

needs r preserv

a%\/éﬁ‘ﬂ Ej b}jq'llle%%aellre g}?}%m%f bC %fllel PSDA éor c?y M%se ﬂfls they

ven n provi

IC e-

?a%eﬁ%sﬁ?gﬁatﬁamgft BB %’a%@ff o sw%fﬂ”‘%ffzm i towee,
Afrge 5@%?@%' Kich TR s PRt fegtepf e
?Lgrﬂmﬂ;ﬁ@e rb(af P \6?1{1&? Bm[eg‘nodsaﬁe gﬁ%/]f)ﬁggltﬁl%l tﬁat%dc?reg’issues

anti pbody .fragnent, an aV| S tavi din,

8?%9?131’?3 ethepghoragedepandery o Lit there é@fﬁ Petmet P‘?%‘éf?éﬁtmg to sorting,
protein A, protein G or a g ablna n t hereof. The

FE%Eﬁ??V%mﬁﬂﬁﬂﬁnﬁ?%WPm@PQEF 1 &l | i gand capabl e

of ligand-receptor interaction.[0006] |In another

AYPEeCSUMMARY'OEMHO INVENTIORS a net hod of
cryopreservation for anchorage-dependent cells

conpr (@08 al | Chliergyehtivn pretides atbdodagradabie fobynger particle-cell
conposition conprising at |east one bi odegradabl e
Rampodgitich cdhifrifing &Atadgorie héodagridablecpattitle hdesst @raeweptiefgroup
suitabl e cryopreservatives. The cells can be provided
tcovdleitgNiaRd thérbid, nkdQ cBhfidh6led $o @A A least one receptive group. The

receptive group can be any suitable group, including, but not limited to, an antibody, an
antibody fragment, an avidin, a streptavidin, or a biotin moiety, a carbohydrate, a synthetic
ligand, protein A, protein G, or a combination thereof. The receptive group might itself also

be a ligand capable of ligand-receptor interaction.
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substantially single cell suspension. [0007] In stil
anot her aspect, the invention provides a nethod of

WO s@paeerBo ng cel l's conprising providing a conppST/USTNG/028193

conprising at |east one biodegradabl e pol yner, at
| east [@006] I eCeThiaN@hdasiept, the idetitinl provided kegktRJAE edyBpreservation
at | east one cell anchored to said at | east one

rfecaphdry@-dheident colkodipribiag allovanethe eélls 18 aichaie RRbMPosition
said at | east one receptive group, and renoving the at

|cemPtisiA 16461 dne %ﬁde?ﬂdﬂﬁ&rﬁﬂlde&nﬂ e MEBNixturyl @6 ¥REsnce of
the polyner can be fashioned into a macroparticle,

LRIV dpréskfa@Ves NBROceR R Edni be lpfoviMeli o fnkidct With e particles as a
receptor groups. [0008] In yet another aspect, the

sGNs‘i‘dhhbl‘Pﬁsngg’ 1O¥IdaspersioEt hod of cell culture of
anchor age- dependent cel I's conprising providing a

conpogigoiren havih 3G AotHe® Qs%%ct ORSinRERIR PFAFRDA RrelBl )Sf%ﬁaramg
at |l east one covalently lin ed receptlve group, and

| ERSLonfRSing BlovidREERTY mfngh o r?p sk af lgﬁ%ne%@deéﬁi&aﬁﬂé ﬁo\fﬁ'ner, at

group; and contacting th osirtion wth

%Hs{ Me‘?eégﬁﬁj\‘e%& [cgggtgltl lhﬂkééﬁ zftlﬂﬁgt o%gpafjidg?&gd tolsB at least

i nvention pr culture

HME Fb%E T g g%%ﬁeeﬂg%plgas? 81:14 &11%8(%%@&&‘% B QY fe%%t & po?eptxve group,

conpo aving at |east one egr ada

3ha !re%?o%E t?e%‘é n€ 041 ot%%&gxgﬂ g{ fﬁ? S{;’lg}n‘élte MOR6Ry, tﬁé&?ol@{er can

I"'east on eren one rece

Qe gﬁﬂtongcp ﬂ d)aa V\‘/ﬁ cg)al‘tpz %m?cggq%ﬂisc:l:eg A&%gn%grpclg &thi’el glﬁ}l&]cgn%{ %c?ptor
S Qatlc precursor, a henopoietic precursor, a
#Fbpoblast a mesenchymal cell, a cardlac cell, an

the eur on

anloit l"g& | cel hy%tr%}%tg? ! aﬁ%ec g}e 1nve8 odc%% ??? é’]tlTlC od o%%clslll ¢ulture of
f. [0 t .still th b t
Aotsriee &%Pis'%sﬂ) C%}Eﬁ%pﬁsi%%wﬂ%ﬁ?lg31931%?‘55&&%318% i 1ﬁaéE§1°of
?fldlggrla 91 Ist?per:] oveg grﬁieﬁ E%QF%H%%FC{UEE eﬁna {east one cell
st one degradabl pol ymer, at |east one .. .
B o A o6 A FRITE PP S Ser i Qitcomgtiog withcel
| east one cell anchored to said at |east one receptive

GHEUp MeHWE- pol yner for cell therapy can be fashioned
into a nacropartlcle n1cropart|cle or _nanoparticle

5.0 BHORH DESCRN patiaenthesembpgtimepiate tesgntiesprayidesiagnsthodpof cell

illustrates conjugation by direct coupling wth
SubuEe ﬁgargh@agy dependent cells comprising providing a composition having at least one

biodegradable polymer, at least one covalently linked receptive group, and at least one cell
adherent to said at least one receptive group; contacting this composition with cell culture
medium, and wherein the cell comprises at least one of a hepatic precursor, a hemopoietic
precursor, a fibroblast, a mesenchymal cell, a cardiac cell, an endothelial cell, an epithelial

cell, a neuronal cell, a glial cell, an endocrine cell, or combinations thereof.
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of lysine in a protein receptor. [0012] Figure 2
illustrates conjugation using a pol yethylene glyco

wonresioduso | i nkage. [0013] Figure 3 illustrat esPCT/US2004/028193

conjugation using a biotin-streptavidin or

bi ot i [@¥0]di N C Qi Petistly andthd Eshpodmingnty the thvedtiod pedvdde€ s treatment of a
conjugation using a biotinylated pol yethylene glyco

Isiutsjéch ieneefl ODdH] thdrafgiiédnprisink lathinisBiriRg tCMB sntgat hDEffddGvd Wnount

a speci es-specific, or secondary antibody |inkage. 6.0

DET AdrhiidSitiofr S6#priS g AN bt ohétiiolidyAdAbiE Pblyindf) 26k asT B receptive group
present invention relates to a conposition having a

Rbadedy adidd tRerte] andat 1e8@ ¥R @Nahdhofdd skP4ta&hst dhe@eceptive group.
receptlve group or |igand. Moreover, the invention

ﬁé@ﬁlelt fr tdMl therNdAABE FAsRiBnddNnth Wn‘id&%aﬁx@%ﬁ%p‘aﬁi&le or nano-
a cell. The cell can be anchored to the receptive
Ihg@gd or group. The receptive ligand or group can be

an anti body or antibody fragnent against a cel

surface antigen or receptor, an avidin,

$t& epBRIERDE C&JPEI@N&]FWWMWIW% corrp05| tion can
further conprlse one_or nore conponents of extra

cel | ul® gt ri £iguge bﬂluatzﬂt%éa@r\gaﬂev By dizect ﬁoupilawrw fiyangpe group
conbi nations thereof. The invention alsorelates to
PEbROE & BrolgireesPlosuch a composition for sel ection and

i sol ati on of populations of cells, cryopreservation of

t he cHOR2lpart i dlignred Hlystradasicomiugation ugiag # Pelutthylens ghicol residue
anchor agedependent cells. [0017] DEFIN TIONS [ 0018]

dakagm free, hornonal ly defined nediumfor diploid

cells (HDMi ploid cells). This nmedi um has been found

to el [0813] cl ondiege & ilustpdessomngation bonga biotinratrdptayidyr or biotin-
conpl ete cell division of diploid subpopul ati ons of
lavidmrcopplimgnchymal cell's. This nedi um consi st of any

rich basal nedium (e.g. RPM 1640, HAM s 12)

cont al0fi4lg no dagpe4 ilmstchtdseanjogdtion usmg aBioBnyidipd polykthylene
suppl enented further with insulin (1-5 ug/m),

gtyaoldinkagel n/ Fe (1- 10 ug/m ), and with a m xture of

lipids (a mxture of free fatty acids bound to highly

pur i f [0ews) Figure 5 illustrates conjugation using a species-specific, or secondary

antibody linkage.

6.0 DETAILED DESCRIPTION OF THE INVENTION

[0016] The present invention relates to a composition having a biodegradable
polymer covalently conjugated to a receptive group or ligand. Moreover, the invention
relates to this composition in further combination with a cell. The cell can be anchored to the
receptive ligand or group. The receptive ligand or group can be an antibody or antibody
fragment against a cell surface antigen or receptor, an avidin, a streptavidin, or a biotin
moiety. The composition can further comprise one or more components of extra cellular

matrix, e.g. collagen, fibronectin, laminin, or combinations thereof. The invention also
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fatty acid-free al bum n; an optional but useful
addition can al so be high density |ipoprotein at

wouag’srk)730 The details of the preparation of thectasop4/028193

acids is attached herewith as Appendi x A [0019]
rethieyomathalk bHuse lof ek deompastiofddd saleclidraneé isdladioof populations of
mesenchymal stronmal feeders cells derived from

eally; yr9opresetvationief thd &l padliR il colbinatiep ahd elleelnirs of snchorage-
stromal cells derived fromenbryonic liver; there is
dependencelence, al beit vague evi dence, for
tissuespecificifiry. The inventors have defined the

age limt in rats but not in humans (e.g. the

enbryoni c stroma are obtained ideally from enbryonic

rat |jooer;s fropmEEseiowsal ages 13- E 7). In humans,
we can make only guesses as to the correspondi ng

gest atgoesyal ag&srusiifibe, ASIVANR IEARS ModinA fér 91613 cENsAPIDM-
week 12-18 of gestatlon There is no data fromthis

lagdtoill Ge1EP NHi¢ AbdilRthaSRRR Wudll kdelicit mﬁﬁgéﬁfmexfmﬁfon colon(}j' formation

inportantly these feeder cells are age-specif

b EoriMst cﬁpél{ll\éi%n Bpﬁlﬁﬁlﬂhﬁpgpﬁfa%rﬁ'ﬁf W&rﬂhfénéﬁyﬁﬁ}]@ells Gffis medium

can use " nbryoni ¢ stronal ['1ne

qgﬁs‘ns\( Sﬁan{;{frﬁﬂ‘bg@t‘ﬁngdl&ﬂ?é GG 4 lsl-F./gM ‘%g& &%}a lsllfié][%%]copper and

nalntena ce o ryoni stem c€e

8LJ113<€9 rrﬁ\@tanglmy 1% eﬁ f& Rr @ﬂf’ﬁsﬁﬁ ug(rﬁg,t transferrin/Fe (1-

ase ryoni er stroma eno

6?%2@1&1&/ dad {tﬁ‘ a Hﬁ)?tul% %? Ei[))l Q'Xl%uge Jﬁ%% @zgtyt 8 Sg B?Rxﬁ & highly purified,

tures o nIC t1ssues.

%@{L‘B%‘s@ée alb%’ﬁ{?@%ﬁ' ?{‘onggblg ﬁ%éﬂﬂ%gdlti(g;{e %h%ls% gL ¢ Fig d%r?sétg ghb&otem at

can be su expan

R T R AT M —

formati on of a col ony of ceIIs fromthe seeded cells
It involves a limted nunber of divisions (typically

5-7 di vi ti hor t

Ui e P R e Bt e s e R E e e el stromal
ily if. at ke..cl . .

e ¥?1l§ﬁeﬁﬁi¢a¢mapu€feﬁfa‘? it s PR Rerge o818 stS“%/’H‘é‘ cells

recl de | defln ell division aﬂg subcul t

?6‘6‘2‘5] W‘?% Y?évﬁ GTF 15 semg fyidence.albgit Va%‘ﬁeﬁ’élan‘ifief"éf‘??“e'

5 egﬁe R R e 8 Sehiisn S Aghn Gy B BpaE Swnfr@(? g the
and albun1 éi e..biliary and hepatoc tic marke

F@éﬁ@elcusva greighiaingd) idspllyclrera egbryenip Fas §§% Fforafgestaﬂonal ages E13-

E17). In humans, we can make only guesses as to the corresponding gestational ages such as
human embryonic livers from week 12-18 of gestation. There is no data from this lab to
confirm that speculation. However, most importantly these feeder cells are age-specific, and
the most active forms are from embryonic tissue. One can use "STO" cells, embryonic
stromal cell line derived from mouse embryos and used routinely for maintenance of

embryonic stem cells (ES cells). The STO cells do not give quite the same effect as
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al pha-fetoprotein. In human liver |ineages fromfetal
livers, these cells also co-express NCAM Epithelial

wWOCMA/QEBOCANM), and CD 133 and wi || cl onogeni caCiryus2004/028193

expand on tissue culture plastic and in HDM di pl oi d
efibilySnic [i0G28dmIPbedo Wl eheuhithat it /igntoRlusSthemlts vdidhdvatk to
hepat obl asts) as defined herein are pluripotent cells

plebdte pHRRGIAMIEs SepdRHnRispREEeNtial and with
co- expression of cytokeratin (CKI 9), albumn, and

al phapobggjopr ot eidhogdnit dxgiBdnlak Y&linel héreRGEErsts eamsfﬂat &n be
livers, these cells also co-express |-CAM Epithelial

GAMIERR £k paach ERh&A1yA e ¥ vely 16%@6&91%%5@&4%@?&9@801
on enbryonlc stromal féeders (e.g. STOcells) and in
Hpdigiyp! oi d cells. [0024] Conmitted Progenitors as

def i ned herein are uni potent progenitors that can give

rise fogai t her chep %&&x&&ﬁn&cﬁ@me%ﬁ,@aneﬁep& &ﬁéﬂy'o?cells from the
progenitors) or bilrary epithelial cells (commt

%ﬁhédagens Wt%WeE 9 [1§1]ted TeRe opﬁblgﬁn%ﬁaﬁQS MEeR Id%l(ﬁé) over a

enb ryoni c SthfTH f eeders and Ip oid cel

Hi ﬂ&%s ﬁe%dm p m@éfksfaﬁeglem&m aldcmfﬁ&% ‘nylfat all.

e or ot ot her” conditions. [0025

o) i T S R
@ 1{6 cgﬁh&glo%%ng%%é{gla% express various adul tspecific
URCt :

I ons glycogen) do not express

5Z;i ol{qsD ﬁglst Fgrr?lstwﬁgg%lo sodl (!TJ’ealdle{%efh%l%I OE{}E Eﬁmﬁ&gﬁ cells with
' b
FIMREE Sl SR rmeab i nlrrED“f‘ IR 42 ok 20
0-50 : P h
&Ewﬁéfﬁ‘ ¢ i wd&@gﬂ‘%cgs% % Shef BB Pu R AP qexyrga%on of
4N 32
@Sﬂ%%tqpi%@géﬁe?u%‘ﬂ'v H%é@gegrrﬁ&f% B RaP e CE TP s N
[ h bui

LSE B A5 kP SR B Bt e

caondi t| ons. . [Q027] Proge | tors as defined herein is a

B P! ?%‘PHP%WMS‘?‘W@‘ &FIS- subpopul ati ons of stem cell's

and committed progenitors. [002 Precursors. as .
def i n@®3Her ei n%FOé‘“’éa Ihepade FtSWa?FHSt (]éFﬁF?IWG Pepgfq%}f@tS} #i4lefiged herein

are pluripotent cells with clonogenic expansion potential and with co-expression of
cytokeratin 19 (CK19), albumin, and alpha-fetoprotein. In human liver lineages from fetal
livers, these cells also co-express I-CAM, Epithelial CAM (Ep-CAM) and CD133 and will
clonogenically expand on embryonic stromal feeders (e.g. STO cells) and in HDM-diploid
cells.

[0024] Committed Progenitors as defined herein are unipotent progenitors that
can give rise to either hepatocytes (committed hepatocytic progenitors) or biliary epithelial

cells (committed biliary progenitors). These cells will form colonies on embryonic stromal



speci fic subpopul ation of cells is a precursor to

anot her subpopul ati on of cells. For exanple, the
wopedsmeiidve hepatic stemcells are precursors POTAURE04/028193

hepat obl asts; the hepatoblasts are precursors to the

Fendeds abdih FDMgdiploidaeRs. Iitifienctbiapyevifdheyctiah tlohegRaicalbydxesnd under

are precursors to the polyploid hepatocytes. [0029] As

tiseelommlieziother tdnditiogd. m " cr yopr eservation” relates to

the freezing of cells and/or tissues under conditions

that [oBesit ai n tohiplokieAdust Heph@bytds (l¥o cHdled "smillidRat6dtes") as defined

t hawi ng. General techniques for cryopreservation of

GedelnSar@diflofEhdpato A thdt Ranigh ¢ sdelfionS E£20 @mGthat ehdp¥ssSrafbus adult-
al ., (eds.), 1995, ‘Cell & Tissue Culture: Laboratory

RpReRduf@ns ¢ PEMW B o, noEBpERSEPLTAM 2001 33000t AM, and
Vgng (eds.?fé%%91, %ﬁ?%ﬁ?éﬁblﬁmBig%Eactors, ° "

Bt Ve dnits uliRr DETERE BondBRnS B .do 36 ideRI1yAE Blateld ©R eROFBA tromal
herein by reference.[0030] The bi odegradable

RQUYEBAG inl IIBMCHiS1814 BEER Bur@ibr SuPPlehOUEN W itIPEpiddrBall 26 WB Factor
cell-receptive particles, or nore sinply particles.
TBEPEatl16150BemIe Used with all enbodinents of the

bi odegradabl'e pol yner-1igand conjugates including, but

not | jgah§ied tO.poflipidfhepdiat ol Meﬁx%ﬁlh&gﬁta?§hep§f3@%é@tﬂ5t%§e

to fragnments of anti bodies, avidin conjugates, biotin

%p@gfggf(g%grglnéé ﬂ?&ﬁ’%‘é 1bfd £ 2 Jugg(%ﬁ@ d?ﬁf\?m&{l%&?ﬁ‘@ Thammalian species).

e particles an nt1 bod ong spacer

<G Sthe RIERe Gt oML 1108 nd hllh bEA thiha (B UIIRAS AR but
anti-anti body conjugates. 6.1. PREPARATI ON POLYMERS
11.. Se: i ' t i bl d
B e B B Bl AR B e 1 the
. ti . . . Lot '
Cur Sz Yo" kenk B kLA Aol ot g
| vl act i de- i ne- pol I I ,
SRSt B LR EOR RO LIS BRGeflolcs) oPOL I

'l I | y-lysine,. Lamni.n, fib i
or colPHat: ond "THEPBat et Pesin  lkiforajexf BGng hat

%@%ﬁﬁifhﬁr?@?ﬁﬁﬁraé ﬁeﬂ%%' v BT Getebe Rt Rl St s For example
mer.  PLGA ' '
SRR e o AR e Bt R B R
i o et el B atart e Whuess TR e Res o efSursors to the
1495- 1502) . Bi odegradabl e PLGA pol yners may al so be

POYPloEheRRPFY i no groups of protein A or protein G

or other protein receptors by bifunctional |inker such
[0029] As used herein, the term "cryopreservation" relates to the freezing of

cells and/or tissues under conditions that maintain the cells' viability upon subsequent
thawing. General techniques for cryopreservation of cells are well-known in the art; see, e.g.,
Doyle et al., (eds.), 1995, Cell & Tissue Culture: Laboratory Procedures, John Wiley & Sons,
Chichester; and Ho and Wang (eds.), 1991, Animal Cell Bioreactors, Butterworth-

Heinemann, Boston, which are incorporated herein by reference.
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as (3[(2-am noethyl) dithio] propionic acid, AEDP)
that is a commercially available linker. In the

WO poos®ertBo i nventi on, the poly-(al pha-hydroxy aecT)s2004/028193

famly of polymers and copolyners are also used to

pr epaf®30] oconpieibidldegradatlelpobysieeHigadzbryufaesds the ihveatidn are
surface reactive groups, thus providing the a core

Sérined tell-ecaptivel pgticlen bt moeainypigparfides iThe®Iern]{sQ:3REd Adth all
used herein, a polyner, or polymeric matrix, is
‘ehibodiaignR bf the 8iodedradabR peBMerEEand 30jugatss iatdgimg Bl dAlimited to,
products of the polyner, are substantially non-toxic
td@edtABtIBOAG cHij@xkhtes 2ddjughts Do Fragments of i@tibddiss] dvidia Bénjugates, biotin
del eterious or untoward effects on the recipient's

ReMgat&Uiibromstia céijiates] Gaffatés BidtRela0PICRtidl@aal bMibody with long
the 1njection site.[0033] As used herein,

'spicefigerdalh &s, biERNEmitéEo CRIG Bftetd 420 aHéi- hllmuéeg EG\RaRE.
erode in vivo to formsmaller chenical speci es.

Degr agat i OPREAARAGION OF POLYEMBRB! €, by enzymati c,
chem cal and/or physical processes. Suitable

bi ocopgmatj bl e, Jevadagicdabioconiatiyieandbibdeptdddsle pbi9ers are
exanpl e, and not by way of limtation, poly(lactides),

Raikab{ctoy € lin the hrren® lviiitloACTEId@nE Bubhay ﬁﬂlﬁtb(ﬂ%ﬁolylactlde
poly(lactic acid)s, poly(glycolic acid)s, poly(lactic

PelylicEIly¥iae Ldpolydtdr,hoflacR@d-WSiaehol@Rf1gRaslycol copolymer, starch,

pol'ycar bonat es, pol y(am no aci ds), polyorthoesters,

RYiNAES BRMRSEIRE. SSuitaBIB PloYdiRY ate ila Iy&attﬁy% a/sgllemeﬂtnuand
pol yort hoester, blends and copolyners thereof. [0034]

FRForRX B mbARHoRQherbOf. \WRY ebodith8it bPhk MVention uses the poly-(alpha-
bloconpatlble nonbi odegr adabl e pol ynmers suitable for

lmmw a&&)elyaﬁ@&%mynieﬁvwdr BByl 1G4S g BeR eI mse,g)r afleiphgr.

pol yners 'sél ected fromthe gfoup consisting

RGO GH e AL e Y iPHLE r& erﬁgmlage e Mot nwlte@foeglata%deﬁp& prior
ot her acyl substituted cellul ose acetates,

@ﬁﬁ@ﬁgéaqg%&ogeﬁ %(M??thgﬁﬂﬁ Sr prefa rﬁé?ée){feﬁ nl@ammé aﬁwg}yﬁm 1997

yvi ny vi nyl i m dazol

e T
rk_lglrltm eé%gl&?s of Bl%iéll?ﬂ Holte?r'? GO& oghepgli “:E ecae% ﬂglg%Ma?ﬂnker such

ers can

f{;@ mlnoet qgcg 911 yorﬁbl 3101 kgﬁp@g hét 1§£ g%rﬁl’netAlaFL' g&aﬂ%jle linker. In

er I I Ca
é@e?péﬁ%p SR AU -
ey g Rt B e Rar bR et EBL Sggjg%yea%ﬂ%rivye groups,
thus providing the a core structure of degradable polymer particles.
[0032] As used herein, a polymer, or polymeric matrix, is “biocompatible” if
the polymer, and any degradation products of the polymer, are substantially non-toxic to the
recipient and also present no significant deleterious or untoward effects on the recipient's

body, such as a significant immunological reaction at the injection site.
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defined in the art, specifically having free carboxyl
end groups. [0036] Acceptabl e nol ecul ar wei ghts for

wopaisyreBe used in the present invention can bBCT/US2004/028193

determi ned by a person of ordinary skill in the art

t aki NngOBBLE 0 consd wded dréini‘blodegradable? telnsabe ddafposiasn witDdegrade
pol yner degradation rate, physical properties such as

198 efode inGianko 16 Farfgaller chelichibspeci@l Delirsdacibuéanaesulif for example, by
polymer in solvent. Typically, an acceptable range of
RALy@tic dhemh Ddntd ST pBysith] prbeebtes. Zufifile biaddnpatble,bicdegtdtiable
2,000,000 Daltons. In a preferredenbodi nent, the

PRlyW¥RY intlgded fo? eRGG D, aH@Rdt By RAl Wi Ehit&ion S la¥idE), pblp(gBcolides),

nore preferred enbodi nent, the polynmer is a

gr@iymﬁét@‘éfcb%ﬂrcgme@ )zS@lS’{lzh!ﬁS)mfl)@ %OW(Q%JIQ facid)3L$aly(lacBE acid-co-

erivatives with a lactide:glycolide ratio of about,

Wcol?@ztcmg gbt £hrd15otont; ﬂol ﬂ)oﬂaté@g&g(lﬂrﬁ{o A0RIs B&ly&fthoesters

about 5 'tons to ut 70 Daltons. In an
%‘é@r@th@i@ét@rsfkfos&%éﬁ df ﬁ(ﬂp@ﬁi}‘l%@ycot 418 pOBbRKJebBY, bIeRAHAY
the PLGA used in the present invention has a
Qgﬁﬁﬁﬂ&ﬁﬁwﬂﬁfght of about 5,000 Daltons to about
42,000 Daltons. [0037] In one enbodi nent, copol yners
cont ajgysRg am 1R, BGhT, Wd bt bF a5 bMﬁn@uqﬁ HABIBRibIS H6HL

as lysine, are co-polynerized w l'acti ¢ acid

%%E%%&Hbﬂ%oﬁ%{b%&'{ bk ﬁﬁ' ugé M(fﬁ%l ﬂr@seﬁﬁh\%nﬁ hahad Iﬂ’gl-blode adable

nono any Ot er nononer wt a simlar nechani

gt)lﬁ/ﬂ'n%l'sysgﬁgtle& ﬁBﬁlQﬁE g@tg)n(%ﬁgmlgl%z IP%SyILt@sC bblﬁm@ﬁ'o‘i’ ethrlene-vmyl

taining mononer and gl'yco

%%t:g sCaQ'lrcl F gQ%JiS?tﬂE{JE Lelfufle 9(% sgrll(%cd% ageﬁsle ;;HBg.\rethaﬁ%s,

reac Ive SI € amno acids are prote

&Eﬁﬁg&%g E&?\t’ g}gl gdgr 0 gly%tglr?wgé 218 ggw%}{l r‘kgltdg%ll%:!Eflliorosulphonate
BEGIeRAE b flegtﬁgwegmﬁdﬂ BenaB B R digedls of ocf &

5P RE copo rcan be further

UL R e ———

t&?ar{nﬁ% Tobeges kot R i amROURAE! £ReH Srilock Ay SRblodRa
A G TR aﬁf‘&"t“gf BT e ﬂgspe'ﬂﬁfa“tﬁgﬁvi“g blocked

|csr5-]f>>fﬁ fnd BowRoBEAIR, (bIoBRHE BPUR iRt Ia e TUfig of the

f’pglay'm'spgﬂoﬁgﬁ%ﬁ "gﬂx o %?I?ﬁ?w@nééﬁgél&i@ Pefvestegts o laggically

tein G sed herein, the antibodies
ésﬂeeénﬁrhstagospﬁeﬁcqb@éawng frepcathoglend groups.
[0036] Acceptable molecular weights for polymers used in the present

invention can be determined by a person of ordinary skill in the art taking into consideration
factors such as the desired polymer degradation rate, physical properties such as mechanical
strength, and rate of dissolution of polymer in solvent. Typically, an acceptable range of

molecular weights is of about 2,000 Daltons to about 2,000,000 Daltons. In a preferred
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i nvention include, but are not limted to polyclona
ant i bodi es, nonocl onal antibodies (mAbs), humani zed or

woehismeride anti bodi es, single chain anti bodi espCFals2004/028193

fragments, F(ab').sub.2 fragnments, fragments produced
bibadimai, ¢ polgmss i9A biddbgradayle palyinier bikiopblymec I Abte-prdfered
anti bodi es, and epitope-binding fragnents of any of

Ehﬁo@lﬁ@ﬂt@th[e BOSRLr G pulyasttideteilycol@iep(HBlelnafi®d "@TGIACFor derivatives
ligand group 1s one having a nol ecul ar wei ght of no

gl alifftide:aRBole b ddut, it ndl ikt @iop 1 2 28dA ol @SISr WEIFK of about
5,000 dal ton. For exanple conbi natori al technol ogi es

600 DRAIEHERG 26RF176,000004khd. UEdn SoRRIoRAEfEiréd enhtolindnt, % molecular
of small organi ¢ nol ecul es or small peptides. See

U%E & thy/ PLEA Bised iKeRGResBit 1Wenb10nTHa§Q%le@thP\b§El\t oP&bout 5,000
7-64 (1994); Gallop et al. .

%Zn&x%?té’eaé&?lzéde%%}%ns@rdon et al _J. I\/bd Onem
37:1385-1401 (1994); Ecker et al. Blotechnology,

13: 35f503A0 (199Rdne e%%ﬁm&égf'@bﬂ%wé @ntaidily Fhihé §01@J with reactive
conmpounds can be used as the receptive group I n the

Qx'ii@ Shefits, LN %‘%rklﬁ@ ard YRR mﬁﬁcml&%narm rﬂ@xﬁm{ep the

r éconbi nant’ly expressed libraries .g., phage

g yé@lkcazx:ld &o?faﬁflﬁﬁznon%q' C?lr Qn}y 6tf1§r9m;nf)ﬁ@15\!vﬂ é Qﬁlll%ﬁﬁﬂanlsm of

brari es I splay | |brar|es see
a5 S B A e S
EACRRAN A Bhyg AN REEOA S SRR Mo LORS o] 42k s
fi . . . .
Q ! I(ﬂ?c e&ﬁlgétﬂ}d%}ld%&gﬁg%goﬁgl %%}1% SWle 1 eﬁggﬁwtegéged side
gan(%% bfe rgrg{e)l eégé ou ae[ratt A gtg\;e a rxno\é%glgp%lsp a§e rg&eﬁted aalgglactic)
h th d ) )
i haerRgE e E%*é*atﬁafewm}%@fswi‘%d%%ﬁ%ﬁ%%??@‘t?8°m“gatmg
t d t t
Hije%ggl os)égg%f %gup( §S e rgsacisﬁ Eaﬂ?ﬁ?g 8 fff?ﬁfg]% Bnﬂggagesséfter fl;bncatlon
t h f t ly to t tid
SER Ry e S Fucer %ﬂawﬂﬁ R
I d
el v S R RS i, s
DG targeting sequence" enconpasses the entire genys
amlhoﬁr EaEmAtisPHgehdanBiafifoncetn, A HFEPHEHEcn s mag molecule
the surface of the cell is known to facilitate uptake

beandrpgoupgpeeding butdiog B@ﬁ%‘loyb‘t)tfﬂ BRI Remeyng eRiidam grotein A or

See, for exanple, Hart et al., J. Biol. Chem
PBURING468- 74 ( 1994)

[0038] ~ As used herein, the antibodies contemplated for use in the present
invention include, but are not limited to polyclonal antibodies, monoclonal antibodies
(mAbs), humanized or chimeric antibodies, single chain antibodies, Fab fragments,
F(ab').sub.2 fragments, fragments produced by a Fab expression library, anti-idiotypic (anti-

Id) antibodies, and epitope-binding fragments of any of the above.

10
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(internalisation of phage bearing RGE); Gol dnman et al
Cene Then 3:811-18 (1996) (RGDnedi ated adenovira

WO povezt7don) and Hart et al., Gene Ther. 4: 22BeB0S1004/028193

997) (RGD- nedi atedtransfection). Thus, a targeting

domai M0039] many Aasedhstkih)a @il nidledalts lipirdrghailpi iz sl Haling a
domain, as well. Many such targeting signals are known
infolédudar @eight 6311 gedas $haafl0,000 @foh,NHors pfdidy lewdhads, 000 dhiton.
specifically to integrins (points of extracellul ar

IRt Exanphd, taBhin®Rbiig] techRASGesah BEersPfddde cSs@ita bombinatorial
sequence based on Arg-A@y-Asp (R@). Yet another class

im&im&is&mnﬁ%\eﬁsn&@ammr SnADeBti@s. dde@enera V@% ﬁb@n\éaél
(1 KVAV). See eks et al, Cell Innunol. 15

(3821 Bioch&R 4, 15!59%4?19"94&%@16?&%@ 1. My B P 123§ 1251 (1994);

nature of the IyS|ne Il i nkage that allows the coupling

[(RARGSH @91, TOMRA.QORAM 37N 38411 A YSHA ?m&wm ﬂl&@(ﬁ\%])loég 13:351-360
depicted in Figure 2, to extend further the capaclt

Qi 9dsh %u@l?c&ﬂllﬁ(eﬂ&{al hﬁ‘raﬁ@stcﬂ %Bthf@m@{ Qh ek Rsedk ﬂfélré@bm oup in the
for exanpl e, anti bodies) et hyl ene gl ycol é?

'p‘r&%ﬁ ﬁ'veﬁﬁ‘c!h ki@ané&rﬁ b Orﬁfd%'cambe §H>'vfd‘8&‘}ﬂ %h ké&Bﬂngﬁarﬂ%xpressed

anal ogs, and coupled to the primary am ne groups, such

%rar%yg Qg;h %e' (ﬂ%rptla%qlbtrﬁles)eglslh IV% t?a%l%’on%agé& bgzin(fls Yesé’ | mRNA

resi oteln hus form ng an exten

'di{llﬁgq{ﬁra‘ﬁqeé 'Qﬁet\'ﬂﬂiﬁo% ALITRRS I@;Rf‘}\ Ais3t §d.914b1395s Q@g )). Small

tura aracteristics er structure

Wléﬁ%%ﬁl éag&gﬁslaqn@m atHSQ ?@Eﬁlgé Sich HQEOH}FCEMQSO Q‘Hﬂ%ﬁdﬁhﬁcﬁé such as

aval are suit or t e 1 nvent

\{P?JS g{sglo&]d ﬁ? ot @gteNgl SS'HZI %%'3”@ ﬂ?ﬁ(ﬁgcﬁlﬁq%@s% &e?'necﬁmjerelrel as

ers, such’as

lﬁ atn olg%ulle\é vithd! &&Qﬁuﬁar wﬁ@ﬂqﬁp 'I)gutciS?(%ja?&scoa}l less, hif &rve as

or USG

nve nke struct

léa%fi}rf? saf%aa%%ﬁqﬁwls iRl e “?th)h%etp 57 ”%Y hafdisplay
G aﬁcefiqlﬁﬁf 54 E‘fo i 3B %ré'pgs)t@ééd?%gﬂa%de novo
(P B FTT R e DTS AT o R P A recepor

on the surface of the novel polyners In any event,
tHEEGHWPE di stribution of receptlve cluster sites
adopted nust be suffjcient to en e cell contacts

that (®4Phport a‘}ﬁ“SF%L?f%W tL@ 8Qn83f‘?:f? F?té’PBHP theeeide
nmobi l ity and nor phal ogy (e. J.
eémqea¢%¥rgéﬁlasﬁfen$ ?fwg@eﬂ%@s tov@i ylasswqﬁ én%lma% %rcc@re peptide sequences
di stribution_of receptive sites can be routinely

dlat Brediatssgeciic Mtegagten with iipgaing Jbpss ap JrDE fagding s¢quprpce”
cell type being harvested using specific assays
Sveqampgbies the gnting gerys of indgeripibindingrdematps tDiregtipga molecule to the
characterizations include, withoutlimtation,

durtecerof Riersgll istkaown frdfiasiljtatsruptakel Pbrhe moleetly, pspsumably through
fluorescentlg | abel ed receptors

endocytic means. See, for example, Hart et al., J. Biol. Chem. 269:12468-74 (1994)

(internalisation of phage bearing RGD); Goldman et al, Gene Ther. 3:811-18 (1996) (RGD-

mediated adenoviral infection) and Hart et al., Gene Ther. 4:1225-30 (1997) (RGD-mediated

11
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targeted by |ligands on polynmer surface (e.g, Rolwey
J. A, Mdl anbayan, G, Money, DJ. 1999, Biomaterials

WO 20054517838; Massia, S.P., Hubbell, JA. 1991, JeCcOweEk004/028193

Bi ol ogy 14:1089- 100), X-ray and neutron reflectivity
anasfysios). (Rusya tarddtias @brhain In anykAQO wilhic® bs @ infeériatifdi@n domain, as
Reports 5:171-271), and binding anal ysis of

iwreliu Mdnly Yodhasgetitpaignals ated@o®n il the ekt @ne@lassSoRtirgetthg signals, which
receptive groups (e.g., Massia, S.P., Hubbell, J. A
bofAIspecificall kd inBighsQ@yinth4f $:080el1uld Qlatrﬁsatﬂad:ﬂntb%f)r Bhasd thdipeptide
Figure 2, depending on the structure of the |inkers,

ts1p8a1886L et MALSAGR ArgGEp- A3B YRGD). 'YR@iinoter BlaaNEdNaTs bé;ﬁh’d@sﬁﬁwmg a
with single or nultiple reactive groups. The |inkers

bR op1efl§s-eat Al UM (IKVIK VP REL Weeksa8l., CRN TRuRK 18504 1049(1994).
aqueous medi um thus becom ng accessible to inconi ng

coupl jopg1jagent Fige 2 refdré\BRhERYHINilInahieddEthd Ik MiRSge that
I NTO [SCAF]F(lDS 1 BEXbS [oo?% (%hot hgr mport%nt o

AR Ethe BduplifEreRERRAN prob ek Rfled8 iR t O the
fabrication of the biodegradable polyners into

parti glogs beadsdepicRElin Flgﬁre %%fe&eh(ﬂﬁmha%@ acity of the co-
particles of a size up to about 1000 m croneters

GBIy AP RhERE PGteiRE ﬁ/b b, Wirklarh i€ HRIARE), Q&yéth)‘qene glycol
reove C

présent | nventl on. r, the invention discl oses

Y Fimk B et BIA8 b9 Qﬁlfo@x?ﬁc RAIOSh dhaloplGnd BABIIH the

%gi?ﬂté:r’}}c'%hé ?rgur%f sieh %ga %ﬁ o fifdftd tée rﬁgﬁcﬂpﬂﬁmo El%g%{ 0 syl remdues ora

rger t about crons |

ﬁn%’t&g th{?f? i ggrg %&%n%gd hlﬂ{age Qpﬁ&?{ e(ﬁmpr}/s %alI cﬁ%{xbutlon and structural

era reezin yner

agéor?cnee C?glgsl ZLel eﬁl\_?tgcm?{s 0§k,£” oug'l’epgtﬁl%/%dqgnegrﬁhets Ith%k gr% cgmmgrc1ally
| b t t ted t..
URSR TE Wlo bl L -
t. 700 50
BB 508 Vi SRt TS ﬁ#%ws 8%?‘1’“3‘58"““?’ svailabe
bout 5@50 ni cr rons, .aboyt

b
Tt Biree 38 o 11 ?%"%« i m %f§¥ {he present fiygntion
Thi th at t t
o rafaete Aot Fer e e pla g G ﬁwgff’daﬂsglgﬁéﬂﬁg §>§F’5ﬁil§€9g5m°
fo t t

i mf%a%za]%%%er tp B bkl ﬂzsfya%piéet ﬁuzsffd@sdo%'rlblﬁmg of geceptive
from about 200 to ab t gl m crons .

FteSr D HaimPOER £TOPSHY ng A ?ﬂs%a‘ﬁ’o‘f‘ IOBPf the gel}-fargsting

formulatjon is
receptor molecules on the surface of the novel polymers. In any event, the surface

distribution of receptive cluster sites adopted must be sufficient to enable cell contacts that is
important to cell growth and differentiation, mobility and morphology (e.g., Cima, L.G 1994,
J. Cellular Biochemistry 56:155-161). The surface distribution of receptive sites can be
routinely determined on a case by case basis for the specific cell type being harvested using

specific assays available to those of skill in the art. Such characterizations include, without

12
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di spersed as fine droplets into agqueous nedia in the
presence of a surfactant. Continued di spersion of the

wodespbeBe all ows the extraction and evapor at i pOT/OR20DiNE28193

solvent, leaving the polynmer particles solidified. The
piotisacie, deteiining thei bidddse sfaydiduari el brfiofe3cen e labeled Hdepiers

but not limted to, about 200 nicrons, about 250

Margétediby ligaadién pdEndiisGif28 . g, Robity 130 OMadlekbaan, GpRidbney, D.J.
400 m crons, about 450 m crons, about 450 m crons,
ab99)Bi&4e Al £I045S53; ®laSsia, ST Hutpell Yren 9pR UGl Bislokf $54:1089-
t han about 200 mi crons in dianeter, terned

NA0®PRLhy SldeRutr@ RARECRALRN R Ye. % ARbgEE1Y, TH. $PRY MhteHal Science
pol ynmer solution into fine droplets using ultrasonic

Fhpérts §:071CER), lafi@ biadink ¥nd@hd of @h@tndhhoRBcertd IaBsid infibodies of
at om zer. [0045] The polyner of the small particles

%91'fécd|rédeﬁt§/etg|?(ﬁfps {0 MABRE KA UndBelRNA. 108 $ WevIgblofPl14:1089-
the polynmer 1s renoved by a second or third sol vent .

Theo. PRY MR fatddiife FRARM HEﬂeﬁ(ﬁn%"&y thB @R nité 3Bhé BRAGES the end
i ncl udi ng, but not I'imted about 25 m crons, about

% JHRESD Bsty ha@d fittlar dorifchEHkers HRMLIngieQf? n{mm@fe§ouvelg%})s The
m crons, about 150 m crons, about 175 m crons,

%Jﬂﬁéﬁ al%%%fé'fbrﬁfaﬁ? fydr&pHilic, Iﬁ&‘ém b BEoRa th 'a&de%usclﬁéhlm thus becoming

nacropartlc e, nlcropartlc e, nanopartlc e, or any

JRg pol ymer can al so be forned
o PRl AR PP 2 H bera. 6. 3. DI RECT

COUPL
poLvLRCTI O %@ PR kR TR0 SearmoLrs o
i nterest can be conjugated to bi odegradabl e pol ymer

parti eog$) or  SGokel npsRhitQsseb Ot frilhiiBhenBADRREES 1o the
Anmong the suitable proteins, but wthout |limtation,

%t@lcgﬁébténl (f? QF: Hzibqjé ﬁblyn?érg s ﬁﬁYﬁ@ésanfaaéq Bber or, scaffoldsR(l_;l%rous

extr r|x proteins, peptides containing

%@ﬁq{dﬁzg(& sitd 1R)tt8| 1@4660 %1@ %}1 fgﬁlérgr?s‘; L&irbe a{ﬁ&%?etd'\ﬂﬂ] the method

sur ace nmar ers an roterns c

%lf {h%g)u sgntolg)g{ltﬁ&atl\f&lewe}: Ialqu\%n 1(91{]?1%%)%%[ s F]%dﬂim%}ﬁ%gllrface

resi es presen

?) @?e 1Ft%m?ﬁﬁ/oro n}ﬁlg P 1cl%s[1 ‘iﬁebcf%g%fla&lon anp% tglgu%on of surface

ace’Avari et cou

reagent s | u | dehyde not |n1ted t
r?]ac Ve ag,rou %o nngfngllgp cqesq w%’l abm?[%bo mlcr?ns n dxigmeter (%érmed

n%aﬁrolpalglcle are rpr%paret%%é/ aSlow g:ag raén eezﬁgt f p(ﬁg){er%roplets
em%n:%eg W1tll1 I\%Hi] Xr sxmllzgr crys a argéi r}flal’aop hedR }/ze.) The polymer particles may

have size ranges including, but not limited to, about 500 microns, about 550 microns, about
600 microns, about 650 microns, about 700 microns, about 750 microns, about 800 microns,
about 850 microns, about 900 microns, about 950 microns, about 1000 microns, about 1050
microns, about 1,100 microns, or larger as the need may arise. This method creates a porous
structure upon leaching of the embedded crystals by a solvent chosen for dissolution of the

crystal but not the polymer.

13



10

15

20

25

carbodi i m de hydrochloride can be reacted with buffer
in the pHrange 4-6 in the presence of the antibody,

WO 0005021780 protein, and the particles. The tetbherusyogers1os

al so occur in general as a two-step process using

6- ( 4- §004dp- 2- niRor Cybkiedtioh afpditigles i aize ifromaabbat 280 iy ook y
succinimde ester. In this nmethod, the particle is

1500 miétbhgy tei@@TinRebpanticlean@afulsioni of B pblpfesefacieflhéd fdBnulation is
reagent, at a pHrange of 6.5 to 8.5. Subsequently
alipeisedys five deSpAY infor 2qhi@ub media AOME Predende 601Kk adtght] Eontinued
initiated by irradiation at 250-350 nanoneters to

[HispErdion ofthe ARspldts/ oW tHe@RBactibh Bndévhpatfoni of BRIsbHehtMefVing the
near by nol ecul es, including the antibody. Unreacted

RBARE b&n&@@soﬁam@ eIV dIYmed? ShiérEPIRNESS ) HARS §bdYands mludmg, but

aqueous medi um [0048] A nunber of other reagents that

GloPBifiitdd t3KabBhit 208 Micrahd, B6oud s IR roRk, bR YA InYersidl 403k B0 microns,
for tetherlng anti body or other protein to

hibos Qb aRGbisCatdRf 490Ghins, laB&: YSH ﬁg:rons about 500 microns, etc. Small
S—acetylnercaptosu00|n|c "anhydri d

%0%@? ¥£r¥1ab§)ﬁésytﬁé?ll db6utd9b thidokif Hﬁﬁl\éfer Sethed Hi}ﬂb%cles are prepared
est'er; " 4-azi dobenzoi ¢ acid N hydroxy succinim de

%?trsg)dly I&s?émﬂ% Fﬂ%gr BikibR Hﬁ@ﬁﬁydreﬁié@ us‘\iﬁg&lhﬂo Q{ﬁ‘ear ﬁ rTes

acet y roxysu00|n| m de ester;

g%nghu% del‘i’ée?é?l' k&'n% aQ&chPétgﬁlg&‘ date) di hydrochl Orl de
net

yl plne ate di rochl ori de; di net hyl

suber | dﬂ4gﬁt e d 'éﬁ?é%ﬁ%ﬁ%k o thgﬁnallﬁaaﬁlcﬂes ‘%lg{'f& tﬂt WQ%BXIIatures and

a2|de I s(propionic

I}‘?é J?)Y\gﬁﬁféy %19 ggl Ielms g&n fvgb Ei %s%@ﬁd“é(r tfiRfsolvent. 8 pglg/{n

glycol I'nic ac roxXy succl ni m

Sn_%ig:tié)?z?r? sarﬁ‘xg AL QIg)smg AR OI cl%]cl bl'l\!- noypmgé(dytgu%gut'yé mxgrons about 50

IC aCI Succl nit made es
€nzol C ac

3@%%?%‘32?8%%% ?1308 goglralc “%ﬂfa%/z%"c Igllj:& é’is’rﬁ ﬁ]i;tggﬁ niicrons, about
ﬁlﬁél ?g&??ﬁpé@é‘?ﬂ?(’;ﬂ“ggngf er Bﬁ%ﬁﬁ_aﬁg' eﬁaﬂpagﬁgpmlcile microparticle,
Fgpric a?q%nalfaﬁéﬁ T N A T

aci.d fo: N-succinimde ester SOdI um salt; beta
1%*%5%@%W&BF§HIC aci d N-hydroxysucci ni ni de ester:

bi s( pal_yox et:§leneb|séqn1dazo¥ carbon
d’ﬁﬁ@,{g OTEINS

pyr|d§pd|t I E%?
ester; sub@N MCSYI@‘WH?(S ¥SINE GOR O YMER): o1 ) ;

223p|b:[®é§]glf " on gk O '%lp%b%h‘:%ﬁ 5 G et fe iy &%E?lgagémr

particles can accur vari ous concentr at,
pre

Rl PR oGRS R 2R BRE b S igpIeO e but without

limitation, are antibodies, avidin, streptavidin, and extracellular matrix proteins, peptides

containing RGD sequence, protein A/G.
[0047] Antibodies targeting cell surface markers and other proteins can be
directly conjugated with epsilon amino groups of lysyl residues of the copolymer present on

the polymer bead surface thereby forming an antibody or other protein tethered to the surface.
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enbodi nent, the concentration of about 10 Mis used.
[ 0050] The anti body concentration can be between about

woO 2@snog7sd  and about 20 ng/ m . The ot her pr ot ePaT/US2004/028193

concentration can be between about 5ng/m and about 50
gvariety dficoapimg ecdgends, ren tglutdriidehsyid, bbby limitedtohthat are commercially
protein concentration for the coupling reaction is
abailableZe.gn) froin. PierbeeClpamtitdl Copcanh asdito adipterthe amibbéy or other protein
bet ween about 10 10 and about 10 M| ysine equival ents.

Itén the iréodegiadutiepmiiimert Rer exarplent-¢étafli3of -dimethplamimpepyl) S

about 10 M I ysine equival ents. [0051] The surface

Gadbdiirhidé hediochldiile lc@nigd Bactdd wiktebuffet imalic pih ehnpé14-6 in the presence of
optim zation of the interaction between antibodies, or
ahd@itibedyQ bedths pradifl, e ke patticlea.CEhdBIhkgScai @Ro B&ur in general as a
nodi fied by those skilled in the art using, for

awaRRp proceRluyial By4-asito-ginittopheryRE@o) IhexdhBic S cid N -hydroxy
coupl 1 ng the bl odegradabl e polynmer to the anti body.

Qe irsed? epret. Vg kiymethed, Bheaalcld ik Hi@ily iréac@e $Ctht Bad valhane

as bi s(pol y-oxyet hyl ene bi s[i m dazoyl carbonyl]). The
sh&fimidirtagef atahp®l daplcT68do 813t iSRRG RStIPEATIBAY bdother protein is
determines the cell selectivity of the

208ddoRd ¥oliny 1BhitiEed by fRkREon 123035 hsmoRkteAth bRAM SSreactive
for exanple or F b fragnents, including are suitable

frent eTRERiOE ihrts o RaARSIAUARE] ifc1RBhYHE amibfo@g 5lf2rllri1rgacted

Monocl onal anti bodies fof use In the nethods o

\%&%&E‘ tarl s‘ﬁB&EESuén?Q bE A IEd BPY A diflaqRibhs %ﬁg{i{l&‘. que

I'ch provid or the production of ‘anti bo

nol ec by coft.| I [ '
Kde()?ﬁo Y CODhLiAe Upothét r{zjag%ﬁotgt te érﬁs;gfrl’llk(ggﬁlgry amﬁégroups are

i nclu ut are not limte

ST tPyclor (BRLAL 1t NG o Ep B VM Gpaaplz il nctuding
RGO OB SERBECERP IR Nyl scipimide et
dePopitis st tlod IR0 A < oo ilngoviony)

Hohsa Sl R VA A R el sy oL -
ARy B A8 BB By o RR my s e er g <
o R R Papben] SRES A ibiouahish acio
POUSdjeyEeib i ok By e ST B CRSOLOh A Ay Bl gt

in th t hod of the : . L
este;); g—(iggoacetamido) caproic acid N-hydroxysuccinimide ester; iodoacetic acid N-

hydroxy succinimide ester; 3-maleimidobenzoic acid N-hydroxysuccinimide ester; gamma-
maleimidobutyric acid N-hydroxy succinimide ester; epsilon maleimidocaproic acid N-
hydroxysuccinimide ester; 4-(N-maleimidomethyl) cyclohexane-1-carboxylic acid N-
hydroxy succinimide ester; 4-(N-maleimidomethyl) cyclohexane-1-carboxylic acid 3-sulfo-

N-succinimide ester sodium salt; beta maleimidopropionic acid N-hydroxysuccinimide ester;
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present invention, chinmeric antibodies and single
chai n anti bodi es may al so be used. A chineric antibody

woResa2mbecul e in which different portions arecdes2ooed28193

fromdifferent animal species, such as those having a
bas(polsioixgethderiebis[iméiazayd carbonyll); 3-(Rupyridglditiio) paedorde acid N-
constant region derived from human i mmunogl obul i n.
'hivoxgsnéainimiitel ebtod isewtic edd bis@N-hpdiexyspcapimide aagr)t dred

genes from a nouse anti body nol ecul e of appropriate
dis{sutfesucapeddyl) wbétet oget her with genes from a hunman

anti body nol ecul e of appropriate biological activity
(see, [00B9]r i SON Tat calpling BY antibodyadr btheAgradin toSbiodegradable particles
81: 6851- 6855, 1984; Neuberger et al., Nature,

340 Olat 688ous 8B 4atrafiskestar®-lilker froMaibonite 0~° dlabiod SR #A 4n one
1985; and U.S. Pat. No. 4,816,567). [0054]

Ahmbedifmaht] the byncehitetivn bfubest WEdLkiukdd for the production

of single chain antibodies (e.g., US. Pat. No.

4, 946[0038; Bi r dthe SatitAE Concdftrdtidn’mbe betwkOBabout R0sighil £id about
al., Proc. Natl. Acad. Sci. USA, 85:5879-5883, 1988;

ao @hg\ﬁ\ﬂr drhelotiRt proteipdortciratfoirtah B béiwben ab8 Sng/mInhd fabout
naklng humani zed nonocl onal anti bodies (U S. Pat. No.

B3R bne &atbdRfentd SR ankiBody &R ik EproteRitofcenfi@idn for the coupling
ant odies for use in the nethods of the present

r¥ESH ik BBbut ARSRI. T RRRIEFRQLA IR can bdBetR8dntab61t89 ' Bl about
coated with grow h-perm ssive, natural extra-cellular

B2V 1¥sitte dgiiVhikn@NEh &k Qﬁxﬁodxh@ﬂfte@te E&cgtﬁfaﬁb@ofﬁhi‘c‘l% 1s about 10°M
surface for anchorage of cells to the matrix.
RGReqhAERoat ed particles provide an attachnent

support for anchorage-dependent cells. The above

Crosspg £| o51Kers &g gdfs&b@ttlcgnaﬁlg lén%ﬁl (E@Mt@thérllﬁ the 8 timization

particles using net ds sta the art.

?)I?EIF gﬁ%&&%ﬁ @ﬂ)@eﬁ) ‘fmtﬁogtﬁeél @Fétﬁﬁtﬁ‘ot&fls Qﬁ)cl é ﬁ%ﬁffa marl&ad%%a]n be

tin I'n, of conbinations thereo

:grgbsff%gawgs?% R g BN B s
SETRA Mbﬁ%o%ﬁa%% U5 oA R v
gscﬁﬁgdsa%bL asli)(? - geng blsGmgﬂyod)ir?pgcsﬁg)c‘ ufﬁe%glzc?ﬁctitgl of the

orm an ac IVG acc

D 4R EQLnt fzgmme's Resgl aahie &%ya%?gody ?yn?er

Cl' 0SS- unc IYona

i e bl s el E0u A i e
ST Sl TR emaegnzzrzwngves

mal ei
sul fo

R;Iggﬁm C Ohg\?%noclon anti o 1es or ulseslgct: e me odss of Ie\}/)Iresé/nt invention
can be obtained by any technique which provides for the production of antibody molecules
by continuous cell lines in culture. These include, but are not limited to the hybridoma
technique of Kohler and Milstein, (Nature, 256:495-497, 1975; and U.S. Pat. No. 4,376,110),

the human B-cell hybridoma technique (Kosbor et al., Immunology Today, 4:72, 1983; Cole
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am nes, imdates, anhydrides, halides, silanes,
di azoacetate, aziridines, and the like. Alternatively,

woenasrit3onki ng may be achi eved by using oxi di reraisaond/ 028193

ot her agents, such as periodates, which activate

st alleP1ob.aN41s Aoid. BEil BEALS0:202612080,1083) e tisedB V Mgibridofifytechnique
may react with other side-chains or noieties to form

td2e etrad SSlohdcdnaNntidids And\amd A THerApR A 1R, NG, 16é. 1985), pp. 77-
crosslinking conprises exposing the polynmers and

P6.Buh ftibedieSehindt bOshy iffuRo@sbulia RTHEs ihalddiag 1¢0) IgMOIgE, IgA, IgD
activate the side polyner to permt cross-Iinking

hiRPdily|s@bbass (HOREB IThERYYrdeMAE BfodGang e nfAY dTells RREMRARan be

bi odegr adabl e particles and proteins including, but

Btivdtddih L8R dren vib® | Bred R\ ofiEH hREdbEMADERNGEI ARk this the
anti bodi es, chineric antibodies or fragnents thereof,

?&Isénﬂg%fbférred@x%ﬁdﬂ%@ﬁroh{xdnonc0| I agen 1V, |am nin,
I bronectin, avidin, and streptavidin. 6.4.

BI OTl T1 ON b ddke 1o HE usdR R0 EbhaP MRIBA&ESInehe method of the

POLY EADS [ 0059] To prepare a robust, chemcally
bleSonk mv@ntﬁ)Hrcfh?rﬁ&xcfagﬁde% a8 @MRIL E‘lgurpzfntlﬁ&ilésk}ﬁgyalségé%sed A
present invention envisions use of the biotin-avid

CAMRLE ¥ntBbdyPis A i uleGR Wiith qifﬁren@ﬁorﬁorﬁ%%n%d #&h taﬁfe'ré?xg animal

anti body to the biodegradable particle surface.

f:it% Ishdhos glrﬂe Ay agvag,taﬁ@ re%ib%' deﬂcbd'\ﬁdﬁ angﬂﬂémgfb ahd § ¥bnstant

of tHe copolyner are biotinylated using custom or

&%%ﬁbe@ll ofn erl ﬂMu%o%bﬂﬁl'nny&?ﬁHeﬁ r[tﬁ)@&@@t n béoinade by splicing

e commercla ent k IngH pro uct

K Lgs’ﬁ‘o\ﬁ‘m r?lguslé% cﬁ)le pd feq}{ &ﬂf {her with

6 Sone uses, gva bi ﬁﬂﬁg% a eﬁ?%%@
E@x}eé‘éﬁfﬁn@aﬁ&%?%ﬁ 8%1123 |8{|§1 %pgﬁ'(o Lz aft‘)ioléglc% &Qllw Lsgé %omson et

o A T OB RS T, Mol B gy, one
SRl s BB BT S i .
=t andBP3 et nody b°€%¢v" b FspiBed P P RPBRLS of el e
HROth '@%?%%ﬁ%ﬁ%%ﬁ%%@dpéﬂ” et %a I Hyston etal,
PNt a%af St Hac ke S TR 0Bt Gnd lenE S oSy D08 sas,
55}%?5} bov glg}m%qﬁé% hanoglonsl anfitoates ('SPt Mg 5%25,539), can be

used to produce single chain antibodies for use in the methods of the present invention.

[0055] In one embodiment, the particles are coated with growth-permissive,
natural extra-cellular matrix (“ECM”) and cross-linked to form a matrix surface for
anchorage of cells to the matrix. Thus, these ECM-coated particles provide an attachment

support for anchorage-dependent cells. The above cross-linkers are used to attach the ECM
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reacted wth biotinylated anti body to produce an
anti body tethered, albeit noncovalently, to the

wohaegrsadabl e pol ymer particle. Referring toPET@Se@4428193

these nethods all ow use of any biotinylated anti body
tothaparticletisthgwhdthods BRandurd heatt. ditie BEIM tacifcludduns of the variants
produci ng an anti body tethered to the surface that
bhddliaben, fibrofdckindbhinas; or comibitkionsGhéreof COUPLI NG OF

ANTI BODI ES BY ANTI BODY- ANTI BODY CONJUGATI ON [ 0061]

Ref er pposg] now tparoti@d éb&liméi, sldiresriiatptamadia aRadhjupaiéd to the
of the invention for antibody tethering is

bioﬁé@id’a@fe%mcﬁh gy El@ss'sllrﬂ(ﬂ{gl WithScroka8inRérs @sing methods standard in the art.
speci es-speci fic antibody directed against the F

porti gaps9f the TaepblyhnarBoibdud canbd B6dMinkéd BPratéth iBdny manner
species different fromthe one used to raise anti body

bRf8R!1E EbrinGn %c%'cbnjﬁgﬁ'té RCErdRItK B pres@t i ¥Rl Tor &Ample,
anti body against a cell surface marker in the nouse,

bﬁ)déé&%ﬁ&l pofmfths @RbE ct%smn(@@l.l i- & ol PR Inal <§@§3 lllhf(’mg agents

mar ker of m ce. The anti-F anti bodi es can

%Icﬁ(éu'a\len@@ BitdkHRS &b Winidre b&lﬁn&%&( i)lfo@éﬁ‘i fn%le@&lésd )Exemplary

| ysine copdl ymer or activated PEG |inkage of

tB %wﬁ'ﬁ‘? Erosst Cgcz{glgﬂE In@ d@@er@gﬁieggfjéﬁd%?ﬁésa xfe? ggctldlﬂgies

e respective surtace markKers ternat i vel

%%ﬁé&%ﬁae%smagggaés &hd%ﬁ‘tchl%ﬁdtﬁ %@na?e% Jﬂbﬁlgl' éﬂ)fc)f'?et %@ol%'ikd

en conj ugat he avi sttept

EM[neé“irﬁgﬂ{%ﬁ,ﬁ Ry dRALY HRlde® 3dnes 'di%%oaﬁ@tﬁte' Jzﬁrib?ﬁefs aa*nﬁ thel fke.

presént 1 nventiron us creat

%ﬁ%&?@&)’yf EeS - ﬁ*&m%rﬁép%”dcﬁ eUe% b}nﬁglg\‘égxgﬁgrgsgﬂ% ?B?%{ggrﬁs, such as

arin
ﬁgﬁ Eiggs Iv%écn hr%‘hvait@?% A eal? #gl%%l%g)%ggﬁ:é?#& lsg ?rlkall @?g&g}agegct with
i P P P s s o
LL SURFACE MARK 0062 ent i,nvention .
FE'&Bg ?%"d@e of PANES 68‘%18@6‘?% (L?IP% Q‘%’rsgc%?s %%E‘B‘ﬁtrf“@amn’
epati c. n be used These

ell.s h
et e SR R TR e o IR e Aa i rRn o anti bodi es,
anti b s prepared b e.in tor d a bod
R g o P@gatﬁ%égg AT LRI bR FRGeies and
B A iing. Bt 7ot Mtsed PopRlydsgal antpd ?sgélaﬁ%imeﬂanugodws chimeric
|naggr|ns ant i bodi es }o growt h fact

antibodies or fragments thereof, collagen I, collagen III collagen IV, laminin, fibronectin,

avidin, and streptavidin.

6.4. BIOTINYLATION OF REACTIVE GROUPS ON SURFACES OF
POLYMER BEADS

[0059] To prepare a robust, chemically flexible surface for the coupling of
antibody, the present invention envisions use of the biotin-avidin complex or biotin-

streptavidin, as a means of tethering antibody to the biodegradable particle surface. Referring
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receptors, and anti bodies to glycoproteins. 7.0
EXAMPLES OF THE COVPCSI TI ONS AND USES OF THE | NVENTI ON

WO p@3631730rhe fol | ow ng specific exanpl es are ppOVUSBU4/023193

better assist the reader in the various aspects of

pé Biguted, 0 epsiRniNIBSEips bhlyeyl tof e copidyrdraschbistiigitddi using custom
exanples are nerely illustrative, nothing in the

fob bk fallg @gailablp biotifatidhGed gentb.e A G oitbler do@thedallréagetikitds Sigma
the invention in any way. Such |imtations are of
GeoduseBK dof iwiech wed £huyfoNHS biotindadA Pyt NPorGofe Bes, a cleavable
7.1. USE OF THE Bl ODEGRADABLE PCLYMER- ANTI BODY

G eAdiERa deo B bl di(as (FHfodddlih Jordlamb (b EbiNeolal EBK-200
POPULATI ONS [ 0064] The polynmer particles tethered with

®iginap AYpdnah @B drtn ©Ethe bfoih a6 the RIS S 8abl olynikg Hapdraely

W th suspensions of a m xed popul ati on of cells under

Despated c&gi@it&'o@ gty AR &Vilih @R StreptaRidtn $a8HP fdaciell WS the
bet ween and 40 C, pH between about 6 and about 7.5

Wlnyﬁ&hgely&eﬁ OF Hétaly RS arib6dy R ﬁ] gatb$lorANEmeNRBAteBBYidin antibody
IS are incubated w thparticle-antibody conjugates

@anﬁ é&tcagﬁ repre RO d4rd Ondeitbabiadie, SorBRMmpI0 thE Q844 LIinR g

m nut es, onger.” The anti body-surface receptor

r&&g&gﬁ&&png§C|lltates t he bi ndi ng of targeted cells
to the polyner beads. The invention envisions

inte nZ(ﬁ)%b]o n of IH‘AL Bllte%ﬁ‘flivg erltc?dlﬁ%rft %eﬁﬁ@g@ﬁﬁ%&ﬁﬁg@% c%valently

pol y particle, or the interactio several

%ﬁé@@%@fdincér%tr (ﬁn E@ +$cr&sﬁlnﬂ%ﬁ$ea§%tg sucl s Odqlﬁﬁ egor other

ere between rt can adj ust

%i{g&ﬁg % 1?5‘?JaSa'bB~>’e OIfhe Ein%ﬁ’ gﬂtre?ﬁavﬁﬂ? hﬁl@?l O%Q%g&bﬁ:fpoﬁ}mfer is then

Imze |ntera I"on art

frgarc%e%% h%lotp‘g a‘eld%l{)ﬁ“bo%y E(f}g)r \10F ax? Xnt} g)g n hre(% 2begt nop%oevalently, to

1 on S as |
nt|b attacheﬁ ? rticl ez t|b
Coenblaé)egy gabﬁe ﬁu?,mmer RAptic p zgre erruF) b Fl re rﬁf »fhese pa@)é?s allow use of any
on fro

%e WP' gted ('Slﬂtlbopﬁ ok %SﬁOC}at%i?fa@e S??Péavb(%}%% {;e, Ithus grc}%umﬂg an antibody
h d h f
R S e

28?’; . ?esgg%ﬁzﬁw e“yd b3 niinOpYERR Gy

cell popul Y d not to be of interest by
;2 :O 3 ? gfb%yn bodi Refars % Ff i gure hagséﬁergggvte Ier%%oc%ment of the invention

for antibody tethering is illustrated. Figure 5 depicts use of a species-specific antibody
directed against fhe F. portion of the cell targeting antibody in an animal species different
from the one used to raise antibody targeted to a cell surface marker. For example, an
antibody against a cell surface marker in the mouse, is linked to an anti-F, monoclonal
antibody raised to the F, marker of mice. The anti-F, antibodies can be directly conjugated
with the poly(lactic acid) - lysine copolymer or activated PEG linkage of the copolymer, thus

creating an antibody surface targeting the respective cell surface markers. Alternatively, the
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[0065] In one particul ar exanple, the
particl e-antibody conjugates are used to isolate

wo nsenioBymal cells, to separate them from ot hstT/U81006028193

i ncluding hepatic progenitors. The particle-antibody
GPEYidsGpécific sntibEdHEREn BE bidtignitedadythdnGofigaedhitlithk aciginl &

are incubated with a m xed cell popul ation contai ning

YR EENG N} Fdface Bh k. polyhiee partidled) Baillunatdd e Figatets. dthe $redét thvention
adherent cells are isolated and seeded into a cel

Ghilstcdates GR anibRly Wriabe &EdbRAIAIge GOMHTahiBdieS shatkf ee common F,
progenitor cells, for exanple, hepatic progenitors,

Hofhaln &h ROHARR of HiCmEhEEK HROHBAANDFTRIRE Szaindl@B cell shrthdl Markers
exanpl e, the conpartnents have a conti guous nedi a

Q:Qﬁ‘ BEtHeRA on@She W mE paARlcRurfidd vathdiaRSel bf frlor dheétkical
then the renpte I nteraction of hepatic progenitors and
EsehGhysal stemcells is observed. [0066] The
particles can be used to enrich a cell in a cel

popul glgl ONsRYEETFEORIOINANTIBODEES &me;ﬁfmpetucémAm
The cells gnglerRY to the particles can be Iiver

cells, hepatic precursors, fibroblasts, endocrine

cells {0(76!2‘}3i ot helth #e pr@bhtSavehfiorPdWide range of antibodies to surface markers
anchor age- dependentcell. The cells not anchored to the

Rir aelaat 4R kﬂh@nﬁﬁﬁéphﬁd RIS &M HeQs&N yrh@&rhhﬁmlih@ t8Rle commercially
dependent cell including henopoietic cel

Q@MQ‘ a‘ﬁhb&ileﬂ r zﬁﬁ%cﬁ&rp?e aFe(DBP M eQfVens?, ankt %h‘thfémeg px@ﬁ’ir&f’by others.
and | ynphoma cel |'s, $ s that do not have t

%@ge%ﬁbgﬁ&ecgﬁ %ﬁldé Qtﬁ@@&l@gto Q@AM] € a"ﬁﬁ trétﬁ?g)(“’bp Qt ¥ BIman

surface.

g T A R

g@ﬁg MENS gﬁ?ﬁﬁg [ 0067] Bi odegradabl e

par {)s conﬁ%%%?gg t %ﬁiracellular matrix, as
descrlbed above, are incubated with

adt ho EXeMBBES QEFHEGOMPOSTREONS AN} USES KHY:'EHEJNMENTION
mat ri x prOV|des a favorable grow h environnent for
anchol®§3l dependerdellavarg spegifigiexsapigspes Freyidqddo betich agsist the reader
of cell suspensions from one container to another.

N Fhe Yprous asperts ofprstising e preteat isxanfion xparisieRecHlic eamples are
popul ati ons and easy sanpling of cell ulations.
[rowel llustzivesnpthing indke fotlowing Hescapfiong é‘p@hﬁ@ﬁpn%w as lgpiging the
suitable for use with the biodegradable particle
énentierein|any #ay-ndtchilinietiorns apafeguba defingd sejelhi by dci ascompanying
pqecursors

claimms.

7.1. USE OF THE BIODEGRADABLE POLYMER-ANTIBODY
CONJUGATES FOR BINDING OF CELLS AND ISOLATION OF
CELL POPULATIONS

[0064] The polymer particles tethered with antibody targeting cell surface
markers are incubated with suspensions of a mixed population of cells under nearly
physiological conditions. Thus temperatures between 0° and 40°C, pH between about 6 and

about 7.5 and isotonic solutions are used. In one embodiment cells are incubated with
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mesenchymal cells, mesenchymal precursors, nuscle
cells including cardiac cells, neuronal cells, glial

woceealstog1736i br obl asts, stemcells, epithelial cetctas2@amd28193

endothelial cells. Myreover, endocrine cells are also
phatitieinEbdd9 cogjigidshat sboupzs°C) pH sboex1.0 Ackdnkts BEBS foRabioux30
conjugates. [0069] The particle-cell conbinations are
alifmQess bil ToAdek eTRUNtiBéBWulTadertedePlof RxtHrdtEiOe fa01liddtesahid bitidifg of
in bioreactors. Such a use provides for flow of

RtfdtdBdells fHRAk Folpnét baatls! TREInvERDE SnvisSlorintB@BEmeTimulglld cells with
popul ati on and ready exchange of netabolites and

Ssrahe/intefacBon dSEverdt mi
R e o A eay toparticle beads with
? R SERY YR M eferbe ANCHICBACHRIRENRE ML c&Fhdisat IHQui@dce B¥nsity of

achi'ng the enriched cells to a bi odegradabl e

Q%%ﬁﬁ:g amHMHP Q:'héth oft B GRS tili infREactidoRERSAQ particles for any of
invention can al so inprove the survival and recovery

ulfiy ARPGEE rﬂ)efﬂes%%éaﬁs 3 FRGdulf E)oﬂmzttﬁﬁ ‘3913@19 'a@ﬁlelfntﬁ'fedtbg) he

cryopreservation of cells are successful

Qﬁg&?? ﬁs“aattt'aﬁe& ?cl 1lh§ gz&rﬂ@ﬂ: aﬁ‘tﬂfo@l:&% g‘éf&k Si’hdsnthé P%ﬂ@@%e‘?ﬁht a facile

or ce 't ne hat are adapt ed to ce culture,

% ra\ﬁgﬁ bf (Qfg%:ﬂl é nJ ?Qf'tloffi‘% Qf A& gcgyge ngli Ny o%l’ Lvode Qﬁégre%eyt

yopreservat | anchor age- nt hepatocyte

E_)\P’Ent%%%%llstfm a;%em% erF Qfﬂﬁieﬁgc%{]& sjébé Pulﬁ{l?n of cells.

er reana nts S to a very su sta t 0SS

gﬂ? ?a%ll:le \éhtg{%dg c&rﬁ%a%@ rc&ov Gn a/ \%ﬂ?beclglsé fha rl%gz?twte Q?rlt for depletion

erentl acter erelrs a
bi |
I%rdce& ré/ g}]a?gggole?&hnﬁ ecrefl\c];)g uqatﬁ)gg %o%glggrecrl ia[% %Pée gfglg{é{elstc yeugmg
The pgrtlcleextracellular

nch
brolglf(ES Eeg% 68133 téoseé)raretICUIaB%OPH 80" Por cel I attachnent,

dt dt i f ut.d on, t.
3?eveﬂ)st%]izp253g9%ﬁ°pa%m%)fagﬁe GBS cobfnes et
- [ t | . ud 5.

PRS0 E R P e

ins m suppl enent e m, An altern .
ffﬁf P E 2T OH SOVUPIeGABURDMIE é%t}ii"%md%?s@écﬁ?’m?\f/eyi ate incubated
gvg%t%ép%?chbewspég hng%rclogqa%g{gége%%m gg!@lép ls. i/ﬁ%r 1n|c§l’)atigr? 1ihe particles
particle do not _have to be renmpved fr
Hd asaqrfme?lggrealﬁ?létﬁg pMiRrdeg inter FQ} 9%%9%tw1ﬁh§e%ﬁrﬁte
i nportant one, since cells enbedded in alternative
Germearimants. Qihas Prageriter pellselor enamiplenhgpatisproggnitgrscarh thep seeded into

nmust be resuspended after thawing to be of
other compartments. When, in this example, the compartments have a contiguous media

for
ARt

connection, as, for example, in a Transwell® dish, then the remote interaction of hepatic
progenitors and mesenchymal stem cells is observed.

[0066] The particles can be used to enrich a cell in a cell population by
anchoring the cells to the particles. The cells anchored to the particles can be liver cells,

hepatic precursors, fibroblasts, endocrine cells, endothelial cells, or any anchorage-dependent
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practical use for nost research or clinical needs. Yet
to enzymatically treat the cells imediately after

WO tévae17go al nost invariably results in | oss of PeDUS2008028193

for the majority of cells. The cells are especially
selhsThe cells b ahchodidito thedivdegradpbleyparticleran dbhrey rton-anchorage
enzymatic treatnents i mmedi ately after conventiona
clepandere selt inalnilinpg hemapdidtia welisghenRpomtio prdcurgprs, leeythrocytes, leukemic
enzymatic treatnment after thawing, the cells on the

lreldw sndalymphamsdicetinraad calsulsit do Adtdhavethe surfane tebeptqatargetddedy the
can sinply be rinsed with cell culture nmedi umand used
iaitedly poBimer wirfabout any further handling. This

procedure inproves the survival and function of
cryoprgser vSE ORTHE/BIQDEGRADABLE POLYMERANTIBODY

st rean i nesONJUIG OFESEOR- A8 M1 0C eDTURE OF PARTIGLE/CELL
USE OF THECBNODEAFL\BND FITEMVEREANCA THREEOBIMENSIONAL
FOR CELL TBYOIRPAGNHORII ON [0071] In yet another

enbodi nent of the present invention, the nethods of

the i [006Tt i on Bioddgeheatde potitied conjpgated itk extraegimtaa imaaix, as

of enriched anchorage-dependent cells

fdescribedstol @ Rteaihdubhted Gith jahikthata@s-defendinocktigr @hkalk &f extracellular
pol yner-protein-cells are inplanted directly into
h@clproeidesd fverhible g &viro@h@a s anchofgpabpenBent tells and permits
desi gned to degrade into constituent nol ecul es that

FhRle BahdfEralf Loll UERMEIBs frdin Yhe/@dntaindr ©AA6hEY Mérédves tiivunBthod
and maturation of the enriched progenitor cells and
tpbenifs@asBdxbaiRionlof Bal popalatiénstah@eRY kdphRing Bt dll popalatbons.
tissue structure. Moreover, the dissolution and

cl ear pyoe8) of t hgarGlapems omtcﬁcsrhga; $epbridefibéilS4r® BBRAbIeFor use with
mnimze the problemof foreign body rejection. 7.5.

(ke diodebiRU SN 18 IESH T WhatrR(I3hjubkeed i6ldd@ihg hdpati@srSursors,

where a desired cell type does not exhibit unique

intt@EHch{thARERs, fRidnciB/ial AeburtBrs, kikde cAlls MRURN A BrdkRIkils, neuronal
optionally an iterative negative sort, can enrich t he

Q@ﬁd Eed cAR! fibrbHREs, isfem! defs, B&%ixﬁ%b]@anﬁﬁd&ﬁaﬁpka{%y l\/ﬁy?e%%er
fol6ws. [0073] A’bi odegradable particle-antibody t

%&d‘cﬂﬂ@@eﬁl‘s Qre%ls%@ﬁﬁéb‘lectbﬁ%ﬂ}( %@Qart&%x‘ﬁgééuﬁla& maftieBL Ezﬁies

by the nethods descri be bove. substantlally si'ngl e

cell 9]9 nsi 021219%0%191% c@{f@?%ﬂétﬁné L4 8. o hl% fﬁ'?r&vt\l,l\ér% three-

concentration cel IS m Xe

\?ﬁ{l%ﬂ}ona H, &Lr%actﬁp( §i‘ﬁ)n acugé’]%#dglﬁ&sefor ﬁyw o nutrient n‘1edia and

tantl a I's context Is neant at at east

%Qﬁ%t AN té’?m !icﬁlr%rygﬁﬁle 1o ﬁha%o%%%?egcg}n% a%gi\é/"'og %t%l}é@ﬁ& and

metabolic waste as necessary.
7.3. USE OF THE BIODEGRADABLE POLYMER-PROTEIN

CONJUGATES FOR CRYOPRESERVATION OF ANCHORAGE-
DEPENDENT CELLS

[0070] By attaching the enriched cells to a biodegradable polymer support, the
composition of the present invention can also improve the survival and recovery of

cryopreserved cells. Earlier methodologies for the cryopreservation of cells are successful
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cell suspension has at |east about 90% of the cells
unassoci ated with other cells. The mxture is

woO poosubiased at 24 C for one hour in defined nmerlimuszobiids193

consisting of a 1:1 m xture of Dul becco's nodified
Haghemopoisticltdlgtanabridany &xidt il Subffehkibd, 2nd @r BEIO iR that@Feadddpted to
Island, NY), to which is added 20 ng/m EGF

(cew Hﬂab@ bat Wik pBbiO R hithbrafy-@efdesd cellBypdl CHSpteidivation of
(Sigma), Dexanethasone (Sigma), ng/nl iron-saturated

tahabd R depéhdemihgpadcyted bt thé ubial &Eth@@dﬂfd@uép‘éhgmsmgqry%%l or other
(wv) Bovine Serum Al bumin (Sigm), 5 x 10

%M1V 8 ARl hRNOh vérplsti¥Bhiial Tosd um%ﬂ/v;abflfstf?eMBéB%f 86 bdlis lose their
2 x glutamne (G BCOBRL), 1 x M H2Se

3idHht BRI CRARtEGRd thERSs § &st 6f dbRIFRIoNHHAEN tbRolidRirfaces. The present
supernatant and not attached to the beads are cultured

1ﬁ‘vefnf1@x§£b_})ﬂ§sdde¥5%t&ﬁd Bid @,ﬁtaﬁel phificiEs foF mgxu%n&f cells. The particle-
sorting 6. CELL ENRI MENT BY PCSI Tl VE

[eQQZc%]lulhmetﬁ§ € éﬁ‘érﬁ?ers QrethrOFdI 6 ke %{'té!lchfrﬁéﬂte arﬁi’&ﬁérpéxi)&eﬁﬁo a

| east one uni qu dentifiable cell surface marker,

%ﬁh&t}eﬁ sS18fion, t@REVANRL L%smoﬁnta%ﬁt A\EitRRId- yr@semlhbn or

or a conbrnation of a tive and negative sort, can

CRHLISE 10121961u{1&?1n9§§’ 5554 1?% %Xﬁi abl éb Erc %&B&ﬁﬁtfoﬁ& vv)

exenpl ary case gra

ek %ﬁ%én%?g*gﬁﬁ*a' W"ﬁ"ﬁm PSRl i
tenS I n n? {v?v dlmaﬁﬁ gﬁg)%(ll({% in S%ﬁ#d gl%u%oﬁll PIS ﬁgodntaglﬁ}éé sc’e or

neen 'on ‘o 'S xed
|
W?asglra]c ll}gozﬁ(P g}ie%éﬁ eFooL ux%‘ %eéls h% ﬂé{rﬂflﬁ at b remoar%d ﬁ]aryhttHg ;?artlcles

éﬁm%avgmlﬁeﬁﬁ e fmitis oP et W‘é%f?”f'ﬁbqéc gt beSfhove
Grand.Is

(TR LS %“%?lsmﬁ%gi S BISHE PU5 ey dR g raving to bo of

%’@%@gﬁ%@g%ﬁiﬁ?ﬁ%gﬁ II%PCEI r%g(:i g :@ to e&z&nnalc% trat the cells

nlcotJn n1de O 2% BOVI Serum Al bum n.
(‘@P&ﬁ’é Vgt oAt RAGEBBRS I Py OB o

S b sﬁéé%%eqélyﬁﬁé?@?t%lw r%”e.hés%ﬁi%emb%%@ T

attached to the particles are cultured in fre
eeamiHS IS aleD ate s piond e igBcEervasiop P%@@‘P”é‘&agb’ gvoiding the

particl e-anti body to EpCAM |
enzymatic treatment after thawing, the cells on the beads are much more robust. The cells on

the particles can simply be rinsed with cell culture medium and used immediately without
any further handling. This procedure improves the survival and function of cryopreserved
anchorage-dependent cells and streamlines work of cell-banking and cell-typing.

7.4. USE OF THE BIODEGRADABLE POLYMER-PROTEIN
CONJUGATES FOR CELL TRANSPLANTATION

[0071] In yet another embodiment of the present invention, the methods of the

invention provide a robust means for preparation of enriched anchorage-dependent cells for
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(particle-Ab (EpCAM 1))/ NC AM | (particle-Ab (NCAMI))
conjugate is prepared by the nethods descri bed above.

WO 2059Et3mnot her enbodi ment, a bi odegradabl e PCT/US2004/028193

particle-antibody to EpCAM I (particle-Ab

(tEam&pAddtdtion/ CoRMeates(gb biotlegradabldlpolyhEAiMolein)-calls mfeligplaetet directly
prepared by the nethods descri bed above. Such
Hhedtagdadabls er paipientorgaran Thpudymaeniif desiphed aspradsi@to constituent
uni que identifiable cell surface marker can be used to
afisleaNesftiit afeh@tedlyiptedeht eebilo, in/g3@erzy with @rowth and maturation of the
popul ation.7.7. CELL CULTUREON PARTI CLE- ECM CONJUGATES
(et pfogemititcalls 208 tRffolieBiah btnafirfi@RMAde MilarGRdthS and tissue
enriched by any nethod is incubated with bi odegradable

Radutiufel dforésvet, UL ROluMbd dhd cRhtaaGaIT the\polydriiteriallid @@Rbned to
| Vparticles are prepared by the nethods above to yield

%Qlﬁh@meﬁsrdﬁumfs{elga%ay fele@fionM th a collagen IV to
particle ratio of 0.02 (Ww). Ten granms total wet

vei ghty 0f el I ABCRICYPAINT BYSEGQATIEHSPRIGRE i n 500
of HDMat 37 C, with a 95% (v/v) air/ 5% (v/v) CO

at nospéeEme. ThemnGadel 968 alddsiRacéli §hedoean6t exRibil@biqué idbntifiable
6 hepatic progenitors and the nedi um changed every

SR1 Qidhcd Markeld) @ nébativd BeSptidhAlYKARcrafius ReaEeGoRYcal effidhehe
agitation. The culture is nonitored for cel

NRbiedAUell &P v the Pastdiftdn] An RiéndiIsty ghsdEalfvsconcent rati on
and for gg%l growt h by detern1ﬁ?ng the DNA content.

New g émpg surg B%@gﬁfaﬁle%ﬁ%le%ﬁbé@ﬁo gy @¥hBSn AUPArHEIEAD(GA))
by adding fresh particles to the culture m xture

[Q8;(8dte lsrbréﬁﬁl;ed%' R maNGIRL R BbedabBRP U &lbs@htiadl s gﬁ%m Suspension
progenitor cellS enriched by any nmethod is incu

Vit 57 Qhigsas BARBUR aPREdnb&lnGBorf G0t eals &l iivhiBd Rith 615 %amf weight
ot her suitable specialized matrix chem stry general

| gﬁ?ﬁ@fe Alﬂ A?W&J‘ﬁﬁﬂe I gn"sﬁlﬁglhgﬂﬁ”ﬁrﬁﬁlﬂlcoﬂtgft%m&fnt that at least about

nin, o ¢ a eparin glycan sul pha

P Mt b e e s o

%ﬁ '395{??195?0:1%%9 %&%péboﬁtedolys%&ieowllg gna%&cﬁ'teﬁ%ﬁ[o@l%@ @‘lblfs The mixture

n exa are cryopreserved

rnc ge@da(t) ?g’fdh)e (zn%?lr ~§1J gdgﬁ eﬁnﬁeglu%d(?@fﬁpcé)n?%r{%%ﬂa 1. lamxture of
pgﬁgescz 5L hgefadld §ufim S00k gal-ggwgﬂgm S8 0G e bhan
qelgrrug RN)? tto%\LIXchSisegAde 9 26 ng/mtl EEF (Collaborative Biomedical Products), 5 pg/ml
insulin (Sigma), 10-7M Dexamethasone (Sigma), 10 pg/ml iron-saturated transferrin
(Sigma), 4.4 x 10-3M nicotinamide (Sigma), 0.2% (w/v) Bovine Serum Albumin (Sigma), 5
x 10-5M 2-mercaptoethanol (Sigma), 7.6 peq/l free fatty acid, 2 x 10-3M glutamine

(GIBCO/BRL), 1 x 10-6M CuS04, 3 x 10-8M H2SeO3 and antibiotics. The cells remaining
in the supernatant and not attached to the beads are cultured in fresh medium or subjected to a

subsequent sorting.
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tenperature gradually reduced at about 1C per m nute
to between about -80C and about - 160C. The' cells are

wostos/@d7zat about -160 C indefinitely until needads2tiamns193

needed, an anpoule or vial is rapidly thawed, as for
exanpl.€ | CELLL ENRICHMENT B POSITI¥ESOREING are then
aseptically transferred to a culture vessel with

cul t UP7diredi unin ddBisIwhe:, a dERANSEIL AT ATHIGIN aDfeasteRATNI Qe
PROGENI TORS IN A MODEL OF LI VER FAI LURE [ 0080] A rat
identdlablefcell surace marklet) b @osigvelssg tbptionadly ah itetatve positive sort or a
het erogenous cell transplantation therapy. Liver
Eomibination bfa pasiliak and ygatversgitGah efiroiifvicthe ddsiredealit typegtef
the liver and/or ligation of the common bile duct in
pobuRKpEr Arexthiplargtad bliien male rats (125 to 160 body
wei ght). A sham control group often age- and

sex- madrsped r andbicdegaddylegirtete-imibadsio TCAM-1 gResldi’s (ITAM-1))
m d-1ine | aparotomnmy, and mani pul ation of the liver,
itfughletidisrepardd igahé @Btheds debwibbd hyvelUA smgRREI Wisb&Bibn of 10
hepat ectony. [0081] An enriched popul ati on of hepatic

BhBSEHIS Ve cARGR R E@Rkehtirtibh oORIcarakliembeadsthios pwepaigd of
as described above. In brief, the livers of 12

S ABITC AMETREARIRE. TRY mixhire [sBhcuBbtBS atUeC &% 8R4 héudld defined
rennvedt di ced, ?%ﬁsed |ﬂ Ié& ES%A |naHank s BSS e

f%almmnw ohdidting bf ARAMERIHBf TRibededd mEdMEN HapfedRddfith and

for up to 20 mnutes in Hank's BSS containing 0.5

ARher1£ ebm&ﬁms ETBCOMRAY ¥efdasIRRANYS) B Wh%hQ§idded 20 ng/ml EGF
suspensi on. [ 082] Aseptic blodegradable partlcles

ti.b

ERbEARR BT Pou S b el AR R R pgeone
fups is incubated with .5 m of packed yol une
11%%mbm$a|ﬂwé%tr¢rt§feﬂeh@lgﬁl&2:,r4 Bx l@éw mqtﬁ@amlde (Sigma),

particles are then diluted in ten vol unes of HDM and
olega i Boafnt Serust AlbdiningSidmal, 5« 1)-$MR-thérvaptostinuoldSignb))§.6
procedure is then repeated. The particles are gently

f t -681/; -8
LSRR 2SRRIy I o, S G g8

%pfj a;lplgl t?csafl"hg ([,ellts Q&acﬂ?cpﬁ%tﬂ% r}%ﬂﬂ% es e C%E'l?\]gh ﬁpﬁc{sﬂgﬁeﬁﬁm.

at's, oth perimen an1co
23?23&6 e hal wané‘ﬁ?e CSRePlrvindeRRORY vl SRR Lo
(Ptkteon BB EPA Pt LG Ry @E@Wﬁl)}o Pk B ety e
r_ngtr}]:gdsy d% n%eé illyo%e In yet another embodiment, a biodegradable particle-antibody to
EpCAM-1 (particle-Ab (EpCAM-1))/ICAM-1 (particle-Ab (ICAM-1)) conjugate is prepared
by the methods described above. Such biodegradable particle-antibody with at least one

unique identifiable cell surface marker can be used to enrich for the desired cell type in the

population.
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cell conposition, directly into the spleen. A
incisions are closed with surgical staples. The

woi2nomoBuppr essant cycl osporine A, 1 ng/ kg bosdgTwse@hnzs193

is adm nistered daily intraperitoneally.[0084] Bl ood

| evel 3.70f CELLCULTUREDNRARTICERECM GONJEGAIESN

al ani ne am notranferase activities are nonitored two
days 967HUre the pepphtiecofdrpatoprageninor kelpameched iy any method is
operation and on post-operation days 3, 7, 14, and 28.
Bedbatedewtihbipdegeddeble patisleghjugnted withl céllagersiVain HDM. Collagen IV-
i nspection of lethargy are recorded on the sane days.
Pirti2l8s staprepired by the paktds stvye & Yield B0V nicrérdidiéteaitichss &vith a
killed for histol ogical evaluation of spleen and

kollagen IV OQAhicleAhtio PRONID @), OFesi grapatteml wet waiitht pBdofaden V-
docunents referred to herein are hereby incorporated
pirtitlbeart suspsfied in 300 nslrvf HDM hesy°Oywithef ¥396 (08 .airl §R84}) CO,
The invention has been described with reference to the
hMoRpRrd) Ol RENAgEh TV-particlps &b ededebiwriiTDI Gicpatia ipfogahitbrs and the
nmet hods. However, it shoul d be understood that many

vRBiugt dhaffed BBty b@oma@k@ VIRE bartiEle e Réph Suspérdded by géiﬂe agitation.

spirit and scope of the invention. Therefore,

frRE ARKNY nRXASERA B call ﬁetﬁﬁﬁhsﬂn'b@"cﬁéﬂé@s inBchnld I'gﬁlc§§éQ:B§ceﬁfratlon and
the invention is intended to be limted onl'y by the

ff&lclel@ oReh By @itdFri r{h@% BN AdnkABLewlgroRRERARAEL SR pidvided for
FREE ATTY ACI D (FFA) M XTURE Source of Purified Fat ty

?gﬁﬁ:-?g cultfifes bR Engrddh %%El@g 1ohe &ﬁmfenﬁxﬁkpc ks The free

tty acids are prepared by dissolving each individual
1 .
pal i D aci d (o S Dl S EoB QarbirRertfc pRlgs G sl cniched
I
?éﬂw ﬁ'x@th@d fs ir&'ﬁbﬁedlﬁt}?&g %}ﬁdalﬁég Fé&klﬁ:@lxt@d h @{h‘éxo'{m' other

acid rea aIc

Hlﬁg e%hc?c(ga@%%ﬂa%% 1% éer%%gid)i %fresseg U%ﬁheduplﬁﬁit&%ﬂo{etal forms of
atm@l;ll l%aﬁn?on‘%ic (P CFp;'x?n %l%%t éﬁ%te %qlnld&n % {hgsea(!f%glﬂ% the art.

7.8. CELL CRYOPRESERVATION USING PARTICLE-ADHERENT
CELLS

[0079] Anchorage-dependent cells growing on biodegradable particles, as in
example 6.4, are cryopreserved by resuspending the particles with adherent cells in a solution
of 10% (v/v) dimethyl sulfoxide in HDM and transferring an aliquot containing about 1 x 10°
cells to a sterile ampoule or vial. The ampoule or vial is appropriately sealed and the
temperature gradually reduced at about 1°C per minute to between about -80°C and about -
160°C. The cells are stored at about -160°C indefinitely until needed. When needed, an
ampoule or vial is rapidly thawed, as for example in a tepid water bath. The contents are then

aseptically transferred to a culture vessel with culture medium, HDM.
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These stocks can be stabilized by bubbling nitrogen
t hrough each of themand then storing themat - 20 C

WOBhes/21Be fatty acid m xture stock sol ution: Palrmiskeoa/ 028193

acid 3.0 MM Palnmtoleic acid 2.8 MM A eic acid 13.4nM

Li nol 2bc arRANSPLANTXTIONDE HEP ATICPROGENYTSRSAN & MODEL
acid 11. 6ndF ThvERFAILARRE conbi ned total of 100nmM free
fatty acids. This stock with all the free fatty acids

can b@osdlabi | i Z2exdt mbdd oblyveb tililbtei ingset Inr eamhte hieterogeius cell
and then storing it at - 20C. Final Solution: Add 76
eanspfantatien fhempy.f bivénfaiiee @ niodeled b siepiodlkerpeval bf dbeiit 7084 of the
culture nmediumto achieve a final concentration of 7.6

ikt and/beligation of thé tommen bk dutein boxkperitehteisgodpdYerahsle rats (125
presented with purified, fatty acid -free,

€NIEDtOBIdR welgh. Pedhbincahttd] golp oftef agdPaid &x-rhat§Rd ¥ats is subjected to
albumn). Albumin is prepared in the basal nedium or

RBimilaf akesthes£ chi@lifle Rpardtoiny PinddhanGRAREGEMNHS tAE 1ie, Wik withdut ligation
0. 2% Tabl e 2. Sourcesof Basal Media, G owth Factors,

bhihe bife Sipiama eithSutdBpht@tdagl. Cul t ure Conponents FACTORS
VENDOR(S) Growt h Factors/ Hornones Prolactin (

Lut eofoogni ¢ HommRAAheSipHBatidh GF hépatid fSreBirrOfticRattd to
Cortex Biochem cals Inc. |ICN Bionedicals Epidermnal

Hoa¥ridabRWess i fibfakedR|deRBBERILLVE 1BILABE the i@4rS of 12 embryonic

(embryonic day 14) rat pups are aseptically removed, diced, rinsed in ImM EDTA in Hank’s
BSS without calcium or magnesium, pH 7.0, then incubated for up to 20 minutes in Hank’s
BSS containing 0.5 mg/ml collagenase to produce a near single cell suspension.

[0082] Aseptic biodegradable particles conjugated with antibody to ICAM-1
are prepared as above. The single cell liver suspension from twelve pups is incubated with
1.5 ml of packed volume of ICAM-1-microparticles for one hour at 25°C. The particles are
then diluted in ten volumes of HDM and decanted after standing at 1 x g for five minutes.
The procedure is then repeated. The particles are gently resuspended in fresh HDM and
incubated at 37°C in an atmosphere of 95% air, 5% CO; (v/v) for five days.

[0083] On day three after the hepatectomy or sham operation, the rats, both
experimental and sham control, are subjected to a 5 mm abdominal incision to expose the
spleen. One half of each of the experimental and sham control group animals, randomly
chosen, are injected with 0.1 ml each of the biodegradable-particle-ICAM-1-embryonic liver
cell composition, directly into the spleen. All incisions are closed with surgical staples. The
immunosuppressant cyclosporine A, 1 mg/kg body weight, is administered daily

intraperitoneally.
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Mouse; receptor grade Human reconbi nant Sigma-Aldrich
Pepro Tech Upstate Biologicals Accurate Chem cals

WO @osnetBes Products Antigeni x America | nc. MPGSEUS2004/028193
reconbi nant Accurate Chemicals Antigenix Anerica Inc.

Transfensa) n: hableod kel ofSalirubint Qthnf @iBmA tehhéfeiase and alanine
Bovi ne, human C onetics Sonmatotropin: G owh Hornone

HiiRdtrahifetddé hativitieShid MRmAbidd tved\dalyl! BEFBre MRARPREAGAY or sham
Accurate Chem cals I CN Bionedicals Sigma-Aldrich

¢ plitQEah Wﬁn %@&ﬁsdsc%e%bb ugshem Al {ma 28e Baly RehORater

Canada | onedi cal s gne- Al dri ch Dexanet hasone
Cofgptibe; andiofsSd &¥p&aaH BBEthA PhREORRA oH iRl Eme days. At 28 days

Chem cal s Cal bi ochem | CN Bi onedi cal s
post hepatectomy all surviving animals are killed for histological evaluation of spleen and
liver.

[0085] All publications, patents, and patent documents referred to herein are
hereby incorporated in their respective entireties by reference.

[0086] The invention has been described with reference to the foregoing
specific and preferred embodiments and methods. However, it should be understood that
many variations may be made while remaining within the spirit and scope of the invention.

Therefore, the foregoing examples are not limiting, and the scope of the invention is intended

to be limited only by the following claims.
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G ucagon Sigma- Al drich Bl OTREND Chem kal i en Porci ne
Pancreas OTHER SUPPLEMENTS HDL: Hi gh Density

woLliopen el n Human pl asma Si gma- Al drich Chemi @@IT/US2004/028193

I nternational Biodesign International Per Inmune

Bi oResour ce Technol ogy AcagpendiBiaonedi cal Co.

Bi odesi gn International Free Fatty Acids Linoleic

Si gma- Al drich Altech Associates Inc., |ICN Bionedicals

Li MABDEC]. $RFPARATION GF FREE AASPEY A €D | (FEFA (MVAXTTURE
Sigma- Aldrich Altech Associates Inc., |ICN Bionedicals
Palmtic Signma-Aldrich Altech Associates Inc., ICN
Shueeestipaati&d Bl adids: Segaide drich Altech Associ ates

I nc.,

Preparation of the stocks The free fatty acids are prepared by dissolving each individual
component in 100% ethanol. Comments are as follows:

Palmitic acid (solid) 1 M stock; soluble in hot alcohol

Palmitoleic acid 1 M stock; readily soluble in alcohol

Oleic acid 1 M stock; readily soluble in alcohol

Linoleic acid 1 M stock; readily soluble in alcohol

Linolenic acid 1 M stock; readily soluble in acohol

Stearic acid (solid) 151 mM stock, soluble in alcohol at 1 gram in 21 mls

and must be heated.

These stocks can be stabilized by bubbling nitrogen through each of them and then storing
them at —20°C.

The free fatty acid mixture stock solution:

Palmitic acid 31.0 mM
Palmitoleic acid 2.8 mM
Oleic acid 13.4 mM
Linoleic acid 35.6 mM
Linolenic acid 5.6 mM
Stearic acid 11.6 mM

This yields a combined total of 100 mM free fatty acids. This stock with all the free fatty
acids can be stabilized also by bubbling through nitrogen and then storing it at —20°C.

Final Solution:

Add 76 puL of the free fatty acid mixture stock per liter of culture medium to achieve a final
concentration of 7.6 pEq. The free fatty acids are toxic unless they are presented with
purified, fatty acid -free, endotoxin-free serum albumin (e.g. Pentex type V albumin).
Albumin is prepared in the basal medium or PBS to be used and at a typical concentration of
0.1- 0.2%.
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| CN Bi onedi cal sBovi ne Serum Al bum n V Sigma-Aldrich

Genm ni Bi o-Products Fatty Acid Free N cotinam de
wo(Mbae1rs@m de) Sigma Cal bi ochem | CN Bi onedi calPET/US2004/028193

Spectrum Laboratory Products TCl Anerica Putrescine

Si gma- Al drich Advanced Chenifech Inc. Crescent

Chem cal s I CN Bi onedi cal s Spectrum Laboratory Products

3' Tables2.-Suuricesiof Bashmethm;h BagtrrsAMatrixnComponents

Toronto Research Ch I CN Bj onedi cal s Novabi ochem

TCl America TRACEZB RI'T’? t NERSIr at e

Si gma- Al dri ch ,g:{‘heﬁ@r)% rvices I n Crescent 1) I's
Gal | ade Chem ca g | CN Bi ofredl cal s I\/k/VLE}V 5&(&9

lahoratories lnc Spectiyrmlaboratory Prodicts

Growth Factors/Hormones

Prolactin ( Luteotropic Hormone) Sigma-Aldrich
US Biological
Cortex Biochemicals Inc.

ICN Biomedicals

Epidermal Growth Factor (EGF)
Collaborative Biomedicals
Mouse; receptor grade

Human recombinant Sigma-Aldrich
Pepro Tech

Upstate Biologicals
Accurate Chemicals
Clonetics Products

Antigenix America Inc.

Mouse recombinant

Accurate Chemicals
Antigenix America Inc.

Transferrin: holo- Iron Saturated
Bovine, human

Sigma-Aldrich
Clonetics

Somatotropin: Growth Hormone
Human Pituitary

Human Recombinant

Sigma-Aldrich

Accurate Chemicals
ICN Biomedicals

Hydrocortisone

Sigma-Aldrich
Clonetics
Calbiochem

Alfa Aesar
Bishop Canada
ICN Biomedicals

Dexamethasone
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Sigma-Aldrich
Clonectics
Amersham Pharmacia Biotech




Strem Chem cals, Inc. Zinc Sul fate Heptahydrate

Sigma- Al drich Crescent Chem cals |ICN Bi onedi cals W
wolatronat3ori es, I nc. Sel eni ous Acid: Sigma- Al dPCThuSkeM 028193

Bi onedi cal s W Laboratories Spectrum Laboratory

Product sBASAL MEDI A DMEM F12 G|baourBSIChBmidRi t t aker
Medi at ech Inc. Specialty Medi a-|Qatischen of Cell &
Mol ecul ar Technol ogi es RPM 164QCKiBi6edils Bi ol ogos

I'nc. BI oSamuesgoh Nt er nat i onal T IN;BhoAREcEal s
Bi oWhi tt aker Hepat ocyte Medi um|SIOTREND CHeaiikLdien
KepeindePagdbes Basal Medium O ongtics Extracel |l ul ar

VRETT X Conponent s F DHPRER SUPELEMENTSIT | ch Bovi ne

T AP Bl HP LopSRSH cal Accurgte chemcars

Human plasma Sigma-Aldrich
Chemicon International
Biodesign International
Per Immune

BioResource Technology
Academy Biomedical Co.
Biodesign International

Free Fatty Acids

Linoleic Sigma-Aldrich
Altech Associates Inc.,
ICN Biomedicals

Linolenic Sigma-Aldrich
Altech Associates Inc.

Oleic Sigma-Aldrich
Altech Associates Inc.,
ICN Biomedicals

Palmitic Sigma-Aldrich
» Altech Associates Inc.,
ICN Biomedicals

Stearic Sigma-Aldrich
Altech Associates Inc.,
ICN Biomedicals
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Hunan Bi osource | nternational Bovine, Hunan, Rat,

Mouse BI OTREND Chemi kal i en Hunan Chem con
wolnesannsbdi onal Bovi ne, Chi cken, Horse, Hunan, PEDIS2(04/028193
Cal bi ochem Bovi ne, Hunan, Muse Sal non, Rat Lam nin
Si gma- Al drBsvinedetimeAfbahilior at I \seenid-anreich cal EY
Laboratories Al exis Corp. Humanp @Bnmdo BicProducts
I nt er nat i opaky MNiekiee Corp. Cherfi con International
Bl OTREND Chemi kal i en Col | agen Type | Col | aborative

Bl oned! calNishtiamide!(Niacibmide P SNPRBigagnada Bl OI'REND
Chem kal i en Col | agen Type |1 Si|gia®ifhéhi ch Chem con
International, Inc. Accurate CheaNGRbm&alsagen Type

| I'l Chemi con International, |ng¢gs,AGGH Biberatdefloaadts
BI OTREND Chemi kal i en Col | agen Tyiieg An¥riep! | aborati ve

Bi onedi cal Si gma- Al drich

Putrescine Sigma-Aldrich

Advanced ChemTech Inc.
Crescent Chemicals

ICN Biomedicals

Spectrum Laboratory Products

3°,3’,5’-Triiodo-L-thyronine (T3) Sigma-Adlrich
Toronto Research Chemicals
ICN Biomedicals
Novabiochem
TCI America

TRACE ELEMENTS

Copper Pentahydrate Sigma-Aldrich

Chem Services Inc.

Crescent Chemicals

Gallade Chemical, Inc.

ICN Biomedicals

MYV Laboratories, Inc.
Specturm Laboratory Products
Strem Chemicals, Inc.

Zinc Sulfate Heptahydrate Sigma-Aldrich
Crescent Chemicals
ICN Biomedicals

MYV Laboratories, Inc.

Selenious Acid: Sigma-Aldrich

ICN Biomedicals

MYV Laboratories

Spectrum Laboratory Products
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woQoasnet 730s Car boMer

Bl OTREND Chem kal i en Matri gel

Col | aborati ve Bi onedi cal

Cl oneti cs Unbl eached heparins Sigma Bi oChem ka

I nc.
Heparan sulfates Sigma-Aldrich

BASALMES

Carrageenans (hepar

Al fa Aesar

Pol ySci ercaa]S2003028193
Bi oChem ka Car bMer,

ogi cal s Sei kagaku USA Cal bi ochem I CN

in-like reagents

purified Signa-A drich from seaweed. There are three

DofEM/FB2 oChem ka avai | abl e: | aj
vary in CarboMer, Inc. their sq
Bi onedi cal s TCl Anmerica Suram |
found to have Signa-Aldrich pot
activity and anti-tunor Bi oChel

fdabcokBRIpa and i ota that
IBidsivhitthiey | CN
MddepRhim- | i ke ol ecul e
8péciatytNedid-Dividibmal

I |6 Calt & Mbleyylar Technologies

Rampliggnem Al exi s Corp. Bl OMOL
I nc.

Rese®Brh Laboratories,

Biologos Inc.
BioSource International

ICN Biomedicals
BioWhittaker
Hepatocyte Medium Sigma, Clonetics
Keratinocyte Basal Medium Clonetics
Extracellular Matrix Components
Fibronectin
Sigma-Aldrich
Bovine Collaborative Biomedical
Accurate Chemicals
Human Biosource International
Bovine, Human, Rat, Mouse BIOTREND Chemikalien
Human Chemicon International
Bovine, Chicken, Horse, Human, Mouse, Calbiochem

Bovine, Human, Mouse
Salmon, Rat

Laminin

Mouse

Human

Sigma-Aldrich
Collaborative Biomedical
EY Laboratories

Alexis Corp.

BioSource International
Alexis Corp.

Chemicon International
BIOTREND Chemikalien

Collagen Type 1

Collaborative Biomedical
Sigma-Aldrich

BioShop Canada
BIOTREND Chemikalien

Collagen Type I

Sigma-Aldrich
Chemicon International, Inc.
Accurate Chemicals
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ICN Bionedicals AA.G Scientifics Amrerican Qual ex

I nternational Inc. Heparan sulf

wOo(2bi3/R330f r om Col | abor ati ve Bi onedi cal
Al drich Chem con |International What

at e proteogl ycan

is clained is: A

Coligges iTypeolil conpri sing at | east
particle, at |east one recepti\
i nked thereto, and at |east or
at | east one receptive group. 2

4q.

Chamichn frdegatadalblne.

e\ cguratd [Chemicalsent | y
BIOTRENDCiearileatied 0 sai d
The conposition of

cbhigeh Typeherei n the receptive

anti body, a fragnent of an anti
streptavidin, a biotin noiety,
t hereof. 3. The conposition of

Tollsbhdra e BidnsedscaBn
lsasha-ARfciavi din, a

(E’IOTRBND@iethfﬁen
claiml1l, wherein the

RBkddeCT € conpri ses pol ylacti de,
copol yner, polylactide-lysine-p

d%ﬁhﬁ&zﬁ&%@nédyeﬁl ne
QiMRtiky ! ene gl ycol

mpl%dﬁg@ﬁe afhsl CN, Or _protern,
claim1 further conprising an g

The conposition of claim4, whg
matri x conprises collagen, fibn
conbi nations thereof. 6. The cq
wherein the particle is a macr¢

Z;omd1€ _Conposition of

ﬁ&@ﬁﬁ{lﬂaul ar matrix. 5.
‘r(ﬁ(g,{gngshe extracel | ul ar
QRfoMeR md.am nin, or
)Imﬁgqgséron of claimi1,
ﬁb@fyg&lglllc%s Inc

H]' gdréw%llﬁ{\/\l%er N nl t manoparticle:

he cell is sg
consisting of liver cell, hepat
henopoi eti ¢ precursor. 8. The ¢
wherein the particle is biocon
conposition of claim1, whereir

stable in at |east one of aque

Al NE &ﬁ)llpUbi tTomof
e

r om the group
CrRAGCME SO

and
D of claim1,

(ﬂ?g?io% U% The

éﬁlochece& ive group is

TenHiofl A ¢ sol vents.

Carrageenans (heparin-like reagents purified
from seaweed. There are three forms
available: lamda, kappa and iota that vary in
their solubility)

Sigma-Aldrich
BioChemika
CarboMer, Inc.
ICN Biomedicals
TCI America

Suramin (heparin-like molecule found to have
potent anti-microbial activity and anti-tumor
activity)

Sigma-Aldrich

BioChemika

Calbiochem

Alexis Corp.

BIOMOL Research Laboratories, Inc.
ICN Biomedicals

A.G. Scientifics

American Qualex International Inc.

Heparan sulfate proteoglycan (HS-PG) from
EHS tumor

Collaborative Biomedical

Sigma-
Aldrich

Chemicon International
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10. A nmethod of cryopreservation of

anchor age- dependent cells conprising(a) allow ng the
woeels/r1130 anchor to a conposition conprising RCTIUSa®/028193

one bi odegradable particle to forma mxture, and (b)

fWiee&idgmedr: m xture. (c) thawi ng and recovery of

cells fromthe cells-polyner particle conjugates. .

The et hodA edmpdsitiomcomprindrigeit teattioe biodelegiabld ahitiele, at least one

particle further conprises a receptive group

evptivezidup covaldmlgl linked theetp pantliaClesst ode’cell Bchoradttb edd axfleast one

claim, wherein the receptive group conprises an

aiteptbedyoupa fragnent of an anti body, an avidin, a

streptavidin, a biotin noiety, or conbinations

therepf. Ifhe cboditdnhFdlaih 1 GlirréTh thd rédaptiveGRdIIcofmpigks R

extracellular matrix. 14. The nethod of claim 10

hitidoldgra hil &Flah @ntébody, YR RVIEMEA Mﬂiﬁ'taOfdlirﬁ @ Ibldlih Sidietyk Dr

The met hod of claim 14, wherein the cryopreservation

sethbihations gRereri ses 10 % (v/v) di nethyl sul foxide. 16.

A nmet hod of separating cells conprising: (a) providing

a conposi tTiRRoMPIRMidnIrBRiR Y, WIRASH tt@%@rti@le%@ﬁ?ﬁ@g ?Qllyﬁctide,

particle, at |east one receptive group covalently

bbiRteBtl DGRELPolyier, PEHBELHRDGsiRED Iy ARALR r%'?ﬂof Qp8ilymbe£ 8fch, or

oné receptive group, and at | east” one cel’l noF

apghpred thereto, and (b) renoving at |east one cel

not anchored to the biodegradable particle. 17. The

met hog of ' : j [ ' :

anti body, erppomion il P Aty R 4R RSt

streptavi dip, - Of | et ' ' . .

ther b . 1t eqfipRifindd o) € herdh o AehlcBib s compries

l@@\ffgé’ﬂ %%ro[n&girnf‘ gam*?ﬁiﬁ’,%? g5 GRS Maleht Cl € conprises a

r’'ce hepati c precursor. 19. The nethod of

cl ai %.16’ aﬁég%@gﬁlé(&%ef Slgl(_gkn%,r\%er&pﬁl E)Er?igletiéja {nllgc%oparticle,

bi odegr ad rises a henopol e

%cerﬁlgarréc% 'or%a%op]aﬁ’ti thod of cell culture of

anchor agé- dependent” cell s conprising(a) providing a

iti i.Si t t . i od bl
CorTrT 6 e PRy R i . SARGIPBE st SSEOARERT e roup
| i nked Hnerenﬁf and at Ieastdgne cekl adherent to said
8?118}8@3%? bVﬁéC e%eé)ﬁ?ﬁ vgcués‘,o&f,ﬂ’ gﬂ%vme 1C precursor.

8. The composition of claim 1, wherein the particle is biocompatible.

9. The composition of claim 1, wherein the receptive group is stable in at least
one of aqueous or organic solvents.

10. A method of cryopreservation of anchorage-dependent cells comprising
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(b) contacting the conposition with cell culture
medium 2 . The nethod of claim 20, wherein the

woeespasi3di on further conprises extracel | ul ar PETMAIS004/028193

22. The nethod of claim 20, wherein the cell conprises
at | east qapaltfwing the pélsit€ arhead & somhposétion @ ompridigy dtdeast one

precursor, a fibroblast, a nesenchymal cell, a cardiac
biidbgradublegattiziche lfdral a ixhire, aadh epithelial cell, a
neuronal cell, a glial cell, an endocrine cell, or

conbi nat i qbpfrédraigeld mix@ize. A treatnment of a subject in
need of cell therapy, conprising adm nistering to the

subj ect ancpihhRfziane reabRibf Rfls Rorh GHERBBI-pdl@fer particle conjugates.
conprising at | east one biodegradable particle, at
| east one receptive group covalently linked thereto,

and af1.| eaffe niIRAGE Clair NG, RHeRsh the bdadgdadable lp@iste AR comprises
receptive group. 24. The treatnent of claim 23,

Wh&skBIivR grdifp coPdiéntyQiRREd 16 @R paregpat i ¢ progenitor. 25.
The treatnment of claim 23, wherein the conposition is

adm nist ergd ndidadfeRAN$1, Yvhetett thare@tRE kfup ¥omprises an antibody, a
intramuscul arly, parenterally, or in any conbination

tg:cagxg@rﬁfof artdhtibddie ad E\Fi@ih,%?tgfridﬁ! AbiBlitoieWD 8F @hnibiaBEns tgereof.

ctive anount falls in the range of from about 2 t

about 14 " ffldiethod of claim 10 further comprising an extracellular matrix.

14.  The method of claim 10 further comprising a cryopreservation solution.

15.  The method of claim 14, wherein the cryopreservation solution comprises 10
% (v/v) dimethy! sulfoxide.

16. A method of separating cells comprising:

(a) providing a composition comprising at least one biodegradable particle, at
least one receptive group covalently linked thereto, at least one cell anchored to at least one
receptive group, and at least one cell not anchored thereto, and

(b) removing at least one cell not anchored to the biodegradable particle.

17. The method of claim 16, wherein the receptive group is an antibody, a
fragment of an antibody, an avidin, a streptavidin, a biotin moiety, or combinations thereof.

18. The method of claim 16, wherein the cell anchored to the biodegradable
particle comprises a liver cell or a hepatic precursor.

19.  The method of claim 16, wherein the cell not anchored to the biodegradable
particle comprises a hemopoietic precursor.

20. A method of cell culture of anchorage-dependent cells comprising
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(a) providing a composition comprising at least one biodegradable particle, at
least one receptive group covalently linked thereto, and at least one cell adherent to said at
least one receptive group; and
(b) contacting the composition with cell culture medium.
5 21. The method of claim 20, wherein the composition further comprises
extracellular matrix.

22.  The method of claim 20, wherein the cell comprises at least one of a hepatic
precursor, a hemopoietic precursor, a fibroblast, a mesenchymal cell, a cardiac cell, an
endothelial cell, an epithelial cell, a neuronal cell, a glial cell, an endocrine cell, or

10 combinations thereof.

23. A treatment of a subject in need of cell therapy, comprising administering to
the subject an effective amount of a composition comprising at least one biodegradable
particle, at least one receptive group covalently linked thereto, and at least one cell anchored
to said at least one receptive group.

15 24.  The treatment of claim 23, wherein the cell compfises a hepatic progenitor.

25. The treatment of claim 23, wherein the composition is administered
intravenously, intra-arterially, intramuscularly, parenterally, or in any combination thereof.

26. The treatment of claim 23, wherein the effective amount falls in the range of
from about 107 to about 10" cells.
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