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WO 2005/021730 PCT/US2004/028193 1.0 BIODEGRADABLE

POLYMER-LIGAND CONJUGATES AND THEIR USES IN ISOLATION

OF CELLULAR SUBPOPULATIONS AND IN CRYOPRESERVATION,
VAULBWREAMND TRANSPLANTATION OF CELLS 2.0 FIEid»/@z08itzs193

INVENTION 5 100011 The present invention relates generally to medical

deviges UsrSDIBORUD RRIE\BHR. (M RIOEHSARD FBNIBIYEDER ARG YR UsES

useful suirst@IesTIdor & PAKCUBL X E BP0 RTRINE S e posItions

of biode gERIADIRASHR SIAAN S BT URIENEND MR g WRIT A'EROHUSE CELLS
ligands. Moreover, the invention relates to methods of using such

coipositkIRE IO RTHENNEBNII®Pecific subpopulations of cells, cell
cryopresli@/ tion, ex vivo maintenance of 10 cells, and cell therapy. 3.

0
BACKG D OF TRFEFRAVERVPIEN 250 2ereralin o Btediedl o vicss oadeia vive
celb el B RBRAGISHE AL MO YRES RN ARG 5 %a&%%'aen&)ffgwy the

survival and proliferation in suspension culture. Among cells particu

suitee stk esesleoniounovalf BeRGelB KIS YRR MR BRI SES R W njugated with
lymphomas, 15 and cells transformed by chemical or viral agents. In

contrakive dssads daporen tisalventivatreleitich reduide sfanitigenalyectopasitions for
substratum for suryjval and proliferation of the cells. Among cells in this

|atfBF EAREIYT e Sandmantledngs of pllsacetherePesrrvaip iy SoIrirseiaee of

angelgogﬂr&@s&ggggd, adherent cell types such as those from liver, lung,
brain, etc, and espécially progenitor cell populations from solid tissues.

Freguently, ' ent to 20 extracellular matrix
co?n%gon;ér)ll gﬁéﬂﬁﬁﬁﬁﬁﬁﬁﬁ%e, hormonally defined media

to grow gosbgyr surviveukEReHRGGCREMRNANER AP eHRERISIRAEHE B,
collagen or laminin or can be proteoglycans such as heparan sulfate
prayeey (ratgcihepbn pbsitiovebfthgroliforation allyushefisies ovieeia Janong cells
unique to each cell type and to the maturational or lineage stage of the

ceRAyB2HH R Ft Sy arode p rdvghvisn dife dgfévsrhlierbasnierp prddymphomas,
(U ERERR A BRI BRI B2 NG 0SR0E DULINEN OIS tra

some requirements that are distinct. ese ex \VvIvo require

varaith rdieseicaaidy RESsThaY:hay R eeRvdelitedRU-ME IREQ s, Among

* cells in this latter category are adherent cells, such as those derived from solid tissues and
non-transformed, adherent cell types such as those from liver, jung, brain, etc, and especially
progenitor cell populations from solid tissues. Frequently, such cells require attachment to

- 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 distinot. 'fhcse

ex vivo requirements of various adherent cell types may have been defined but even when
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I WO 2005/021730 PCTIUS20041028143 defined are not readily scalable;
that is, they can be established in routine cell cultures but are not easily

weeddnoakirscal therapies, in mass cell culture, or in bioreaclggrlsf[t}g%(}%%gs
be used clinically or industrially. Moreover, the conditions that work for _

storégfeofadine rentigethliype siasischhas aryepesenvaliaiodlie TP RRHSAN ut are
when the cells need to be recovered after 5 thawing and to be used in
variBUERy sef i dinkahibrenice chgveg apeculiitn er méihvag dorhstoragetefised
the gells long-term,.for arating one cell type from another, and for
e R, RS o RSea fos O e [oBap ol
Biogggtadapls W%@B&Ygrp%ﬁﬁ&éﬁgg {ALHRYS qlgég%g B0 Qf\g]eodna er
the most extensively investigated biocompatible and biodegra able
polyaeisgused Bdufed ilisarieue RGIRCTRIACL dMER:H CLORGLAONRY HOXYds for
acid) family of polymers and related co polymers. Some of these polymers
are FPpEootisp thione:-om. fosetirritiaewse calhiss fheyaarteased As theiling of
mo%tmf%a?ible starting polymer materials in the present invention.

Howevar: tha SR e SR EsiR i dUeisholymers remains problematic.

[00041 Cmsitions rer%i' C\|,0 e% Qser in Q%;t address,
issues 15 associated @Vﬂ%ég%ﬁéﬁfo%%%gl@cfe;%n Eerﬁ ce %e#%%éreﬁ)?%’l?ﬁﬁﬂﬁg'

un m@ﬂid’m@@dﬁﬂ@ﬁm&@eﬁpﬁ{%% o8l Rresspiatie @n@@&@ﬁ%@%@ﬂpﬂ}g used
medical use of cells. 4.0 SUMMARY OF TIIE INVENTION [00051 The

disdtodisresprairicheism doicttanniaclalpte-podyine n ddirtiettyce beAmRRASIieated co-
compyrising at least one biodegradable particle, at least one receptive

groBYBEFE ove Sl RTRely st ate 2epTavad bt ey cindinivn weleBsts, they

one receptive group. The receptive group can be any suitable group,
o el R ) PSR D0 PR e,
a st Qs :hiol B BQiEHma GRrRaRYdLaiE, & synthetic ligand,

protein A, protein G, or a combination theréof, The receptive group might
itself alsojdoe4p ligandCompasite:niahiganthteceRigintedaetoN it address issues

associated with anchorage-dependent cells, thereby fulfilling unmet needs relating to sorting,

cell preservation, cell propagation, and medical use of cells.

4.0 SUMMARY OF THE INVENTION
{0005} The disclosure provides a biodegradabie polymer particle-cell
- composition comprising at least one biodagxadable particle, at least one receptive group |
covalently linked thereto, and a cell anchored to said at 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.



In an aspect, there is provided a method of cryopreservation of

anchorage-dependent cells comprising (a) allowing the cells to anchor to

a composition comprising at least one biodegradable particle and at least

one receptive group covalently linked thereto to form a mixture (b)

freezing the mixture, and (c) thawing and recovery of cells from the

cells-polymer particle conjugates. In another aspect, there is provided a

method of separating cells comprising: (a) providing a composition

complisirEitgadesne Pioddgradaghopaftiwraskeasiond rpeeptvedependent
cgioupmaaenty dinked dhrpselgisableashane livesssdkadshoreshignatderst: one
Lone U&ggaqﬂgve group, ap? ag least onet,cell not anch re}d tgeredto and gh)

IETHBVING atfeast ohe RelFhot BRERSTEY too B 5iodEg K p%?f%ijeﬂﬁom 4
nystiandthercasgabe, iverecisupl ovidiedvanpreth og oforydpris éxvatierealfs-polymer
paRehoragesAependent cells comprising (a) allowing the cells to anchor to

a composition comprising at least one biodegradable particle and at least

one reBePREGASE cdbERe ity RNidsd theretboth ofoirhaitils sipijne (@)
pheddingathenmixitire cdapiii 2808402303003 €T UAERGRAIO2 8 9 s{ GO & ceptive
e dealpseaing mehied GLayoRRoenalion IRrANChoade AeRBngent oy,

cells comprising allowing the cells to anchor o a composition comprising :
gt st bRBiddagrarrapredghemife it fresrnyitaaniisupacigethaot anchored fo -
iRy esaReR@hsyitakle cryopreservatives. The cells can be provided to

intera twigh tht garticleﬁstf;\s a.5 sub%agtiallxéﬁiragl cell suspension,

[OOO??IAPJSGO Y BBl -2 e th U O B ARG RIS LSS h PO ity 22
dancofspostioncurmprisity alideast drvecblbdegradiable polynpes;tat: leastrising at
1enRe Jeceptive grawrsavalent:linked thereto, At Ieast,ane.calhanchoregd 19, 1

said at least one receptive group, and at least one cell not anchored to
TaHTP AT NS AR PedEptive FrdtB® and removing the at least one cell
not anchored to the polymer. Moreover, the polymer can be fashioned
into a macropatrticle, microparticle or nano-particle with functional receptor

2a
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groups. [0008] Also disclosed is a method of cell culture of
anchorage-dependent cells comprising providing a composition having at

wigassoperb5 biodegradable polymer, at least one covalenfy-4iRke8ho25103

receptive group, and at least one cell adherent to said at least one
receptivél8itiup; anslsoditattied)ithisctmpalitierpmitivestin culture medium.
[0Q09] Also disclosed is a method of cell culture of anchorage-dependent
celfS BSHFEIAEP BRERALRRL SoRBRRTSSHISH Palinerl feawtone 2@mposition

bi radab lymer, at least one.covalently linked receptive group, and
R R B P R R e e G ey
thinamesslion it colepenedinang Whelshe ool comprises
at least one of a hepatic precursor, a hemopoletic precursor,parﬁ%rs fdst,
a mbésentchynindieel]augpstdiag. cell, an endothelial cell, an epithelia] cell, a
neuronal cell, a glial cell, an endocrine cell, or combinations thereof. 3
[0010] Alf¥ Hisclosed\iscaltrdateiont ofethsdibfespimatierd of cell therapy,
cochBWrising ,administgring to the subject an effective amount of a

cofposTiBn CEMISHSITG i TRRLY Ofe BRRIETat 4B 93651)ioteeratehinnelomer, at

reganiye groun YRR Rlo. A4l lsgo g ol pnchared

to said at least one receptive group. The polymer for cef tharapt &4 aeast

fashioaegtini@aul) AGIQP AHICHR: RICHIPARLIGIR OKLRRAQ: E%&tjggrdgéﬁgve group
disclosed is the use of at least one biode'a adeable particle, at least one "’

regepiiveeyalp owasiontyelinkeenthereie; trddtrheast@nsrcqel-aa6hRIesn
to,said at least one receptive group in the manufacture of a composition

foPtHERIREHT Y A ATHIREE i e R e tharapat e sithefymetional receptor
D RIPTION OF THE DRAWINGS [0011] Figure 1 illustrates
conjugation by direct coupling with s-amine group of lysine in a protein
receptoroges) Also disclosed is a method of cell culture of

anchorage-dependent cells comprising providing a composition having at least one
biodegradable polymer, at least one covalently linked receptive group, ang at least one cell
adherent to said at least one receptive grouf); and confacting this composition with celi
cultare medium.

[0009] Also disclosed is a method of cell
culture of anchorage-dependent cells comprising providing a composiiion having at iea-s‘;t. one
biodegradable polymer, at least one covalently iinked receptive groun, and at least one cel}
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 Drecursor, a hemopoietic
precursor, a fibroblast, 2 mesenchymal cell, a cardiac cell, an endothelial cell, an epithelial

cell, a neuronal cell, 2 ghial cell, an endocrine cell, or combinations thereof,



[0012] Figure 2 illustrates conjugation using a polyethylene glycol residue
linkage. 100131 Figure 3 illustrates conjugation using a biotin-streptavidin
or biotin- avidin coupling. [0014] Figure 4 illustrates conjugation using a
biotinylated polyethylene glycol linkage. [0015] Figure 5 illustrates
conjué%ﬂw‘ h usingAdsspeciessépecifieoeBetdndary antibody linkage. 6.0
S%I%;I;ﬁlﬂLf%%[g&% tlﬁéPTION OFE THE INVENTION [0016] The present
invention relates 16 a conposition AAVIRG S BBl suapteheiRie amount
Saaiepiyeanyaaietda diacepiv iR pigand. Morcowendhe . oo,
invention relates to this composition in further combination Wlt|1:l acelf, &P
cPhaeodil taedanchorest texthacrarentiverigandieh gLt RELEReNLIYE,
ligand or group can be an antibody or antibody fragment against a cell
Hiirrabeanteg erlichyeer probedrskividiirdostroptayidii]co rrec hitiric @i abyo-
The,composition can further comprise one or more components of extra
p(?gffﬂ?ar matrix, e.g. collagen, fibronectin, laminin, or combinations thereof
The in@é?ﬂi%*ﬁ%éig & RRO'S00BI0LE736 PCT/US2004/028193 relates to

blﬂd@ﬁﬁ@ﬁﬁm HEEOE SUcha &M@;ﬁiﬂ@@@&ﬁ@é‘%%qmﬂéﬁ%%@ Qxﬁd at least one
e %Ptlgg?oofai elltslacér%/o%eservatlon' of the cell particle combination, and

cell cultire of AnchorageS HepeRashtTalE, 8 {50 T HRERIRIT O NSOt BT for
tr@urgmh<freepiormomnatly defihédmpedium for diploid cells (HDM- diploid

cells). This medium has been found to elicit clonogenic expansion, colony

formation or complete cell division of digloid subpopulations of liver

Sdarerfthinidr E&fi< H]Wé%ﬁm B4Ry rich basal medium (e.g.
RPARJRHE A 1) oo o S U GO
of lysing in a protein receptor.
j0012] Figure 2 illustrates conjugation using a polyethylene glycol residue
linkage.

[0013] Figure 3 illustrates conjugation using 2 biotin-streptavidin or biotin-

avidin coupling.

{0014} Figure 4 illustrates conjugation using z biotinyiated polyethylene
glycal linkage.

j0615] Figure 5 illustrates conjugation uging & Specieé-speciﬁc, or secandary
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 fo 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 recepior, an avidin, a streptavidin, or a biotin
moiety. The composition can further comprise one or more componenis of extra cellular

matrix, .g. collagen, fibronectin, laminin, or combinations thereof. The invention also



10 ug/ml), and with a mixture of lipids (a mixture of free fatty acids bound

to highly purified, fatty acid-free albumin; an optional but useful addition
can also be high density lipoprotein at 10 ug/ml). The details of the
Weeasatuaoof the fatty acids is attached herewith as Appemrdixuéecdbozgios
[00191 Embryonic stromal feeders as defined herein are mesenchymal
TS BRbAdk el [SoRhVepremPeiprfonielsrisnend relidendformipatic of
cellsi | cells derived,from embryonic liver; there is some :
e O S O A R 8 et oo
havepdiinegithe age limit in rats but not in humans (e.g. the embryonic
stroma are obtained ideally from embryonic rat livers from gestational

ages E13 20 E17). In humans, we can make only guesses as to the
corresponding gestational ages such as human embryonic livers from

week 121888 gestatBFERE@NS no data from this lab to confirm that
speculati owev ost importantly these, feeder cells are
age-speg%?clz,égnd thegerrrg}gs%waeétl\?e gfé%égf%]??jor?ﬁ%?ﬁ’b? JSHROlkess GENg-
cagipisl caik§) "reel e AAPROREn BiamaLtesl ding E&V%Jﬁgm,m&%?formaﬁon
embryos and used routinely for maintenance of 25 embryonic stem cells
(ESr cetip)e® bell 8iVE aaisipiidotpopultive tidisamacatiaiaselh Ws medium
2005/021730 PCTIUS2004/028193 embryonic liver stroma but do well
enBUgHt Sfzr G BRI e e M HASEHINIRG 18 contairing wrivppmy and

f IG ti 0020j CI enic ex ' defined
0 et N T R R e B el o pEERBE ™ (1
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20

25

. e colldish) |
evem @B/ Mlowisassingdensiie s iimatehd. 6o Ualish 02 Hége%9 g%%}é‘xed,

formation involves the formation of a colony of cells from the see
bufaitwastidefica dibuiteat auopberbbud visfunaditgical ik baahrivisigngoprssin at
a relatively short period of time (1-2 weeks), The cells cannot be

subt BRI TRs dmrils of e PoriRécR R ke Bty aridion ateba hior it rpaydix
incfﬁ)_rporate differentiation steps that preclude 10 indefinite cell division

and subculture.

{0019} Embryonic stromal feeders as defined herein are mesenchymal stromal
feeders cells derived from embryonic tissue. The ideal for hepatic cefls is stromal cells
deﬁved from embryonic liver; there is some evidence, albeit vague evidence, for tissue-
specificifity. The inventors have defined the age limit in rats but not in humans (e.g. the
embryonic stroma are obtained ideally from embryonic rat livers from gestational 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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[0022] Primitive hepatic stem cells as defined herein are pluripotent cells

with clonogenic expansion potential and with co-expression of cytokeratin
19 (CK19) and albumin (i.e. biliary and hepatocytic markers, respectively)
Vi @pca@bsehce of expression of alpha-fetoprotein. In humastingnoss/028193
lineages from fetal livers, these cells also co-express N 15 CAM, Epithelial
CARREBIE AR Eome bbde 3aiheneueh teibnvertisitaiysethnm th evotitbung to

culture plastic anq in IS—H:%MH; Ki§)|ojd cells, [0023] Proximal hepatic stem cells

re
(al o ]jcaaﬁgal?mﬂe%g‘f(% asots‘f A SR e} Ferein are pluripotent cells with
clonogeniggypansiopipisatialaadwith soaxPressioma! t8¥£ﬂ'§%{§%§?]b%

(CK19), albumin, and alpha-fetoprotein. In human liver lineages from fetal
20siberiiyiniond ogisdaitereneipeoasat-EANMvERilingats#iM (RRradhh

and CD133 and will clonogenically expand on embryonic stromal feeders
(e.ff“éiF@'cells) and in HDM-diploid cells, [0024] Committed Progenitors

as defin Qinlﬁeérein ar éinriﬁ(%tenttproger)itor that can give rise to either
hepatocii e (committed He S a8 i S S GRS PP Bt oL Rl g s Stpm the
CeU&é@@@migﬁ%Wyaﬂﬁgmmar Jﬁh‘?ﬁﬁ&%g ! l%% 88&%%%095 over
embryonic stromal 6 WO 2005/021730 PCT/U 04/028193 feeders an

in teBdediptordpestis oftimeticlonrckst Thbestisamatobogapitaby xRN at all,
under these or other other conditions. 100251 Diploid Adult Hepatocytes
(alSBIEE IFRTa RS RISy st desinep i diErecaiotisitlsteps that preclude

hegg%%%/g%%&g%sriangedén% from 15-20 um, that express various adult s

specific functions él.gI.1 E feglycogen), do not express EP-CAM, CD

133, or No3AM, andPMx’H‘J@lﬂéﬁﬂ@&%&lﬁdﬁrﬂﬂﬁ%ﬁmgQﬁﬁpméﬁpﬁ%ﬁsowith

ideally if plated on embryonic stromal feeders and in HDM-diploid ce
butlfunvaicsuppisonentadiaitin epitlesmakgeomithe faatrerdRQF ek 19-5
ng/ml. [0026] Polyploid hepatocytes as defined herein are hepatocytes
thabyra™ G5 B Bensteariifamrdiersaerapting iy bukan pbesr@2 N expression of

deﬂ&l@%&&ﬂ?ﬂ@emek%%gamn %'\',%‘{Hiié’fg%'se%gn fetal livers, these cells also co-express N-

CAM, Epithelial CAM (EP-CAM), and CD 133 and will clonogenically expand on tissue
culture plastic and in HDM-diploid cells, |

[00233 Proximal hepatic stem cells (also called hepatoblasts) as defined 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



16

15

20

25

These are the mature cells of the liver and have been found to undergo
DNA synthesis but with limited, if any, cytokinesis under regenerative
conditions. [00271 Progenitors as defined herein is a broad term
waongsingsall subpopulations of stem cells and committedgerpgenitfiSsi93
15 [00281 Precursors as defined herein is a functional term indicating that

a s[fﬁéﬁffca%lﬁ‘dé‘%ﬂé%ﬁ%?e@élﬁ iisuzsclre el §thtp an okbregstibplyputationnder
of cells. For.example, the primitive hepatic stem cells are precursors to
thetﬁ%sﬁgfoqgfgrs?@ ?hcmﬁérﬁ’&goblasts are precursors to the committed

progenttofgizd)e dinlois Ak BAPAIBRKISR AR RIERM SR NS BRI, ineg

hepatocytes. 20 100291 As used herein, the term “cryopres

relatiesitouihiéiflae nipaal eolis angion §58 WRsUBAR a0 MRSt A rous adult-
maintain the cells' viability upon subsequent thawing. General techniques

for SIS demhinag dheoPERIK. arlgonmsikémuvheirptire BREC3AE, @033, Doy /M, and

al., \gel%sé%lgi% Cell & Tissue Culture; Laboratorﬁ Procedures, John
Wil 8y €8 RROMER RIHES YR LT B B ARG ()it pded ey @isitromal

Bio : | nn, Baston, which are incorporated
e B R A ot
Thedgsyagmsakiampolymer-ligand conjugates of the invention are termed
cell-receptive particles, or more simply particles. These terms are used
with all d#¥B6Himentdrnivid bipdegyad ablefpslmeisigahehooojugaiasre
including, but not limited to, direct antibody conjugates, conjugates to

frag AT SFanamesfeR BiRRIRSan iigos isirrendies pudbrammmppbsnwsaies).
i R R G S AT

t
spacer linkers, such as, but not limite ers and anti-a

conjigaiaied it RFDARATION: RERALEMERSIR0311 Several kinds of

biocompatible and biodegradable polymers are suitable for use in the
current ifd@&tion, incRuekemjtdo asisfiliedibeditoispdiylactide cafprising all
polylactide-lysine copolymer, polylactide-lysine-polyethylene glycol

c oﬁ%‘f?ﬂ?@ktﬁﬁﬁfﬁwm célls and committed progenitors.

[6628] Precursors as defined herein is a functional term indicating that a

specific subpopulation of cells is a precursor to another subpopulation of cells. Fof example,
‘ the primitive hepatic stem cells are precursors to the hepatoblasts; the hepatoblasts are
precursors to the committed progenitors; the diploid adult hepatocytes are precursors to the
polyploid hepatocytes,

[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. 2.,
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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alginate and proteins. Suitable proteins are collagen, gelatin, poly-lysine,
laminin, fibronectin, or combinations thereof. One embodiment of the
invention uses the poly-(alpha- hydroxy acid)-lysine copolymers, and/or
wolygaetidssco-glycolide, PLGA) copolymer. PLGA can bemetivaigst #1903
coupling reagent such as, but not limited to, glutaraldehyde prior 15 to
coupling Wi#A% mino cBwtkirdemaratlnae oresrigeia sqdeitat oRberavistionns
Grotth, 1{?9@ BiomateriaIFj 18: 1495-1502). Biodeqgradable PLGA polymers
may 150 B ESEMEPIRE A imSTE FITRIE BFithteimaStEpTs fsnesd Bithaler

Profgip R EERL SR RILRCIANALIKET S1ER a5 J&MZ@&U’{{?@;W ")I%% gLy 1o,

propionic acid, AEDP) that is a commercially available linke t

presiest inveaticiniiieeo A pipha-yrigxs e Gitkrkavily ohmaly s A8 viotin
copolymers are 20 also used to prepare biocompatible and biodegradable
be&dsivertsefibsendetarcraiietive epniugrics Hieds prdvidtimertia s cdaetibwdcuite long
of degr a é)arti ,Ies.(500321 As used herein, a polymer, or

I I
poly %ear}iirfg%e?r%?, T%’ CRThativtde FER s ATS Ao oragreiitton
products of the RONNRT A& BRShIIAIMRQN-toxic to the recipient and

also present no significant deleterious or untoward effects on the
recipient' 28 body, strvlradadightficantpinivi md bigitata@attimyaicibere
injection site. 8 WO 2005/021730 PCT1US2004/028193 [00331 As used
herifblp 9EBYiadbLEr AT iR Boliirsitermoviiied adeobiastidae in
vivg to.form smaller chemical species. Degradation can result, for

R o e e S e e SRR

bi0%@&@%:&@@9@@6@@&%0@91¥M&1H%@M%@@&[ SRR, BRERO by
way of limitation, poly(lactides), poly(glycolides), 5

polfitimetictonco wiybakites) thosly| dbitcmbid)s1ep0tf (htyicoditiacie)s the poly-(alpha-
poléglactic acid-co- glycolic acid)s, polycaprolactone, polycarbonates,

polf IR acHRHs  puRRtREEReter bifettidisehisotdn Shfereopplymer.
B B e B R RN B IR i

[00341 For example, and n on, biocompa non

biogegpaabiahehimeismaiitap i o eiiihe BiesetdRyaiiandeslids og7
non-biodegradable
Biomaterials 18: 1495-1502). Biodegradable PLGA polymers may also be coupled with
amino groups of protein A or protein G, or other protein receptors by bifunctional linker such
as (3[(2-aminoethyl) dithio] propionic acid, AEDP) that is a commercially available linker. In
the present invention, the poly-(alpha-hydroxy acid) family of polymers and copolymers are
also used to prepare biocompatible and biodegradable beads without surface reactive groups,
thus providing the a core structure of degradable polymer particles.
[6032] 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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polymers selected from the group consisting of polyacrylates, polymers of
ethylene-vinyl acetates and other acyl substituted cellulose acetates,
non-degradable polyurethanes, polystyrenes, polyvinyl chloride, polyvinyl
wioasdazpaty (vinyl imidazole), chlorosulphonate polyolefmg-pRlyaiivsns;
oxide, blends and copolymers thereof. 15 100351 Further, the terminal
functionalfd&l of a polynred bemibtiedetifigeblFbneanaheplenpalies s datde
be blocked, unblocked or a blend of blocked and unblocked polyesters. A

bloBiEL R SIyEe & fRra sallesbar spsrins iRagadatenssr ssnela i eaomrje by
plogisiha GRS LRI NS. PRASIAY B BlasKng AP dn dethehl

from the initiator of the polymerization and is typically'an aky1 group.
unblogked elyRster dtaagiclassically 20ydeiinaddonthethBRas ieA Y ycotides),
having free carboxyl end groups. [00361 Acceptable molecular weights for
poBAyErstigserd-glytetidesk selytiastinaviihn pan(Pecditermingdlipfaatipecabooof
ordilr;gé}g skill in the art taking into consideration factors such as the

de&ITeY B AT M PULEPRIATiEH AR cyhOmtes R BEtRe el iR Paly orhesismical
strsags@e@aa@r@spgfyméﬁ%&*ﬁ&@ﬂeﬂw&s@s&; imgm%%gg:eg; gl

acceptable range of 25 molecular'weights is of about tons to
aboytoR@e6 BeddRaltons. In a preferred 9 WO 2005/021730

- PCTIUS20041028193 embodiment, the polymer is a biodegradable

polymer @Ppolymdicneremplorang sty sy efiibuititieertiicteepoiyinanis a
poly(lactide-co-glycolide) (hereinafter "PLGA") or derivatives with a
e R et A T N

weggmm@%d%rgmh@@sw@&gi@a%zgtga%g@gge%@{'@%n&g@gﬁm}qg?nyl

preferred embodiment, the molecular 5 weighto e

presankinveptiendaswmolecunieighiek o300 Daljeramiaabout
42,000 Daltons. [0037] In one embodiment, copolymers containing amino

acheFintRrRsaealvany| deasidainslysinh tustidsimelyivind drpdiywirdriddutasithhonate
Iactgcf ai:igrf%onia%l%kmonome.r, the glycalic acid-containing. monomer, or
anb OtHEV I SRS RR AL R APdSARARERTTS ¥ Polymerization. As
examplefyoag 1actic A RIAURINGLMRRABRES FR AR S 09N e For
example, polyesters can be blocked, unblocked or a blend of blocked and unblocked
polyesters. A blocked polyester is as classically defined in the art, specifically having blocked
carboxyl end groups. Generally, the blocking group is derived from the initiator of the
polymerization and is typically an alky] group. An unblocked polyester is as classically
defined in the art, specifically having free carboxyl end groups.
[6036) 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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glycolic acid containing monomer can be a glycolide. The reactive sites on
the amino acids are protected with standard protecting groups. Similarly,
the polymer with protected side groups can be deprotected to generate
WERUS®2amino groups. The de-protected poly(lactic) acid-ly&Rgsien4/028193
copolymer can be further covalently coupled with receptive agents by
coRfBeXtimEs therrolepelisn bissvardbapdimysiovpsiduesito fask sieatd
tetheg%gig)%]{u ates after fabrication of the ﬁ?pl lactic) acid-lysine

¥

copolymarintd dBSHARIAS 8Rbleeidrtdealyq TIRARSIRREAS prderivatives
reGeRiy OIRUREARDE A RIS B HAINA B ok Imited dp. an aathodyy,
antibody fragment, collagen, laminin, fibronectin, avidin or streptavidin, ¢
a shigll nitesubethg e @4RdRCI AN ghel Widio biinited dan IRt ARE moleoutar
RGD-containing peptides, protein A or 20 protein G. [0038] As used
her&ightiob thhfibgdiasintherptant thforiondinameiprdsentighivention 5,000
in ﬂeh btlgtagget gég%t d to polyclonal antibodies, monoclonal antibodies
(MADS) humanizéd or éhithric antibodies, single chain antibodies, Fab
fragme“.‘l‘@ﬂﬁab')’S%:%Q@r%ﬂ.mtf%gﬁl%% BEaMER 0N 8 LR with reactive
expression library, anti-idiotypic (anti 25 Id) antibodies, and'
epsidpehiinsdinch ialyshenis 0b-poYyHéiba ahaveetid MG SRR GhiREr, the
PCT/US2004/028193 [00391 As used herein, a small molecules ligand
grélSaLeoRE-ReRiR g mrReRTeE A weightoheregre atdr dsanliOyeeRudatiaif,
more referably Aess tha]n 5 030 dalton. For example, combinatorial

O £rI1

teOTog A Eaf e bR TS S A A RO BRTSEF AR & stidsnd the

smallore anice hema ides; e lly.e.9., Kenan et .
a?%ESl Trends g%%ﬁ?r%ﬁ%c 19:5H7%§f g‘g’f)g (g%%%%e@éﬁit?%teg .%hné)r%‘?fds
37438t R8 v {(hIQAYarGostonngoadupd. BharlaGNeRboRHid3aRr pALted side
(1994); Ecker et al., Biotechnology, 13:351-360 (1995). Such
COFFRYPR:ARIH28 fitrattelsip comapisURts temmbe gsagsadihderpreptiacpolyiliptic)
in the ,present ipventio . Random peptides can be provided in, e.g.,

recomBanty SYBFESEL HEPSHRY ey tvalid withiessatirieprsats B qpniugating
Vit U@ﬂﬁ}?ﬂﬁ’iﬂb@aﬁﬂoi’ Wﬂéq%sﬁggg tﬂgﬂ%‘?%gt %%%%%c%%{%?g '8 %? fabrication

Wilson et al., Proc Nat] Acad Sci 98:3750
of the poly(lactic) acid-lysine copolymer into desirable porous particles. In some

embodiments the receptive group can be a protein including, but not limited to, an antibody,

antibody fragment, collagen, laminin, fibronectin, avidin or streptavidin, or a small molecule
ligand group including, but not limited to, biotin and RGD-containing peptides, protein A or
protein G,

[0038)  Asused herein, the antibodies contemplated for use in the present
invention include, but are not limited to polycional antibodies, monoclonal .;intibodies
(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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molecule ligands also include those mocules such as carbohydrates, and
compounds such as those disclosed in U.S. Pat. No. 5,792,783 (smalll
molecule ligands are defined herein as organic molecules with a
wibteemarmeeight of about 1000 daltons or less, which servecasudigasisios
for a vascular target or vascular cell marker), peptides selected by
phage-didB#ayl15 tecHwibtd deseiohramah owdeddsthiad ot 8.dRabaNgg a
5,403,484, and peptides designed de novo to be complementary to

o R e R Bt A0 P 9P daton

tumor-express receplors,

targeliRg. AEALRSmIARAN A MRS DELEIR. NREIRY {RE RIS SIS 0L o0l
to the peptide sequence Arg-Gly-Asp, it refers generically to the Class of
miritraficrCeraipejgtisie aokuencesmi shalanesiate mpasificdniemastion:
with integrins. Thus, an "RDG targeting sequence" encompasses the

entirERsRiechimn sy rlA-birfditgUorhalles cDite ttivigdalimole STl 2B 1751 (1994);

surface of the gell.i own 1o facilitate uptake_of the molecule,

oo Gereen A e e I A s A sy, 1335136
Biok: 83528 R e AR 4AA94), Hlpualoaln lBUeas REGIORGRN o
Goldman et al, Gene Ther. 3:811-18 (1996) (RGD 25 mediated a ehovira
infeotien) andhtdartRindbm Geriged harbdpia 20, (O TedRanmesiatedd

11 WO 2005/021730 PCT/US2004/028193 transfection). Thus, a .
tard@fi§demathais Aty Shmaesivilt iictiae mmnshteamblied tibrader fragn neRNA
welé any. such tarqae/t#no%%ignals are known in the art, One cla

. ] lass of
tarGShng LRGSR stnic LsprsifRLifees RESEM AP om e, Small
ext tri | ign uenc
P e A AL LTS
a Steradbied istVaIPAlady 8l 10K Vi3 \omSBRdVeakBoahd arC R BINHIRAL. s
153:94-104 (1994). [00411 Figure 1 refers to the hydrophilic nature of the
lysitganisidagiecties Wihampitsalsovgithicpf ebmtid Al dplioseeddn, arhish seotiss
megdium. [00421 As depicted in Figure 2, to extend further the capacity of
the €8RS SR BT REIBFI Y FrHaRse fieriamaerE s salinine by Amps sl

pﬁll%gﬁnwsgg%&wg%sg &g%r'%b%c'i).-rlig‘fﬁﬁfﬁgm.bﬁaﬁﬂ%i}%% DY SO ed de novo

chloride and analogs, and coupled to
to be complementary to tumor-expressed receptors; antigenic determinants; or other receptor

targeting groups.

[6046) As used herein, the term "RGD" refers not only to the peptide
sequence Arg-Gly-Asp, it refers generically to the class of minimal or core peptide sequences
that mediate specific interaction with integrins. Thus, an "RDG targeting sequence"
encompasses the entire genus of integrin-binding domains. Directing a molecﬁle to the
surface of the cell is known to facilitate uptake of the molecule, presumably through
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

131
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primary amine groups, such as, but not limited to, epsilon-amino group of
lysyl residues or a protein, thus forming an extended linkage with
three-dimensional distribution and structural characteristics. Linker
wiouwtsreseé various lengths and linearities that are commepgipdiéanes/n2s193
available, are suitable for the invention, so that a variety of surface
distftiifisHerhrERs Histesting fomaiy iratyyohiiekeils seushreasiewithaitibn domain, as
Iimitati'lf)rF{those commercially available from, Pierce Chemical Co. are

e

suitible T0r iSEth RS THHetiRBHIS P e BuBRATh S ok fsestinaigpals, which
SUCRINKREBEHGHY 6R.TRY RSy Ries] sing routine synthetic organic .
chemistry ri]e#:%tds a\%% able to thos%ﬂogﬁ s%g# iﬁgtﬁé %l%%?gluﬁéé%ur 438 tie peptide
distsipulissyehteoaptive AiEasijsap (RS tast ﬁmee@xs@ﬁmmﬁm&é@ RASi%g 2
and distribution of the cell-targeting 20 receptor molecules on the surface

of tRFs Rt bstyitletde- i IR A Bh S ah W slistatd., Gistritsution. 053 adeloivessd),
cluster si[tleq@dadopted must be sufficient to enable cell contacts that is

important t0-&&ll growkHFHRd Wi benckoridn mi<ed hedvsmelidyacte:
Cimo ks helcdifhing r Gl BIREHaMISY u~356:155§1§n1..)' The surface

distribution of receptive sites can be rou mg}l)? d&termined on a case by
case basisd] the speaitiepfell pizebeing ARESIEAUSINGAA SRR co
assays available to those of skill in the art. Such characterizations include,
withelymany et proeiny (0 RETE S 200dp02 81 B3 diks) tatinmthylene glycol
determinin\])g the binding of radioactively or fluorescently labeled receptors

tardeted BYHGEE Wipbiiddy shifembehlogdrasagioss andisenakeiayem,

G., D). 99. Biomaterjals.20:45-53: Massia, S.P., Hubpell,

oA ek P A SR Ly ey St WL g or

an@h@iﬁ:,_(ﬂl@-ﬁﬁﬂﬁ_§ﬁlﬁ;c?t?ndé@@x@cMﬂ%@—i@%ﬁs&ﬁ?@%ﬁuﬁgn?alﬂzs“):mml

and binding analysis of immunofluorescence labeled antibodies of

surfhwectattiptiveitkaspeciens.ofVaisialefihs, ddibinatifidsAhal 99 Lodnferthily

Biology 114:1089- 1100. As illustrated in Figure 2, depending on the

stratitRG AR e IARE R theiaiatich foljahieyatisinoh sudnndisnbrtisniehed

lin ith single or multiple reactive.groups. The linkers are . ]
'%%E?]ﬁ’é’ﬁle %%éq'pc%)ﬂrpfilr&grsas%cgina% w1&0uyﬂmdtat%og tl’l 38 lfg%&fm e”(mgabie

preferentially ilic, an e expose que
be e PerdCacaRaS eI INEAI RSSO HANRGHBEEINSS the present invention.

Alternatively, such linker structures may be synthesized using routine synthetic organic
chemistry methods available to those of skill in the art. The surface distribution of receptive
sites is an important property affecting the density and distribution of the cell-targeting
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 differehtiation, 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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6.2. FABRICATION OF NOVEL POLYMERS INTO SCAFFOLDS OR
BEADS [00431 Another important aspect of the present invention relates
to the fabrication of the biodegradable polymers into particles, beads,

filaesomroseatfolds. Porous 15 particles of a size up to aboutp%q%ma 4028193
micrometers (microns) can be prepared with the method of the present

invelittitation drsovinng theibindintioi riiteiabes, wetsoaboaatlifyirgdhesustace
porosity, the internal porosity of the particles, the degradation, and the

disti SR8 OB PrEARLVET GRS (DS, RubKem bAp Medkambryegef thdnoney, D.J.
b Bl nas' ,tarS;[er acroparficles, are prepared by a
o e S MRl ot 20 L bR 1

NaGhomysimilaesdyetalnastclgsigha.Asiing E ,%@seﬁhﬁlng@%ape%q Q88nce

may have size ranges including, but not limited to, about 500 microns,
aboRitiSB8 Titréib), aipbhitd6@GmiGioninahoio&esmiRENRS:aDaILIAE of
microns, about 750 microns, about 800 microns, about 850 microns,

aboTE BB FHRHSHERBLG o s atHiar Sihs, HbbeX. Jabd Hlelofel] Bintesy11080 089-
mic , icrons,,or larger as the need arise. This
metqr(\?c?gs' c%ggyégs%’%gﬁr}%%uég ’s??ﬁce:?%lreg UPOR Teac fﬁﬁ%? r‘fél; SRS

crysigisnes solvent Kheseniaicliasaisionof dhge %%ﬁtligywa%@gmws. The
polymer. 13 WO 2005/021730 PCT1US20041028193 100441 For

fabrigkers proprpéeraeielydiydrephdifiend ednduteRPdo talbgueobORIionONEs becoming
termed microparticles, an emulsion of a polymer of a defined formulation

is AFSPEIRELACOMIRIPBIHIERS %S queous media in the presence of a

vaporati o AT UL F L PR A I SERRBI RN

polymer microparticles may have size ranges including, but not limited to,
about 200¥A4idrons, aboeth@5pmicro ageaiydbdftsemidronsioabaitSh0he
microns, .about 400 microns, about 450 microns, about 450 microns,

abd it sBtRAEIHE CdtErediblapopsThisfsaricless heuds.thbar abssaffolle Porous

o s Ao dhi hrpegod
of the present invention. Moreover, the invention discloses ways of modifying the surface
porosity, the intemal porosity of the particles, the degradation, and the distribution of surface
reactive groups. Polymer particles larger than about 500 microns in diameter, termed
macroparticles, are prepared by a low temperature rapid freezing of polymer droplets
embedded with NaCl or similar crystal particles of a defined size. 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
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10 typically delivered by an ultrasonic atomizer. (0045J The polymer of the
small particles solidifies that low temperatures and the solvent for the
polymer is removed by a second or third solvent. The polymer
wojcopasigies may have size ranges including, but not limited-19s 3pOkMsn
microns, about 50 microns, about 75 microns, about 100 microns, about
125 micrdPé@tdhbout 180 fatckatisy efysuticls df7bsizidronsbabaot 2B out
microns, etc. Thus, the particle can be macroparticle, microparticle,
nartSRATIErES 3P BiSHBRidsnefrerdisoma{a privpRERicatsted oendrtivads

into,fi i j Il fibers. 6.3. DIRECT COUPLING OF .
B8R ARSI BSIR s S RIS Pt e Gontinoed

- (LSt b PRI (R0 4Rh REREIRS REIURER SF 8RN N, leaving the

conjugated to biodegradable polymer particles or scaffold using
croestiining iclagiatiti iaimBrpptiersuitidipaorioksinay hutevite oatgdinhitatinngy, but
are antibodies, avidin, streptavidin, and extracellular matrix proteins,

pepRaLS EBIARTAL RCTroREaRrie raifantarbeutG0U Mo LRRane 9 S0 microns,
targﬁ&ﬂﬁi&?ﬁké}gﬁ}%cﬁl%‘é‘ﬁc%‘é’, %l&ﬁr% %?épo%s%agoaes %?n%rrgn%géc Small

conjugated with epsilon amino groups of lysyl residues of the copolyrmer

prepeifharpatticiRulynien kead 2o faerihereRniMing.a R ABHRAYOkre prepared
other protein tethered to the surface. 14 WO 2005/021730

P Chy upgi2bolispasgnggolmverietytioh éoo flindropitontsy elepsaividkaldehyse,
but nat ljmited to, that are commercially available (e.g., from Pierce

ChERIFREY C8) A B LB ESi#the antibody or other protein to the
biodegra polym le, 1-ethyl-3-(3-dimethylaminopropyl
W ?ﬁe_ﬁ%ﬁéaﬁ‘%e Sn:ll'aﬁ ga&c% saﬁézﬁfﬁr{%agfg tFa r?é:%}/tig%s and

carbodiimide hydrochloride’can be reacted wit

in the pleatiaalRipdlfirantiaaiyd 6y tbamp@igin andiherhagiges, The

tethering can also occur in general as a two-step process using .
6-(BarpRItR 4% ey hesieysiaeima)siecdadiog: tac b Nishiyell ox yheusinikaicls, about 50
ester. In this method, the particle is initially reacted in the dark with the

suCHHRMTR LG SRSt LomitP e e 135 aigsersy sty SArvisenny, epout

OthﬁrS Q&%&%{{g,@oout 200 microns, etc. Thus, the particle can be macroparticle, microparticle,
nanoparticle, or any combination thereof. The polymer can also be formed into fibers,
including hollow fibers.

6.3. DIRECT COUPLING OF ANTIBODY AND OTHER PROTEINS
ONTO POLYLACTIC ACID (-LYSINE COPOLYMER)

[0046] Proteins of interest can be conjugated to biodegradable polymer
particles or scaffold using cross-linking reagents. Among the suitable proteins, but without
limitation, are antibodies, avidin, streptavidin, and extracellalar matrix proteins, peptides
containing RGD sequence, protein A/G.

[6047} 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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added and coupling is initiated by irradiation at 250-350 nanometers to
produce a reactive 10 nitrene. The nitrene inserts into nearby molecules,
including the antibody. Unreacted reagents can subsequently be removed
Wy washingovith agueous medium. [0048] A number of othgigFgagaiis,thak
cross-link primary amine groups are equally suitable for tethering

antiBodySY efrriPlirs terderishtadadiratidshy frativies imihddmghat are commercially
S-acetylmercaptosuccinic anhydride; S-acetylthioglycolic acid N-hydroxy-
suc%fﬁ%ﬁg? ;fe. 'té}%?mléeffpa@(‘i%’gcéﬁgagaggiﬁ e R{FBRIeht AR bethsF. protein
N-(foasidasa-piliahe pAoMaX ¥hsuecininiden IOmOasEic At opropyt
N-hydroxysuccinimide ester; dimetgﬁlll?/l 3,3 -%itgiao- bis%%ropio%piﬂ?ﬁ a{te)
dihyerioetiioii diydioigtinige pim bl reicrierithysifoctl ariddl dipethyin the presence of
suberimidate dihydrochloride; 4,4', dithio-bis(phenyl azide); 3,3',

dithies BIS{Ep R RiRea erale i Ay e anstislese iRl igtiesiogedn aléndon in general as a
glycol-bis(succinic acid N-hydrgxy succinimide 20 ester);

A e R R N T RIS
aciduki IO NS URCHRMEG RSIRY pﬁimglﬁlmlﬁiaqg(?%@t? 399 dark with the

N-hydroxysuccinimide ester; gamma- maleimidobutyrie acid N-hydroxy
sucsinimid@lestaenepsilpH malethicoodT 0B beigh M yaiBXYSHCAIUNBIIRIN is
ester; 4-(N-maleimidomethyl) cyclohexane- | -carboxylic acid N- hydroxy
suckifrhite spdingds (Ritieddnirrsindanyt RE) éhesaemstirciarbrostydicaaeidtive
3-sull 025 Jr\kgxlﬁ%cekréignsiggsester sodium salt; beta maleimidopropionic acid

N-hydroxysUcCinimide astar "EArNBesGbE 0 BT AP eerRTE a0 Amadted
bis@@u%x%@uﬂg&ﬁ@w@f}aﬁ%@wQ@E};{H}»&&%@J&Qé@&%ﬂi@pfOPi‘?”iC

acid N- hydroxysuccinimide ester; suberic acid bis(N-hydroxy succinimide

ester); an@o48p(sulfosuiecimbmishdihstieegaie (D403t pexpiNGnle groups are
antibody or other protein to biodegradable particles 5 can occur at various

corfeBrtyatrgaicor kefheing revRa PubutP1wein e bibdrsraigbBnartiviendncluding:
f.about 10"5M is used. [00501 The

em%%‘gimr?nrétfcﬁh? Soncentiaton ote . - shockpmi -

antibody Concaratan canygoegﬁév%eéﬁltgﬁgb?% RGN BHioaotiecaymide ester;

MOACRE B ARRIR G GRONAAD SRR REEAGS ARG BT and
succinimide; bromoacetic acid N-hydroxysuccinimide ester; dimethyl 3, 3' - dithio-
bis(propionimidate) dihydrochloride; dimethyl pimelimidate dihydrochloride: dimethyl
suberimidate dihydrochloride; 4,4', dithio-bis(pheny! azide); 3,3', dithio-bis(propionic acid)
N-(hydroxysuccinimide ester); ethylene glycol-bis(succinic acid N-hydroxy succinimide
ester); 6-(iodoacetamido) 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;

15



50 mg/ml. In one embodiment, the antibody or other protein concentration
for the coupling 10 reaction is about 2 mg/ml. The particle concentration
can be between about 10"10 and about 10'2M lysine equivalents. In one
eboshimest, the concentration of particles is about 10'3M HySiR€2004/028193
equivalents. [00511 The surface distribution, the length of the tether and

thePSERARRX G Mt tisimideor sermastl R -ammByditioleronionis midtdins,

an |l surface markers can be.15. ified by those skilled.in the art
e e e S Py HARETEHaR Sty tne
biogleghadakisnhRalyeitatbe antibody. One such polyethylene glycol
linker is described above as bis(poly-oxyethylene bis[imidazoyl

carbonyl[R0¥%e specifisityoufitieot etlibsedonotieopiesiprabibaeiBEpintedes
the cell selectivity of the antibody-polymer conjugates. Fragments of

anfiBbeRE HoPER AT REG 5 phmsortlikeiemiabmbiAg Fabruatd 2. In one
suig%‘téloedlfr%{lt@mg&% e%gratggn%%%es f?@f}&'ig ‘psgglmer. [00521 Monoclonal

antibodies for use in the me of the present invention can be

obtainedbysepy technieuindaichoRsaniales O e dHGHON 8f ADIRPOMY about

molecules by continuous cell lines in culture. These include, butare not
limAeagonih deydshit pmteint eolvaigudoofckiaiz e mreh Milstcimg (MNafid @bout
256:495-497, 1975; and U.S. Pat. No. 4,376,110), 25 the human B-cell

hy Rt (e gk feribdhetiibodiprofel gy mureasenraten foghe oming
16 WV 200%{0%%%%PC£15‘L3J%20 4/028193 et al., Proc. Natl. Acad,,Sci.
USK BT P8 B 0908 Ts 3 BRETR S BV THAGH A SRR BT Gle Bcbont
Mondsiqpahdvatinarias AMchCancRiIRe mx&é&@@ﬁﬂ&ﬁﬁ%&&?&%ﬁr&ﬂm

77- 96. Such antibodies can be of any immunoglobulin class includi
9@ sigMgidaielgsd, IgD and any subclass thereof. The hybridoma
producing the mAb of this invention can be 5 cultivated in vitro or in vivo.

ProductiiPd high titEe Briasadistivwion faleagtitibibnéethmamdntiyoptimization

preferred method of produgction. [0053] In addition to the use of
o T S P A

anHRAHESH b SINRRF BRI AR URRYISS MAYASERRHFES: Aycol (PEG) linkers for
coupling the biodegradable polymer to the antibody. One such polyethylene glycol linker is
described above as bis(poly-oxyethylene bis{imidazoyl carbonyl]). The specificity of the
tethered antibodies primarily determines the cell selectivity of the antibody-polymer
conjugates. Fragments of antibodies, for example Fa, or Fyp fragments, including Fyyr, are
suitable for tethering to the biodegradable polymer.

[0052] Monoclonal antibodies for use in the methods of the present 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. 4,376,1 10),

the human B-cell hybridoma technique (Kosbor et al., Immunology Today, 4:72, 1983; Cole
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chimeric antibody is a molecule in which different portions are derived
from different animal 10 species, such as those having a variable region
derived from a murine mAb and a constant region derived from human
vropwasgiadsulin, "Chimeric antibodies"” can be made by spligifg;sd¥6.4/028193
genes from a mouse antibody molecule of appropriate antigen specificity

togethelRithagefead el h N2t e abb A Shoted the BY dppridpriatechnique
biolqgical activit , Marrison et al., Prac. Natl. Acad. Sci.,

o1 e oSN TRETR B0 S oGuil P15 Ko i (10 4455h 8. 77
Takpda Rtalin RS 131t ?%ﬁ%ﬁﬁoé@ﬁﬁiﬂa&?&iéﬁ&ﬁﬂi%?i%E}ﬁGESIGgQ IgD

[0054] Alternatively, technigues described for the prodtction of sifgle
chaid aantiiotie shieegt, TheSyRatoMGrddBd Oz AHSmRBY df @BIBRERIon can be
242:4_23-426, 1988; Huston et al., Proc. Natl. Acad. Sci. USA,
85°8WTHTIBBIPIBS: vrmd Vveshed tenaif hightitres &34454 4 546 mAe8 Bis aind

for making hymapized monocjonal antibodies (U.S. Pat. No. 5,225,539),
caﬁrﬁgﬁ?ﬁg‘)ﬁ l#eget‘gnf)ertgﬁ%nﬁgpgm‘bﬁgoﬂhain antibodies for use in the methods

of the prewest i”Ve”ti{?qui&)&Fé]cﬂQ&Q%fm&?ég%ﬁ%%*&ﬁe@?ﬁ 'Céegﬁ%%a%m

coated with growth-permissive, natural extra ar matrix

crossdinkedninfothinsno atiiscivfase sagl-anehomapednierllsto heueatrix.
Thus, these ECM-coated particles provide an attachment support for
arfetiBeag antbgstriela molkshis T hhigihdifierentserivisars duevebiohtdiffimehanimal
the ECM 17 WQ 2005/021730 PCTIUS2004/028193 to the particles using
mERRBET SRS PEREE At AU E RN YRCRRYE &MY BF e R 2 fiensymt

coJL@%raeﬁ%@%ﬁmnkmn%ﬁsti“@ﬂﬂﬁ%ﬁ‘%&%&;@o% 'e”m%ﬁ%h%eaucmg

embodiment, avidin or streptavidin are conjugated to the bio egraaaBI

patiglesbifoatassoliskingbedimwiease sTisprropsing rpthags slandageie: Wen

art. 5[0057) The polymer molecules can be cross-linked to protein in any

m&piise fremmbiaan foiprdymalstivie ehmiprgptie ta bndvginadansi the (sreddatrison et
ion._For example biodegradable polymers can be cross-linked

| o
P QYA it L OBt e NUPRGEoH i i N AP 1856
W, QLTS RIXRLSS AN RIske iR Rolecyl ?’1;5?%@539,@&5 }“”C’“O“a'

cross-linking agents include derivafives of aldehydes, epoxies,

succinindes, Alternatively, techniques described for the production of single chain
antibodies (e.g., U.S. Pat, No. 4,946,778; Bird, Science, 242:423-426, 1988; Huston et al.,
Proc. Natl. Acad. Sci. USA, 85:5879-5883, 1988; and Ward et al., Nature, 334:544-546,
1989}, and for making humanized mpnoclonal antibodies (U.S. Pat. No. 5,225,539), 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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10 carbodiimides, maleimides, azides, carbonates, isocyanates, divinyl
sulfone, alcohols, amines, imidates, anhydrides, halides, silanes,
diazoacetate, aziridines, and the like. Alternatively, cross-linking may be
wohigmad by using oxidizers and other agents, such as perjQdatRsai¥iiehvs
activate side-chains or moieties on the polymer so that they may react

with hehertsideusingimstiormoistiesitatkorm the BMddinkingibonds (A variants
additional method of cross 15 linking comprises exposing the polymers

andfsrlRes S Ransstit e aEn BSPEHRRIATRERSN, to activate the side
polymer mit crqss-linking reactions. [00581 Caonjugates can be
formed biegg/%gl(ran biodegrada %poe%ﬁgfg’sa‘é[ga’ %rsot{%é%r?g‘?g%fﬁ%fﬁ&"ﬁﬁtf%q the

limifiagkieadaoiy pleinaé ARHAFIBSRRANBCRRARIMIP RGBS GBI R dard in the art.

antibodies or fragments thereof, collagen I, collagen lll, collagen 1V,

laminin, fil§fsRkectin, 2bapdtimerandsstieptay g nroSs4inB O ofdiAThl (N dkmer
REACTIVE GROUPS ON SURFACES OF POLYMER BEADS [00591 To
préBRIRIS SRR AREYR ROBIBAIBATEIE B A e RIFSERGIRXSIHRPORSF xgmple,
anhady. e NIeseREDyentgn epvisions use of the biotin-ayidin complex

or biotif%{-':l strep z;wldin:S %neé%rﬁrgasn@% %fﬁnér%goéﬂﬁgo%@c%%yg mssqulgg agents

biodigighadainatpakticlets witnaen ReierHng 2 YR iZ0404ds’ ?lgtempla
PCT/US2004/028193 to Figure 3, the epsilon-NH2 groups of lysyl of the
copiipations dsidimysatemdntsimnip dudtomtivrs eb pidpldia | bpeviai) algleinimides,
biotinylation reagents. A suitable commercial reagent kit is Sigma product

BB e Halsimifes e dRA-RETPRBHHAY st ek ANinH SR iéIn @ lerhisls. a
I 0 on. d is found in, f le,
c eﬁ%(ﬂ?éﬂnl?@é@ﬂﬁﬂé%&%é‘%ﬁ aa?%ﬁag?%%?a%oa%ag%, 9&%@&49% oY

the commercial kit BK-20 Sigmay). Upon incorporation iotin into

thenhipsieigsnd Q- HAHE al2ySRRFARIY bP ERRGGERN WERLRR OfRRTROGY ag
with avidin or streptavidin can be reacted with the biotinylated polymer.
Thesasdaies arttiforpfi eonjidlgateinoriaieististive Megiobpaniditha ity ody react with
conjugates can be prepared by standard methods using, for example, the

ord: ‘?‘iiﬂﬁ?ﬁﬁ‘ailéga"é é?ﬂgtr@t@&%d%c}mss-linking bonds. An additional method of cross-

linking comprises exposing the polymers and protein to radiation, such as gamma radiation,
to activate the side polymer to permit cross-linking reactions.

[0058] Conjugates can be formed between biodegradable particles and
proteins including, but not limited to, polyclonal antibodies, monoclonal antibodies, chimeric
antibodies or fragments thereof, collagen I, collagen IM, collagen IV, laminin, fibronectin,

avidin, and streptavidin.

6.4. BIOTINYLATION OF REACTIVE GROUPS ON SURFACES OF
POLYMER BEADS

[0855] 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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10 [0060] In an alternative embodiment the biodegradable polymer is
covalently linked to avidin or streptavidin using cross-linking reagents
such as carbodiimide, or other reagents as listed above. The avidin or
wabrapsaeitisy-linked biodegradable polymer is then reacted peitts2004/028193

biotinylated antibody to produce an antibody tethered, albeit
notfchigare Aiie rpstive-Nidoeeresiireypolyim eppsiymerersidsinihtpdoshiggretom
4, these methﬂds al!ob se. of anx 15 biotinylated antibody to associate .
it GO RIS R R ERRRTTI Rt sept e Siome
sutfaeR Rt [ATgSiRich GElk SUHAERIRAUKEE B RnGRHRL NG QL uses, a cleavable
ANTIBODIES BY ANTIBODY-ANTIBODY CONJUGATION [0061]
Rebeniindpiowdgdnigunthbuan aliefnative, &maadishe Moot i OK .- 260
for antibody tethering is illustrated. Figure 5 depicts use of a

5 spétimuaspdpmdnsAmIstipn af detdiatiagaimise thiedeeiadabio nabyraen weirately
targeting antibody in.an animal species different . from the one used to
R B B I & e i S e e e
anumqmagﬁmm@%éuamma&geaﬂj& QUSErd IS IR A e Jay
monoclonal antibody raised to the F, marker of mice. The anti-FO
antigoigescan Bepdipect b amjigd eetiddwiting erpriyliasireacksy-lilysine
copolymer or activated PEG linkage of the copolymer, thus creating an
anfidéeRfsdisitd @B%%rgeting the respective cell surface markers.

10 Alternatiigd})zo the 191WO t005/.0217 0 PCT/LéESZO 4/028193 .
species-Shectic antiboHEI TV BRoiTTRtdbe Rintseradrbls mplyaesis covplently

the;avigia mdﬁinﬁram@mwag%m.m&mg bégg@ﬁtpa%i%@%a@f;fdﬂ#ﬁ&g%% def2y

Figure 5. The present invention™ thus creates an antibody surface
receguriting dsgdabpvef ahtibadies shafngitheigeabpidogaslo foaime 8 then
advantage of this method is that the antibodies against the cell surface

mdPRERS Bithbitsiatetebraiberiné tiedpesiphrsttibedy sideedatisiivinontatensly, to

need af prior.chemical modification. 6.6, SELECTION OF ANTIBODIES -

T A%fc?fé‘%ﬁ@ Eﬁ%w%ﬁa’%ﬁﬁﬁiﬁﬁ li:'gure 4, these methods allow use of any
15 biotinylated antibody to associate with the streptavidin surface, thus producing an antibody

tethered to the surface that targets a cell surface marker.

6.5. COUPLING OF ANTIBODIES BY ANTIBODY-ANTIBODY
CONJUGATION

[0061] Referring now to Figure 5, an alternative embodiment of the invention
20 for antibody tethering is illustrated. Figure 5 depicts use of a species-specific antibody
directed against ‘the 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, menoclonal
antibody raised to the F, marker of mice. The anti-F, antibodiés can be directly conjugated
25 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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[00621 In the present invention a wide range of antibodies to surface
markers 10 of hepatic cells and non-hepatic cells can be used. These
antibodies include commercially available antibodies, antibodies prepared
o thes/mventor, and antibodies prepared by others. Thesem#tibodiamgas:
include antibodies to ICAM- 1, anti-ratRTIAab" or its human equivalent,
antEERS Pagifip awtipodissiberhe Sinsiniaset g, thenibmiliesad ot faditon

receptors, and antibodies to glycoproteins, 15 7.0 EXAMPLES OF THE ]
COMPBRIGHIE RN REESRTEE RURKFHO 68531 ThePrhingon
SpegificRIRMRISR G RIRMASE: LBl aﬁ%ﬁaft%ﬂ;%ag%h%{ﬂé e/ AOUSn F,
aspects of practicing the present invention. As these specific xamp?érg

aredenetel\illudisative onmib ingiad th enfo RWINB SRS RHONRROWIRE markers
construed as limiting the invention in any way. Such limitations are of

courdebedefipred wunhe byl yheretisiapenfaing ifouw tismsed7of ptisG Eh@icAIHE
BIODEGRADABLE POLYMER-ANTIBODY CONJUGATES FOR
BINDTRIE S CELLS AND ISOLATION OF CELL POPULATIONS [00641

The polyggr p%ﬂﬁ@él‘?ﬁhefﬁﬁwﬁﬁi@ﬁ?ﬁ%ﬂﬁﬂ‘ﬁ& YI8ERFATE

markers are inQAatR e Reth suspensions of a mixed population of cells
under nearly physiological conditions. Thus temperatures between 0 and
40C, pH B¥8tken abduths pragenbbvtipns: atideisoasmitasthation® angags athrkers

In one embodjment cells are incubated with 20 WO 2005/021730 )
P C IR GA0 28 85 A ESL 8 6t FedsbiiF e opppercially

abqulinfetEiyales Bratndl: ?Q‘Bkﬂe&” gy RINIES,0 I%il"l%%%ﬁéb&%@%epfgﬁ%rg?ég others.

antibody-surface receptor interaction facilitates the binding o

cellmnteetheipeiymen beads st dryenionenyisionsrintersdtipnofmitiple
cells with each biodegradable polymer particle, or the interaction of
seVrATaTEr epsiitie bratibledwvishtBising letesihsormihydietio heve factor
between. On sklg% in the art can adjust the surface density of

antiBEBIEE ARGAIREIEISY IR YR AEWSer to optimize interaction of cells and

P EXAMPLE
. S OF THE COMPOSITIONS AND USES OF THE INVENTION
[0063) The following specific examples are provided to better assist the reader
in the various aspects of practicing the present invention. As these specific examples are
merely illustrative, nothing in the following descriptions should be construed as limiting the
invention in any way. Such limitations are of course, defined solely by the accompanying

claims.

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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multiple purposes. By these means a particular population of cells as
identified by the antibody is attached to the particle-antibody conjugates.
Thus, the particles permit a facile separation of one cell population from a
woxespeyadation. In other words, the present 10 invention geRgidMiR% k193
positive sort method and enrichment of a select population of cells. The
paitittislenintiody «onjaieaeatrbem BG0any dhelt B nddeks B Gatibeusdit,

or degletion r?roce re, that is, tq eliminate, cell populations considered

ot T8 BE o iRt B 0ERSYY RS AreeP oL IRRE R i tikeies Shtikindipe of
IOO%lﬂﬂs%%lii‘?@&@blﬂy%?b@_%ﬁ%@EMMPWB&Q%@FA&?&?QP%MW cells with

conjugates are used fo 15 isolate mesenchymal cells, to separate them

fromadithiedgelthincioniner bafaticopmgariketihn IhvwaltislaatiReMeads with a
conjugates prepared with antibody to mesenchymal cells are incubated

witFinglegrbooaly poigalatior emmaidnsghiied snbh pmedncelisst Atitenrface density of
incubﬁti n the particles with adherent cells are isolated and seeded into a

celFELEIE RHRNIEIE 8 Sdbande QRImpATRETHO Ot pRsyRdrcanany of
forrﬁ&‘ﬂﬂ?@{ﬁr@ egat‘r'ﬁf B{%g ?r%?! EL ert?cmi 90183?1%%89 ol 5301129 ?ctiggtl;ﬁed by the

compartments. When, in this example, the compartments have a

contigbidyssmadhad OMBGEHRR, ATHHAY EXMERIR, MhasTHRIBWRIK bdigh a facile
then the remote interaction of hepatic progenitors and mesenchymal stem

celtsprrationefvae c§)0eB]latwe Herticleixdanbiatios diebariebrds,abd preamell
population by anchoring the cells to the particles. The cells anchored to

the PEPIRRASTSHP SR ARRSH LS Rer e hash tbeprsbaeab S a fpkshpagrlation of cells

engdpering sellsagndotheli Is,.or.any anchorage-dependent, 21 WO,
20051021730 Pc#uséoé(% o%%@‘%%é%@%%ﬁé‘ £ acRatYs sor, prdepction
biodegkaca e Rawickneak bal %ﬂﬂu&@@n@%&ﬂf&%cﬁ%&ﬁ%@%uw using
including hemopoietic cells, hemopoietic precursors, erythrocytes,

le usiridies sdlesteinidr (hogstrariculeelspdatibsells that do not have the

surface recg%ors ta;rJgBeted by the antibody-polymer surface. 5 7.2. USE
OF THE BI&bEGRADAISPE e eEReAReIEtis ol FIBIRFEIE ORI to

Exts\ollla\{eomgsynlﬁf-lx_y%gllzce s'? topéell?z;l;a! e %;DC olfnLother cells including hepatic progenitors.

The particle-antibody conjugates prepared with antibody to mesenchymal cells are incubated
with a mixed cell population containing mesenchymal cells, After incubation the particles
with adherent cells are isolated and seeded into a cell culture chamber with separate
compartments. Other progenitor cells, for example, hepatic progenitors, are then seeded into
other compartments. When, in this example, the compartments have a contiguous media
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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CONJUGATES AND THEIR USE IN A THREE-DIMENSIONAL
BIOREACTOR [0067) Biodegradable particles conjugated with
extracellular matrix, as 10 described above, are incubated with
wochesagerdependent cells. The use of extracellular matriX,providess A2g103
favorable growth environment for anchorage-dependent cells and permits
facirsliraisfestio relcihehospbindhorisofipmdeble motitkiver toaap atitemchorage

Mor(fov%;, thislmethqd ermits easy expansion of cell populations and _
eas§ BARMISY d?%‘é‘h‘}%%m%ﬁ%ﬁ? BeEroRRISHG AFSHREars erythrocytes, leukemic
anchakages daRRRHs lRelR A SN R aLUsa YAl A5 he biodedradable,
particle extracellular mafrix conjugates inc ud?ng epatic precursors,
mesetisldypatyarlsutaasenchymal precursors, muscle cells including
cardiac cells, neuronal cells, glial cells, fibroblasts, stem cells, epithelial
cells, and’éhdoPEH AT EHEE RISPEGRARAHDE RRLOGERFA NKIBOTItable for
growth on partiGERIHG AR I QRN P lf%ﬁié@]@)@g]l’ﬁﬂpﬁﬁmlﬂéll
combinations aﬁﬂ%‘%ﬁgﬁlm SRR ST R & DOREEIHYSAS Qe
uc aA

in bioreactors. uSe provides for flow of nutrient media and nutrient

gases to grwenherentmglcpapiationiansrapgnarchineas. himatahelies

and metabolic waste as necessary. 7.3. USE OF THE BIODEGRADABLE

POHesiER 1DREO BE [ BON M GATIES FORCRMCIR DB ERY A EKDM DHar

ANCHORAGE- 25 DEPENDENT CELLS [0070] By attaching the enriched

celB3B L S HEYP AU mBIH SR PutRopFDt dos secbipascigandmtirelis radensemits

INvVenbRRLRARABOTINAYS dheruvival and tecovery of MR e 8 hod

cells. Earlier methodologies for the cryopreservation of cells are’

SuQrendi a3 M 200 EI01HREE HS R0 482 8195 Jar hsmaraietic

cells that normally exist in suspension, and for cell lines, that are adapted

to cell culfs8] but wiknsoeristisrodamshorag slchepdntieiis el ktypiis for use with
ion of anchorage-dependent hepatocytes by the usual

Cryopreservai | C
B o B i e s

mesenchymal cells, mesenchymal precursors, muscle cells including cardiac cells, neuronal

cells, glial cells, fibroblasts, stem cells, epithelial cells, and ‘endothelial cells. Moreover,
endocrine cells are also suitable for growth on particle-extracellular matrix conjugates.
[0069] The particle-cell combinations are also suitable for growth in three-
dimensional culture in bioreactors. Such a use provides for flow of nutrient media and
nutrient gases to an adherent cell population and ready exchange of metabolites and

metabolic waste as necessary.

7.3. USE OF THE BIODEGRADABLE POLYMER-PROTEIN
CONJUGATES FOR CRYOPRESERVATION OF ANCHORAGE-
DEPENDENT CELLS

[0970] 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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removal agents, leads to a very substantial loss in cell viability. Moreover,

the cells lose their 5 differentiated character and there is a loss of ability to
attach to solid surfaces. The present invention applies derivatized
wiodegverlape particles for anchorage of cells. The particlep@Xiaseligk o3
matrix conjugates are provided for cell attachment, and then exposed to a
vitriffeatiomeseieritoelsohpreventljcexist ystasforsiatian A SelitAiNE that are adapted to
cryo-preservation or_ vitrification solution includes 5 to 15 percent, typically

10 pettefiRaimaHRoREKitE AR fiRseAsH sl sresmE rertesaium of
A0 erbakvasiticeon s SeTIRISESEn DRLCCRL ) St or o

sulfoxide in defined mediu IS, not containing seruim o

Moraavsi thenpartiderboung selisde nat had (2RRe ORI M IDR 1ose their
particles after thawing. This improvement is an important one, since cells
emiskdercntinted kbirativend tiate ird dossichabititettraice Hubaso Hdattificed. The present
alginate, must be resuspended after thawing to be of 15 practical use for

modF FEREAYRRP SP EREPHERALEASE Il BirYgitrdot ang et el Bhe particle-
el AR AR IR RIS Gl bl o
the majority of cells. The cells are especia Fy sensitive’to ﬁanalln Sid
highlifrifiderepidoncRzyenaticed teniaentsnomodiaiahi.alie cenvemtiang!
cryopreservation and thawing. By avoiding the enzymatic treatment after
thawititiicttierceiietion itisludse & dis ldrperernt ypioatlyritbpestefihtimealig) enB0idbev/v)
particles can simply be rinsed with cell culture medium and used

im R STRTENRRROER A R Fith LTS R At Rncalion ApPBYE the
i funeti horage- dent cells and
suryiyalang, c&nﬁta%e%{%x& ﬁ%%{%gﬂne s ltﬁ%‘ggﬁffgg‘éc@ﬁ%@s@%m or

streamlines work of cell-banking and cell-typing.

BIGilshd? MIABIE, i PartbIIR dniréa s ot K I /e Rehfe e dr 4 4 bikrticles

- TRANSPLANTATION 25 100711 In yet another embodiment of the
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pre et havergio Rhigianestmsasioint epdrvemiorsiprovide anteldst imsanstive
foro%r?%%a%%%)%of enriched anchorage-dependent cells for 23 WO .
20 ESrrasHoaIaEte st Handsidrsitsreeordetager srawing to be of

biodegradablesnglvierareeinagll %Sdisr.“*%d'a%%d dir%&%ﬁ Ino,Blood

vessels or recipient organs. The polymer is e&gng’a to eﬁraeae into

conatitiediately afier thawing almost invariably results in loss of survival for the majority of
cells. The cells are especially sensitive to handling and highly vulnerable to enzymatic
treatments immediately after conventional cryopreservation and thawing. By avoiding the
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

[0671] 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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molecules that are naturally present in vivo, in synergy with growth and

maturation of the enriched progenitor cells and the formation of natural

extracellular matrix and tissue 5 structure. Moreover, the dissolution and
wetezianeeraf the polymer materials is envisioned to minimigetheR696\8193

of foreign body rejection. 7.5. CELL ENRICHMENT BY NEGATIVE

SORIREA P2 [Urniasesalbiedesedblinadymet-pypreinienls noieplaiit directly
uniqrtgﬂe f’)(fl&gtifiabke cell surface ma#égrs, a negative sqrt, optionally an

I t

itera vessels or recipient organs. larggmg &e&m@ﬁ%dﬁg% info constituent

0
ve negative SOIX[, an en (gﬁ

POPMIAtiQNes AR CXE MRy %%&%Jml%?ﬂ@%?»g?%ﬁ%@gﬁ%ﬂé‘ﬂl&umﬁm of the

particle-antibody to glycophorin A (particlée-Ab(GA)) “conjugate is prepare

by theichethegsmiesctibacdahofenAicubcinatiabysinglecalhsuispension of

107 embryonic liver cells at a concentration of 106 cells/ml is mixed with

0.5 Yriretgvditirtour gt tiselnticng derprgand iRy obuissmettindly issittioned to

conrtI%xt IS n}ﬁ?nt %hat a }eas%tﬁbgut 15 70% of the cells are unassociated
Ter¢ AP E Sbstantially single cell suspension

with otherce ﬁr?nlgrﬁé’ em
has at leags abquk PR NhiERMERTURPRIQSIIROR A gL cells. The
mixture is incubated at 24C for one hour in defined medium (HDM)
consistind®f 2l 1:1 miktgrecofHeuglbdetrdaribiifiathds agleihiviegilgne akdtifiable
Ham's F12 (DMEM/F12, GIBCO/BRL, Grand Island, NY), to which is

ad &l SHHG/MATEE R (OGBS SRR IORAGRIY, 59Ty A sxpich the

nsuinGiana)f A BRAClRsans (Rlamel 1090/ romsaurated

transferrin (Sigma), 4.4'x 10-3M nicotinamide (Sigma), 0.2% (w/v) Bovine

Serum Alfaman (SigmeapidaeeblvRadiMeIsaRIOLI 3 bRk artRle-Ab(GA))
iseq/1 free fatty acid, 2 x 10-3M glutamine (GIBCO/BRL), 1 x 10-6M

CuS@neaixis pregie 2SO bl destibiot eboTth eAcelistasivibininge irllkaspension
superngtant and not attached to the beads are cultured in fresh medium or

subfe e85 S S fOBRETR 02 2AAIO o BBBlapTAd with 0.5 g wet weight

07 e e e e I e e R R e s
70% of the cells are unassociated with other cells. In one embodiment, a substantially single
cell suspension has at least about 90% of the cells unassociated with other cells. The mixture
is incubated at 24°C for one hour in defined medium (HDM) consisting of a 1:1 mixture of

Dulbecco's modified Eagle's medium and Ham's F12 (DMEM/F12, GIBCO/BRL, Grand

Island, NY), to which is added 20 ng/ml EGF (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-mercaptoethanoc! (Sigma), 7.6 peqg/t free fatty acid, 2 x 10-3M glutamine
(GIBCO/BRL), 1 x 10-0M CuS04, 3 x 10-8M H28e0$ 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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identifiable cell surface marker, a positive sort, optionally an iterative
positive sort or a combination of a positive and negative sort, can enrich
for the desired cell type in the 5 population. An exemplary case follows.

Jaox63081 iedegradable particle-antibody to ICAM- | (partiche-¥k2004/028193
(ICAM-1)) conjugate is prepared by the methods described above. A

single céfsuspPEREi ENBIGEYIERNIHYIMMSITE'ESMRITHG@oncentration of

106 cellg{plis mixed with 0.5 g wet weight of particle- f%ICAM-],)
conjugate. The mixtgnrgaiv’gsir‘?’cﬁ%aateﬁlgat%%?é r%?cééh tsoﬁpﬁ% FHRREEYO

miehan:kid B eRs ising:Of sodidl R sy IheceRis  padliied Fagle's
medium and Ham's F12 (DMEM/F12, GIBCO/BRL, Grand Island, NY), to
whiotbis: iefdefch BasitigérmidE@Eti(E aitabar ativeh BiomediisialdRetcusi $) 15
gg/ml insulin (Sigma), 10-7M Dexamethasone (Sigma), 10 pg/ml

irGARE Y FriFPRSTRiiARY; 4.4 x 10-3M nicotinamide (Sigma),

0.2% ine S, Al in (Si 5x 10-5M 2-mercaptoethanal
(Siama 8115 qecla 1A BB SRR A R AT
X djORkEsImEMred ¥y ks BMkAs aa0dbandaRtialies. Iéhes&s%gﬁsﬁ:“%?qu to

the particles are cultured in fresh medium. [00761 In another example, a
biodeyraiddivie paititle canttooeiotoBPCAMAhi(paitielewith 0.5 g wet weight of
(EpCAM-1))/NCAM-1 (particle-Ab (NCAM-1)) conjugate is prepared by the
mEHEaNY g SBBGE S R AT TS insHiisisdisheiE Soroebeytiddofmed

particle-antibady to 20 AM-I (particle-Ab (EpCAM-)IICAM-1

(p;%é?ét’?g%? I %R/Tﬁ%gc%%%ga%xl sr%?éqég}ﬁebécf ?:S)))Ef fﬁ%d'i%l‘éd[%élg HREHBegd

alrews 1ISuehmiodagmdableonaticle-AtRagy i) @uﬁéﬁﬁpmemq&%haap
ce

identifiable cell surface marker can be used to enrich for the desire

ty(alisbtifiveanstalinal Badiéi) 2005/ 2468 Bihly) PEONAIL8 1R bk -
CELL CULTURE ON PARTICLE-ECM CONJUGATES [00771 A

PEIgHaYoN abhapaicaeganieseats enpithaky a0xMeMchite (Sigma),

incubated with biodegradable particles conjugated with collagen IV in

HDIM (@6l agems eparticlemargiprepas /d Biihemeihacdnaka sdaied
500 micron diameter particles with a

neq/l free fatty acid, 2 x 10-3M glutamine (GIBCO/BRL), 1 x 10-6M CuSO4, 3 x 10-8MH2
SeO3 and antibiotics. The cells attached to the particles are cultured in fresh medium.

{0076} In another example, a biodegradable particle-antibody to EpCAM-1
(particle-Ab (EpCAM-1))/NCAM-1 (particle-Ab (NCAM-1)) conjugate is prepared by the
‘methods described above. 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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5 collagen IV to particle ratio of 0.02 (w/w). Ten grams total wet weight of
collagen IV- particles are suspended in 500 ml of HDM at 37C, with a 95%
(v/v) air/ 5% (v/iv) CO2 atmosphere. The collagen IV-patrticles are seeded
Wiithod 9@ trepatic progenitors and the medium changed evaiy3esnngidans
The particles are kept suspended by gentle agitation. The culture is
monitoret for (i<t BIERESINPSRGESLEBIT M CONIUOSETES
concentraiion and 10, for cell.growth by determining the DNA content. New
growing ?ﬁzgces are‘&‘pI?0 \}ll? é%]f?}?ﬁe P%y\?v?ﬁo i lﬁ%@snef/‘ %ﬁ’ﬁﬁw‘lj’ﬁ’@’sﬁeﬂ“’d 1
PasHEIBAOHIR tibdBradms BiGc QA4S el PRGN ATPIE VP WA T -
of hepatic progenitor cells enriched by any method'is incubated with
biceegietiablesparithe sheanjthgdtetbveith yoshesmnyiathetiasuitablericles with a
specialized matrix chemist%{?enerally present in, without limitation, fetal

forfR28t iQParfirerstiatidkie Qe disa sepatnnbrrsarsishiphieatiaaen IV-

e S A 87 A A g b AR
celfmakpnuiag 1 KINARERUARIRIRANIGIRR A% # 190HRXAPISEndoR B d the

cryopreserved by resuspending the particles with adherent cells in a
sofutitivm ofii@ed ¢vévy stirvetkiyy sUlopirielin HERDeEptRRERY HAgIaRkItation,
aliquot containing about | x 106 cells to a sterile ampoule or vial. The
an%ﬁﬁl’é“ﬁ? FimoRitap roprritaltahelifarby apnges epkbmdalieotremiyeniyation and
re éJrcceﬁ at al %Ut d1_C oer.minu%@é)etween about,-80C and about - 160C.
The CallESPET R R aP AIRE be TRIFEY AR SRR Sudhsgs Wprhspyided for
negd@thedlign-20RALIE HeMidkiadapitiDanRdnAs,for example in a tepid

water bath. The contents are then aseptically transferred to a culture
vessel wjah7slilture megomherEXbhprE, WiSpaRReIG2 bRt Rieohidiae R104/Qiched
28193 7.9. TRANSPLANTATION OF HEPATIC PROGENITORS IN A
MODBEY mehod fy/Rrutamkd vk biadesdabla natisksdehiviiied widil ateisnyseler
to eyaluate heterogenous cell transplantation therapy. Liver failure is

e g b

m 8‘86 eas&a{c% WB%}SEV gg@mllyd%scax?ttwewa out limitation, fetal forms of

laminin, hyaluronic acid, and heparin glycan sulphate as known to those of skill in 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} dimethy! 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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5 liver and/or ligation of the common bile duct in an experimental group of
ten male rats (125 to 160 g body weight). A sham control group of ten
age- and sex-matched rats is subjected to a similar anesthesia, mid-line

vapzuatormgp and manipulation of the liver, but without ligatigg1afdhR ik 103
ducts and without hepatectomy. [00811 An enriched population of hepatic

precursot€-ancribANS I AT DATIEN ARHIEP BEICSPR PORNIBO RS INES (ST L
above. In briefOREINEBREAILYBRbryonic (embryonic day 14) rat pups

are asepfigadly removed, dic insed.in ImM EDTA jn Hank's BSS
without Fc):fglgéjl]ym or méé%e%?fﬁrﬁbﬂﬁef%dlf Ten ?ﬁ%gu%gf’ég‘ BrlRsagys cell

MiB AR &3S BieaMaiRNg bR ML HII0EABTA 10 REHEE & e

near single cell suspension. 100821 Aseptic biodegradable particles
cofijisyenddriighiomefsbelyoron @itk Sud inanceppepaced] groapoien AR rats (125
single cell liver suspension from twelve pups is incubated with 1.5 ml of

patkiSd GORPREEIE AV ARSI AFRERA 1eR 502G EF¥amatsied Teis subjected to
pagticles ar (luted in ten volumes of. HDM and decanted after ==
e e R e S e B Bl gion
pasticle sirra.genslywassispenedin fresh HDM and incubated at 37C in

an atmosphere of 95% air, 5% CO2 (v/v) for five days. 20 [00831 On day
three afté¥8k hepatéetmshet halntiopeitios trecwatss bothored to
e>zg§%ment | and sham control, are subjected to a 5 mm abdominal _
inciS eﬁ’?gag%bﬁégsﬂﬁémé’ﬁf%‘b?ﬁ {SHESRLRBT B PEF e Sxpra i tiabrampic
shap,enttl,gr ' , ly_chosen, are.injected yvi m ,
o A e et Tl A e

coByasitioi Klicach v nigAbauenigen o IR Gisinne &1 6Rsed Withsuisak s
staples. The 25 immunosuppressant cyclosporine A, 1 mg/kg body weight,
is B&PrimttaiegiOdaitg/mivelperitandatinddd® WiD:2 664021 28@ension.
PCT/US2004/028193 (00841 Blood levels of bilimbin, gamma glutamyl
transferd®84nd alarfPEHMiadtrable suticter roaissed Wish rorkery i 1G4 |

B S S oy 0 A B
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 2 5 mm abdominal incision to expose the
spieen. One half of each of the experimental and sham control group animals, randomly
ghosen, 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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10

consumption, and a visual inspection of lethargy are recorded on the
same days. At 28 days 5 post hepatectomy all surviving animals are killed
for histological evaluation of spleen and liver. 10085) All publications,

waeRissARd patent documents referred to herein are here%mg&%%%‘f%

in their respective entireties by reference. (0086) The invention has been
described{ouitly] referermestidhas iomeigaing, shthaRebificoncReieradd aanine
embodiments and methods. However, it should be understood that many
variafBREIaspIs aciadRs suhiteniderrdininganitbéfoth tishipittenichgoopianf the
invei]ntion. Therefore, the foregoing examples are not limiting, and the

scop& SFHSBYRPSRYISH T80 AR eTRIBR dbriith s JAN IS Aih S oot water
ClaimGsafbiliD 20940 130 RG L 04 92819 é?fﬁﬁ%'dix Ad;r'g‘BkEz& days

PREPARATION OF FREE FATTY ACID (FFA) M| Bolirded
PurifisthEmttetémidal sieevihglatand B repanaties: ekihepriacksiaefeialyand

acids are prepared by dissolving each individual component in 100%
ethdi#}. Comments are as follows: 10 Palmitic acid (solid) 1 M stock;

soluble in Icohol ,Palmijtoleic acid 1 M stock; readily soluble in alcohol
Oleic aciolq%ﬁtock; %%B@ﬁ%?ﬁﬁfepﬁ%egﬁ%ﬁ%Paﬁﬁtdi‘é‘iﬁnéeém piffreddpRerein are

easibusphibis pialootil LBale A LN aglorgadly solube

acohol 15 Stearic acid (solid) 151 mM stock, soluble in alcohol at 1 gram
in 21 mis [e08d]must bEhbaatedod haseeatasksarhe stalilizas &Y foregoing

bubbling nitrogen through each of them and then storing them at -20C. 20
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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The free fatty acid mixture stock solution: Palmitic acid 31.0mM
Palmitoleic acid 2.8 mM Oleic acid 13.4 mM 25 Linoleic acid 35.6 mM
Linolenic acid 5.6 mM Stearic acid 11.6 mM This yields a combined total
vob 20B/mMsiree fatty acids. This stock with all the free fatty pé@/asidss®agy oz
be stabilized also by bubbling through nitrogen and then storing it at -20C.
Final Solution: Add 76 pL of the fréepgaadindid mixture stock per liter of
culture medium to achieve a final concentration of 7.6 Eq. The free fatty

e T S

prepared in the basal medium or PBS to be used and at a typical

» CGlocentoétianfiof Wiy A:80.S20 TAKR 2005/021730 PCT/US2004/028193

Table 2. Sources of Basal Media, Growth Factors, Matrix Components
anerRAREPTIh sk bo flenfiE AT ORBVENDDINS)Y i Growhtindividual
FAMTRYERb RGeS BReth SRTIRE SR Sp Ol BEnone) Sigma-Aldrich US

Biglpgical Gorex Ol%ioche_mica_ls NG 1S l\;lso iqr ee“c}i'c(glﬁcggidermal Growth
Fagiatibkie b Ohaborat've Biomgg , readily soluble in alcohol

QOleic acid 1 M stock; readily soluble in alcohol
Linoleic acid 1 M stock; readily soluble in alcohol
Linolenic acid I 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 31.0mM
Palmitoleic acid 2.8 mM
Qleic acid 13.4 mM
Linoleic acid 356 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 pL of the free fatty acid mixture stock per liter of culture medium to achicve a final
concentration of 7.6 LEq. 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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Mouse; receptor grade Human recombinant Sigma-Aldrich Pepro Tech
Upstate Biologicals Accurate Chemicals Clonetics Products Antigenix
America Inc. Mouse recombinant Accurate Chemicals Antigenix America
WiRc2005¢¢ 38 rrin: holo- Iron Saturated Sigma-Aldrich BovineduBaum4/628193
Clonetics Somatotropin: Growth Hormone Human Pituitary Sigma-Aldrich
Human Recombinant Accurate Chemicals ICN Biomedicals
Sigmaghyenic f
Canaa N e e g e CSaplel
Amersham Pharmacia Eisteethes(CmioipoSyominsnts

PCT/US2004/028183 cAeqirate Chemicrls

VENDOR(S)

Growth Factors/Hormones

Prolactin { Luteotropic Hormone)

Sigma-Aldrich

US Biological

Cortex Biochemicals Inc.
ICN Biomedicals

Epidermal Growth Factor (EGF)

Mouse; receptor grade

Human recombinant

Mouse recombinant

Collaborative Biomedicals

Sigma-Aldrich

Pepro Tech

Upstate Biologicals
Accurate Chemicals
Clonetics Products
Antipgenix America Inc.

Accurate Chemicals
Antigenix America Inc.

Transferrin; holo- fron 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




Calbiochem ICN Biomedicals Glucagon Sigma-Aldrich BIOTREI_\ID
Chemikalien Porcine Pancreas OTHER SUPPLEMENTS HDL: High .
Density Lipoprotein Human plasma Sigma-Aldrich Chemicon International

: ‘B@M@ﬂﬂﬁternaﬂonal Per Immune BioResource Technolagyufseasesiys
ical-Co.~.Biodesign International Free Fatty Acids Linoleic

Sigma-Aldrich Altech Associates Inc., |\ Blgatedhsatisalinolenic

i -Aldrich Altech Associates Inc. Olefa‘ﬂdl g |drich Altech
il ma Al rI-C =N R 1 Do loais @} lomﬁ\qwai]ﬁh Alfnr\h

$S0CIAIES ”“’Gldbﬁ' E)IUIIICUIL,CLID rouuulu ot ... A
Associates Inc., ICN Biomedicals Steari¢ éﬁﬂﬁpmlkahen
Porcine Pancreas
OTHER SUPPLEMENTS
HDL: High Density Lipoprotein
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-Aldnich
Altech Associates Inc.

Oleic Sigma-Aldrich
Altech Associates Inc.,
ICN Bicmedicals

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

Stearic Sigma-Aldrich
Altech Associates Inc.,
ICN Biomedicals
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Altech Associates Inc., ICN Biomedicals 31 WO 2005/021730
PCT/US2004/025193 Bovine Serum Albumin V Sigma-Aldrich Genmini
Bio-Products Fatty Acid Free Nicotinamide (Niacinamide) Sigma
vaaboiseheny ICN Biomedicals Spectrum Laboratory Produgisydi§ahos/2s193
America Putrescine Sigma-Aldrich Advanced ChemTech Inc. Crescent
Chemicals ICNBBiomgsticalsliBpec¥um Lliigatonldrivhducts
3|,3',5'-Triiodo-L-thyronine (T3) Sigma-AdlfshiTiorBmdRbsearch
Chemicals ICNBidAfEEsTs Novabiochém TCI America TRACE

EREMENTS CN% ha%ei@‘?}%gé‘%ﬁ% Z‘gmc Sl'\ignfh Chem-Services-Inc.
Crescent Chemicals Gallade Chemical, albiochem

ICN Biomedicals

Spectrum Laboratory Products
TCI America

Putrescine Sigma-Aldrich

Advanced ChemTech Inc.
Crescent Chemicals

ICN Biomedicals

Spectrum Laboratory Products

33,5 -Triiodo-L-thyronine (T3) Sigma-Adirich

Toronto Research Chemicals
ICN Biomedicals
Novabiochem

TCI America

TRACE ELEMENTS

Copper Pentahiydrate Sigma-Aldrich

Chem Services Inc.

Crescent Chemicals

Gallade Chemical, Inc.

ICHN 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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ICN Biomedicals MV Laboratories, Inc. Specturm Laboratory Products
Strem Chemicals, Inc. Zinc Sulfate Heptahydrate Sigma-Aldrich Crescent
Chemicals ICN Biomedicals MV Laboratories, Inc. Selenious Acid:
wigmesAddiieh ICN Biomedicals MV Laboratories Spectrurpyaboiatain os
Products 32 WO 2005/021730 PCT/US2004/028193 BASAL MEDIA

D co BRL BioWhittaker Mediatech Inc. Specialty
M'ﬁyﬁ\]ﬁﬁ%f Cell & Molecular Technologies RPMI 1640 GIbCO BRL

Bj \,5 5 BioSeuree-Hternrational1GN-Biom ‘
atoc a Me lum Sigma, Clonetics Keratin Jg'{é’év% g5 eIrMedlum Clonetics

Mediatech Inc.
Specialty Media-Division
of Cell & Molecular Technologies
RPMI 1640 Gibeo BRL
: 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
Sigma-Aldrich
Mouse Collaborative Biomedical
EY Laboratories
Alexis Corp.,
Human BioSource International
Alexis Corp.
Chemicon International
BIOTREND Chemikalien
Collagen Type I Collaborative Biomedical
Sigma-Aldrich
BioShop Canada
BIOTREND Chemikalien
Collagen Type I Sigma-Aldrich
Chemicon International, Inc,
Accurate Chemicals
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Extracellular Matrix Components Fibronectin Sigma-Aldrich Bovine
Collaborative Biomedical Accurate Chemicals Human Biosource
International Bovine, Human, Rat, Mouse BIOTREND Chemikalien
wWpdeso@hwmicon International Bovine, Chicken, Horse, HermasMousges
Calbiochem Bovine _Human_Moaouse Salmon, Rat L.aminin_Siama-Aldrich

MdRlaeenfigisdfative Biomedical EY Labo%‘f‘ﬁﬂ%@ﬁﬂ%‘@@ﬁ*pmquman
BjoSource International Alexis Corp. Che @f&ﬁé f ;i?eﬁ al BIOTREND
Chemikalien Collagen Type | Collaborative Biomedica ué‘gma Aldrich

Blobiedaapafa BIOTREND Chemikatien s L BiauE T yEdttal
Sigma-Aldrich Chemicon International, Inc;AschraienChemicals

BIOTREND Chemikalien

Matrigel Collaborative Biomedical
Clonetics

Unbleached heparins Sigma
BioChemika
Clonetics
CarboMer, Inc.
Alfa Aesar
PolySciences, Inc

Heparan sulfates Sigma-Aldrich
BioChemika
CarbMer, Inc.
US Biologicals
Seikagaku USA
Calbiochem

ICN Biomedicals

Carrageenans (heparin-like reagents purified Sigma-Aldrich
from seaweed. There are three forms BioChemika
available: lamda, kappa and iota that vary in CarboMer, Inc.
their solubility) ICN Biomedicals
TCI America

Suramin (heparin-like molecule found to have | Sigma-Aldrich

potent anti-microbial activity and anti-iumor BioChemika

activity) , Calbiochem

Alexis Corp.

BIOMOL Reseaich Laboratories, Inc.
ICN Biomedicals

A.G. Scientifics

American Qualex International Inc.

Heparan sulfate proteoglycan (HS-PG) from Collaborative Biomedical
EHS tumor Sigma-
' Aldrich

Chemicon International

34



33 WO 2005/021730 PCTIUS2004/028193 Collagen Type Il Chemicon
International, Inc. Accurate Chemicals BIOTREND Chemikalien Collagen
Type IV Collaborative Biomedical Sigma-Aldrich BIOTREND Chemikalien
Matrigel Collaborative Biomedical Clonetics Unbleached heparins Sigma

WBioiEHemikbisClonetics CarboMer, Inc. Alfa Aesar PolySciences, Inc
Heparan sulfates Sigma-Aldrich BioChemika CarbMer, Inc. US
Biologicals Seikagaku USA Calbiochem ICN Biomedicals Carrageenans
(heparin-like rea ent urified Si ma-, AIdrch from seawee There are
three?forms |ofé%1em?l<‘€;1“ EVEENS) lmf Ihi%mﬁ SAope |ota aty aPmmg’
CarboMer, Inc. their solubility) ICN Biomedicals
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TCI America Suramin (heparin-like molecule found to have Sigma-Aldrich
potent anti-microbial activity and anti-tumor BioChemika activity)
Calbiochem Alexis Corp. BIOMOL Research Laboratories, Inc. ICN
Biomedicals A.G. Scientifics American Qualex International Inc. Heparan
sulfate protéoghesing s Pib Ydrarh Ooilaroranvet Biorpeaial £ Sa sisr
Sigma- Aldrich Chemicon International 34 What is claimed is: 1. A

metH a8 e BB AN OB FARI ISR AR A L SRS %3
(@) a%lgwingﬁthe cells to anchor to a composition comprising at least one

biodegrr%]i a ]I)guﬁgrticle and at least one receptive group covalently linked

thereto to f@m.&%gwgqn@up@%mg the mixture, and (c) thawing and
recovery of célls from the cells-pol mergarticle conju%ates. 2. The

method of i HeHereRFeHer Y eptivE gRdtip <l & AATHAIRISEB 23 oS-

fragment of an antibody, an avidin, a streptavidin, a biotin moiety, or

combjnations thereof :} he etpod.o{ cIaime wherein said compo%iocp
. d 1 \
frtner compicie B i I ATt SRR SRR o
fraginereid ynidttodpasrioHiTUrtHEPEYAPr8diofn moiety, or combinations thereof.

3. The method of claim 1, wherein said composition further comprises an

extracellular matrix,

4, The method of claim 1, wherein said composition further comprises a

cryopreservation solution.

5. The method of claim 4, wherein the cryopreservation solution comprises 10

% (v/v) dimethyl sulfoxide.

6. 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 liver 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.

7. The method of claim 6, wherein the receptive group is an antibody, a

fragment of an antibody, an avidin, a streptavidin, a biotin moiety, or combinations thereof.
8. The method of claim 6, wherein the liver cell is a hepatic precursor.

9. The method of claim 6, wherein the cell not anchored to the biodegradable

particle comprises a hemopoietic precursor.
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cryopreservation solution. 5. The method of claim 4, wherein the
cryopreservation solution comprises 10 % (v/v) dimethyl sulfoxide. 6. A
method of separating cells comprising: (a) providing a composition
comprising at least one biodegradable particle at least one receptive
aroupcovalgnily ksl ineyelo. ablsast ane yer gell apenorpdg atlcast
one receptive group, and at least one cell not anc ereto ahd (IBT
removing at least one cell not anchored to the blodegradable particle. 7.

The method.gf C|atmo§un\{‘/rhﬁé@é!i§h@ AGeRptve g&@;@@ssﬁm@f%pgﬁgaﬁw one
n molet

of an antihody, an avidin, a streptavidin, a biot
i GHE RS S d Y o G B ST Eehre &
mikgpatieprecursor. 9. The method of claim 6, wherein the cell not anchored
to the biodegradable particle comprises a hemopoietic precursor. 36 10.
A method of cryopreservation of anchorage-dependent cells comprising
(a) allowing fhe ceffet8 kR BF % composition comprising at least one
biodegradable particle and at least one receptive group covalently linked
therefo to forn, &, mbure, and b freezing he.mibdure, 1. The method of,
clalm 0, wherein the receptive group COmprises an- FAntibo &]}P ?ra ment
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thereof. 12. The method of claim 10, wherein said composition further

compyises extr r.matrix. 13. The method of claim 10, wherein
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extracelular matrix.

13, The method of claim 10, wherein said composition further comprises a

cryopreservation solution.
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