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CONCENTRATI ON OF CELLS TECHNI CAL FI ELD The present invention rel ates
generally to methods for stinmulating cells, and .nore particularly, to

met hod¥Ot0d/6¥hcent rate and stinulate cells that maxi nmi ZEF/USHIDERIP at i on of
such cells. The present invention also relates to conpositions of cells,
including stinulated T-cells having spqcific phenotypic characteristics.
BACKGROUND OF THE | NVENTI ON Many cells ‘are activated or regulated via
‘receptors enbedded in lipid 10 rafts found in cell surface nenbranes. See
K. Sinmons and D. Toonre, Nature Rev. 1:31, 2000. Lipid rafts form
concentrati SW&W}EQHSWWIQNW&QEME&&@ CEBLBvat ed by
ligand binding. Lipid rafts are involved in cellular signaling processes,

i ncl udi ng i munogl obulin E signaling during the allergic inmmune response,
gIiaI-cq@t}D@gghypﬁﬂngurotrophic factor 'signaling inportant for the

devel opnent and nai ntenance 15 of the nervous system Ras signaling,

central to many siTheatestntdneshtiohirelateprgenaate so mmtlibdsFerstirhulating gells, r ecept or
(TCR) signaling. The T-cell antigen receptor_ (TCR) is a rnultisubunit inmune
recogni fihore paisulerlys teapethods dp aqoegeumag%a% te 6o that MPAIBIZESS to
peptizdes,: he ' ' L L . class |
nd 11 BBRERRLoE ok st e elsnt b oRGT R el ot <RIBS Bl 8 Felse

Bi ndi ngimRfudifgtinfulitbe Tadells HEVILE sPRMid pienetypid\éhafRéeristiss.t he central event in
T-cell activation, which occurs at an inmunol ogi cal synapse at the point
of contact between the T-cell. and the APC. Mreover, data suggest that
clustering of lipid rafts is essential to the formati on of the

i mmunol ogi cal synapse. 25 Krawczyk et al., Immunity 13(4):463-73, 2000. To

sust ai ng Acs@bkOBND -ﬂg ,Dﬁ}:g}wl@[gi}pcyt es typically require a second
co-stimul at ory'osi gng)?% -stimulation is typically necessary for a T hel per
cell to :produce Mahyicelieate agtivatedner tegulatesl viaateceépiohs combelddedhiin dpjphnsi on.

Bretscher, Imupol. Today 13;74, 1992: June et al_., Imungl. Today 15:321,
19940 1%8s fapnsth inceelssurface Joembrenes: / Semks Swmﬂwﬁ/lba’fmmﬁ Mewad®yy si gnal

on an’ RO PVARC SR s i cBloqniling pld SRRt Ton fbflalel fecthiM mal AP (1 )

activated by ligand binding. Lipid rafts are involved in cellular signaling processes,

O

including immunoglobulin E sigpaling during the allergic immune response, glial-cell-
derived neurotrophic facter signaling important for the development and maintenance
15 of the nervous system, Ras signaling, central to many signal transduction processes, and
T-cell antigen receptor (TCR) signaling. |
The T-cell antigen receptor (TCR) is a muitisubunit immune recognition
receptor that associates with the CD3 complex and binds to peptides presented by the
major histocompatibility complex (MHC) class I and II proteins on the surface of
20- antigen-presenting cells (APCs). Binding of TCR o the antigenic peptide on the APC
1s the central event in T-cell activation, which occurs at an immunological synapse at
the point of contact between the T-cell and the APC. Moreover, data suggest that
clustering of lipid rafts is essential to the formation of the immunological synapse.
Krawczyk et al., Immunity 13(4):463-73, 2000.
25 To sustain T-cell activation, T lymphocytes typically require a second
co-stimulatory signal. Co-stimulation is typically necessary for a T helper cell to
produce sufficient cytokine levels that induce clonal expansion. Bretscher, Jimmunol,

Today 13:74, 1992; June ef al, Immunol Today 15:321, 1994. The major co-
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Met hods of stinulating the expansion of certain subsets of T-ceIIs!have
the potential to generate a variety of T-cell conpositions useful in

i mmunot herapy. 5 Successful imunot herapy can be aided by increasing the
react i WQQr/aa#ts quantity of T- cells by efficient stinul BETEF914618% vari ous
techni ques avail abl e for expanding human T-cells have relied primarily on
the use of accessory cells and/ or exogenous growth factors, such as
interleukin-2 (1L-2). I1,-2 has been used together with an anti-CD3
antibody to 10 stinmulate T-cell proliferation, predom nantly expanding the

- CD8+ subpopul ation of T- cells. Both APC si%al s.are thou(gﬂt to lfe required
for opt i stmbuldoresignalcaccurstwhen 2 Tesmbarsefothe Bih damily Jigapds{Q$Q BZL 8F t he

rccessoriDER L2t lvacd Frigiseniny sof Lar S i CORs TR, .
systenms because Aﬁg@?@%?@ﬂﬂﬁﬁ%%é%&ﬁw{ﬁ%ﬁhﬁﬁﬁ%@fIi-ébua Ha0Bg- t erm

15 culture system pe continually obtained froma source and
repl eni stheotchinial to)gemaste tay variety aoft Brelladohmpositiops yusefil do doswoihezatil s i §
probl ematic for treatment of _imyunodeficiencies in.wjich acc sotﬁ, cells”
are af f snceessful imgumpthespy oands aidedhy ingreagipgdhe repctivity gpd apguitty. o ds oy -
cells car the.viru he cells nmay contam nate the entire T- cell

popul at i%ﬁgbﬁf’ © tgﬁ:&xy{a&xpﬂ‘ culture. 20 In the absence of exogenous growth

factors or accessorme &b te’éhﬁi@geﬁabmﬂb@é @61 espaitihg MunabeTdells taved to a
T-cell population, for exanple, by exposing the cells to a CD3 |jgand and

a CD28 |ieliedgrimbtipodrethetuse af sotesebrp keeanlfor exageneurcgronth factgspaych 8se C
June, et al. (U.S. Pate . 5 858,358); C. Ju et al.. 9 3.

N Wi | e t Hetsglegigno 44 e%e"%ﬂl e@eﬁi @%t%ﬁﬁaﬁe@#&#fﬁé‘gﬁlg -cel |
popujat i ' fge}séo é@nﬂﬁﬁﬁ.{f&%aﬁ&ﬁx @8t AbgebibpBpER@sRbLE T0 1 eI N
Iessi han i %tgﬁé{%lgﬁ%g' |t|(§{|’ﬁ%t?t e net hod curr%ently available in the art
have notceflo.cuB6t APC sibnalt -dre rthawhp ao sheo required - foe | dpgingal Bioeldiactivation, nor e
robust popul ation of T-cells_and_the beneficial .resul t her eof d/or the

expansi cwpensigmiend dongderny speiiyal of thecT-selsupomisifysion. TheFaRuPmERdort he
i cahjlj ded_T- 30 L L
ot oo, YHC- el AR o oS Sl BredRN < Rgnlabf ol Tl B ¢

01/ 6289%yRG MO BERAsAAFDs Mievelatively shoti-livedyerBliontfork, imct longttenn T- cel |
popul ation should be in a state that can pmaximally orchestrate_an i mune

r esptins eultorecsysteay, ARGsfroustibeeontinupliywbtained Homet sore apkEp gl Thee
present invention provides nmethods ta_gener | r.eof nore
R Gy AP B 2EOTERAe SPED 1o, eiePe P Geith Iy ol B RAE T ralthF or

immunodeficiencies in which accessory cells are affected. In addition, when treating

viral infection, if accessory cells carry the virus, the cells may contaminate the entire T- .
cell population during long-term culture. |

20 In the absence of exogenous growth factors or accessory cells, a co-
stimulatory signal may be delivered to a T-cell population, for example, by exposing
the cells to a CD3 ligand and a CD28 iigand attachied to a solid phase surface, such as a
bead. See C. June, et al. (U.S. Patent No. 5,858,358); C. June et al. WO 99/953823.
While these methods are capable of achieving therapeutically useful T-cell populations,

25  increased robustness and ease of T-cell preparation remain less than ideal.

’ In addition, the methods currently available in the art have not focused
on short-term expansion of T-cells or obtaininf,; a more robust population of T-cells and
the beneficial results thereof and/or the expansion of particular T-cell
subclasses/phenotypes. Furthermore, the applicability of expanded T-cells has been

30 limited to only a few disease states. For maximum in vivo effectiveness, theoretically,



cyt oki ne production characteristics that appear nore healthy and r{atﬁjr"me 2004
t han ot her expansion nethods. In- addition, the present invention provides
conpositions of phenotypically tailored cell populati et Akhge t ar get

cel |, WAOH6hg T-cel |l popul ations and paraneters for “produci ng the saneg,
as well as providing other related advantages. 10 . SUMVARY OF THE

| NVENTI ON The present invention genermlly provides nethods for stinulating
cells, and nore particularly, provides a novel nmethod to concentrate and
stinmulate cells that maxim-zes stinulation of such cells. In one aspect

the present invention provides 15 hods far .sti,mu I 0 n | ation of
T-cel | s abyx guPx mgmﬁﬁddac%m’f%ﬁﬁe #PB a“%‘h%}‘o&‘i‘? f’e é‘gﬁ" ?‘3‘538#&3& y

| i gati or;]?t hatH C%Wg ER{%:&I%F%C&&Q@% ahoR. HlfebddsSdbRECLHP ofidr | €aSt a

portion sSes contacti ng the popul ation of cells with
a  surf geRacMigtesl NThbEprédsht daenfiof Hrovided etethédyr & @enereicoan rincreasegent s
that ligate a cell surface noiety of at |east a portion of the T-gells and
st i mul amembat of mast highbt agivated @nd gorg pure. Twells thef bav SFEPIB A her eof

and applying a fqQrce that predomnantly drive e : L.on and
T-celd  sHiokiecPiogreian £ *ljaa‘{t)‘?réﬁ%"s ttﬂ%raé’é’gari ﬂl(?ﬁec?‘ﬁ% élléq Pﬁfsgtgiﬁrmi aﬁa.tﬂé)ér%\. In one
enbodi ”%glﬁaggﬁgﬁ&h% hods the surface has attached thereto a first. agent

that lig ITst cell surface moiety of a T-cell; and the same or a
second surface has. ajdditimed thérepedsenta Swentivh agwvideshagompogitions Hfsecond

noi ety of said T-cell, wherein 25 sajd |igati .b he first and.second .
Toent” | plicmespioalb tleiedrabpopriagantorariet poil iavufing T-sfik BaRREicE  he
sur face be bi ogonpat.i bl r r . i i ol.ymer,
o1 <2 Brrnstin S FReig e bt a8 wellas OB oher SN B Parflagel YITEL.

gl ycgsam nogl ycans, or extracellular; matrix conpositions. In certain
enbodi nents, the polysaccharides are selected from chitosan, al ginate,
dextran, hyaluronic acid, .AUG 2C% WD 01/ 62895 PCT/ US01/ 06139 cel | ul ose and
the polyner is se 1.pol.ystyrene, polyesters, polyethers, - -

pol yanh'ﬂﬂ\%@&rﬁf’ yT cﬁugr'(\,lryl ates, polyacryl anm-des, polyorthoesters,
pol yphosphazenes, gl iy hefidt Benerdllyoplovides hatigdsstor Bityfitiap \ekse,

pol yt etraf| uor oet k?&%eﬁr% e?PTFE) , ofg pol yur et hanes. In yet otl

r _- embodhd®itrs pattivalastypptopides anmyvet oefhodste doaeentrterandysigpulatecestls tater |

VWile i il h di , th | . . . h
Copol yeaeizas ISEmRIAHER o 5B Colino i BB AR PesE iy BV >
aci dj.a nd/e%oc%' f\n% gﬁgnglla@iﬁkqi pSjuition O Tlell$ 8p afhukamebind TosAIAEdriobitrftionf aces,

such™su e
and cell surface moiety ligation that comprises providing a population of cells wherein

. at least a portion thereof comprises T-cells, contacting the population of cells with a
surface, wherein the surface has attached therefo one or more agents that ligate a cell
surface moiety of at least a portion of the T-cells and stimulates at least that portion of

20  T-cells or a subpopulation thereof and applying a force that predominantly drives T-cell
concentration and T-cell surface moiety ligation, théreby indﬁcing‘T-cell stimulation.

In one embodiment of the methods the surface has attached thereto a first
agent that ligates a first cell surface moiety of a T-cell; and the same or a second surface
has attached thereto a second agent that ligates a second moiety of said T—cell, wherein

25  said lgation by the first and second agent induces proliferation of said T-cell. In related
embodiments the surface may be biocompatible, natural or synthetic, comprise a
polymer, comprise collagen, purified proteins, purified peptides, polysaccharides,
glycosaminoglycans, or extracellular matrix compositions. In certain embodiments, the

polysaccharides are selected from chitosan, alginate, dextran, hyaluronic acid, and



bi odegr adabl e or non-bi odegradable. In related enbodi nents, while ﬁoﬁ AUG 200
limted thereto, 10 the non-bi odegradabl e surfaces may conprise

pol y(di net hysi | oxane) and/or pol y(ethyl ene-vi nyl acetatsk Fgﬁrther, t he

bi ocon¥¥® P1##2895urf ace, while not linmted thereto, may i & YO3P | agen,
nmetal, hydroxyapatite, glass, alum nate,- bioceramc materials, hyaluronic
- acid polyners, alginate, acrylic ester polymer, lactic acid polyner,
glycolic acid polymer, lactic acid/glycolic acid polymer, purified

proteins, 15 purified peptides, and/or extracellular matrix conpositions.

- In still yet further enbodi nents, the bioconpatible surface is_associated
with an tethilesst and ethgepplymer Tise s¢legiedinirams) @olystireRs. nBQLY BHCTEN yPOIXFARETS s

desired ta b d and | ud t ent , ' .a_hol |
fiber - aPRaREAiR . caelri e rroEideSy "ChobAriEREtE. BobbRBbeeds D O
gl ass, St/){)l.gﬁﬂasp L eh 0N, g&wiﬁgﬁeﬂa@xdr OpURRAL | t8polMeRydr qﬂﬂ%ﬁopﬁEﬁé

e, poly e, It

pol yprop styre nyl on, or pol yacryl am de. Yet ad onal

enbodi nepéigtetrafibordethytene ofPTHE)E o5 yolarethemespr ils eyetaothepietibodimenss,ethea bag, |
arod, a pellet, a fiber, _ or. a nesh. O her, enbodi ts.include erein the
surfaée Pelymepamey camprssd lactiai agidnen 13, cRpelymes « nWhHS 18 ¢ es a

bead, a m crospher o) LGl a I 'gls,h] ' tigcl e and
bead si z&% eﬁﬁessgieﬂ%lg[ﬁ%s@%&f%g cﬁg?lyﬁ{f\ll"e S‘fj{%g%a [ gﬁ%%?%’g@aﬁ'nﬁ:udi ng
wher ei N fhfvPEcdlyHers 88 ina¥ RGN £cid andbpplycbiPacii ¢PDGA). i n di aneter.

In other enmbodinents, the agents used in the nethods can be independently

sel ected from a pr &t nrespesantd kioenropatible | sustases. spch syrfacAet May| ibgand.
Further, it t al ' ti d t.i.hody, t,
et 1 de. bisdSaadhis St baosa bl dnarlaftd soliveuniat, R ERtRaa RN T 5 °,
hor mpge, 4 ”%Jngﬁﬁﬁc%ﬁ(ﬁhb aA's@fg&Q‘l Y Obb6pES Pelh(UaihpddRthedntdrdfst a

superantigen, a gro ctor, a cytokine, a lectin, a viral protein, an
adhesi onpolpkledeteevingl acetattl mfrther, the Hpmmpatible sbdaierevhile, not lpktedt ane
agent is_an antibody or an anti bod ragnment. ' '

I A f le |n yet other .
enbodi neWeEsto,amay r )éluggémﬂag@, a‘ﬁetéh%/mﬁ apagte, gf’l?srs’a&%%at?hg’?%ﬁm’ﬁnd a

second agent. i s 4. r t fostert Mg fctie gQHr se be
understo%g{é{'ﬁjast %‘ﬂ%?sgagng&@g%h?%g%f s&g%ﬁ)desg’l&tger ee’ t he sane or

di f f er enpolpmiet, Hbgéclie adih pobjeal dsttie eddipiyeslic atidepblyrmet, pgiid proteins,
anti-CD3 anti body, an anti- CD2 antibody, or, an antibody fragnment of an

ant i 1ED3pwifieskneptidss? andior edmgellytemaEx CORPOsEeBS enbodi ment s i ncl ude
wherein the second a%f%ﬁ{@nﬁnrc‘%%@i%g ﬁg%ﬁ%&%@%‘ 8 E?%Xci%feﬁgnent

t her eof Furt her ean erein nd agent conprises a
nat ur al Jyite 2RAnipPdntsVIe Beviss!C Thd SmpRnthble BHvide Biaytbe Zny that iddésiredno bet her

used and may include a stent, a catheter, a fiber, a holiow fiber, a patch, or a suture. In

related embodiments the surface may be glass, silica, silicon, collagen, hydroxyapatite, .
20 hydrogels, PTFE, polypropylene, polystyrene, nylon, or polyacrylamide. Yet additional
embodiments include wherein the surface comprises. a lipid, .a plate, a bag, a rod, a
pellet, a fiber, or a mesh. Other embodiments include wherein the surface is a particle
and additionally wherein the particle comprises a bead, a microsphere, 2 nanoparticle,
or a colloidal particle. Particle and bead sizes may also be chosen and may have a
25  variety of sizes inchuding wherein the bead is about 5 nanometers to about 500 microns
in diameter.
In other embodiments, the agents used in the methods can be
independently selected from a protein ligand, a natural ligand, or a synthetic ligand.
Further, the agents may also comprise an antibody, an antibody fragment, a peptide, a

30 polypeptide, a glycopeptide, a soluble receptor, a steroid, a hormone, a mitogen, an



stinmulatory agents could ,be used.. In certain enbodi nents, the f&r@e%eaﬂﬂlf
to, drive the cells may include a variety of forces that function

simlarly, and include a force greater than gravitational 15 force, a

hydr aWP®1%62896e, a filtration force generated by transFH¥ YN essure, a
centrifugal force, or a magnetic force. Wien nmagnetic forces are used, sone
embodi ments utilize a magnetic force ghat is generated by a magnet having a
magnetic field strength ranging from between about 200 gauss to about
12,000 gauss at the surface of the magnet. 20 Anot her enbodi nent includes

- surfaces wherein the surface is a surface of a paramagnetic particle.
Wi | e i mnbgeredismparantigen; 2 growil fanter acriokingcs legtings wiraj pretgmean adhegion

ti tigl t.h t tt h t { f be ¢ | t,
- honcovmaipsud R aehnokine. I i teeras St Aehf R FRbaf 0 %) B
still yeh ﬁgﬁy  TRALiR PRt StHEE bnBodiftthtsh Firkti A3BHSY A bBBEANAL ed 25

fromthe T-cC s that are not ligated. Wiile in -other enbodi nents the

T- cel | s adraghient thiereof, antharsecombprns iz atyanfibodyt ormfragnemtthersefe dt wouldaf may be
conmbi ned with the enbodi ments above include, for exappl t hods for

sti mfl acpwse be gndepstoqds they the Arst; éﬁfbéﬁ@néeﬂgen@u?ql’é‘gé’ltggbg%g& S9&t9on and
T-cel | regat [.pn..conpri sing providing a cell population 30 conprising
T-cel | s?‘%?ﬁf@‘tlﬁﬂdgless'ai d cell population'with a surface, wherein said
surface WO 01/ 6289p sHekbtd/eRbb@edends tha Firsttadgartie dn h/(CID agtitedey aaits 11 gands
specific for a cell surface noiety, applying a .force that drives

concent €2 antibofly, Torcanl dntibadyl fingmient of amantj- i CH3 antibedty. sFarthery

i od of ti fficient, t hi desi red L mul at j. | d
-y bbodi nsflected Fuboimats el e By Bachrantaestt if B SURIRAS IRRG  ange
f rorgl \ﬁﬂﬁﬁoﬁyt ﬁ%ét?exﬂ%&eéﬂd ME{) ehiPb8BRIntY MR whireRE heeRidond RglRr t ai N

enbodi nent s, I me range may be from about 1 day to about 8 days, while
in yet obmprisesndbnatink tigand e €DES, swhgss, ewy, B2-1 ér B2abbusdditiegyagharo about
5 days, or fromabout | day to about 5 days. In related enbodinents the

i ncubat Flamulatorp egentsis@ldpg vsedige from about 2 to about 38C. Further

enbodi nent s t hat ‘ir?@elji.)a?n %@ggﬁ%%’%%} f%'Fg k& ﬁ@‘?‘éﬂﬁ‘g}? §ma§]vq!1&.‘.lﬁﬁ+ Igde

wherein the surface I's se ass, si I CcO col l'agen,

hydr oxy amdéty of foldy¢lfat Galcsion sihilify, nd iugludeylforve, grpatery thiny peavdtatiopdlon,
dextran, or ol yacryl am de _or m xtures of any of these. Further,
enbddi nfarees 3 mydtgbic fercsr at Bltetion lorcey Bensrated, by BRNSIAMBIERS, PISTSHIEd 2above,

ting.I-cel | ( 5 I'l's.
15T ot AEntopdh duke RRITORRRISES, b, L MR EpaghlT G CAPERL, bR Ol S

embodiments utilize a magnetic force that is generated by a magnet having a magnetic

field strength ranging from between about 200 gauss to about 12,000 gauss at the -
surface of the magnet.
20 - Another embodiment includes surfaces wherein the surface is a surface -
ofa paraﬁlagneﬁc particle. While in embodiments untilizing surfaces including a surface
. of a paramagnetic particle the agents attachment to the surface may be covalent,
noncovalent, electrostatic, inter-molecular adhesion, or hydrophobic.

In still yet other embodiments the T-cells that are ligated are separated

25 from the T-cells that are not ligated. While in other embodiments the T-celis ameliorate
immune response dysfunction.

Other aspects that may be combined with the embodiments above
include, for example methods for stimulation of T-cells by simultaneous cell surface
moiety ligation and T-cell aggregation comprising providing a cell population

30 comprising T-cells, contacting said cell population w1th a surface, wherein said surface



provi ded, conprising providing paramagnetic particles to an ani mal | $aifdlG 20

particles having attached thereto, |igands specific for a T-cell surface

noi ety that -induces T-cell activation; applying a mag ' { to a

di scr e PIPBEH of the animal; and thereby inducing |o?§H‘§S3 I*“'g!r’l&land

activation of T-cells bound to said particles at said discrete 20 region.

An additional aspect is provided that gi ncl udes. nethods for stinmulating a

popul ati on of target- cells by sinultaneous target cell concentration and

target cell surface noiety ligation, conprising providing a popul ati on of

- cells wherein at_|east a portign thereo% %o ri]zes t arget  cel Ilil.contacti ng
9 30T EF

sai d pophasatiaghedothersty pre Of mereligands spect Fhrfacs; oy, ARRRI 4

at | east'foécepgﬁ ?gﬁ&o?oq%al Targe 'c%lel% Pgaang st ?nrrul at es agt least said .
portion gfijodt 6 Sk saffidient t8RRhiVE Wesirddostiraulation. (inaelatednembddimentsvibe t ar get
cell concentration and target cell surface noiety ligation, thereb

i nduci ngtimesyficient to achi¢vedesired stimplation may; BogeHom hewnyte to 40 days gBds

d i beg in ytilj .30 that h i1 st
Sgont 5 ralt Miregh velbes, 1 becpedi 1 Gerai catthamRNS (B SEE Fineh METBR Byt 'L,
01762895, 541/ Lﬁg%%&ﬁtgs Qfaklélwﬁ.i%jlﬂ b& sBEEeRbodin2REOME thi faaige dk@sbat t ached

thereto a second agent tha lgates”a second noiety of said target cell,
wher ei N Bahthboutatdags idybdutes Hayss tor droan sbownl daydémizboutntideyss bi wpkated

transduction_in said target cell. As noted prevjously, t Surface may
i ncl ude embogdimenty thyying R &3TRRCTalIG WEY (RREAG TR P %}ﬁérﬁé aﬁﬂ‘;ﬁgi Qd pr ot ei ns,

_purified peptides,rﬁl@%%sr%g@g[%% des ggﬁ'%gsegzhn%ymfiﬁe r@cﬁ%oﬁlethods

extracel lular matr ons. Some pol ysac rides that are utilized

Tin specihbmaemadiciPihe Rifaden Gk Uslestéd t B6mN gladsi siliex, siliemtr anllagen,
hyal uroni ¢ acid, and/or cellul ose. Further, polyners as noted above and

. aplpl i Cﬁﬂg}d_rdc)ixyapaﬁtb, WE,.{EWELePQE’PFmY&PGf rmly%rﬂy%spgmg dexitgit REr s,
Dol Jor ¢ 1Rl amigs sk of BB OF Bale siithet SmtpaimathiRRe prigr i or,

| RE)T- t d
pol-ypr 02&6%%@??&??%%%?%& N HoRH ADEveN@phRERE)T-ce i EhmREntRaby Wit uefaes an

m xture aspects the nethods are provided for stinulation
of tar gefroraaloh<ontyntaeddicelsir f ace noiety ligation and target cell

concentration, conprising providi a cell, .15 popul ation canpr.i sing target
cel 1 83 contacting P&l%eﬁspecﬁwaﬁgg%ﬁ%méﬁc%g sﬁ'r‘:&;c ﬁlvaﬁ'on movive | dte
provided, comprising providing paramagnetic particles to an animal, said particles
having atiached thereto, ligands specific for a T-cell surface moiety that induces T-cell

“activation; applying a magnetic field to a discrete region of the animal; and thereby
inducing localization and activation of T-cells bound to said particles at said discrete

20 region. ‘
An additional aspect is provided that includes. methods for stimulating a

population of target cells by simultaneous target cell concentration and target cell

surface moiety }igéﬁbn, comprising providing a population of cells wherein at least a

portion thereof comprises target cells contacting said population of cells with a surface,

25 wherein said surface has attached thereto one or more agents that ligate a cell surface

moiety of at least a portion of said target cells and stimulates at least said portion of

target cells, applying a force that predominantly drives target cell concentration and
target cell surface moiety ligation, thereby inducing target cell stimulation.

In certain embodiments, the methods described herein utilize a surface

30 that has attached thereto a first agent that ligates a first cell surface moiety of a target
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wherein said surface has attached thereto one or nore |igands specific for
a cell surface noiety, applying a force that drives concentration of
target cells and concentration of said cells on said surface and

i ncubawiowy/e@sdsd cel |s for a period of tine sufficient tRCTHEWMIY desired
stinmulation. 20 In related enbodi nents the target cells may be T-cells,
B-cells, or stem cells. O her aspect s, provi de net hods of inducing target
cell stimulation in vivo, conprising providing paramagnetic particles to
an animal, said particles having attached thereto, |igands specific for a
- target cell surface noiety that induces target cell 25 stimnulation;

appl yi nocedl; endjthetsamefor alsecdnd sarfics bassttachedjihoretof se¢vmdaagentpthat bgadest mer eby

i nduci ng localizatiqgn and stinulation of. the.t t cells bound to said

parti cl e¥oerd Bgiely og?sglgrt@r.lggt ?‘ggi‘ghﬁfe@tﬁallq Si’?fg’raﬂg e1_§{5§ and se 84 whi ch

I ncl ude ﬂﬁﬁ&%ﬁ%&\%@gﬁ!&“ﬁ%%ﬁ%ﬁg&t&h pol ari zation in receptor bearing
providing a cel

cells conprisi popul ation, 30 contacting said cell

popul ati on with a sohbRdrevicesty, tHeasuefate saiydinslalie d wiriety of comporddds 200 WO
01/ 62895 PCT/US01/ 06139 attached thereto one or nore |ligands specific for a
cel | Suripelvdingec epllagenpr guafied onpeateing.c a purified or papbidest  pelysacebandes,

Cur T ace FERERRURENeHY Aeflor BFFaRe A S O toRe: NOUS TPoararhg
aggr egath AN, Qf uhelell MULIRAR eMBLATMRS mAC RN BEitRERY bk, 2ddxday] at i on

Spekd
of cells having a targeé cell surface nolecule, contacting said popul ation
of cel | shyahirbnia asidl anti/sucdlinbese. \thether,npadyers sslnoted ahove avd applicable txhed

thereto a ligand for -at | east one-target cell surfage noleculg,,.applying a
“yforce t Ik methods mayr hpat fedected  dEomy o MOl CEtETS, ?8{3'1‘3 m@@&ﬁ&ﬂ&ﬁn

certgin | cel -hON C ' np In yet
ot heft coPPHEGRRbSHR. © nol ARSIy "OIRpIGESery TR IR Iphagensy

| eads t golpifiylaciutts tbictk &pobinase pslypropgiena, pelytettafinomethylene RATFE)(
enbodi nents include wherein the receptor binding | eads to up regulation or

act i vat iand/ospolyurethangs and mpdwres thimeefh nay i ncl ude, for exanple, receptor
nmedi ated s transductjon. 1 not her ,enbadj f . i vgnﬁ '| Vi Si ons
the use of a forcghtoéher&ﬂ??? @Sr{e%ﬁ?‘?sa%? ﬁb\ﬁ?&%{(}?esﬁ%ﬁﬁﬁé% of C%Pfagsurface

DI et i €%y cell surface moiety ligation and target cell concentration, comprising providing a cell

15 population comprising target cells, contacting said cell population with a surface,
wherein said surface has attached thereto one or more ligands specific for a cell smrface
moiety, applying a force that drives concentration of target cells and concenfration of
said cells on said surface and incubating said cells for a period of time sufficient to -

~ achieve desired stimulation.

20 In related embodiments the target cells may be T-cells, B-cells, or stem
cells.

Other aspects provide methods of inducing target cell stimulation in
vivo, comprising providing paramagnetic particles to an animal, said particles having
attached thereto, ligands specific for a target cell surface moiety that induces target cell

25 stimulation; applying a magnetic field to a discrete region of the aniinal; and thereby
inducing localization and stimulation of the target cells bound to said particles at said
discrete region.

Still other aspects are provided which include methods for inducing
receptor polarization in receptor bearing cells comprising providing a cell population,

30 contacting said cell population with a solid surface, wherein said solid surface bas



Yet additional enbodi ments of the present invention provide phenotygiégplgm
tailored target cell popul ations and/or conpositions including T-cel
conpositions. In addition, nethods are provided for acticfatdep@siseich cells

by |i Q¥@PHESE 20 cell surface noiety. Further provided are nethods for

i nduci ng a population of T-cells to proliferate, conprising contacting the
T-cells with a solid surface for a péiiod of time of between about two
hours and about nine days, the solid surface having i mobilized thereon a
first agent and second agent, and wherein the first agent provides an

activation,signal and the second agen oVi - St Lgnal to
el 7 aemmbed et SrRachgnins 3R Ry b SufabrcBliith btulitorP LY

becone ey ; i i {yahé a\ibieg thie deiveecelbeaeenipation and
attacheWaéélnnggap%J%%U%@gs%g%éll HAEE )ghcgr/ US01/ 06139 BRI EF DESCRI PTI ON CF
THE DRAWKNGS $drfide eeckplos ligatidmt conparing the total nunbers of activated
and expanded T-cells neasured at day .8_.starti.ng with abou 09
T-cells with (XCEQilmysaspects ingydesm %&&mfl%ég@%ﬁég‘fnrﬁﬁglng‘ﬁ%ﬁlﬁ c
concentration and, st.i.nul atjon 5 ' 24 cp {84l ke
exparmsi &Pﬁwpeﬁtf’f’vgl?ﬁlﬁgaﬁéw%(n&ago@& el ?géﬁeﬁa%‘%‘% at day 8 _vvith.e
( XCELL E%Téujézﬁ%ta@ﬁnag/\&éia Pepulatibilof BB fwith a volideifaces ovteesit rsatd smlidand

i's

stimulation. Figure a plot representing flow cytgnmetry anal ysis of
CD154 eufaceslsisoattached dhérety a digandnfontat deashfons. @egef §eﬁr %’&faﬁﬁ s‘P@eg"aFt ur ed
for 8 days after 10 netic concentratig ] ' ( XCELLERATE
|1 TV) oRPRIVEBEIC ves %&%?Pﬁ{%ﬁtﬂ.gﬁgﬂg#%@ ]?%‘HQ XCELLERATE | TM .
Figure 4 s a pl Oy LER#8ABbARSnl] MUCEY popRiticn Estabises Syraphdoplsd

9

expression follow n ays 1 n culture conparing nmagnetic concentration and
sting ation ( XCELILERAT bther Tdetais einboditiestsattei xegepidr wr tagusurfege Taeiety
concentration 15 and stinulatjon (XCELLERATE %Tl\/p. Fi gures, 5AL0B.afe plots
depi ct i hipding: deads atet deamn; seeulatione b PP A %(éﬁl!ﬂ‘lége&r’ﬁnh (SA) or
PBMC havi been frpzen .and L 19 gtu!mﬁ ldeBRAEdR | TM

pr ocess?"’\gﬁ‘élﬂ?e@gs %gﬁé‘gﬁ%ﬂ%ﬁﬂ%%éf@ﬁ% lte?c?rge{dcgéjr?ese ar?gl(?_si s of CD25 20
EXpr essigpr, fgithiali AgnaCikkich! by afciuiesclok soiampleeralopior madpiod (00l 1).
during the XCELLERATE I or I1TM process. Restinulation was performnmed at
the 8 damgnsdmction.o sinulate in vivo activation. Figure 6A, depicts CD25

eXprlesSSI on on ’Ano%:?elrlesrﬂbovﬂ'nler?t of the invention envisions the use of a force to

drive concentration or orientation of cell surface moieties.

Yet additional embodiments of the present invention provide
phenotypically tailored target cell populations and/or compositions including T-cell
compositions. In addition, methods are provided for activating such cells by ligating a

20 cell surface moiety. Further provided are methods for inducing a population of T-cells
io proliferate, comprising contacting the T-cells with a solid surface for a period of time
of between about two hours and about nine days, the solid surface having immobilized
thereon a first agent and second agent, and wherein the first agent provides an
activation signal and the second agent provides a co-stimulatory signal to said T-cells.

25 | |
These and other aspects of the present invention will become evident

upon reference to the foﬂdwing detailed descriptiori and attached drawings.
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Figure 6B depicts CD25 expression on CD8+ cells. Figures 7A-7B are pl c?t SAUJ 2

depicting tinme course analysis of CD154 25 expression follow ng activation
of T-cells in one donor sanple (PCO71) during the XCELLERA%}E%?’gr 1 TM
proceswWO 62’9 nul ati on was performed at the 8 day mar k Hd7U0H te in vivo
activation. Figure 7A, depicts CD 154 expression on CD4"- cells, while
Figure 7B depicts CD154 expression om CD8+ cells. LO WD 01/62895
PCT/ US01/ 06139 10 Figures 8A and SB are plots illustrating growth of human
peripheral blood T-cells following stimulation with anti-CD3 and anti-CD28
- co-immobilized beads utilizin rocess set forth in Exanple I X. Figure 9
is a pl MFIEE$€&EH@N}DEW%£%W@%eH pheral blood T-cells 5
foll owi ng stimulatjon w.th_anti-CD3 | - F CQivatBiRRk e eads +I -
. reconbi nant humn%‘@%wﬁa %’tﬁ?wp%%%%/tgmn%‘h%%ggfg%a}laet i oﬁ.é‘gﬁhegel l's
were cC ' | | Wit bB&Ut 0.£ K00 )-ceifcaith (MCRIAERATEO a
300mL fﬁzﬁ%&%?dtsﬁrregaa?tﬂg& gﬁ%]g/ﬁ%bdr’]lggyte dept eted) that _vva(gp:expanded up to a
Baxt er _ [iTHpeewith@utl(KOBLLERKKE M) geagnetic consentrgfiopt andeghigndation | ng t he

ki netic analysis of cell size as 10 d rmned by. farward scatfer .fl ow
cytoetry profil edigFee isiapiot eOmpATINg ﬁ&%ﬁ‘ﬂi‘sﬁml%ﬁ‘cﬁ?’\é\%ﬂlaﬁ' sexpélb"{regsenti ng
CD25 -expression ' - f ] e ity B &k P WRATR MM)- CD3 and
anti;Jﬁ%%%?%f%@d%%@d%%gﬁlw (}IZ‘%FHeH;heg{{s t he exprgl;‘s)i on

profi | e nofontkPSoneenifindn afg klimulatdh) e Figure 11 B represents the expression
profile ofgnCDZS on CD8+ cells. 15 Figure 12 is a plot illuyst rfaf%g}s] %hanges
in cell size as d&immeihds Dplatoramssaningflovy cyiomietey eaakists ol Fdfes over

R bk et MpRIEGR, A o B blsBbuel) B 1 a0 AR ©
secofpda %ﬁd(;’g{n?&hﬁﬂﬁofhﬂ&”sﬁﬁ%dhe@@EﬁnEmIEMprcﬁSﬁ'it‘ﬂcﬁutZQagmifcl | e of

CD25 on s, while Figure 13B represents the expression profile of
CD25 on cGintratidd and sEnglation GUELHRAIE IZ¥e f| ow cytonmetry data plots

representing CD 154 expr.ession follow.n econdary stimul.at| erein
primary and seconda@fe uf fuPHt; Eﬁﬁ’r%%‘\él%ﬂéﬁ%rc X e&pﬁ%ﬁlflguorfg&ﬂl%a

repr eseg%érg%ﬁkg] ?%HB gn ‘ﬂg:?fih' Sulire220 OMagrdefic e6hdehiratidhi |dFi gure

14B repr e expression profile of 154 on~ CD8 cells. )
stimylation (XCELLERATE II™) with cells activated without magnetic concentration

15 and stimutation (XCELLERATE I™).
Figures 5A-5B are plots depicting T-cell activation and expansion with

XCELLERATE I™ PBMC (5A) or PBMC having been frozen and thawed (5B) to

initiate the XCELLERATE I'™ process.
Figures 6A-6B are plots depicting time course amalysis of CD25

20 expression following activation of T-cells in one donor sample (PC071), during the
XCELLERATE I or II™ process. Restimulation was performed at the 8 day mark to - .
simulate in vivo activation. Figure 6A, depicts CD25 expression on CD4" cells, while
Figure 6B depicts CD25 expression on CD$" cells.

Figures 7A-7B are i)lots depicting time course analysis of CD154

25 expression following activation of T-cells in one donor sample (PC071) during the
XCELLERATE I or II™ process. Restimulation was performed at the 8 day mark to
simulate in vivo activation. Figure 7A, depicts CD154 expression on CDA4" cells, while
Figure 7B depicts CD154 expression on CD8" cells.



Figure 15 is a flow cytonetry data plot representing CDL37 expressi on6 %EIJIC 20
all expanded T-cells in sanple foll ow ng secondary stinulation. Figures 16A
and 16B are flow cytonetry data plots representing CD54 si‘on

fol | o'Wy X8 hdary stinmul ation, wherein secondary sti nﬁéﬁf%ﬁ(ﬁé@gr ces 6

AUG 200 WD 01/62595 PCT/USO01/ 06139 11 were varied. Figure 16A represents

the expression of CD54 on CD4+ cells,ipwhile Figure 16B represents the
expression of CD54 on CD84 cells. Figures 17A-17D are flow cytonetry data
plots representing cell phenotypes as well as CD154 and CD137 expression

- foll owi ng secondary. sti %ﬂ ation

5b i - CD3 d t .- CD28 [ bead
of T-cells obtaineHiguresna gt $B sre \Kﬁ){(ftgn I '-1}1825?? nekltﬁi‘ﬁﬁﬂoﬁ%ﬁ&g@ﬁ caes
D uker \ ‘ ’ .
o} os Higbd et HoARE AR SAEN b ot AR ERRCDORCLS FufioBIRRY 10

(17A) angbadSusimifip pRckssiet foifhyin Bxaiipleall{.on and 7 days post-secondary
stinmulation with anti-CD3 and anti-CD28 coupl ed beads_ (17B),. Fjgures 17C.

and 17D 10 are fl ofiguya Bava pjotdHesraingtsowibpidnim pesirisia ploghTreells 7
expr essi after . secondar.y sti tion of. . obt Al r pat i ent
with B cfg‘ﬂf’w&% cﬁ‘i'PHﬁ‘I‘tWr‘p Hﬁﬁ&t"é@%bgu I?Bﬁ\ ﬁl.m'@ gf gg"%&@?g@dar e %1 o-teits

repr esentl iy ,3,@?1@ L | Bk af- letlonl erAlecens girge ( 1FN
(18B), ggﬁgélﬁhﬁgﬁt(g ?%I?%\E\nqﬁ)(gaﬁ%ﬂa%d 1E/> sﬁgggﬁfdtg%gps?i mul ation of T--cells
f r om norgmredianBscteriifpoele FladRAB00MArSreafe i mfere po @ S60ml Agslesylues @Non over

time of CD62L followng stinulation with anti - a ntiCD28 coupl ed

beads. Fﬂg@fﬁ@%ﬂeﬁeﬁkﬁﬂ%&h%%‘ﬁ@ﬁ@&e@ He t‘b%%@%ﬁ?f? cgﬁ gﬁﬁ}' fgs cells
foll owi ng stinul at.0 ' n§J = t - : Q- iel dogie. ds. 20

JFgures S1a 218 ar SR8 s 2plot ethoRAth iy e HHONC AR B A B8 o

of mg@n d&&ﬁﬁ&iﬁtﬁf‘ﬁ:@whﬂs@%r&bv@fg&@ﬁ%ﬁy@?@ﬁléﬁiﬁhﬁ@r essi on, respectively
followng stinmulation with anti-- and anti-CD28 co-i mmbi,lized beads and

+ - re-. stinulati ofigueesiiliAzémdyl 1B ercplots iepresenipeLCRR0 CRPIGHH@R OYIAINOR ar e
Plots Teph et imflal sOfufatibd "With YartCDY°53d Uhii-CD28 co-immobilized beads.

Figure 11A represents the expression profile of CD25 on CD4" cells, while Figure 11B

represents the expression profile of CD25 on CD8" cells.

15 Figure 12 is a plot illustrates changes in-cell size as determined by
forward scatter flow cytometry profiles over time following primary and secondary
stimulation. _

Figures 13A and 13B are plots representing CD25 expression over time
~ following primary and secondary stimulation. | Figure 13A represents the expression

20 profile of CD25 on CD4" cells, while Figure 13B represents the expression profile of
CD25 on CD§" cells. |

Figures 14A and 14B are flow cytoinetry data plots representing CD154
expression following secondary stimulation, wherein primary and secondary
stimulation sources were varied. Figure 14A represents the expression profile of

25 CD154 on CD4" cells, while Figure 14B represents the expression profile of CD154 on
CD8" cells. '

Figure 15 is a flow cytometry data plot representing CD137 expression
on all expanded T-cells in sample following secondary stimulation.
Figures 16A and 16B are flow cytometry data plots representing CD34

30 expression following secondary stimulation, wherein secondary stimulation sources



25 CD 154 staining versus control staining (e.g., background) in cel lbs AlGt P30
both CD4 and CD8 sub-popul ati ons (22A) or CD4-enriched popul ations (22B),
prior to anti-CD3 an anti-CD28 co-inmobilized bead stimnul atsglz(pﬁs i gures
23A- 23BVQPE6289%t s representing ELI SA anal ysis of TNF- (BSEPSOUNES FN- (23B)
in nmedia follow ng stinulation of peripheral blood | ynphocytes with 30
anti-CD3 and anti-CD28 co-i mobilizedjpeads. AUG 23 WO 01/ 62895 ‘
PCT/ US01/ 06139 12 Figures 24A-24B are plots representing ELI SA anal ysi s of
IL-4 (24A) and IL-2 (24B) in nedia follow ng stinulation of peripheral

- bl ood | ynphocytes with anti-CD3 and anti-CD28 co-imobilized beads. Figure

25 is a phkwt vatigdi cFigwe i164r eptasentp the expression of fePPH NGt icklls.avhide 5 of
peri pheral bl I hocytes w.th CD?C ti-CD28 co-inmobilized
. beads aﬁ%f%’%ﬁ?ﬁ%%?@?ngﬁgﬁ?&o& ﬁ.ggﬁeﬁiés 26A-26L are bar graphs
representing flow t1H¥% - f WOBYH r datal efbtd dntiuer esitence
intensity, M) (Zgﬁﬁé’?cézédﬁ?jw%r? 1(1%68) : blIﬁéCD 5 (I\{F?) (ZgC)? QD%Q (MFI)
(26D), ChHémbtypb¥hg weltds)CD1 5 aed GDI1BE lexpression dolloviing secaidagy2gmpulatiombi | i ty
) (26

o bbbt b b A G5 e B
26H 26L i . : + : -
ol ot PP ToRphotyal Teyldiia | Fiddht {raft L petbschy SO WiadOBRS PO
to settipdsippéseht h@mg!eé' f §Btdap@podtistilation wiel afti+CDBendrntindB28 teupledg

thereof to set forth definitions of certain ternms that will be used
her ei naf baads (MFA)t endn 1%idays ripmst-primary, stigndaion [9ed o ndayse pestsseeondapy

roperty of .being.. predqmq nantl -t OXk C 4.0l i34 erm
PP Y B Reh e LB BRR RO S0 b (199 BRI 1
“li gatlbonalgf ﬂawc%nl% fﬂ&tﬁ-ﬁﬁ{se%resgﬁﬁnﬁ)@ﬂpﬂﬁ;anﬂn dohe7c expiressiordfafier

receptors, such stintlationh entails the |ligation of a receptor and a
subsequesicosdagy atimutation af cellsorbtaised from a\patient edgeBtcell Ghmﬁlfn&lmhoﬁmﬁ@f a

T-cell, such stimulation refers to the ligation of a T-cell surface noiety
that in HECIBRbodi nent subsequently induces a signal 25 transduction. event,

such as bi nding thﬁiqﬁjgi/ﬁ%ﬁ?mg;gﬁgt@f&e%hg hd'Expitdsitl et Aithe SMEDE  MRY

activate a cell and or downre expression or secretion of a
nol ecul e(18A3V Gtefferofio paniegu (TAN- On (08B) Girdl IL-4T H&C) Ifoljewingnpufmarieldandsur f ace

ol Etliseséecgr\x/dearlly L;tri]m{llg‘?ion of T-cells from normal donors.

Figures 19A-19B are plots representing expression over time of CD62L
following stimulation with anti-CD3 and anti-CD28 coupled beads.

Figure 20 is a plot depicting the percentage of CD4 or CD8 celis
following stinulation with anti-CD3 and anti-CD28 co-immobilized beads.

) 20 " Figures 21A-21B are plots representing flow cytomeiry data as a
function of mean fluorescence intensity of CD25 and CD154 expression, respectively
following stimulation with anti-CD3 and anti-CD28 co-immobilized beads and +/- re-
stimulation utilizing process in Example IX.

Figures 22A-22B are plots representing flow cytometry analyses of

25 CD154 staining versus control staining (e.g., background) in cells with both CD4 and
CD8 sub-populations (22A) or CD4-enriched populations (22B), prior to anti-CD3 and
anti~-CD28 co-immobilized bead stimulation.

Figures 23A-23B are plots representing ELISA analysis of TNF- (23A)
and IFN- (23B) in media following stimulation of peripheral blood lymphocytes with

30 anti-CD3 and anti-CD28 co-immobilized beads.



absence of a direct signal transduction event, may result in the & AUG 20
reorgani zation of NJ G WO 01/62895 PCT/ US01/ 06139 13 cytoskel eta

structures, or in the coalescing of cell surface noieties, each of which
coul d 3¥Q Y6885 enhance, nodify, or alter subsequent cel PCRASIYASEL The
term"activation"”, as used herein, refers to the state of a cell follow ng
sufficient cell surface noiety ligatipn to induce a noticeable

nor phol-ogi cal 5 change. Wthin the context of T-cells, such activation,
refers to the state of a T-cell that has been sufficiently stinulated to

- induce cellular proliferation. Activation of a_T-cell nay9€Iso i nduce

](c:yt oki ne producti Oﬁihm %&%Bn}ﬁﬁ@éﬁ@ﬁ?@“.@ﬂm @lﬂsérm@ﬁs_éﬁ -4 @ﬁﬁéct or
or " down aideliap efh b pelih Blloren SmERyEE of Peibtd bORT (hBGE I $E" 0P

“force" ,aeﬁ_cm%gggﬁﬁﬁi:ﬁzg E&5Rdbil2edBeast i ficial or external force applied

to the cells to be stinulated that induces cellular concentration and.
concentration of cBiguse 25 isha ploedepdeting intrasselin Tueelbsizwfillovang siimulationt y. , For

- 208 tofcpprinboi Maad o Wb asCgs A 8T GRa cPoPRBYUIE biAdHLC o

cell concentratdon ! . surface noiety 15 ligation. Such forces.

include ?Dr%a% r%ﬁ%%’%t?éerssu éls‘such as filtration, a hydraulic force, an
electrical force, BpuR&OREGAIRGR! ark Mg GraphsCRpidstititgaflohotgomeny dutamgnet i c
force. ldeally, the force utilized drives the concentration of the target

cel | of CH62kexpressivh (meanaferrescepret inkangity.eMH) €264),sGPAAE IMHD) 4298),1 n
(oo o RE M GbC08 G GaPhePtm D pBf ] Tpd 36

" popu ti@ﬁgﬁtszﬁfﬁ'\lﬁbﬂi 88T NAtd) 996(W; bll BIAHNRIRANM L Wil hatiatB3 andhe term

"simul t ane as used herein, ‘refers to thefact that inherently upon
concent raiti-0D28 eblimmmoébilizelibdads ant hestiinaktion | witls thef seome abdast §. driguieng
agents attached thereto, results in ncentrati of , celLl.g with each other
and wi t 2&Hrdok LﬂePH—‘éé,:D@Ihu@Dﬁ?agQPﬂgd’(&.Bég,= %ﬁlehb?}l.at-%\@rl?o‘{rﬁé’o Se of
the term. shul t " ijoes not 25 preclude previous binding of the target
cells W*Hﬁnlg%blﬁf%ggé@g\lpgng cell surface noiety binding agents attached
thereto, as concentration and further |igand binding occurs sinultaneously

at the concentration surface. For exanple, within the context of T-cell
activation, the T-cells may be exposed to a surface such as a paramagnetic

cubs B BRI BRI BT bE HEBIREIEN €555 per Usod) 06180

Prior to setting forth the invention, it may be helpful to an understanding

‘thereof to set forth definitions of certain terms that will be used hereinafter.
The term “biocompatible”, as uséd herein, refers to the‘property of being
predominantly non-toxic to living cells.

20 The term “stimulation”, as used berein, refers. to a primary . response
induced by ligation of a cell surface moiety. For &xample, in the context of receptors,
such stimulation entails the ligation of a receptor and a subsequent signal transduction
event. With respect to stimulation of a T-cell, such stimulation refers to the ligation of
a T-cell surface moiety that in one émbodiment subsequently induces a signal

25 transduction event, such as binding the TCR/CD3 complex. Further, the stimulation
event may activate a cell and up or downregulate expression or secretion of a molecule,
such as downregulation of TGF-B. Thus, ligation of cell surface moieties, even in the

absence of a direct signal transduction event, may result in the reorgamization of
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14 magnetic field. Thus, in this context while cells and beads have
previous contact and |igation, nevertheless, during concentration of cells
additional ligation occurs. The term"target cell", as used herein, refers
to anyWeelf628%at i s intended _ to be stinulated by cel FEEHFIE SRy ety
ligation. 5 An "anti body", as used herein, includes both polyclonal and
monocl onal antibodies; primatized (e39., humani zed); marine; nouse-hunman;
nouse-primate; and chineric;- and may be an intact nol ecule, a fragnment

t hereof (such as sckv, Fv, Fd, Fab, Fab' and F(ab)'2 fragnments), or

- multimers or aggregates of intact nolecules and/or fragnments;,and. may
occur i neyteskeletal giruptargsy o de dbe cealgscingyof AR MgHCtEsy & whigh 1

genetic engjneering; an "antd body f y herein, refers to
fragmant"s",“ig‘i %féYeit\?éaghﬁ%npé’alf?’eqrfﬁgﬁgl\%gé@%ﬂtacﬁpiargﬁﬁé, &Whi ch bind antigen and
which in some enbpgl gBRAL SactiKoRe AChiedahieRd feferenbi the tsté rofCh Usell
features that facilitate cl earance and uptake, e.g., by the incorporation

of gal acfollewingesifficient. celhiwsface chaieky digation to BiduseR(raticeable sacrpholpgigak  chai n
Con hatobAEe- HEhEok oTHER el FolBy B vt 1B th el of I
prot ei ng;, RaLy g‘&ﬁ%ieﬁﬁﬁusﬁﬁ&lat&%tihﬂﬁc% ceﬁﬂﬂitr ggadif&% AR, ' AURation 'O £l 2

f ragnent B Rere or nmers or aggrega of tl| ntact nol ecul es and/ or
f ragnent gay ang WRdic Ctskihe) piadudtion Gindb perforatince cf mgylatorpyor sytlytesi s
(including chem cal and/or enzymatic) or genetic engineering. 20 The term
"agent " effectog dumttionsr Witige the eoniext of ather ecllsethis tamnrigless pighes pp-or dog@ ysed
herein, refers.tp a l,ecyl e. that binds to a. defined popul ation of cells.
"y The abe‘ﬁgmﬁ%?}‘%tl%rﬂ?‘ﬁﬁgar yls’cg'd’ﬁ?% ROy, such as a receptor, an -

" antigeni c det er m nAQL senfforct 38 fusdl RetbYreTirk 2o RheFLAtIANG dxbdnilafopst cel |
popul ation. The agent may be a protein, peptide, antibody and anti body
f r agmentapplié@rieofthe faellsoto phreotstimudgteds ythath dodusesptadinlare con@naation (i ¢

| ecul g. 1 nol.ecul _the Ijike, Wthi i fi.cati
T i n cotgeriation of Cale il e akep! tat WpfiOf colh S itand ol 7 o3 REBle, g™ ' ©"
pr ot ot yggﬁgh{osagaamggﬁd%fe ﬁysﬁﬁ:!} AR gralil§ (&1 BadBGeMo grivity Mdgst a cel |

surface nol e surface noiéty"] as used herein, are used in the
cont ext safely aravitgtmil efoide) lthaydanducesicell @bcontmtioniang/oy, cellnnsi@aceshaictyl es
shoul d be viewed as a conplenentary/anti 6 AUG 2 WO Q1/ 62895 P%ﬁ/l 01/ 06139
5. bl lEebaE Sk dorest TR AFRPIIIEISIBIFSRGE FHtlh 43 JHERIHe SYRHE,

gener al lerce, an electrical force, an acoustical force, a centrifugal force, or a magnetic force.

Ideally, the force uiilized drives the concentration of the target cell of interest with an

agent that ligates a cell surface moiety. In various contexts, the force‘can be pulsed,

i.e., applied and reapplied (e.g., 2 magnetic forcé could be turned off and on, pulsing the
20 population of cells in combination with a paragmagnetic particle).

‘The term “simultaneous”, as used herein, refers to the fact that inherently
upon concentrating cells at a surface that has Cell surface moiety binding agents
attached thereto, results in concentration of cells with each other and with the surface,
thus Ygands (i.e., agents). .However, the use of the term “simultaneous™ does not

25 preclﬁde previous binding of the target cells with a surface having cell surface moiety
binding agents attached thereto, as concentration and further ligand binding occurs
simultaneously at the concentration surface. For example, within the context of T-cell
activation, the T-cells may be exposed to a surface such as a paramagnetic bead having
anti-CD3 and anti-CD28 antibodies attached thereto and subsequently concentrated by a



relatively high affinity. A "co-stinulatory signal"”, as used hereln ﬁeégﬁs
to,a signal, which in conbination with a prinary signal, such as TCR/CDS
ligation,- leads to T-cell proliferation. Ilgand/antl-llg@ndgp used

her ei nWOr@f6389%5 a conplenentary/anti-conplenentary set of s t hat
~denmonstrate specific binding, generally of relatively high affinity.

Exenpl ary |igand/anti-ligand pairs epgyme/inhibitor, hapten/antibody,

| ectin/carbohydrate, |igand/receptor, and 10 biotin/avidin or streptavidin.
Wthin the context of the present invention specification recept ors and
- other cell surface noieties are anti-ligands, while agent{s

anti bodlmagneacldﬁebdmt ﬂbwynm@mmwhﬂ@a@ 5 qusd bondp bare Rfeéﬂ%‘st‘?@ﬁ%%%‘?‘%d

| i gands.  "Separati 0 herein, .inclu fant ially g one
corrponerkgaPP’brﬁeé{%l? %?S"? con ?anpf’fllogf’e Saarhé‘% rragn%ﬁ (131%% Faction). . 15
_Quiescent ', as USple ﬁh%getr&herfs $8dBeREh otk iParh AP Kligtcsatd 15 not
a

actively prollfer urface", as us herein, refers to any surface
capabl e t9be Bamuligedby a@mﬁfaaéhmdtyzdigaﬁmr et o and incl wdes, wi thout ’

limtation, netals, glass, plastics, pol ol |.oi ds pi ds,, ce]l
surf ates, and the Mgéﬂﬁ@%’ rasitged hergiy “ﬁ‘?‘kﬁ@@ﬁi VCIPE"‘IZ"G%%‘HQB‘O@ f
retainin ent bound or .att e AP pL&apent

i nventi o’ﬂ ﬁ r@??%%?eag( Igr‘rehmga?ﬂ]%%?m ng ? n8"§81 at el%%%%ﬁ%%l %Iﬁfof a
force whiygherdd 448 Sty REnCiRBEERIREIO fafmest {bereofi (such gesiRYI Fof Fd, (ab)

surface noietres results in a prof ound enhancenent in stinul ation of these
cel'ls. IFab’ tahé R{ab) pfpgimentsyaompheltuers fosrageregatesi of imtact anoleculpsoand/or j zed.

Pﬁ&ﬁﬁ?fm%ﬁég%aééga&&mw% - ?»iivspaqfir%e%ea"'%% BRffiaich, sPthedi{'6r 0g o™
" noi efy egng gﬁ%@ér )T GO b ngﬁeﬂ@da%s&@%?e ueéfersbtonﬁla@ﬂeh@ads to a

subsequ ’gnal I'ng e (e.g., receptors | e not ~w shing
to be leéﬂded))frdxﬁe&r yelaﬁeﬂetopmmbody;vwhiahobmdaynﬁgmcamb rwI:bsyh tim k§omae

advant age of a phenonenon involving |i ft i n d/ or...r ecept or

pol ar i z%mh@dlmqrﬁg mtyebfoAerivatized i @dgp%sg'g? @?&f%&ﬁ%@gm@%er

i ti ati on) cohancementy 0t Sl siatod bARIAMSS RRahs. CTRVEURELL £280R)16
F(ab)’5, scFv, light chain variable region (Vi), heavy chain variable region (Vy), and

15 combinations thereof.

The term “protein”, as used herein, includes proteins, polypeptides and
peptides; and may be an intact molecule, a fragment thereof, or multimers or aggregates
of intact molecules and/or fragments; and may occur in nature or be produced, e.g., by
synthesis (including chemical and/or enzymatic) or genetic engineering.

20 The term “agent”, “ligand”, or “agent that binds a cell surface motety”,
as used herein, refers to a molecule that binds to a.defined population of cells. The
agent may bind any cell surface moiety, such as a feceptor, an antigenic determinant, or -
other binding ‘site present on the target cell population. The agent may be a protein,
peptide, antibody and antibody fragments thereof, fusion proteins, synthetic molecule,

25 an organic molecule {e.g., a small molecule), or the like. Within the specification and
in the context of T-cell stimulation, antibodies are used as a prototypical example of
such an agent. '

The terms “agent that binds a cell surface moiety” and “cell surface
moiety”, as used herein, are used in the context of a ligand/anti-ligand pair.

30 Accordingly, these molecules should be viewed as a complementary/anti-



- for drug

PCT/ US01/ 06139 the aggregation of lipid rafts conprising ceII surface5 AUG 20
noi,eti es or enhanced transduction due to localization (i.e., polarization)

of receptors at one, or even- several area(s) of a cell. Thus, not only
does sYMOLEI8PS surface noiety ligation lead to unexpec?@ﬁm§°yﬁ%ﬂ%t cel |
activation and proliferation in T-cells can al so be applied o magnifying

the signal transduction event of many;gell types. Thus the present

i nvention could be used in conbination with an inplantable device to induce
a signal transduction event in a particular location in the body, used to

- ex vivo stinulate cells for subsequent infusion into a patient, and used

to subst eemplemeptaghisehof mivlecules dthatofdemiogstrdte speeifisdbindingn geperally PR cel | s

by anplif transduction signals, thereby aiding in 10 screening
E‘"Xtﬁ%[ S@Eﬂ@i‘” uch transduction events (e.g., G coupled-protein

receptors, rel atedt @oSRhARBR §ighal”, & 88&R. hé Péfﬂn%rton@ﬁ AOGitEE in

i ndi cations; Fc fragment receptors on mast cells and basophlls related to
the all ec@nmatﬁftpmﬂﬁ)a pnﬂ«aqorsﬁgml;l yochwias HT@RICIR3 cligutipnt- ledds Ttocdl-ted] t he
present invention provides a variety of unexpected advantages, first it
eI i ni fat Bolifgsatioteed for a separ ate nonocyte-depletion 15 - step using

"uncoat ed" particlgs, “ﬁ%%/ﬁn 'l? mﬁXpﬁfﬂf* on, of ul_efelﬂ ? #yc | r cpg 4ess

cell transfers ant | eb reage dased '&Vel |va i on

during agdmpainb@bry/AMocRsiemERat R of mbRcaled thatldemohsvind sjﬁdlﬂcrblh@iﬁg,
processing of the cells, reduces the cost of nanufacturlng and i ncreases

the fl exgdperallyy of wdatel | hl;hpaaﬁ@ﬂv pr oBxemplayy abigand{antsligand. paos | n an
addi ti onal as of t pr.es i nventi,on i.rst and eco d or re
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enbogg ggﬂbm%V&r srpEaviiih! 0RRin TRY cOR%A Jfhfe z?egsnﬂhvéhﬁoh%eaﬁcmﬁﬁt S

atta thereto for binding cell surface noiéties of target cells. For

exanpl e,reeeppars and gtier icell sinémd maiytidscare amﬂ@mmwﬂlhrgemﬁmgaanmwgs for a
r ecept or on a tar et cell and such 25 beads  ma xed with a popul ation
of cel | 2wt %t’%@?%ﬂ" B cOpEder ﬂfgan el | popul ation may be

mxed wwth a secon £ _he r ept rface
noi ety bi ndi ng ageq% adh%d%?%dmrl%epmﬁ E}f)cg %orgﬁe [ n%ﬁcgg Sggﬁtg%élt ation,

t he beadsrifyilg 08t bcimpdsxfenbﬁeughbtﬂeeg@g hby ﬁiﬂ‘ht@nﬁmd@étlc/ﬂhuﬁm)@.nd t hus .
signaling is magnified. In another exa par amagneti c. beads_t hat have an

agent5 speci fic for*QuiesgentCoasysng deren 1 r%torrrepelhstﬁ wherpmdhe eell is 8¢ f ace

noi ety at{:l (‘1hed {lgto are mxed with 6 AUGi7 WO 01/62895 PCT/ US01/ 00139
17 vely prolifera

A “surface”, as used herein, refers to any surface capable of having an
agent attached thereto and includes, without limitation, metals, glass, plastics, co-
polymers, colloids, lipids, cell surfaces, and thé like. Essentially any surface that is

20 capable of retaining an agent bound or attached thereto. .

One aspect of the present invention is directed to the smprising finding
that the combination of a force which induces the concentration of cells and ligation of
cell surface moieties resulis in a profound enhancement in stimulation of these cells. In
the prototypic example set forth herein, T-cells are utilized. However, one of skill in

25 the art would readily conclude that the present invention has broad applicability to any
cell type where cell surface moiety ligation or aggregation is desired or where such
binding leads to a subsequent cellular signaling event (e.g., receptors). While not
wishing to be bound by theory, the present invention may function by taking advantage
of a phenomenon involving lipid rafting and/or receptor polarization. The phenomena

30 are similar in that they suggest either initiation/enhancement of signal transduction by



a popul ation of cells containing the target cell. A nmagnetic field fsﬁtﬁgh 2
used to.draw the bead attached cells to another surface that has receptor
ligating agents attached thereto. Thus, the signal traQ§ ti on i nducing
agent MOBH6ZPe second surface. In yet another exanple, HILHEt hat

binds a cell surface noiety of target nay be attached to a particle |arge
enough to be retained in a nesh or filjger that itself nmay have |igands
attached thereto. As noted above, the present invention provides nethods

for stinmulating a cell population by sinultaneously concentrating and

- ligating noieties on the surfaces of the cells in, that popul atjon.

Cont act i thy agsregatiopopflinid mits\remprsing el syrfacg. mojgties prnephaneed; gignali s

to a cel| surface.nojety .sti.nulate | W] y be
. in sol ut #W%Hfﬂo%ﬁgeo{on&édb%hg?t(é%’hg%lgﬁgﬁgdﬂg t?rlg(f)r g%@ﬁk%gg?%gﬁ 43}19 gge rQ'cgur face
MDi et eSyreflff A%eB, I TREN! A6t ofYY dodiCHRIMALEY Suffders indletyaligationl Badsicgnal i ng
pat hway. Recent studies suggest that for signali nﬂ to occur, critical
concent r anéxpactedly robwit dell attivatioortndi proliferatiom inr Tells hytecancalsp bo pppliads t _
aggregate. By way of exanple, raft aggregation be 15.faciJitated in
Uivo 8r 1onmpERpng the SEEh (tSTIGERCORG P ST So 7P%So! TTHLS MRS, BESSHEY of | s
to para i i s -he. | i { it heGl £ t he
cells, a@gﬁ@rﬁl@&%ﬁ%‘g%?@ﬂ%%%%ﬁEg_ineo g ;f?g%g%l yi ntgqga]?%rfglfgh gluch as
a magnet irgnsbih@lch dventiisd jsdrticylad lecation g théibody,gedtb axmvied stisulaie. @lls for
receptors) and concentrating cells in _a small _volupe. The application of a

magnet i csubsequentindiesion e a patient, el ysgd de sykstantially zpbanss dhestady phgignple cel | s

ith th f h ts_attached t { L I f
o ot | estratRER AERG RHC BY AnBURAEE Sl AR Pl Bl Wl GC°
" resubpi NG rednthed $6E ldRHGA! At MBI ueh NPARRECtRR levaits q@.g., V&0 ipg@tinons of

the present invention are possible, for exanple, if cells have | ow nunbers
of and/ oreceptafsurelntednad schizephreni, sleepe ansk tr negurelogicak idicationgodsent r at e
such receptors in the lipid rafis to . overcpne.25,such defects and to permt
pr oper sﬁ%‘?‘}tnﬁ’c%@ﬁs\rPPy‘.“a%%d-{?xH‘Fglt@s?ﬂhlgu{:ﬂatﬁ‘éltP gﬁr f"@%’%’c F‘?B%’?Steg‘i re
correcti | Sl s ] ' finl SR Bravidd 8 Vakisviig or to
cel | sulfSl %{Jgging%i’ gﬁgmlgﬁersr% é%’?gﬁefvﬁk?héjgbyeﬁf%mgu%h as arpr{t I - CD3 angtyant i - CD28
ant i bodi @expeds® hdvaniaesefirse @l dlirminafeadhe maedk forsa aemarata usomiclie-deplgticauch as
the CD3/ TCR conpl ex. By stinulati r_lg t hese cell oplgili st i ong .W tlh aq%gnts
suchlas sien psigpdunernteditparigles syoplifies saRaneion qfhb-celly Py JEQWHPE 1638 9%dr s of
these cellscreturn,t el. r C : /@lgﬁ%ﬁ svati )
PCT/ USOl‘Ir%PéEg a%él gigg rgaséesﬁsé hmgaéﬁéeg? (P)e&i% ge&aﬁon%’?ﬁgg?%ggfl pr o (E:l% tl‘1"'&1(1):}0 ncancer

ther apy poesss/relibéesqind and IAbor RRbivedtin tHepryedssivighufithapgls, slucenthe abstt hi-s

fnvention, cells may be efficientl ¥1 concentrated . . )
of manufacturing, and increases the flexibility of scheduling patient processing and

infusions.

20 In an additional aspect of the present invention, a first and second or
more surfaces are utilized with or without ligands/agents bound thereto. In this
_embodiment, the various surfaces may have thé same or different agents attached
thereto for binding cell surface moieties of target cells. For example, a paramagnetic
bead may have attached thereto an antibody for a receptor on a target cell and such

25 .beads may be mixed with a population of cells containing the target cell. Further, the
cell population may be mixed with a second or more bead with the same or different
cell surface moiety binding agents attached thereto. Upon force induced concentration,

- the beads and cells are brought together in a smaller volume and thus signaling is
magnified. In another example, paramagnetic beads that have an agent specific for a

30 carbohydrate or other non-receptor cell surface moiety attached thereto are mixed with



and activated, including inducing receptor polarization, thereby naxibm Aliithg]
receptor. signaling events. Such applications have broad utility including
the use in screening assays directed at receptors or by collecting

cel | ul WO #12©28% on the surface of a cell to induce actiVel/PeH/%ih as

I nduci ng apoptosis by ligating Fas or- like nolecules in a tunor cell. In
one exanpl € of such screening assays, ;pne could use G coupled protein
receptor bearing cells and contact themw th agents that bind thereto,

t hese 10 agents being bound to a surface that allows force induced

- concentration. Accordingly, the receptors raft together the signal

t r ansduca populatiemof oallsl contseningithe trgsd celihids megnatie Beld ishentused 19 daw he

tudy of _si.gnal transduycti ts.that . J.ow | i n.. tvpical

exper | el SRR PHEHIE G iecie PR GTr . 00% i JEraon BEHimg, Hbersfhiachad o7,

modi fy S%gfaﬁf;' Q‘H&JE, thé efg-ﬁg ARV SRRing! Rxefit iS04 WA ATbfNsiacd Thlyet -
e nethods~of t

POPULATI present invention relates to the stimulation
of a targpiherefihpleyan ienothatbings acéll gafute moietyerdtarpsedellmaydse attachetel | ul ar
noi et%/n,El i nducing a cellular event. Binding of the li ﬁnd géaagent to the
cel | mytora paytiele laresicgensh tadperatanedyinamesh or filier thatfiseityaayeRavgdieands| ar

phenot ypi g pr Ei oIé)gi cal changes in the cell. The activation of.20 the cell
may enhd ‘?‘ﬂ) ‘cellular .functions or initiate normal cell functions in

an abnormal cell. AfRhgteARbHRS] $enbReRRsEprovides victiesls $o1 stiuhAitingra by
forcing concentration of the cells together with the |ligand or agent that

i gat es aeligmiphlation bysinultriectsjy condentratng 4pd ligating sdictiossp theswhisahebd or a
o1 garfie ofln atpabione domcings Sl parcizodh wilh o8 s e adBH my pe
appl i(?d ik BIYs © delf Qﬁfa@@hﬁi&t&?%?%ﬁhﬁﬂa&fth@pﬂ?bbplﬂhﬁ&@%e 132in inYay BAdS to a

signaling event. e 1 nvention ner provides neans for selection or
cul t uri nig sbhgios butalsa ey beatthched Th e sprfadeotlyipationeofaefl | serfdessmopieties] sich
stimulation of T- cells, but one of ordi ar%/ skill in the_art will. readily

appr eci a@Sea FergPtorhBayeERedndue 2 P3PS galipg patvey  Repa stighesqy of

exanpl e, cell aﬁf.l'?ﬂl ; -%ng 2398 th

PCT/ USOl%gi%éﬁ%ggggige@in&g@iy On(% dde T b@gg%tga?g?érg&ﬁ) as'g‘!g,ﬁ herr%t oepoi etic
st em celdeguighél réRpRire pAIst tagoreghte0 By Way dfebtanfl€DBA aggebatjon mayeme hy nal
stemcells, dendritic cells, cytolytic T- cells E cell 8121 . ot her

CD8 ,
| eukbrytfacifitated at vivmor iPpVimOiWﬂt@ﬁblﬂgtl'@ﬁl@%quﬁfﬁﬁ(ﬂhﬂcﬁgéf‘@?ﬁe QAT b | s,
islet cell tc. Accordingl , o ' i
popul at Gt ERe R PR TEREE Rt BAERIG 10 B senp ' dohyy

popul at i 1§8Sa @V b GirdhR4dnededly applying a force, such as a magnetic field to assist

polarizing the ligated moieties (e.g., receptors) and concentrating cells in a small .

volume. The application of a magnetic force concentrates the cells as well as
20 concentrating ‘the éells with the surface having agents attached thereto that ligate cell
surface moieties, thereby bringing greater contact of the cells with the ligands, resulting
in accelerated and more potent activation. Many applications of the present invention
are possible, for example, if cells have loﬁv numbers of and/or dysfunctional receptors,
the method may sufficiently concentrate such receptors in the lipid rafts to overcome
25  such defects and to permit proper signaling activity. One example of such cell surface
repertoire correction is in patients with certain types of leukemia, wherein prior to cell
surface moiety stimulation with agents such as anti-CD3 and anti-CD28 antibodies
several normal cell surface markers are unusually low, such as the CD3/TCR complex.
By stimulating these cell populations with agents such as anti-CD3 and anti-CD28

30 antibodies, the cell surface markers of these cells return to a level that appears normal



phenot ypi cal characteristics, including T-cells with specific phenatypisJ5 20
characteristics. As noted above a variety of cell types may be utilized
within the context of the present invention. For exanpl '] types such
as B cWQ81/6232xe|l|s, NK cells, other blood cells, neur oﬁg{m@sz’i')f'@,sygl andul ar
(endocrine) cells, bone foamng cells 10 (osteoclasts, etc.), germcells
(e.g., oocytes), epithelial cells |linygg reproductive organs,' and others
may be utilized. Cell surface noiety-ligand pairs could include (but not
exclusively): T-cell antigen receptor (TCR) and anti-CD3 mAb, TCR and nmj or

- histoconpatibility conplex (MHC) +antigen,. TCR and superantigens, (e.q.,
st aphy| oawtassuch eae pravide ;re mpust progugt for FRRCRT ey f&ﬂl’ﬂ""(‘g?s‘é%) ;

etc.), B cell 15 antigen,recept . |- CR and
. speci fi CPWF'Q%Q?%I?%EWPW&%% @"\}]ﬁsiﬁn{ g ,uoﬁ':} I gg&e t%egefgng aﬂ? ggdlﬁﬁﬁ?tggept or
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ant i bodi es, 4 and anti-CDb4 ~ antli bodies, CD2 and anti-CD2 anti bodies,

CD2 and $ifelihg(dvensh@ucheapplicationsrhave dreadeutilitytingladingythe dige dn SFRECRBEept or S
and their respective cytokines, cytokine receptors and antd - c ki ne

r eg epﬁg)_risé?(\ji_fﬁ i @s?‘t TERERIQTS QTP Fﬁﬁ@@?‘%ﬁ;@“ﬁﬁé&;&:’f’ é‘ﬁ%%‘%ﬁe ?fa?‘nf%:orre nber s
and anti i es . ﬂﬁ;_- R > [TRE nsoladifle r
respecti uES a%‘}(?ésﬁasgg%glgglﬁl oné nggi%t(e)%:eply??% a?i d%tﬁ%i r |1 gands,

adhesi onfaiFicel, receptors and anti bodi es agai nst them oocyte or

fertilized oocyte receptors and their |igands, oocyte qr fe:](éi i zed oocyte
receptors and anti bodnesxamalenof supleFCTeeBIBgpRBALS: AMe2e0Wld 1se {FHqupled)

_ lining of uterus and their ligands,  hor ; I | | pective
" Tyhor nDne,P‘WB’T’%?ﬁ?Pﬁggéeﬂf‘Bg é:e%%n nﬁopgggi@%ﬁgggﬁg%g@gékﬁ%{% tgn
ot heﬁ?- #Eﬁtﬂuaﬁtirlt Poﬁd fohesupiabd i 205wa f6:06 @Rheed byndentraGan d Avkdrtiingly,her
resul't i the multinerization of the receptors, or agg)r&egat ion/orientation
of the racthetetaptors taf 1Gfkthdrahe sigpahhansgiuction event vearpd becamplifitde efhisat ed,

i nproved, or otherwise altered sq as to AUG 20 1/ 62895 P S01/ 06139
20 conf epoudd bamperﬁﬂnaan'gﬁﬂffx ?is%ﬁ% transqugtion gVERts; ,“%??’Xaf’ (caigée dfeti on,
cel | mgrati | ¢ I HRIPEMBOundR! - inhik 6K ABMERSWAT €

gi ven be M%ﬁ@?ﬁ%@%&%gﬁeﬁ% a mﬁati rrgri zation, aggregation, or
cont r ol | pddifpendieniel afsdattiGetventsur f ace noieties could 5 be of practi cal

benefit. In one exanple, normal T-cell activation by antigen and antigen
presenting cells usually results in aggregation of TCR rafts, cytoskeletal

reorgani 2atl OB n uLATION OF A CELL POPULATION
The methods of the present invention relates to the stimulation of a target

- cell by introducing a ligand or agent that binds to 2 cellular moiety, inducing a cellular
event. Binding of the ligand or agent to the cell may trigger a signaling pathway that in .
) turn activates particular phenotypic or biological changes in the cell. The activation of
20 the cell may enhance normal ceflular functions or initiate normal cell functions in an -
abnormal cell. The method described hereifi provides stimulation by forcing
concentration of the cells together with the ligand or agent that ligates a cell surface
moiety. Stimulation of a cell may be enhanced or a particular cellular event may be
stimulated by introducing a second agent or ligand that ligates a second cell surface
25 moiety. This method may be applied to any cell for which ligation of a cell surface
moiety leads to a signaling event. The invention further provides means for selection or
culturing the stimulated cells. The prototypic example described is stimulation of T-
cells, but one of ordinary skill in the art will readily appreciate that. the method may be
applied to other cell types. By way of example, cell types that may be stimulated and



pol ari zation of "activation" signals and cell division, for exanple.§ Wihg;
man- made approaches, such as those described herein, in the absence of
"normal " in-vivo T -cell 10 activation, one could accelerate rove,

ot her Weeatssct the functions described above, in parfGTUF0A{es gﬁr ough the
accelerated, controlled, and spatially oriented ligation of TCR and CD28.
Benefits could be inproved cell expangion in vitro resulting in higher
nunbers of infuseable and nore robust cells for therapeutic applications.

O her benefits could be inproved receptor "aggregation"” for cells with

- defects, such as |ower 15 than-normal TCR density on_the cell surface.
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exposked of #elis f@ﬁﬁ‘ﬂ%ﬁ‘)@i thie methpdpiagy & Wleﬁ ?%pBHH?QP%ehaé’iﬂ%ﬂ'Pfiﬂ by the

present t ogl es..La.an Uhgg kdr@Redhicsel | death
occurs rl?‘i%‘ ﬂﬁ%ﬂmﬁ %if'ﬂﬂ%gé?ﬁ?h&?o %Hc%%(giﬁg%a Hﬁe mul ti r(r:erl zation
of FAS, spatially ofhsed ab@féaﬁﬁiety/@ﬁﬁﬂl typé&Smey bt atijedd within theicbatexts; or to
pronote a cunul ative FAS ligation that would otherw se be unachi evabl e,

" coul d protﬁ\thejpreselgnnfmmmnt Emrm:tamplﬂ, reellitypes sehtascliaghs.yT-ceby, Niessllsng

fﬁ%?rc@?ﬁ‘érﬁﬁﬂ%%né? g AT i Celffy BERE Sl SRR P2
ow {(th{zl eocﬁ%.{st AI% A g?ﬁn I:élﬁft% §S'Jo%§te§)duﬁ1tﬁéhawémr1ﬁﬁﬁg Yéprédiiclive BRSns et C. ) .

Due to ese adequat e FAS signal cannot be generated,
al | owi n@nél @thdrsimmdy belutilizal. Gell syrfavs molmdlgend\p@rappawsgehﬂetﬂ)wsoqt/ 46139

AT ER LR SR
ity ks ORI iy

a stron e |ng t af tunor es (e.g., ] anom,

Kaposi ' %ta‘]‘aﬁfrl@@é&aﬁattaﬂmﬁn @(SEB)?&%U&SMMM toeim(’l)‘SSﬂau et )pBosellde f or
the spacial orientation of the paranma netlc éd at t nor sites as
t he Har taptiges repspied BERb mnd yarst-lg P ]ﬁf bfcc%?* ° FOHEERS | on

Ccompar PRy SpYRUERy T ?é%?%ﬁ*n‘rﬁ"a%tﬂ% S qﬁg%re%%% *Po now
i nduce Gelehth @Rl FAS A, FASYecert6d &l anti-FAS antibodies, CD54 and anh~CD54
antibodies, CD2 and anti-CD2 antibodies, CD2 and LFA-3 (lymphocyte function
related antigen-3), cytokine receptors and their fespective cytokines, cytokine receptors
26 and anti-cytokine receptor antibodies, TNF-R (tumor necrosis factor-receptor) family -
meimbers and antibodies directed against them, TNF-R. family members and their

respective ligands, adhesion/homing receptors dnd their ligands, adhesion/homing

réceptors and antibodies against them, oocyte or fertilized oocyte receptors and their

ligands, oocyte or fertilized oocyte receptors and antibodies against them, receptors on

25 the endometrial lining of uterus and their ﬁgands, hormone receptors and their

respective hormone, hormone receptors and antibodies directed against them, and
others.

The nature of the binding of a receptor by a ligand will either result in

the multimerization of the receptors, or aggregation/orientation of the receptors, such

30 that signaling or cell response is accelerated, improved, or otherwise altered so as to



10 I'n one particul ar enbodi nent of the invention,"a T-cell populatibnﬁmﬂﬁ329
be .stimul ated by sinultaneously concentrating and ligating the surfaces of
the T-cells. In one aspect of the present invention, antibodies to CD3 and
cD28 ar¥O8Y¥8obili zed on a surface. A preferred surfdde P8R

I rmobi |i zation includes particles, and in certain aspects, beads, such as
paramagneti c beads. |In another aspect 729f the present 15 invention, any

| igand that binds the TCR/ CD3 conplex and initiates a prinmary stinulation
signal may be utilized as a p ary activation agent i mvobilized on the

- surface. Any ligand . that bjnds CD28 d.nitiates' the CD28 signal,
¢ r ansducePBkE 2 PATHGGT %@ﬁ% @gﬁs%ge@nélﬁlr’mﬁ?mﬁ ssfreting, edl pugrationg o3
i gand a ' -act L.vaton of a population of T-cells, is a CD28

- | i gand a%g%g‘grg@l ng gﬁﬁftiéﬁlogl%% 20 stinmulatory agent within the context of

the present inventfef kRanmples!l kel giepebelow tHae iihbeRNd | Bow asubRr G is
applied to the .mxture of T-cells and anti-CD3 and anti-CD28- coated
sur f aces mubtipetications aggregatienToeontes]led mepriautationiofiael] s=lae¢ modetics zould

| i gati on, ¥Mi le i B Oe% particul ar enbodi nent the concentratian force is
magnet’i ¢ °f 8 E‘@c'é‘ﬁ’;l) PG "where the anti-CD3 and anti-CD28 coated surfaces are

par anagnet i ¢ beads i iloxarfelTeiihal 06 bobfoct B/ Snlch Ui bR

together in a concentrate shion are available In’the hods
of sti nupmsentmgacells asidllypogilisdn aggregation ofeRCR rafts, tiioskiletabrdrganidatioand/ or
cell-cell contact that induces surprisingly greater activation and/ or

prol i f er helagzaten of ‘@stivation” signady aedt ecll diasiph, oxtergmpieet hlsing BrReRadene cel |

_ surface [ erej e _activated T-celd.s express.cell surface
"yYmarkers ?ﬂg{’&;ﬁ%sd%%g%gg gh%/}%ﬁ%g%r% MF 3%6%%6#3&0‘%% el “SStenot ype
- and 116SSadtiatien) chef éovid abdedstbte! nhMERE! Gdotherwibe affe&f the Fufiétiond &ledcribedcel | s
when first isolated froma subject wwth a disease. 1. . The Primary Signal

The bi octlmvechl pastiedas thresgiotheiastelerated, esnivdlled, and epatiatlyi orieintadi lagatimne set
5 forth brietl elaw. lnteracti bet ween, t he- TCRLCD3 conpl ex .and_antigen
pr esent efﬂ{ Jlrﬁ:kc%/ﬂdo _Fr?x'r ohe tﬁ “@ P@% IRpIevEd ﬁgﬁ FrBA gggfirﬂ)rq@ﬁzggdpes on
an anti ORBhE R BfinfeRbble Rl Thérk ot S8l foF tligraﬂé'uﬁﬁ rEl%?lix‘:‘aﬁ'on Vet termed
antigen-specific T-cell activation. Accordingly, "activation of T-cells can
be acconisnefisadublbesimproiat reneptohtaggregation” HERIEDRIth dafelctsxsuah ds\ower:
sti ating the surface protejn-_An anpti - . 10 nmonaqg¢l gnal anti body can
e Ldsa %g-aemlf@ BB PR Lhote furfcge| l@}lﬂ?gsmwwmlmason%wﬁl &%. A
number  ofer@tihr BHERpETHC TR o AThLROE R Sl fed YBR b hdhdrispecific

T-cells at tumor sites. Improved receptor aggregation and orientation could provide an

activation signal otherwise difficult to obtain f01_' functionally tolerized T-cells. Further,

such activation could be used within the context of antigen specific T-cells. In this

) 20  regard T-cells from a tumor could be isolated and expanded and infused into the patient.

Similarly, T-cells exposed to an antigen either in vivo or in vitro could be expanded by
the present methodologies. b )

In another example, improved induction of cell death occurs via the FAS

pathway: The ability to accelerate the muliimerization of FAS, spatially orient

25 “activated” FAS on target cell surfaces, or to promote a cumulative FAS ligation that

would otherwise be unachievable, could provide significant benefit in vivo, particularly

for treating cancer, autoimmme responses, or graft-versus-host disease. For example, a

tumor cell may express low levels of FAS in vivo, and the host may express low levels

of FAS-L at tumor sites (due to suppressive cytokines, efc.). Due to these low levels, an

30 adequate FAS signal cannot be generated, allowing for tumor survival and growth. One
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avai |l abl e, exenplary are OKT3, prepared from hybridoma cells obtaine Aw{prggm

the Anerican Type Culture Collection, and nonocl onal antibody G19-4.

Simlarly, stimulatory forns of anti-CD2 antibodi es are known and

avai | amaee1/@s9smul ati on through 15 CD2 with anti-CD2 antPEHYSELIE ¢ ypically

acconpl i shed using a conbination of at least two different anti-CD2

anti bodies. Stinulatory conbinations gf anti-CD2 anti bodies that have been

described include the following: the T11.3 anti body in conbination with the

TI 1.1 or T11.2 anti body (Heuer et al., Cell 36:897-906, 1984), and the 9.6
~antibody (which recognizes the sane epitope as. TI1.1) in ]c)onbi nation with

0

the 9- 1 pmstibleosyay20o (eencprat this, FAS/F d dediriengy7cauldobe 19345188y her
antibodies that bind to the s epi,l.opes ,as fy ot oy.a: ri bed
©ant i bodi HROERMEF §6e%@t%gpapv%%iqp§ﬂﬁyﬁeﬂzﬁgﬁg |5§§So@%c%§b%ﬁﬁ1§g ?ge%é of
ant i bodi e | dettdifcl StaHptRhgheie dold qsiag thed
primary eg%}’ib\(éa ngnp%ﬁ@eﬁg n alléssbq%?ﬁgg‘lﬁ‘%vgj?%d to a T-cell thro%gh 25
ot her ngghafi wSmunicd’ sisa(@g.e, melanendi Kaposits swavmanabamosedellnpeakdes a

protein kinase C (PKC) activator, such as. a _horg%l1 este%{%ﬁq% .(ﬁhor bol
nyri st atcarcieaseas; eic;) eonll providg fey ﬁ'ﬁ]sp't‘ﬁ'ﬂ%‘pﬂ\'lﬂ‘?%(’@.o the PHY, PARESS rai ses
cytoplasm c cal.ci um,concent r,at i i gents
by passedt {ROTEERP C(Pgﬁfﬁ%esxb%otuﬂ? @%Q ?%gé%&ta%@ués’talh%f:&a-?% rféé@i{ﬁa&% k}12.5':!(;)&)11?'- cell s.
O her aggRis e RetidfioR! dndbépandi@nalisoramyd IFXS ugereg@ion/biBor{patlibd(Hy 62895
23 PCT/ US01/ 06139 natural and synthetic ligands. A natural |igand may
i ncl-ude sigial polatizasionainighd provide asleguatel sigpalde apwaiaduey Wélrdqaﬂglaﬁgﬁ TRRQr
_include, hut are not limted to, a peptide, polypeptide, growh factor,
- )cytoki neellghenoki ne, gl ycopeptide, soluble receptor,. steroid, hornone,

_mtogen, such as ﬁﬂtotf]ne%ar@&ﬁﬁrelﬁw?ﬁhéxﬁtdﬂﬁ@&veﬂﬁbﬂidWTIdéﬂ_pb@aIaﬁbh mfy the

present invention e ‘use of concentration and stinulation may result in
such hi gle stinftged by shalbarevadly eondentratimpankbgatihg the sifacgs dfdbe doeslised t o

event o -G onn gsmeehet he prasent EveRoR ARt ROHS B CHE PHRINGS PRgecmpeioet o' "
e o e S T i B e Tl e e
certain aspects, beads, such as paramagnetic beads. In another aspect of the present -

15 invention, any ligand that binds the TCR/CD3 complex and initiates a primary
stimulation signal may be utilized as a primary activation agent immobilized on the-
surface. Any ligand that binds CDQS and initiates' the CD28 signal transduction
pathway, thus causing co-stimulation of the cell with a CD3 ligand and enhancing
activation of a population of T-cells, is a CD28 ligand and accordingly, is a co-.

. ) 20 stimulatory agent within the context of the present invention. In a further aspect of the
invention, a force is applied to the mixture of T-cells and anti-CD3 and anti-CD28-
coated surfaces to concentrate the T-cells, thus maximizing T-cell surface ligation.
While in one particular embodiment the concentration force is magnetic force aﬁplied
where the anti-CD3 and anti-CD28 coated surfaces are paramagnetic beads, other

25 means to bring the cells and the ligands together in a concentrated fashion are available
in the art. Such methods of stimulating a T-cell population provides significant bead-
cell and/or cell-cell comtact that induces swrprisingly greater activation and/or
proliferation of T-cells. Furthermore, the inventive methods alter the cell surface

marker profile wherein the activated T-cells express cell surface markers that indicate a
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2. The Secondary Signal Wile stinulation of the TCR CD3 conpl ex or : Cb2 AUG
mol ecul e appears to be required for delivery of a primary activation
signal in a T-cell, a nunber of 15 nolecules on the surface of T-cells,
termedvwoopeseyy or co-stinulatory nol ecul es, have beenPCHISOt/a¢188 i n
regulating the transition of a resting T-cell to blast transformation, and
subsequent proliferation and di fferen&%ation. Thus, in addition to the
primary activation signal, induction“f T-cell responses requires a
second, co-stinulatory signal. One such co-stinulatory or accessory

. nmol ecule, CD28, is believed to initiate or regulate 20 a signal

t r ansducirofndiaial pieholtytanddesdivatiable finhl mrotec yosipared! ta tisdprbfild éfethd AR.
conpl ex. Therefore, to enhance activation and proliferation of a

~ popul at i eallsothen firgtdisolated fromp a sabjec vath Bisessegenols growth factors or

accessory cells, an accessory nolecule on the surface of the T-cell, such
as CD28, is sti rrul ated with a ligand that binds the accessory nol ecule I n
one- embodi mept, syyipl-ld-pPRighhl the accessory 25 nol ggule CD28 and T-cel |
activation occur si.nmultan€ously by contacting a population of T-cells with
a surface to whi chThe bnog;helﬂlcnhatentslrast@nﬁm fandx ainvoi Graelli stithulatibn ausssatD28

ttached.  Activat f-the T-cell , With ti-
ant E‘adiforrimﬂ&éqﬁ‘w;ﬂ‘@%caw siwvegbile BERARS S plsncr) BUEER BRSEHter

Accorai RS PRt M lasl T I%eﬂé\ﬁﬂ%ﬁyt’?%%%%ﬁp i

agent, | éHIEI' Mﬁﬁz@& ii@.eﬁéht of blgdBerichll Hslis téfméd ag@sﬂebﬂce'ﬁ-fcen aicﬁbhﬁomf
cross-linking the CD28 nolecule, or a nafural and for CD28 can be used

to sti nuAeaoedmrgb'elachvah@(@ﬁpT-adis aan ibecpemplishesb Veﬁlléﬁlaﬁm&g%n"f@eﬂ her eof

ful t ext f t | ud I
ant i bodk ?gﬁi'ﬁzf"” SHley et O FRERGE S b2 SPRRTRQTOIE Ao ABRGePInal
anti pgdyy, I@% c&%&g@hénva%% p%ﬁul&h&ﬂ M- celigReh BESTERAGDS | 9G2a)
(ATCC HB11 3 Exerrpl ary natural ligands 1nclude the B7 famly of

pr ot ei nscongpleh ak Mifalier(@DAGL-homan B7D? mdmﬁ)nal ntibodies ast cammerdially

I | . 137:3260-3 67 19 F I 14- 2722
1085, 1l csRplary areyORELS, vrvmieeh o dvbrigama o obigiptL e o

S 9 7 1

efl glnce ,%J%E%% T%Ijg fggé%%ﬁda%]%?%ﬂr ad‘g?gr @ﬁ% ndlgiﬁgl h!ci)’rrrgleggﬂes

of a natsuﬁxaﬂatbng&mﬁs oﬁlaﬂi-mfﬂz aiboilies ave mmdmdmamlhysmMOn throngh.
reconbi nant techni ques, can al so be used in accordance |th thafei)resent

i nveh? i dAD2 eithaantiagBRrantibedieniy tpicallycasramplishedgisines rembingfion,
two different anti-CD2 antibodies. Stimulatory combinations of anti-CD2 antibodies

that have been described include the following: the T11.3 antibody in combination With

the T11.1 or T11.2 antibody (Meuer et al., Cell 36:897»906, 1984), and the 9.6 antibody -
(which recognizes the same epitope as T11.1) in combination with the 9-1 antibody

20 (Yangetal,J Immunol. 137:1097-1100, 1986). Other antibodies that bind to the same -
epitopes as any of the above described antibodies can also be used. Additional
antibodies, or combinations of antibodies, can be prepared and identified by standard

techniques.

A primary activation signal can also be delivered to a T-cell through
25 other mechanisms. For example, a combination that may be used includes a protein
kinase C (PKC) activator, such as a phorbol ester (e.g., phorbol myristate acetaté), and a
* calcium ionophore (e.g:, ionomycin, which raises cytoplasmic calcium concentrations),
or the like. The use of such agents bypasses the TCR/CD3 complex but delivers a
stimulatory signal to T-cells. Other agents acting as prima;y signals may include
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15 natural and synthetic ligands. Agents may include, but are not {ifnAl¢®l 7;
to, other antibodies or fragnents thereof, a peptide, polypeptide, growth.

factor, cytokine, chenokine, glycopeptide, soluble receptor, steroid,

hor nowe e1fzgesgen, such as PHA, ot her superantigens. I¥ W?‘Ufﬂfﬁgr

enbodi mrent of the invention, activation of a T-cell 20 popul ation may be
enhanced by co-stinulation of other sk-cell integral nenbrane proteins. For

exanpl e, binding of .the T-cell intégrin LFA-1 to its natural I|igand,

| CAM 1, may enhance activation of cells. Another cell surface nolecul e that
may act as ,a co-stinmulator for. T-cells is VCAM1 (CD106) that binds
very- | afgraniridysyntieticMighndy. Aonafiiral digand npy ippludef Pith; ¢ WHROW A Wi | |
appreciate that cells other than T-cell be _sti.nul ated b j.ndi ng of
an agerpeptidepresepigte s Ciherelig Er‘fl@éé"%‘?@e{%’xaﬂﬁ I?Oﬁ[dﬁré"els& tegl’gar% adlg’on of the
noi ety, ich.in t r tS. kG:Aact] | o} é‘op"dpﬁ' Ag| isobRatrévspior, O her
such c&? y@ﬂﬁf‘%cgmnm e?ﬁ gﬂg, ;SCX(t: u é,é utdkﬁa}%é %lgt_ lim ted to, GPl-anchored
fol at e u&8RERsMRoreCRBRYen, uctas PHE, beothpt supefdntightis. r¥Ght he)conBerof EGF
receptor, insulin 30 receptor, ephrin Bl re_ce]ﬁt Qr, neuro l’.Ophlg .glial-cell
der:i § edthe presentihventioac theruse ekopycentygsion abyiigaulsborbepy regHy Bebls h?éﬂ“gehog

and ot her chol ester.ol -]inked and pal mt. : rokel : r{@ﬁ,ofip_t egri
endot hefP?e&tOfrﬁ‘ﬁﬁ“i”@uB%i% W@E‘M %%9 tﬁe@r%]gdregﬁgyé; e TNF receptor
fam | y,cePgSPI -anchored proteins, doubly acylated proteins, such as the

V-

Src-fam ki nases, the al pha-subunit of heterotrineric G protejns, and
cyt oskel etal protei aheﬁmﬁigﬁab&&nngAqﬁm}Wfﬁnbﬂf@cg%&e of the
present invention, ex vivo T-cell expansi.on can er, l-sol ation
of T- congnifigd of gpalygedhy Wilizng the ‘Hﬁ'.'e"?HnYﬁ’i’ og‘rrbbgﬂ‘eop 'ﬁ?ﬂlg’feei P%oééllﬁnvent i on,
the T-cells ,na My s Ssidd tfioh hestheiztuddherent ,

éﬁ-{l scogp%dg?%ﬁﬁ%%y%ﬂﬁgdmgy%%gms, one tﬂ%g:'tonli:énhduces a primry signal
and a Z@g&gﬂm&%ﬁgj@t is a co-stinulatory signal. Ligands useful for
stinmulating a single signal or stinmulating a primary signal and an
accessory nolecul e that stinmulates a second signal may be used in soluble
form attached tOT}tEh.f surfa G %fl a cell, or inmobilized on a surface as
descri bed hefein. ﬁcﬁ re"agent that is attached to a surface serves as
a "surrogate" anjigRRtiRnesRAtdfHgE TERICIIABShpleknr £ ablacnlectppedrs td nent
both primary 15 and secondary agents are co-i nmobi l iiEd on a sgrfaﬁe. n
one enbisdiampired fohalelivatye ofilae pimew @rtivptionesigralnly ¢ Tecelly 2 PEAPE Bhal , such

s ?5 CDr%ollel:%gsngﬁ th%nsd a&e ofc”P cells, termed accessory or co-stimulatory molecules, have

been implicated in regulating the transition of a resting T-cell to blast transformation,

and subsequent proliferation and differentiation. Thus, in addition to the primary
activation signal, induction of T-cell responses réquires a second, co-stimulatory signal.

One such co-stimulatory or accessory molecule, CD28, is believed to initiate or regulate

20  a signal transduction pathway that is distinct from any stimulated by the TCR complex. *
Therefore, to enhance activation and proliferation of a population of T-

cells in the absence of exogenous growth factors or accessory cells, an accessory
molecule on the surface of the T-cell, such as CD28, is stimulated with a ligand that
binds the accessory molecule. In one embodiment, stimulation of the accessory

95  molecule CD28 and T-cell activation occur simultaneously by contacting a population
of T-cells with a surface to which a ligand that binds CD3 and a ligand that binds CD28

are attached. Activation of-the T-cells, for example, with an anti-CD3 antibody, ahd
stimulation of the CD28 accessory molecule results in selective proliferation of CD4*

T-cells.



. . I
stinmulatory nol ecule, such as a CD28 ligand, are coupled to the sane b AUS
surface, for exanple, a particle. Further, as noted earlier, one, two, or
nore stimulatory nol ecules may be used on the sane or differing surfaces.
20 Prigip digzgxpansi on, a source. of T-cells is obtai nedP@WERNIA683D] ect. The
term"subject” is intended to include |living organisns in which an i mmune
response can be elicited (e.qg., mamﬂ s). Exanpl es of subjects include
humans, dogs, cats, mce, rats, and ansgeni ¢ species thereof. T-cells
can be obtained froma nunber of sources, including peripheral blood

. nononucl ear cells, bone marrow, |ynph node 25 tissue, spleen tissue, and

tunors. Preferabl yac&Rlingly! 'od8 dtherddaty kil i) ghd barowilbrecagnize nitlatvaial ar e
obt ai ned by apheresis or | eukapheresis. The apheresis product typically

cont ai nagkyininchulngan antrON28i antjbadycen fragmens ithrrgefcapae of crosedinkiag the cef | s,
th | eated white bl ood . cells, | d cell |

orbodi mi28 dneeir) of % gnvel: depngl frcfoREcr B b8 RLSBHAIS 1R, " he”
plasma Tgachifh AROCHASPhARGAIR S m Nt GRESE BiekhlRDIOBIA26r et | S 11

an appr opri éror nedia for sUbsequent processing steps. In one
enboc§ mydsef irtveatibnviadluie nmoridetonak lahtibadye 9ia Jpei2.i(BisiphMysia Squibbf f er ed

2l of umsingciviy Noh gRonorlenRb entibecdt Kitll-Bels B gERT QA D: AHb-2ar G20k |
ci umEsiadet onaplepabsntibecsi Kiolyl-p 3G Harly _
cal of umPAdR T SOIGISTREEor I 5 ABEHRlRL B FlbaL Rl APSFTCT

art mulfgftnﬂﬁaaﬁ- Yot&RB! 8Edhahe BY-YAEDSW SicBMRYODS6) (Feeadianhed al. byl net hods

known to ose In the art, such as by usihg a sem -autonmated "fl ow

t hr ough'jlmmbt i{]aygnqms;amenam Ereetae «Codle -thgml-l Iﬁzaﬁléis%m; 183%1 lelr)
! i S A . '
o TS Siesmerenet Al o Hop- e ety -t SR at o o8 dBpspdSig, | & ™

exanpl e1968- Aafia YUz Nofirb'3:760Y0, 00! Fiteilin of B, HAGS WAL\ raI8BONENL S

of the apheresis sanple may be remdved and the cell's directly resuspended
in cul t yie2 MEMi3). Thradditivnh dindémbhoinoiogues Gf e elahsalalignnids whethed niiionor

peripheral blood |ynphocytes by |ysing the red b) oqd cel.ls and depl eting
Phe. onoEpbesized by chemisl £ oRPTOIBAN AASIGUESEATLAISP R UGH 8 PEREEREe M

gradient . A.specifi.c. ula1.] =i : ; 8hay Ghiditde COS+,
CD5RAr Vi RO VRS bl Bedils Mo b scRbitny Sighle ey shifide €05
negaig veakedlesid GpnihREE Nighias . ARexts exayiheindgnbirc breenbt dimicedl ta;ebther

popul ati on by negative sel ection can be acconplished with a conbjnation of

ant i bodiastibodies ert Fagments thereeb awpeptids, PalYpeBtide Eueathclgeiory eyl oct ed
cells. %hgnrnglfd%é,r gﬁgcorrp%ynlgg, soluble receptor, steroid, hormone, mitogen, such as PHA, or

- other superantigens. _
In a further embodiment of the invention, activaiion of a T-cell

20 population may be enhanced by co-stimulation of other T-cell integral membrane
proteins. For example, binding of .the T-cell integrin LFA-1 to its natural ligand,
ICAM-1, may énhance activation of cells. Another cell surface molecule that may act as
a co-stimulator for. T-cells is VCAM-1 (CD106) that binds very-late-antigen-4 (VLA-4) -
on T-cells.

25 One of skill in the art will appreciate that cells other than T-cells may be
stimulated by binding of an agent that ligates a cell surface moiety and induces
aggregation of the moiety, which in turn results in activation of a signaling path‘way.
Other such cell surface moieties include, but are not limited to, GPl-anchored folate
receptor (CD59), human IgE receptor (FeeRi receptor), BCR, EGF receptor, insulin

30 receptor, ephrin B1 receptor, neurotrophin, glial-cell derived neutrophic factor (GNDF),



20 is cell sorting and/or selection via negative magnetic i munoadher&nlés |
or flow cytonetry that uses a cocktail of nonoclonal antibodies directed
to cell surface markers present on the cells negatively selected. For
exanpl evo b1%286% 1 ch for CD4+ cells by negative sel ecti opcrrasoymses® onal

anti body cocktail typically includes antibodies to CD14, CD20, CD | b,
CD16, BLA-DR,-and CD8. 25 Wth respect_to nonocyte depletion noted above,

“nmonocyt e popul ati ons , CDl4+ cells) n%;y be depl eted from bl ood preparations

prior to ex viva expansion by a variety of nethodol ogies, including

. anti-CDl 4 coated beads or columms, or utilization of the phagocytotic

-

acti vit yhQfoehdle 5fd Giler chbRsleddlilinkeatmdr giiRMaYlateACsoteind) FiRas, ileiie, - -
enbodi ment,” the invention uses par amagget ic particles of a size sufficient

to be 30erslothelitlenitixy oxidagpuiheset (eNONBAP: ewembers ofothealINF aegspiir family, t he
par amagnetic AUG 200 WD 01/ 62895, P /%J)i()l/OG 9 27 particles.are

commrer ci GPI-pnchorsd poteins, deyhly %’Fﬂ*ﬂ‘g{a Fas. URp s By &ﬁ%"é’d‘h%maf‘h%s
under th g T e KepabesdsiM in this regard are
M 280, ° %P%@%ﬁ%%%wgﬁgg} e %e?éé%}% @}g%{%er n?n-speci fic cells are
removed by coating the paramagnetic particles with "irrelevant” proteins
(e.g., serumproteins or antibodies). 5 Irrelevant proteins and anti bodi es

i ncl uble BhoseEXrANSOMOF drdEIdROPBHATION or fragments thereof that do not
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b b it g e an TR, B gl LB Rptheig Ab™"

the irrelevant' b < Her R Sheep anti-mouse

anti bod L;f‘e?fqrﬂ@@tb B3 IhtidP S -3 N h@ SuBequan dtikhliidnS ShUsAe¢hbadiment of br i ef
such depl etion my monocytes is performed By preincubating 10 ficolled
whol'e bl thedentionlibe Txells pmyiberstinallated by d swigihagenbnb anothsembedithent; es of

i rrel evant or non-anti pody coupl ed paramagneti c particl.es.(approx. vi al

of beadsT'Gﬁ"'ﬁ)s %Rf@@“%@%fg‘é’“ﬁ(}w{iﬁgeﬂét‘g‘?? @Pt %BP?? a(]?%@ar lﬂeﬂlg’f@ﬁmsﬁﬁ 5x108
to abgut 010..c Ies outs ' Sfor! Qintul iGN S &h ib@a13dr degrees
C, fgﬁl ot\t/\le%isbj% cnoaigg\drl[%l?%tghfes}%‘\%gl l%lg%gics& "fysfﬁlvﬁ’irch have 7att ac%%gm%%dorr

engul f edstinidathiyr ApHEant signjl and ianl sesess@yaholseyiea tlat simulfescasecond pignalor med

usi ng standard nethods_ avail.able_ in the art. Fofr e><lgrrpl e, Wgnet I C
separ at iTB% heusedist sefpblediprmeatinchad ito dhe, giriage LI pelbt o ERmQPTZed 9P @
commer ci gl vall . Op 3 | ' Jalel=Tae or

( DYNAL r% ?‘meﬁg‘l’s‘ﬁ}r‘eé%@é %#‘%%ﬁ#éé‘%%%g? %"lttafcggégh ea‘%m tora(rg by a
vari ety ‘Qhrrogitdn@stien firesentin® vell (APC) 0S8 » prefrtidnabbodikicnt both priveamyr t , .
including flow cytenetric 20 analysis of CDl4 positive cells, before and
af t et5 saind shephdsry cagentarase mmmpb%aed onpi spepee-t Ha 9og embedimgntstheny| ati on

's tof rngglzegultta r1])(1:':¢:>w;‘iding the primary activation signal, such as a CD3 ligand, and the co-
stimulatory molecule; such as a CD28 ligand, are coupled to the same surface, for "
example, a particle. Further, as noted earlier, oﬁe, two, or more stimulatory molecules
may be used on the same or differing surfaces.

20 - Prior to expansion, a source. of T-cells is obtained from a subject. The
term “subject” is intended to include living organisms in which an immume response
can be elicited (e.g., mammals). Examples of subjects include humans, dogs, cats,
mice, rats, and transgenic species thereof. T-cells can be obtained from a number of
sources, including peripheral blood mononuclear cells, bone marrow, lymph node

25 tissue, spleen tissue, and tumors. Preferably, cells from the circulating blood of an
individual are obtained by apheresis or leukapheresis. The apheresis product typically
contains lymphocytes, including T-cells, monocytes, granulocytes, B celis, other
nucleated white blood cells, red blood cells, and platelets. In one embodiment, the cells '

collected by apheresis may be washed to remove the plasma fraction and to place the



cells after the washing step, which does not require the nnnocyte-ﬁeﬁnﬁ@ﬁ 200
step. Wshing not to be bound by theory, the freeze and subsequent thaw
step provides a nore uniform product by renoving granul ocytes and to sone
ext ent woonpesbes in the 25 cell population. After the wRERTUN1/8G18H t hat
renoves plasma and platelets, the cells may be suspended in a freezing
solution. Wiile many freezing solutio?g and paraneters are known in the
art and will be useful in this context, one nmethod invol ves using PBS
cont ai ni ng 20% DVSO and 8% human serum al bumi n, or other suitable cel

. freezin nedia, the cells then are frozen to -80C. at a rate of 1 per mnute

and st or eglld fin taheapgOpricap dnuffeh agemediaafdri spbseuent poopessisg ciepge lmrine 5 AUG
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. descri begmbediment of ibp invention, theneells; arg; Washed inl@agb%t{’rl%&fg n
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anti-CD28 anti body, .under ndi tjons appropriate for stinmulati
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at, Trangpbadh” denbifugs (od kxafigle; 88 7Tobel DM, cdlibprvesssot, Buxter) acdoxding Nod:
190(9):1319-1328, 1999, Gar]land et al., J. [ munol Mth. 227(1-2);53-63,
1999) . Tthe penwfastyresisi mstragtiong. sABerapashing.t the cedlssnaynbeatesysperdednin af or t he

ool (e o SRR M S, e bR R AT PG

coupl ed ARemafidllABe unddifable ARPBhentIBY tepheresik esmble hiebsAMbvedxhace
(i.e., in "cis" formation) or to separate surfaces (i.e., in "trans”

f or mat i othe.celd diseatiytresuspgnded i culipeamediay be coupled to a surface and the

t h t o | ution, I .embodinent, th L di he.co-
e e T ool U st oy -G e %8 Moo BTERE, BBBAC e
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preferre 0O two agents are | mmobilizéd on beads, either on
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population by negative selection can be accomplished with a combination of antibodies

| directed to surface markers unique to the negati.vely selected cells. A preferred method

20 is cell sorting and/or selection via negative magnetic immunoadherence or flow

cytometry that uses a cocktail of monoclonal antibodies directed to cell surface markers

present on the cells negatively selected. For eximple, to enrich for CD4" cells by

negative selection, a monoclonal antibody cocktail typically includes antibodies to

CD14, CD20, CP11b, CD16, HLA-DR, and CDS8. . '

25 With respect to monocyte depletion noted above, monocyte populations

(i.e., CD14" cells) may be depleted from blood preparations prior to ex vive expansion

by a variety of methodologies, including anti-CD14 coated beads or columms, or

utilization of the phagocytotic activity of these cells to facilitate removal. Accordingly,

in one embodiment, the invention uses paramagnetic particles of a size sufficient to be

30 enguifed by phagocytotic monocytes. In certain embodiments, the paramagnetic



nol ecul ar anobunts. In one enbodinent, a 1:1 ratio of each anti body b&uAdGt Y0
the 25 beads for CD4+ T-cell expansion and T-cell growh is used. However,
ratios of particles to cells from1:500 to 500:1 and any integer values in

bet we R‘E used to stinmulate T-cells or other targatt/gslils139As t hose
of ordinary skill in the art can readily appreciate, the ratio of particle
to cells may dependant on particle size relative to the target cell. For

exanpl e, small sized beads could onl ¥7bind a few cells, while-larger beads
could 30 bind many. In certain enbodiments the ratio of cells to particles
ranges from 1:100 to 6 AUG 20 WO 01/ 62895 PCT/ USO01/ 06139 100: 1 and any
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Teasur | et ibe. Breldvet Headt teciodt Wds GRFW VU8 et Sl
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and uporgfm?lﬁ?qlgs Igg %-I o%hghgﬁgsf?nngﬁg?lf%% | nﬁ?he presence of the
~ystinmulating i garlﬂ bﬁéfe‘suﬁhcdﬂpleumaaf dlcmmytes isvipetformed dyspreingubating 12
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T- cel0 dicaited svhole blasdsersanhsrasp pexphasale @r?ﬂ?s fpLe yapehqgsso y be

reactivate d re-sti at ed .t e
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T-cel ‘10356.':2{3'&It@bh@ﬁat@l@ﬂf@ﬂs%é&ﬂ&&ﬁb&ﬁb&ﬁwoﬁg} st hE0'Praidfiore of
cell surface nmolecules, such as B7-1, B7-2, which are induced ogl @I vat ed

T- cel | s.abaft Hbmmmdmm P drolirsred 22et0rﬁ7sd¢m3a@d follogred Dy Egnetic; oy
and/ or

the T- ceqeﬁ§ et baveSitapbad Tl Soslfed 1o i fgh IR M B 30 iR B12

anti 1 hf’ @g%n g?ﬂgp @%hmaineﬁm %ﬂﬁabl&fiﬁ BPart © i adxabriphes Sartyo

produce a pop + or CD8+ cells increased in nunber f rom about
10 to abfagnefic OParktibnl théthodnlogyi mady Bec@eﬂ pehding omarietisj ofgwhith 258 present

met hodol ogy, it is p055|ble t Y | | fr 0to
about  19OUDEORHY| WalgklEe K8y cbgg}ﬂe i\ii %%I\ﬁﬁﬁc?ﬁg‘)? I@cei
expande_%x-:@})he Assurance of requisite depletion can be monitored by a variety of
methodologies known to those of ordinary skill in the art, including flow cytometric
20 analysis of CD14 positive cells, before and after said depletion.

Another method to prepare the T-cells for stimulation is to freeze the .
cells after the washing step, which does not réquire the ménocyte-removal step.
Wishing not to be bound by theory, the freeze and subsequent thaw step provides a
more uniform product by removing granulocytes and to some extent monocyies in the

25 cell population. After the washing step that removes plasma and platelets, the cells may
be suspended in a freezing solution. While many freezing solutions and parameters are
known in the art and will be useful in this context, one method involves using PBS
containing 20% DMSO and 8% human serum albumin, or other suitable cell freezing
media, the cells then are frozen to -80°C.at a rate of 1° per minute and stored in the

30  vapor phase of a liquid nitrogen storage tank.
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ethod of the present invention secrete high |evels of cytokines (e.g., ;
IL-2, IFN-7, IL-4, GWCSF and TNF-a) into the culture supernatants. 5304\% 200
exanple, as conpared to stinmulation with IL-2, CD4+ T-cells expanded by

use of wanoi/e28B3 and anti-CD28 co 30 stinulation secret e PRIJIH01/8818Y s of

GW CSF and TNF-a into the culture nmedium These WO 01/62895 PCT/ US01/ 06139
30 cytokines can be purified fromthe,gulture supernatants or the
supernatants can be used directly foff maintaining cells in culture.
Simlarly, the T-cells expanded by the nmethod of the present invention'

. together with the culture supernatant and cytokines can be - adm ni stered

to support the groWha celi ppplilation mayi be stiulatedoaredeseribesti heneint, sudh e by
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r es pons estivhalaiC p@liferation yf DM Tyeedispbhe roitiyPD3 gutibpdy tandsthe smohoglenal .
sust ai ned CD154 eézpressi on, increased cytokine _productio I n further

., etc..
embodi meantibody BS5eZE AABGE) cay be peshas ¢ @1#1%2**0%%?%“{1}41@,%@%@ Pe

conbi ped with _agept S ]p?) %e;%s,_ R I age uently
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prior to7giRoRtH tour®s, 199, @elhd ePdt, o Fhrass Mew. 2EI(12)38630099%9eparat ed but
are cultured together. In a further enbodinent, the beads and cells are

first concentr at edThy primapypsiimulatasy signahand greceo-stimulatory signghfasdhe Tsur face
noiety ligation, there i cin el L stimlati,on, B of. .exa e, when
T-cells @ﬂﬁ&t@?ﬂﬁ%@l%‘u&ﬁ?@bﬁ f?feemﬁﬂe, tgﬁraég%%%ﬁ%‘flgjt“ﬁees may be
ligated & '&%Q%%ﬁﬁ%ﬁ%}e&d@léﬂeﬁd&sﬁ&a&éﬂl WhedEbupfdd 2B GurfdBe, ahk | - CD28
are attached ( xCD28 beads) t0 contact the T-cells prepared. In one
enmbod$ nespientshimay dlel souplealr toeftmnyngs stifecet G.el00 ‘foag” fremafion) exkd sypazaied beads
(for exanple, 1.5 x,109,, xCD28 paranagneti c beads) are conmbjned in a
buf f er, SUstaEFSe(iehl P ﬁB%‘s(%%‘\Wdi PRV &_t?%ég"sqic‘ﬂa%z’? ‘i?é‘Pi:‘ﬁQu 4nd
MRINeS! Wil facd G the othél ABEntGh sBMORALY ofk brhbodithehd) igent BbvictAS itleXoo-
appreciate any cell con€entration nay be

stimulatory signal is bound to a cell surface and the agent providing the primary

activation signal is in solution or coupled to a surface. In a preferred embodiment, the
20 two agents are immobilized on beads, either on the same bead, i.e., “cis,” or to separate .
beads, ie., “trans.” By way of example, the agent ﬁroviding the primary activation
signal is an anti-CD3 antibody and the agent providing the co-stimulatory signal is an
anti-CD28 antibody; and both agents are co-immobilized to the same bead in equivalent
molecular amounts. In one embodiment, a 1:1 ratio of each antibody bound to the
25 beads for CD4™ T-cell expansion and T-cell growth is used. However, ratios of particles
to cells from 1:500 to 500:1 and any integer values in between may be used to stimulate
T-cells or other target cells, As those of ordinary skill in the art can readily appreciate,
the ratio of particle to cells may dependant on particle size relative to the farget cell.
For example, small sized beads could only bind a few cells, while larger beads could
30 bind many. In certain embodiments the ratio of cells to particles ranges from 1:100 to



30 used. For exanple, the target cell nmay be very rare in the san'blé éH@ 20

conprise only 6 AUG 2004 WD 01/62895 PCT/ US01/ 06139 31 0.01% of the sanple

or the entire sanple (i.e. 100% rmay conprise the target cell of interest.

Accor diigh¥ergsdly Cell -nunber is within the context of pdpupsaBEst

I nventi on. e buffer that the cells are suspended in may be any that is

appropriate for the particular cell type. Wien utilizing certain cell

types th _buffer nmay contain 5 ot her2 onponents, e.g. 1-5% serum

necessary to nmaintain cell integrity during the.-. process. In another

. enbodi nent, the cells and beads may be conbined in cell culture. nedia.
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force, such as placing in.a 10 magnetjc field. di d, unboynd cells are
removed 69l tHee wlp|of @Ft%ﬂdt@utﬁﬁs‘ﬁ@%ﬂg‘s g?ﬁ-f'{\sﬁﬁsﬁ 'S tp@rreﬁﬁﬁﬁb ®, by
punpi ng vi,a_a . St ' gﬁ? t SisRen a3 VR riate
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may bg cuhbir£d1:3f oo, 3aVenak:1hew:E widhond pridifad Blio heink i ldaee 1dryids or  any
hourly i nteger val ue’ in 15 between. In one enbodi nent of the invention the

beads anperthreell-cells are cultured together for about eight days. In
anot her enbodi nment, . the

bead T-cel | | t t th f 2-3
days. Conditions aﬂa{ﬁ}“@p‘ﬁé’c%e’%?@sgql%‘gg &t E’%Yt %reaéiv%@%(rﬁlgq%ﬂ? aqr% B r Bg'lpgt e
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( Bi 0) Whi that may contain factors®necessary for proliferation and
Vi abi | i t gim@atiomdyuskipagiting thenToelly fond dheastirndus aéeoa periodof sbowtnd2 by -

interleukin-2 (IL-2). Antibiotics, e, g.., penicillin.an trept. cin,‘are
“i ncl l]@gadaW§'4!(‘1ﬁYS- Rl preif 3 §nf%1§t0{qql Rf’ﬂ‘l"fll??’i’é?eog’ &’éﬁ’%yt hat are
to be I Nfieinbil! SRRty 6E Line HihehBlOB hE Gblumetihe TR bR ds WA
condi tions hecessary to~ support growh; tor exanple, an appropriate

t-enper at @s@itdreCeunters 7 I this fékard; ety @-(ell fas aaneanp HiameRyooEabput 88 Wen
using a magnetic field as the concentrating force the magneti_c field

st r engt hmigspns, aud ppor initialactivation; and stisnulaion, iy the presepgg obthepdimlaling he

range of..20 Ssy;to 12, 00 h | o hhe - pe and
.size of ]tlgf’é‘%nﬁ%ﬁgf’ glh,gvan @@“ﬁ%&%@gz&i‘%ﬂ%ﬁ‘ hgg%%g%sh%%&ofﬂ%@ﬁ?%ng or
cel | 1§ul §edidasy s? 28bst 3% 6L OWREY thetrheh T-ball aiiichér debiasdsas approrineRel9rs
increases cell to cell "contact and concentration of the cells. 30 The

magnet i coficponse thiesl-cblds way beiseactitajedhamsltersgimnlated to induce futhenprobifegation buf f er
or spac egf {hIe l’?—%c]ells. Alternatively, the rate of T-cell proliferation and time for T-cell re-
stimulation can be monitored by assaying for ’ghe presence of cell surface molecules,
such as B7-1, B7-2, which are induced on activated T-cells.
20 - For inducing long-term stimulation of a population of CD4" and/or CD8"-

T-cells, it may be necessary to reactivate and re-stimulate the T-cells with a stimulatory
agent such as an anti-CD3 antibody and an anti-CD28 antibody or monoclonal antibody
ES5.2D8 several times to produce a population of CD4" or CD8" cells increased in
number. from about 10 to about 1,000-fold the original T-cell population. Using the
25 present methodology, it is possible to achieve T-cell numbers from about 100 to about
100,000-fold. Moreover, as described in EXAMPLE Xli, T-cells expanded by the
method of the present invention secrete high levels of cytokines (e.g., IL-2, IFN-y, IL-4,
GM-CSF and TNF-o) into the culture supematants. For example, as compared to
stimulation with IL-2, CD4" T-cells expanded by use of anti-CD3 and anti-CD28 co-
30 stimulation secrete high levels of GM-CSF and TNF-¢. into the culture medium. These
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production, etc.

In further embodiments of the present invention, the cells, such as T-
cells are combined with agent-coated beads, the beads and the cells are subsequently
separated, and then the cells are cultured. In an alternative embodiment, pnior to

20 culture, the agent-coated beads and cells are not écparated but are cultured together. In
a further embodiment, the beads and cells are first concentrated by.application of a
force, resulting in cell surface moiety ligation, thereby inducing cell stimulation.

By way of example, when T-cells are the target cell population, the cell
surface moieties may be ligated by allowing paramagnetic beads to which anti-CD3 and

25 anti-CD28 are attached (CD3xCD28 beads) to contact the T-cells prepared. In one
embodiment the cells (for éxample, 10* to 10° per mL of T-cells) and beads (for
example, 1.5 x 10° CD3xCD28 paramagnetic beads) are combined in a buffer,
preferably PBS (without divalent cations such as, calcium and magnesium). Agaiﬁ,
those of ordinary skill in the art can readily appreciate any cell concentration may be

30 used. For example, the target cell may be very rare in the sample and comprise only



termnation of culture. In addition, the agent-coated surfaces "gatﬁdA@G’ZDW
the target cells may be separated fronlthe non-bi nding cells prior to
culture or the other cells y remain in culture as well. In one enbodi nent,
prior Wwoewkey e, the agent-coated beads and target cerdBUSIISHEIOT
separated but are cultured together. In further enbodi nent, the beads and
target cells are first concentrated by, application of a force, resulting in
cell surface noiety ligation, therebf%inducing stinmul ati on and subsequent
activation. Also contenplated by this invention, are other neans to

. increase the concentration of the target cells, for exanple, a T-cel
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together for about eight days. In another embodiment, the beads and T-cells are

cultured together for 2-3 days. Conditions appropriate for T-cell culture include an
appropriate media (e.g., Minimal Essential Media or RPMI Media 1640 or, X-vivo 15,
~ (BioWhittaker)) that may contain factors necéssary for proliferation and viability,

20 including serum (e.g, fetal bovine or human scrurh) or interleukin-2 (IL-2). -
Antibioﬁcé, e.g., penicillin and streptomycin, are included only in -experimental
cultures, not in cultures of cells that are to be infused into a subject. The target cells are
maintained under conditions necessary to support growth, for example, an appropriate
temperature (e.g., 37° C) and atmosphere (e.g., air plus 5% CO0-).

25 ‘When using a magnetic field as the concentrating force the magnetic
field strength applied to the cells prior to cell culture may be between the range of 200
gauss to 12,000 gauss on the magnetic surface. The shape and size of the magnet may
be adapted to the size and shape of the mixing or cell culture vessels or to any other
parameter that facilitates or increases cell to cell contact and concentration of the cells.

30 The magnetic force may be diffused by placing a material that acts as a buffer or spacer



suppression of a cellular event. Alternatively, the aggregation of &mﬁIAUG 20!
surface nolecules may |lead to up-regulation or activation of a cellular
event. A cellular event may include, for exanple, receptor-nediated signal

t r ansdwa édsdshat i nduces or suppresses a particul ar paPRRPIVPHEY udi ng an
apoptotic 5 pathway, or induces phosphorylation of proteins, or stinulates
or suppresses gro signals. In one enboginent, the cel'ls may be | ynphocytes,
particularly a T-cell; and the cell 3frface |igand may be an anti-CD3

anti body attached to a surface, for exanple, a particle. The particle may

. be a paramagnetic bead and the force applied. a magnetic force.
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sti nmul at agents such 15 as anti-CD3/anti-CD28 (i.e., CD3xCD28)-coated
beadss mayarhnagnetic f bed depends |upoadtheo vobimeniof the dparamegneticcbead 3Rdndeype.
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or IL- 2,aPi’ilPdEﬁbQ/\ﬂ‘ﬂi€'ﬁatﬁﬁ!"e expressed predominantly by CD4+ T-cells.
Alternatively, in iﬁ“&ﬁﬁﬂ&éa QhE nfcModiQIfihe preséif gRatibR sk ANFraicdcseased
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' proliferation. One such marker appmpr}ate ?oralg-ce%?s is CD154 which is an important

immunomodulating molecule, the expression of CD154 is extremely beneficial in
amplifying-the immune response. CD154 inter_acts with the CD40 molecule expressed -
on many B cells, dendritic cells, monocytes, and some endothelial cells, Accordingly,

20 this unexpected and surprising increase in CD154 expression is likely to lead to more
efficacious T-cell compositions. Stimulation of CD3+. cells as described-herein provides
T-cells that express a 1.1 to 20-fold increases ih the levels of certain cell surface
markers such as CD154 expression on days 1, 2, 3, or 4 following stimulation. (See.
EXAMPLE 5, Table 2 and Figure 4.) Expression of another cell surface marker, CD25,

25 also was greater on T-cells after concentration and stimulation than on cells prior to
culture or cells stimulated by other methods. (See Table 2.)

One of skill in the art will appreciate that any target cell that can be
stimulated by cell surface moiety ligation may be combined with the agent-coated
surface, such as beads. Fmther, the agent-coated surfaces, such as, beads may be

30 separated from the cells prior to culture, at any point during culture, or at the



CD8+ cells prior to stinmulation and/or culture. Such situations may Ox A5 2
where increased levels of IFN- or increased cytolysis of a target cell is
preferred. To effectuate isolation of different T-cell populations,
exXposuwe tujseds to the concentration force may be vari RETWSOIPSREd. For
exanpl e when such force is a magnet, exposure to the magnet or the nagnetic
field strength may be varied, and/or %xpansi on tines may be varied to
obtain the specific phenotype of interest. The expression of a variety of
phenot ypi ¢ markers change over time; therefore; a particular tinme point
- may be chosen to obtain a specific population of T-cells. Accordingly,
dependi rgmiinatidpeofomilture. yineadditidng that agent-eoaser] surfases tigatad 4o thertarget P@%
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cel | s. forcq Cengeniration maxalsofecaiscemplished by ilfalioned stinul ation tines nmay
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1t should be understood that in various embodiments the agent-coated
surface may be a particle, such as a bead which ié mixed with the cells and concentrated:
20 in a small volume in a magnetic field, thus drawing all the particles and particle bound
cells into a defined and concentrated .area. In certain embodiments, the agent-coated
surface may be drawn together by force within thirty seconds to four hours of being
exposed to the target cells. In other embodiments the time may be from 1 minute to 2
hours, or all integer ranges in between. Application of a force to a cell population with
25 receptor bearing cells that is mixed with a surface to which at least one cell surface
ligand is attached may induce cell receptor polarization, aggregating cell surface
molecules. This means for inducing cell surface polarization may enhance signaling
within the cell by aggregating cell surface molecules that comprise lipid rafis. Such

aggregation can induce a signal pathway, which may lead to down-regulation or



Accordi ngly, depending on the purpose of treatnent, infusing a smb@e,q{ys\y'bh
a T-cell population conprising predom nately of TH cells may be 004
advantageous. Simlarly, if 10 antigen-specific subset of Tc cells has been
I sol at g@ é1ve289y beneficial to expand this subset to a BEBESew06dIgr ee.
Further, in addition to CD4 and CD8 markers, other phenotypic markers vary
significantly, but in large part, repypducibly during the course of the
cell expansion process. Thus, such r%‘groduci bility enables the ability to
tailor an activated T-cell product for specific purposes. In one such

. exanpl e, anong the inportant phenotypic markers that reproducibly vary
with ti r@rp%iécﬁsibﬂ@f Ricauladf dviehi. t AttdrhatRvely,ake bgpred4HioR B celCBuifiadel maledules CD
154), and 5RO (a nol ecule that by preferential association with the TCR
may i nchenieed thup-segulationor agtivationied arelulebe¥it-i gen bi nding). As one of
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first feanpsave. dfhelpends vy £ppantigactic beadcaristhe Aoco mgpligl ¥ mageeticise.

cytoki nes are known to be inportant for nediating T- cell activation and

funct i orfore. Vigplication afamagneiiplmesctopEixtirg efithe Jymphegytesiandantize3- | kel v

critical in.the developnent of.a,therapeutic,T- | . produ thaty s abl e
Co ubfiorcopteasrtatroot b RARRagBeie bt Ty cheterod (T PP BRLGH el MBS 2O
chal | en LRk KIFP@BES 3Suld oot tee @etlce b &hUkernilufored. e THR
i m tedqﬁlfrgléf-ﬂg%enlsﬁh, TNF- anc(i:cl FN- . Thus, by obtaining a popul ation
of T-celthethodiof stimtilating ikesT-cEB wrotaytes afore xppid sictvationcof] the Js¢algimmies e ‘cel | s
Into a subject, a therapeut]lc ben fi& may occur in which additional
act i vat iT6¥PonsiRAty dmo op A eelly-n Vi vo occurs. 6 AUG 200t. WO

01/ 6289-5 37 PCT/ 4501561 30 Rl b Blpd O B 0 il dgtas s ko
previ ously, expression of adhesion nol ecul es known to be
i Npo13 ants A CHBRELAIGDIE Gle., TDRACD28)-coated beads may be modified or tailored to
obtain a desired T-cell phenotype. One may desire a greater population of helper T-
cells (Ty), typically CD4* as opposed to CD8" cytotoxic or suppressor T-cells (Tc),
because an expansion of Ty cells could improve or restore overall immune
‘ responsiveness. While many specific immune responses are mediated by CDg"
20 antigen-specific T-cells, which can directly Iyse or kill target cells, most immune
tesponses require the help of CD4™ T-cells, which express important immune-regulatory
molecules, such as GM-CSF, CD40L, and IL-2, for example. "Where CD4-mediated -
help if preferred, a method, such as that described herein, which preserves or enhances
the CD4:CD8 ratio could be of significant benefit. Increased numbers of CD4* T-cells
25  can increase the amount of cell-expressed CD40L introduced into patients, potentiaily -
improving target cell visibility (improved APC function). Similar effects can be seen
by increasing the number of infused cells expressing GM-CSF, or IL-2, all of which are
expressed predominantly by CD4"* T-cells. Alternatively, in situations where CD4-help
is needed less and increased numbers of CD8" T-cells are desirous, the XCELLERATE

30 approaches described herein can also be utilized, by for example, pre-selecting for
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robust and healthy activated T-cells that can continue to proliferate in vivo and more
closely resemble the natural effector T-cell pool. As the availability of T-cell help is - . -
often the limiting factor in antibody responsés to proiein antigens, the ability to’
selectively expand or selectively infuse a CD4" rich population of T-cells into a subject
is extremely beneficial. TFurther benefits of such enriched.populations are readily . -
apparent in that activated helper T-cells that r&cognize antigens presented by B
Iymphocytes deliver two types of stimuli, physical contact and cytokine production, that
result in the proliferation and differentiation of B cells.

T-cells that have been exposed to varied stimulation times may exhibit
different characteristics. For example, typical blood or apheresed peripheral bloo&
mononuclear cell products have a helper T-cell population(Ty, CD4") that is greater
than the cytotoxic or suppressor T-cell population (T, CD8". Ex vivo expansion of T-

" cells by stimulating CD3 and CD28 receptors produces a population of T-cells that

30

prior to about days 8-9 consists predominately of Ty cells, while after about days 8-9,

" bﬁutAUG 2004

t he presence of activated T-cells at _

in ligands. "~The expression of the
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readily obtained from public sources, such as the ATCC, antibodies-ta
T-cell accessory nolecules and the CD3 - conpl ex can be produced by
standard techni ques. Methodol ogi es for generating antibodies for use in

t he mewbads29% the invention are well-known in the artPCEUSEMNEeIA%i scussed
in further detail herein. C. LI GAND | MMOBI LI ZATI ON ON A SURFACE -. As

I ndi cat ed above, the nethods of the sent invention preferably use 10

| i gands bound to a surface. The surfaCe may be any surface capabl e of
having a ligand bound thereto or integrated into and that is

bi oconpatible, that is, substantially non- toxic to the target cells to be
st i mul atthe. pophilatibh asfoTrpells bbmptisest ac encreasindy geeaetepopdativneobTe cells.

non- bi odegr adabl e.. The surface nay be natural _or synthetic, .and _a
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like. In the, variogus_epbodi nents, cormermaily avuilable sur fac such as
beads oFe]b@Wbﬁlmba?Pﬂé‘f’B?be&Péh%‘?éﬁ%P a(@l@yroemshm ating maturation o th

antigen-presenting dendritic cells; activating B-cells for antibody production; regulating

Ty cell proliferation; enhancing T¢ cell differentiation; regulating cytokine secretion of .
both Ty ceils and antigen-presenting cells; and éﬁmulating expression of co-stimulatory .
- 20 ligands, including CD80, CD86, and CD154.
Cytokine production peaks in the first few days of the ex vivo expansion
process. Accordingly, because cytokines are known to be important for mediating T-
cell activation and function as well as immune response modulation, such cytokines are
likely critical in the development of a therapeutic T-cell product, that is able to undergo
25 reactivation upon contact with an additional antigen challenge. Cytokines important in
this regard, include, but are not limited to, IL-2, IL-4, TNF-, and IFN-. Thus, by
obtaining a popdaﬁon of T-cells during the first few days of expansion and infusing
these cells into a subject, a therapeutic benefit may occur in which additional activation

and expansion of T-cells in vivo occurs,
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course of expansion. Accordingly, T-cells could be stimulated for selected periods.of

time that coincide with the marker profile of interest and sqbsequenﬂy collected and . -

infused. Thus, T-cell populations could be tailored to express the markers believed to
provide the most therapeutic benefit for the indication to be treated. . .

In the various embodiments, one of ordinary skill in the art understands -
removal of the stimulation signal from the cells is dependent upon the type of surface
used. For example, if paramagnetic beads are used, then magnetic separation is the .
feasible option. Separation techniques are described |in detail by paramagnetic bead
manufacturers’ instructions (for example, DYNAL Inc., Oslo, Norway). Furthermore,
filtration may be used if the surface is a bead large enough to be separated from the

cells. In addition, a variety of transfision filters are commercially available, including .

20 micron and 80 micron transfusion filters (Baxter). Accordingly, so long as the beads
are larger than the mesh size of the filter, such filiration is highly efficient. In a related
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' el de oteins, purified peptides, polysaccharides, glycosamivoglycans, or extracellular

matrix compositions. A polysaccharide may include for example, cellulose, agarose,
dextran, chitosan, hyaluronic acid, or alginate. Qﬂ;er polymers may include polyesters, - -
polyethers, polyanhydrides, polyalkylcyanoacryllates, polyacrylamides,
polyorthoesters, polyp_hosphazenes, polyvinylacetates, ~ block copolymers, .
20 polypropylene, polytetrafluorethylene (PTFE), or polyurethanes. The polymer may be
lactic acid or a copolymer. A copolymer may comprise lactic acid and glycolic acid
(PLGA). Non-biodegradable surfaces may include polymers, such as’-
poly(dimethylsiloxane) and poly(ethylene-vinyl acetate). Biocompatible surfaces
include for example, glass (e.g., bioglass), collagen, metal, hydroxyapatite, aluminate, .
95 bioceramic materials, hyaluronic acid polymers, alginate, acrylic ester polymers, lactic
acid polymer, glycolic acid polymer, lactic acid/glycolic acid polymer, purified
proteins, purified peptides;- or extracellular matrix compositions. Other polymers
comprising a surface may include glass, silica, silicon, hydroxyapatite, hydrogels,
collagen, acrolein, polyacrylamide, polypropylene, polystyrene, nylon, or any number



"but are not limted to, lectins . (for exanple, PHA, lentil lectins, 6 AUG .
concanavalin A), 10 antibodies, antibody fragnents, peptides, polypeptides,
gl ycopepti des, receptors, B cell receptor and T-cell receptor |igands,
-extr ag@l dighss matri x conponents, steroids, hornones (Fowusexaepbe, growt h
hor none, corticosteroids, prostaglandin, tetra-iodo thyronine), bacterial
noi eti es (such as |ipopol ysacchari de m t ogens, antigens, superantigens
and their derivatives, growmh factor ,g cytokine, viral proteins (for 15
exanpl e, HV gp-120), adhesion nol ecules (such as, L-selectin, LFA-3, CD54,
- LFA- 1), chenokines, and small nol ecul es. The agents may be isolated from
nat ural SOPIRARS or Syhithel6 oE@inic polnfeds] dirtheUikes , Th duifacesmes comipriss @ at ed
fromcells propogated in vitro, or prepared reconbinantly, or _ by other

met hods bciabﬁiwafmuchus,esuﬂhtah adligiospmen Theeusfpee may heria the fuas oba lipkk apr esent

| ' it 15 desi I ul T- 20 |l ful.
i net ude THigaEapY e ek oesto AEPSE- o HroH e mekapre so o ks anp

and/ or %% @H%ﬁ,ie%% 06, aC et bPnmer 1iREO! ithefidt vghoud eamisaihMaby -

- Accordin ter i gand i n¢l udes those proteins that are the
"nat u§ alconimerainlly favaildbie sagfhtess sudinae bepdveiother spacticless ae Risefubl (egul e f or
CD28, as well_ as artificial _|igands_such as antibodie directed_to the

cel | surlYiteayipPartisles, Miltenyh Biotrsdi Gamany: Sepbaresq deadver Bisrmasiy Bineos
producegwin.. o] e W [ trechnizque u ﬁR@ﬁB hedona
met hodsq%ﬂr?&n &rq%cgﬁa%anwgww |r?] e@%ﬁ (ra}géswo?b{%cﬁm que@xﬁﬁse’ful
ant i bodigsmaiiciBiosaigh®Be).s my be derived from any. species, including

humans, or nay be fornmed as chineric roteins, which empl oy sequences from
nmore than one specWVhen bgdsac mdmhv@@g mey do 31 pay szsthat efednatsp tavgethods

wel |, kno . the acrt may be.used.to,generate.ankti bodi e ol ycl gnal

anti Wbr 250 shtiplsfiger o ar EBpURmE beptepe e e ah b EP PG s 2Pt B -
Ant i bodigBgy ﬁogﬂnriﬁ%iz@.e &éc%?di%ﬁ?,.ﬂ:% BBRBIIIIRAA %iz8 NBHARR RCkhb PamRAGrobuUl i ns
(lg) or Ig fragnents designed t{o have desirable properties. For exanple,
by way wkeithe bemtiradll ssrvanFonekabplej ifi thattiead is astd foodnewcyyddpiationde - a
reconbi nant 1.gG that is a chinmeric fusion protein avi n t, | east. one

vari abl SIF B shpsgp g fcilitalen raonacyte; MIEHHAD (e g&ét‘%g‘“‘gﬁh& &M Peast one
const anty: |0 ' I QL dqg&ga a8 §PREVES st
commonl ?}Jnga%:rh&ne%zgn{h?ﬁgﬂ&g Iﬁi%ﬂ%gtr‘l EE%/H;%?%b e r(%gl ’nﬁsequég’nc%ﬂgﬂand
humals  cemEitivat of deadenby dilvativiess d&kel, deadisizee/bfiumaless hae50qum are

i mrunogl obul in may be 10 "humani zed" by grafting - _the conplenmentarity
det er m mypiepllyaisedn & urtbprayhen, yring,parag) cﬂ?eﬁ%abe beads typically, range 18,
antigen,. ' r It I bo O R NR - ek | regi.on
fr amewor %gq%dé%?lg?\ét %gﬁgynaah&geﬂ%ﬂé% %%gnfgltm;n?&r egl ons: pg%n%/ﬁt@g ®
-about 50 pm. Lastly, one may choose to use super-paramagnetic nanoparticles which

can be as small as about 10 nm. Accordingly, as is readily apparent from the discussion

20 above, virtually any particle size may be utilized.
An agent may be attached or coupled to, or integrated into a surface by'a
variety of methods known and available in the art. The agent maf be a natural ligand, a
protein ligand, or a synthetic ligand. The attachment may be covalent or noncovalent,
electrostatic, or hydrophobic:and may be accomplished by a variety of attachment
25 means, including for example, chemical, mechanical, enzymatic, or other means
whereby a ligand is capable of stimulating the cells. For example, the antibody to a
ligand first may be attached to a surface, or avidin or streptavidin may be attached to
the surface for binding to a biotinylated ligand. The antibody to the ligand may be
attached to the surface via an anti-idiotype antibody. Another example includes using
30 protein A or protein G, or other non-specific antibody binding molecules, attached to
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optionally, by proteolytic digestion followed by mld reduction of

di sul fide bonds and al kylation, or 15 by reconbi nant genetic engi neering
t echni qu@se2808 | bodi es are defined to be "i nmunospeci f i ECTUSOL/#dF?
specifically bind the ligand with an affinity constant, Ka, of greater
than or equal to about 104 M1, prefgg)ably of greater than or equal to
about 105 M1, nore preferably of greater than or equal to about 106 M1,
and still nore preferably of greater than or equal to about 107 20 M 1.
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I n an adj uvant ee Harlow et al.,. Antibodies: A Laboratory Mnual, 1988
Col d15pr defigespressing ttrbarstinvulgiory tnolqmﬂna raxl obtained using standard recombinant

DNA technology and expression systems that allow for production and isolation of the

co-stimulatory molecule(s) as described herein. Fragments, mutants, or variants of a B7
molecule that retain the capability fo trigger a co-stimulatory signal in T-cells when
coupled to the surface of a cell can also be used. Furthermore, one of ordinary skill in
20 the art will recognize that any ligand useful in the activation and induction of -
proliferation of a subset of T-cells may also be immobilized on beads or culture vessel
surfaces or any surface. In addition, while covalerit binding of the ligand to the surface
is one preferred methodology, adsorption or capture by a secondary monoclonal -
antibody may also be used. The amount of a particular ligand attached to a sirface may
25 be readily determined by flow cytometry (FACS) analysis if the surface is that of beads
or determined by enzyme-linked immunosorbant assay (ELISA) if the surface is a tissue
culture dish, mesh, fibers, bags, for example.
in a particular embodiment, the stimulatory form of a B7 molecule or an
anti-CD28 antibody or fragment thereof is attached to the same solid phase surface as
30 the agent that stimulates the TCR/CD3 complex, such as an anti-CD3 antibody. In



after the first injection, animals receive one or nore booster | 6 AUG 2004
| nuni zations according 15 to a preferable schedule for the ani mal species.
The i mune response may be nonitored by periodically bleeding the aninal,
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Quchterlony assay, to assess the specific antibody titer. Once an anti body
titer is established, the aninmals may be bled periodically to. accunulate
t he pol ycl onal antisera. Polycl onal &t i bodi es that bind specifically to
the 20 ligand pol ypeptide or peptide may then be purified from such
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such as cells, blood products, and tissues, or isolated from cells propogated in vitro, or

prepared recombinantly, or by other methods known to those with skill in the art.
In one aspect of the present invention, when it is desirous to stimulate T-
20 cells, useful agents include ligands that are capable of binding the CD3/TCR complex,
CD2, and/or CD28 and initiating activation or proliferation, respéctively. Accordingly;
the term ligand includes those proteins that are the “natural” ligand for the cell surface -
protein, such as a B7 molecule for CD28, as well as artificial ligands such as antibodies
directed to the cell surface protein. Such‘antibodies and fragments thereof may be
25 produced in accordance with conventional techniques, such as hybridoma methods and
recombinant DNA and protein expression techniques. Useful antibodies and fragments
may be derived from any species, including humans, or may be formed as chimeric

proteins, which employ sequences from more than one species.



mouse. The mouse produces ascites fluid containing the monocl onal anti Bty 200

Cont am nants may be renoved fromthe anti body by conventi onal

t echni ques,

such as chromatography, gel filtration, precipitation, or extraction. 20
Human Wneddae6xl antibodi es may be generated by any nunpershiugsgshni ques.
Met hods _ include but are not limted to, Epstein Barr- Virus (EBV

transformati on of human peripheral blgod cells (see, U S, Patent No.
4,464, 456), vitro inmunization of hurféh B cel | s (see, e.g., Boerner et alL,

J. Immunol . 147:86-95, 1991), fusion of spleen cells fromimmunized

- transgenic mce carrying human 25 i mmunogl obulin genes and fusion of spleen
cells fromimuni zgiJda RF&L Rh&wH) i6Cthe CaH &Hdg?ge(:hﬁﬁalﬂﬂgéeﬂbﬂd{d AntiRARS,

i nserted by yeast artificial chronosone (YA

see, e.g., U S Patent No.

. 5, 877, 3%lydbona] gatisenn cxtmaoclonalantibodiss nhat BreospecHivofor adigasd - Astibodien7;
Jakobovits et al., Ann. N. Y., Acad. .Sci., 764:525-35,. 1995),. or isolation -
(HEhIRY G R Russt 125 gexe SRZipSRIER Wﬁ&"g&f@%&% IgRPERST / 62805

from h

he prosmeean 16 2ty (ke BbchRg ocPlphioty S0 EoMRIG o Rt st -

one CHNHARAtionS ehPodistonay _
| east one variable regi on domain

speci es haging, atdeagt one/wariable [V pregion dompisciiom a\Erst masgpaliansypecies japd at
81: 6851-55, 1984). Nbst. | hi Ner.i i bod be. t
by o onilFiSt oRE cumah eisty RerBn e, SRotif sty B lTRY soies V)
regi on qopRhshigehi Melefié UMiBodiP Bad YWiBthe WRAIAHIO NBLioANcghatYs 2Bl Cnkin

variable region derived from'a nurine, rat, or hamster nonoclonal

“yant i bodyonstattoregiore sdquences oRtiah ai myringbumac ehirdrat

b tacliflel &/ RdombimaldG tisdt isachitheranfusjpagretzirand at
derived froma second _distinct mammal i an.

uct ed
i abl e
t.he

iremaoogobitlin smytbeone

human constant region. (See, e.g., Shin et 10 al., Method ..
1?8: W59 hgmanized’ I g‘lagglﬁ' the ??%m&%#@mﬁ%%r%&g @P%ﬁ@gy%) The
corr oa BT HindRE BRI E al fEP St B0 RENELCIRSNY UAFhUAE,

desired

gener at idagived Wi flRidicirantwbeticgibnk Sind diiagiuived eonstntnetionsn FrighenBat ent
No. 5,482,856). Preferabl é the vectors will be transfected into
C

eukar yotofcthess meplecess mal|

geprratesi 8y proteolyia figeshonre Py oPHenatlyo iy,

A

Croat o BPOINER SHEoR A Tl on o 45U IR Al Al BB O e 1

deriged bfyrr@é‘alﬂﬂnbﬂl%éﬁ&gﬂ&m&ﬁng{ecﬁnﬂQ&.hunﬁn manmal i an speci es, at
one human vari abl e Tramework regi on, and at |east one human i nmmunog|

25

Antibodies are defined to be “immunospecific” if they specifically bind

the ligand with an affinity constant, Ko of greater than or equal to about 104 M-I,

preferably of greater than or equal to about 10° _M“l, more preferably of greater than or

| east
obulin

equal to about 106 M-1, and still more preferably of greater than or equal to about 107 -

M-1,  Affinities of binding partners or antibodies can be readily determined using
conventional techz;iques, for example, those described by Scatchard et al. (dnn. N.Y.
Acad. Sci. USA 51:660, 1949) or by surface plasmon resonance (BlAcore, Biosensor,
Piscataway, NJ) See, e.g., Wolff et al., Cancer Res., 53:2560-2565, 1993).

Antibodies niay generally be prepared by any of a variety of techniques -

known to those having ordinary skill in the art (See, e.g., Harlow et al., Antibodies: 4
Laboratory Manual, 1988, Cold Spring Harbor Laboratory). In one such technique, an
animal is immunized with the ligand as antigen to generate polyclonal antisera.
Suitable animals include Ialibits, sheep, goats, pigé, cattle, and may include smaller

mammalian species, such as, mice, rats, and hamsters.



20 constant region. Humani zation may yield an anti body that has ddcreaklid 2004
binding affinity when conpared with the non-human nonocl onal anti body or
the chinmeric antibody. Those having skill in the art, therefore, use one

or NDKeD §ik@/ILYi es to design humani zed anti bodi es. W]f(FITfHS‘U@)ﬂ?%i n

enbodi nents, the use of antigen-binding fragnments of 25 antibodies may be
preferred. Such fragnments include Fap; fragments or F(ab')2 fragnents,

whi ch nay be prepared by proteol ytic digestion with papain or pepsin,
respectively. The antigen binding fragnents nay be separated fromthe Fe
fragments by affinity chromatography, for exanple, using i ilized
protein A or i nmolid imeminogéngary pol sopempisedcofo cells W&P@ﬁ?géggoaﬁg%nent

L A S B e e e
S AbhE B RRE mef . cenlhila bylpriibighc Sleafugparimmyibal

| mmunol &P ci e Boston) . n- human, human, or

humani zggl BeAw syltRdstean Pepiiddat foe aimnizationbiay be sajewsed bpnalygingithe he above
described Ig rol’ecul es may be cons acted_as inc%IE%PcQai n 5d Fv 0(viFv)

f r agFenpaimasy, sgtandatyzion teriatybericany of $he ligand;ac g tgmefhods Tow (0 o -

242: 423- 426, 1988, Huston et. al.,,Pr s o2 121 9- 5883,
1988. l\/ﬂlﬂﬁ?%gtmo g art i1y, Ofdsh, t%rd(?reéj%%%e @yﬂdbgégen Fated by Iliﬁ(%k)?%g

ol ynucl et 1,0, SEANEREERsRASO S AAP anival (5P, e, gUiovbtdy, dily dumiol | de

sequencgsnenco i ng-various effector proteins. These nethods are known in
t he - ar g 2en00ar Bdt Betzoksky, SdienceRNMBRAD, IRDP- B 1- 031855.4; U;S. 10°

Patent No. 5,132,405, U S. Patent No. 5,091,513, a .

~ 5,476, 786. An addiPrensrasion g 196 JIBTROgED JB8Y Hbcj“é%“t Fg‘g”é‘#‘eti“"t“ﬁg{‘ge E’Ee‘%?mm ly

-7 bind to,a I gand I ' ' PR ardofiel $@inunégénic phage
di s%%ﬂg@@@@%ﬁ%ﬁ‘dﬁtﬁ%ﬁ?’%ﬁ&?ﬂ’%@. hnmunol . 12: 433 55, 1994;

Bur t on ‘Pfotéih,- quch@Y, kelyioTe lidtpet BZmaSnRB6r, bovigostyum lipramino dn pddifipr; the -

i mmunogfl obul i n vari abl e regi on gene %&rg%i‘égatoriagll | i pbrariges 1‘§em be

cr eat edpeptideh aglypeptideo oz ceBnmayabe KB Mo AR 3¢ EEFe eel%"f‘? giment's ( Fab,

Fv, sFv, or multiners. thereof | . = athi s

pol ypepf'{r‘ﬂg‘"g?“ \fi\#gg‘?{f’m&’ %‘?‘Fgér%??tq@e?égﬁg?%{é‘?%ﬂg@@ S. Igat ent No.

5, 223, 400er i Hhsthichlion, LA sEcRACork2iEmoftiboces Smuniziligns agcordipg oc.

Nat|. Acad. Sci O6X"'88: 4363- 66, 1991; HQoge(r,;[%gom et alL, J. Mleg, Biol.

227:13811388 prefidablle Sthhdwle for Hhetaninal spagissi ddig HEIURE 395PORFH 72Y28%and

references ClLeQ LhSIELalY biceding the animal, separating the sera, and analyzing the

sera in an immunoassay, such as an Ouchterlony assay, to assess the specific antibody

titer. Once an antibody titer is established, the animals may be bled periodically to-

accumulate the polyclonal antisera. Polyclona]‘anﬁbodies that bind specifically to the .
20 ligand polypeptide or peptide may then be purified from such antisera, for example, by

affinity chromatography using protein A or using the ligand polypeptide or peptide - .

-

coupled to a suitable solid support.
Monoclonal antibodies that specifically bind ligand polypeptides or

fragments or variants thereof may be prepared, for example, using the technique of
25 Kohler and Milstein (Nature, 256:495-497, 1975; Eur. J. Immunol. 6:511-519, 1976)
and improvements thereto. Hybridomas, which are immortal eucaryotic cell lines, may
be generated that produce antibodies having the desired specificity to a the ligand
polypeptide or variant or fragment thereof. An animal—for example, a rat, hamster, or
preferably mouse—is immunized with the ligand immunogen prepared as described

30 above. Lymphoid cells, most commonly, spleen cells, obtained from an immunized



Cel | Popul ations As discussed above, the present invention has broadg A"G 200
applicability to any <cell type having a cell surface noiety that one
desirous of ligating. In this regard, nmany cell signaling events can be
enhanceg Piys2kére net hods of the present invention. 25 Su®bTASPHEd3? ogi es can
be used therapeutically in an ex vivo setting to activate and stinulate
cells for infusion into a patient or uld be used in vivo, to induce cell
signaling events on a target cell -po%{gl ation. However, as al so noted
above, the prototypic exanple provided herein is directed to T-cells, but
~isinnowy limted thereto. 6 AUG 20 WO 01/62897 PCT/ US01/ 06139 47 Wth
respect - hfimhi 91@&31 Be ilnAforidiced by PRBiehaiithns dngssenkitizgd fonyuorhd eell afukions
expansi on net hodol ogi es descrlged herein may have a varjety of specjfic

-" pheno prpmmﬂ,llﬂefer@épendthﬂgla)mh@el@@ﬁﬂ! the drsn al. Sﬂl"n%?f‘é’n?ﬁ pi C

o OO | dixl SXRATA gl ey B COMBRIER oot o et Ees Ry bzt fusion.
CD49d. . The, n?o*ﬁgg agxmi &cﬂ'al‘s}sgﬁpiﬁ&ielgxy&@ Bt b RonichitedR&RERS SR platdiese

noi et i és ery i For- ‘exanpl e, higher [evels of surface

expr essi w déns@oi;&‘lsdmtwé meﬂﬁmdlafsammlrﬂsihé gtawtb wd hyboiderea cells biat @40
nol ecul es expressed on anti gen-presenting cell such a .dendritic.cells,
monocyt emyelomadcdlisen A nrefered selegtion mpedia is) h 1 W Lant i gen

presentati o d ei ng
enpl oyed&‘lW“ rq 3}2‘6’68 7 hm%ug%’%é q{}“ﬂgr%%%?g@%fa‘%&%‘ﬁgi%g%%‘%m nant
CDAOL. TheARRA! OSiabledRisitPaE lbﬁbﬁﬂnand) afiibddies moauealnby shiegedls thay be
delivered in a noreé phy5| ol ogi cal manner the T- cell._ The ability

“Tyto i ncr emsted IfbiNbinsting attiGty: by thealipand pqupmi:ldgﬁ @l‘elvﬂﬂﬁlitql‘vﬁ@mt t{l%@EELERATE)
’ .d hel te.t f TH

oD iy bdors irofs aipas Mt Gieh aFoRBoel Ssetnehy for B Dpad RO S
eXPr 0SS! 40 pRlfedd. gﬁk}bﬁaan&% rb@u&'\ﬁéﬂ&&oﬁ‘&nﬁ%ﬂiéﬂ @B: spRaFch bl 1 -

t hr ough on prormt the maturation of APC'progenitors into

nor e f ung ligand ipblypeptideper emanARﬁi frapmodnt sherdefdre conternplated. byAthieepiesentt he
expression of CD137 and CD 134 can effect a T-cell's ability to resist or
be suscelVeMio t o apoptotic signals. Controlling 20 the expression of

adhesi on/hom ng re %&ro s%%iﬁﬂ% %ﬂb@qﬁgl 1CR e tﬁ@ys Pgﬁlta%{g g the

ability of inf used organs es of i1nfection,
or t ygorhytridefa Aﬂt@éﬁil [A!noﬂl@émmeﬁlbth@ﬂ iohq:rmlmmntof mmnineomumdomaies a

T-cel |
antibody is to inject the hybridoma cells into the peritoneal cavity of a syngeneic

,..1

mouse. The mouse produces ascites fluid containing the monoclonal antibody.
Contaminants may be removed from the antibody by conventional techniques, such as
chromatography, gel filtration, precipitation, or extraction.

20 Human monoclonal antibodies may be generated by any number of
techniques. Methods . include but are not limited to, Epstein Barr. Virus (EBV) -
transformation of human peripherat blood cells (See, U. S. Patent No. 4,464,456), in
vitro immunization of human B cells (see, e.g., Boerner et al., J. Immunol. 147:86-95,
1991), fusion of spleen cells from immunized transgenic mice carrying human

25 immunoglobulin genes and fusion of spleen cells from immunized transgenic mice
carrying immunoglobulin genes inserted by yeast artificial chromosome (YAC) (see,
e.g., U. S. Patent No. 5,877,397; Bruggemann et al., Curr. Opin: Biotechnol. 8:455-58,
1997; Jakobovits et al., Ann. N. Y. Acad. Sci. 764:525-35, 1995), or isolation from

human immunoglobulin V region phage libraries.



popul ation or conposition that has been depicted of CD8+ or CD4} cel los AUG 200
prior to 25 expansion. In one enbodi nent, CD8+ cells are depl eted by
antibodies directed to the CD8+ marker. One of ordinary skill in the art
woul d peRgliddode able to identify a variety of particuber/usetidsesol ogi es
for depleting a sanple of CD8+ or CD4} cells or conversely enriching the
CD4} or CD8-cell content. Wth respec% to enriching for CD4+ cells, one
aspect of the present inventionis fo Yused on the identification of an
extrenmely robust 30 CD154 expression profile upon stimulation of T-cell
- popul ati ons wherein Tc (CD8+) G WO 01/62895 PCT/ US01/ 06139 48 cel ls have
been depleted. As Opghé&R aatitHaRECandORkRdnibSl aRGboIRRr foardse inMinseseayl at i ng
nol ecul e whose expression is extrenely beneficial in anplifying the inmmune
" . responseinvanitor tiaygbey ganeritedr ohwhimericCpatindyximseaisieast ane ¢angtapy rem@on ead to
nore efficacious T-gell gonpositions. The phenotypi c properties, of .T-cell
popul at | Sefgaigrderived Hp F’r%’ﬂl}aﬂﬁpe‘ﬁ%snm%@% E‘ﬁ’ﬁ?&ﬁ@gmg fﬁg\s’&r‘%"aafzn of
met hods | ' [ fet] t NRYoEk t hpels: knownby
t hose Sk?%lﬂgﬁ%%ﬂ@é@ééﬁ@ﬁ*#g{é‘éﬁ%@ﬁ% |ﬁiaé?f$?ts(§%%§ I n t%oeﬁpgﬁﬁ’vf ﬁ% readily
appr esi aNpiit hakd SEeUsg| 81:6831-53)1 1981 N riviet doadndrdg) 22chinteric antilsdlyheayeber may be

carried out in a variety of 10 envjronnments é}iﬂ.e., contai ners). . For
exanpl e, canstrhcted by slomng theapoleucientidg seqyengasthat erods @b lesglyene Bﬁm%bg?/ -

cont ai ner _capabl e of .holdi ng cell.s refergbly i terd | IO ment .
I one oG SrEHn gerip b SREe die B PeBhial aaudt R of mEBEHRETH
For exanpbfn §&wekatrofPR Uhahe, et SorCHAhAat honBBlkRaldaiveas, ihata gagtobe used
to grow Ccells and be used in conbination*with the nmethods of the present

9 irnVﬁnt : ocontziain gféeqqehtﬁeseihmmicede @deaty npe lm:upn constans fﬁgiqn-?e’e, org,s3hin et
echnol ogj es, i nt on, , C nc stop, ; < _
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Furt her, e ' ' ' : ..
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by ref edeaied for2he ativutte ofibode |Ancishtimethod keowhdn k¢ hdder gemaratiiged -
above, cells stinulated and/or activated hy t t hods_ hergi cri bed
may be UGHHNERE JALPOLIE] o18) EPROREORY NFEEFNRINAUR 1 (Y-pe -t otypic
himeria cartibodies ais, SOl Bhetiy (W So et N6 (nabF e
exanpl e of .T-cel h ' i ‘5%@55% ' : to
sel ecti vg'fs?raebﬁgathg ’vgé tB%pm% {gﬁ&g&%@g&e +, OA&P% E@&iﬁ%%ﬁ?sg&wgf
15 the chimeric antibody. :
A non-human/human chimeric antibody may be further genetically

engineered to create a “humanized” aotibody. Such an antibody has a phmality of

. CDRs derived from an immunoglobulin of a non-human mammalian species, at least

one human variable framework region, and .at least one human hnmunoglobﬁlin

) 20 constant region. Humanization may yield an antibody that has decreased binding

affinity when compared with the non-human monoclonal antibody or the chimeric

antibody. Those having skill in the art, therefore, Tise one or mofe strategies to design
humanized antibodies. A

Within certain embodiments, the use of antigen-binding fragments of

25 antibodies may be preferred. Such fragments include Fab fragments or F(ab’),

fragments, which r'nay be prepared by proteolytic digestion with papain or pepsin,

respectively. The antigen binding fragments may be separated from the Fc fragments

by affinity chromatography, for example, using immobilized protein A or immobilized

ligand polypeptide or a variant or a fragment thereof. An alternative method to

30 generate Fab fragments includes mild reduction of F(ab’), fragments followed by



N T-cel | s msthods arecknove inihe erts anbarechisiesed for exampls, gopbirtti-

Ay

25 CD4A5RO+ T-cells for use in the treatnent of infectious disease§,5c?@gemm4
and i mmunot herapy. As a result, a phenotypically unique population o
T-cells, which is polyclonal with respect to antigen reactivity, but

essent ivpbbyesdzosrogeneous with respect to either CD4+ or PCIBUSItEsIIDe
produced. In addition, the nethod allows for the expansion of a popul ation
of T-cells in nunbers sufficient tor 8onstitute an WO 0116289 49

PCT/ US01/ 06139 individual's total CD4} "or CD8 T-cell population (the
popul ati on of |ynphocytes in an individual is approximtely 1011). The

- resulting T-cell population can also be genetically transduced and used

for i munlkyheioaSeqre. £ aWdhe Maeibobh offdpadrentl Immuxelogy 186l Plakwell
i nfectious, agents. For exanple, a population of tunor-infiltrating 5

- | ynphocytSeientfi¢, Bastast ai ned from an individual afflicted with cancer and
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be expecieftaime with ipaplynuclzotide sbquratesoencddingy varisusg effédten proteiggr eBhesehus,

t he net hod descri bed herein provides a neans for _ sel ective,léﬁs% p%ndi ng CD4

nYadt HI*V
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by which T-cells may be 20 rendered either resistant to HV infection or

i ncapabl Bgofd polypeptide gr viriant op fiapmentotheree§ isohyt plapgelisplay 6epse.g.o Winger -
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ot her conponents the viral nmachinery, see e.d., ow et al. Nature
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For exanthi%e or mulyEiers @@eﬁ%@&&@'&ﬁ 3 1’(5353 I?nyé’gﬂté‘iq AL FINAYE U nsduced
to produge.hLANGRLRNE }3Ple.g., U.S. Patent No. 5,223,409; Huse ef al., Science 246:1275-

81, 1989; Kang et al., Proc. Natl. Acad. Sci. US4 88:4363-66, 1991; Hoogenboom ef -

al., J. Molec. Biol. 227:381-388, 1992; Schlebusch et al., Hybridoma 16:47-52, 1997

20  and references cited therein).

LS -

Cell Populations

As discussed above, the present invention has broad applicability to any
cell type having a cell surface moiety that one is desirous of ligating. In this regard,

" many cell signaling events can be enhanced by the methods of the present invention.

25 Such methodologies can be used therapeutically in an ex vivo setting o activate and
stimulate cells for infusion into a patient or could be used in vivo, to induce cell
signaling events on a target ceil population. However, as also noted above, the
prototypic example provided herein is directed to T-cells, but is in no way limited

thereto.



i nhi bitors, "nolecular decoys", antisense nolecules, or toxins. Such § AUG 20
nmet hodol ogies are described in further detail in U S. Patent Application
Nos. 08/253, 751, 08/253,964, 6 AUG 2 WD 01/62895 PCT/ US01/ 06139 50 and PCT
Publ i cafo eijs2ls WO 95133823, which are incorporated herecmvubgi/geesder ence in
their entirety. The nethods for stinulating and expandi ng a popul ati on of
antigen specific T-cells are useful i? therapeutic situations where it is
dedirable to up-regulate 5 an inmune™fesponse (e.g., induce a response or
enhance an exi sting response) upon adm nistration of the T-cells to a
- subject. For exanple, the nethod can be used to enhance a T-cell response
agai nst. tunor - aSSOWlﬂiﬂgpe%Nd PaREs, the TRiellGRphRtiohd REuléng Fioby Grtvariopscal |y
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treated. 15 While initial studies using expanded T-cells have been _tested
in NHL, the @EPIEiiSé%ﬂf thesemoigties mayrhe verpimportt. For expmopdg.higherdgyels phe
T-cell popul ations .of ent «j_[vent of ni t
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CD28 signal) and reactivity. However atifents with B-CLL present eci al
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aid inits treatnment. 30 Investigators report that in CLLtht%r Babl|lty of
a pati erfepeession @if| GM-CSF coaprsesee C function, particularly throug

effect on promoting: the maturation of APC progenitors into more functionally
competent APC, such as dendritic cells. Altering the expression of CD137 and CD134
can effect a T-cell’s ability to resist or be suscebtible to apoptotic signals. Controlling

20 the expression of adhesion/homing receptors, such as CD62L and/or CD49d may
determine the ability of infused T-cells to home to lymphoid organs, sites of infection,
or tumor sites. N )

An additional aspect of the present invention provides a T-cell
population or composition that has been depleted of CD8 or CD4* cells prior to

25 expansion. In one embodiment, CD8" cells are depleted by antibodies directed to the
CD8" marker. One of ordinary skill in the art would readily be able to identify a variety
of particular methodologies for depleting a sample of CD8" or CD4" cells or conversely
enriching the CD4" or CD8% cell content. With respect to enriching for CD4" cells, one

aspect of the present invention is focused on the identification of an extremely robust

30 CD154 expression profile upon stimulation of T-cell populations wherein Tc (CD8")
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15 example, Celdyne Corp., Houston, TX; Unisyn Technologies, Hopkinton, MA;

Synthecon, Inc. Houston, TX; Aastrom Biosciences, Inc. Ann Arbor, MI; Wave Biotech

LLC, Bedminster, NI. Further, patents covering such bioreactors include U.S. Patent
- Nos: 6,096,532; 5,985,653; 5,888,807; 5,190,878, which are incorporated herein by . -

reference.

20 Methods of Use
In addition to the methods described above, cells stimulated and/or .

activated by the methods herein described may be utilized in a variety of contexts.
With respect to the prototypic example of T-cells, the herein described methodologies
can be used to selectively expand a population 'of CD28", CD4", CD8', CD45RA", or
25 CD45RO* T-cells for use in the ftreatment of infectious diseases, cancer, and
immunotherapy. As a result, a phenotypically unique population of T-cells, which is
polyclonal with respect to antigen reactivity, but essentially homogeneous with respect
to either CD4" or CD8" can be produced. In addition, the method allows for the

expansion of a population of T-cells in numbers sufficient to reconstitute an
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in an HIV infected patient. It may also be necessary to avoid infecting the T-cells

during long-term stimulation or it may desirable to render the T-cells permanently
resistant to HIV infection. There are a aumber of technigues by which T-cells may be
70 rendered either resistant to HIV infection or incapable of producing virus prior to .
restoring the T-cells to the infected individual. For example, one or more anti-retroviral -
agents can be cultured with CD4" T-cells prior to éxpansion {0 inhibit HIV replication
. or viral production (e.g., drugs that target reverse transcriptase and/or other components
of the viral machinery, see e.g., Chow et al. Nature 361:650-653, 1993).
25 Several methods can be used to genetically transduce T-cells to produce
| molecules which inhibit HIV infection or replication. For example, in various
embodiments, T-cells can be genetically transduced to produce transdominant
inhibitors, “molecular decoys”, antisense molecules, or toxins. Such methodologies
are described in further detail in U.S. Patent Application Nos. 08/253,751, 08/253,964,
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offer unique phenotypic characteristics that can dramatically enhance the success of

immunotherapy by providing increased engraftment (likely supplied by stimulation of
the CD28 signal) and reactivity. However, .paﬁents with B-CLL present special
20 difficulties, including low relative T-cell numbers with high leukemic cell burden in the
peripheral blood, accompanied by a general T-cell immunosuppression. The T-cell
populations of the present invention can provid€ dramatically “improved efficacy in -
treating this disease and especially when combined with stem cell (CD34%)
transplantation therapy. Accordingly, increasing T-cell function and anti-CLL T-cell
25  activity with anti-CD3 x anti-CD28 co-immobilized beads would be beneficial.
For example, given that deficient expression of CD154, the ligand for
CD40, on T-cells of B-CLL patients has been cited as 2 major immunological defect of
the disease, the T-cell populations of the present invention, which may provide
sustained high levels of CD154 expression upon re-infusion, could aid in its treatment.
30 Investigators report that in CLL the capability of a patient’s T-cells’ to express CD154
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provi de rapid activation of T-cells from cryopreserved whol e bl ood, 6 AUG 20!
peri pher.al blood nononuclear cells, other cyropreserved bl ood-derived
cells, or cryopreserved T-cell |ines upon thaw and prior to subject

adm nsw@dii@2Res | N anot her exanple, the nethods d devi cerCTaRIIN®1ISsed t O
boost the activity of a previously ex vi o expanded T-cell product prior to
admnistration to the subject, thus oviding a highly activated T-cell
product. Lastly, as will be readily preci ated the nethods and devi ces
above may be utilized for autol ogous or allogeneic cell therapy

- sinmul taneously with the subject and donor. The nethods of the present

i nventi G defeetiol 98 Well ik ithé zgshbility hofvihe dediesnic TB-cells énleapess CRE and ty of
the antigen and enhance in vivo effect. Further, given that T cells

: expandeoC?D&@- {The feiterscaftleukomip B-esllsHaelh t?é‘ldﬁﬂ‘ia@"g)’fxpﬁﬁﬁg hgandsdfar i ¢ he

body, t | d.act .ect hi A - . b
S F T N SRR S
hom ng t yirt;ﬁgséﬁft th& Mh&hani¥inS BAGSIyneY thd)fTe6dlisO MhppardGs atalé ofl wlerkdive. cel | s

expande present invention may be delivered to a patient 15 in
conbi hatStodiesiin hwhich CD4hds engrmedronméild. & wolls, neither one sohubl eatiHMBpeut i ¢
antibodies, etc. Virtually any ther . that woul d benefit b e robust
T-cel | as&podiss PHMA GDM‘E%?#(*{J%P lekértics Boelle. ApprIs Ao 4OTBH G JOHE T | ped
her ei n. . I é‘@@ el st K 96S ugh .as
"T-cell p%%%&%%%ggp%g%@ | n%é%rt{?on W%E}lg%eg%arﬁeni st eertecg" eg'rt her
al one, QrliShiesphpOITAr33u1 141211999 "Rastieimoand Kippsp obifat Ml Mi771926i936ent s
and/ or with other conponents such as |L-2%or other cyéoki nes 25 or cell
the -5l SBRIURAY, 6nt | on
may (go rise a target cell population as described herein, in conbination
wi t h1®nd®PP5Sr e phar maceutical |y or physiol ogical |y acceptable carfiers,
di l-'uent's or exci pi ghSthe Snfilce8 VXPRSSbh VTSCDAT4 GaNbei suefabelof ahs. Tselh as
neutral buffered saline, phosphate buffered and the Iike; carbohydrates
such as pgpulatier of thepoesent fventiresush Tezlls avadd b rixpeeied tpdpiesich yith

pol ypepti des or 1,N0 agi ds such a l.yci ne; .antioxi,dants: chel ati
agents <% O%SE%E&IH‘O&‘BE?’U%WPBW&&“& Vg Eha{gmaor S R ﬂ"ﬁ%r Xi de) ;
and Pa/%&péﬁemn%mm, ghd EMRGPIBSE M nirAYaiduiPRad tea Biréiger abl y

f or mul at eservatives. Conpositions intravenous adm nistration.
15 anti-tumor response. Further, one of ordinary skill in the art would readily understand

that treatment of a patient with ex vivo expanded T-cells of the present invention may
be combined with traditional cancer therapies such as chemotherapy. In this regard, for

-example, a patient may be treated with an agent such as fludarabine or campath,
folloWed by infusion with T-cell populations of fhe present invention or both.

20 Alternatively, T-cells can be stimulated and expanded as described -
Jerein to induce or enhance responsiveness to pathogenic agents, such as viruses (e.g.,
human immunodeficiency virus), bacteria, parasitesand fungi.

The invention further provides methods to selectively expand a specific
subpopulation of T-cells from a mixed population of T-cells. In particular, the

25 invention provides specifically enriched populations of T-cells that have much higher
ratio of CD4" and CD8" double positive T-cells.

" Another embodiment of the invention, provides a method for selectively
expanding a population of Ty; cells from a population of CD4" T-cells. In this method,
CD4" T-cells are co-stimulated with an anti-CD28 antibody, such as.the monoclonal



Phar maceuti ca conpositions of the present invention may be adm ni stier@h 12004
a nmanner. appropriate to the disease to be treated (or prevented). The
guantity and frequency of adm nistration will be determ ned by such factors
as t hew@onebsts on of the patient, and the type and sevePCTjUsof/odine
patient's disease, although appropri ate dosages nmay be determ ned by
clinical trials. Al'l references ref%,;_red to within the text are hereby
i ncorporated by reference in their entfrety. Mreover, all numerical ranges
utilized herein explicitly include all integer values within the range and
- selection of specific nunmerical values within the range is contenpl ated
dependi ngntibady 1963, paddcinpldearetion of Thitspdeific cyttbidned, tdludihg Fyarghkimgdne
offered by way of illustration, and not by 15 EXAMPLE | T-CELL
- STI MILATsG¢bpiest eE Turaslls prerdliegells 1 n certain experi ments descri bed
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washed = Af ection fromthe patient at the clinical site, the PBME
apher &si densrstrated e e aotivatdtbwithincufest kehrs(fehz "ot ol olhathitp§I88EEADSO8)- 450

Epoxy T. During this ¢tinge phagocyti ells such as npcytes i.ngest the

beads. Ahecordingly, iheqmbipptaen with the Ie%tﬁ olggigs 3@5%3%@“8?513 6%%5’5%3%\}5? a

Max Sep | . ' ' . .

monooyt (LTS CAVERES SHft shitle b of & T80 bGpiidfon BPF LA BAGENE e, | 1oy

nonocyt endfe! @hbedinehe thisaestdligitecahobe atilizdddatatht Bedbidefofo yubjéctClBad - cel | s

is taken and set-up with 1.5 x 10 DYNABEADS M 450 CD3/CD28 to initiate the
") XCELL ERATPiZR¥ept prodality; appt @subject’s homg simiarttodhe usg of kifmeyidialysia: &prcel | s

and 163 Aé%;m% €, \éi\omgéllog 20%%%v15cg v?hqc}-(/alg _%éﬁ)SGéI.r% gmcubated in contact with activation -

. signals (e.g., anti-CD3 -and anti-CD28 antibodies, and the like) and returned to the .
patient immediately in a continnous flow or after a few hour expansion period. In one
aspect, such techniques- of expansion could use isolated chambers with filter
components, such that 3x28 beads or similarly coated microparticles are mixed with a

15 continuous flow of biood/ concentrated cells. In another embodiment, solid surfaces
within an apparatus may be coated 6r conjugated directly (including covalently) or
indirectly (e.g., streptavidin/biotin and the like) to with antibodies or other components
to stimulate T-cell activation and expansion. For example, a continuous fluid path from
the patient through a blood/cell collection devicé and/or a disposable device containing - .

) 20 two or more immobilized antibodies (e.g, anti-CD3 and anti-CD28) or other
components to stimulate receptors required for T-cell activation prior to cells returning
to the subject can be utilized (immobilized on plastic surfaces or upon separable
microparticles).‘ Such a system could involve a leukapheresis instrument with a
disposable set sterile docked to thc existing manufacturers disposable set, or be an

25 adaptation to the manufacturer’s disposable set {(e.g., the surface platform on which the
antibodies/activation components are immobilized/contained is within the bag/container
for collection of peripheral blood mononuclear cells during apheresis). Further, the
solid surface/surface platform may be a part of a removal insert which is inserted into
one of the device chambers or physically present within one of the disposable

30 components. In another embodiment of the continuous flow aspect discussed above,
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utilized at room temperature or incubated at phys

jologic temperature using a portable

incubator. | , |
As devices and methods for collecting and processing blood and blood
20 products are well known, one of skill in the art would readily recognize that given the

teachings provided herein, that a variety of devices that fulfil the needs set:forth above -

designed or existing devices modified. Accordingly, as such devices
but would

and which

. may be readily

and methods are pot limited by the specific embodiments set forth herein,

include any device or methodology capable of maintaining sterility

-25 maintains blood in a fluid form in which complement activation is reduced and wherein

components necessary for T-cell activation (e.g., anti-CD3 and anti-CD28 antibodies or

ligands thereto) may be immobilized or separated from the blood or blood product prior

10 adninistration to the subject. Further, as those of ordinary skill in the art can readily

appreciate a variety of blood products can be utilized in conjunction with the devices

30  and methods described herein. For example the methods and devices could be used to
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ation is within the context of the methods of use described herein.

popul

20 PHARMACEUTICAL COMPOSITIONS

Target céll populations, such as T-cell populations .of. the present

. - " o in
invention may be administered either alone, or 3s a pharmacéutical composition

combination with diluents and/or with other components such as IL-2 or other cytokines -
25  or cell populations. Briefly, pharmaceutical compositions of the present inveniion may
comprise a target ceil population as described herein, in combination with one Or more
pharmaceutically or physiologically acceptable carriers, diluents or excipients. ‘Such
compositions may comprise buffers such as neutral buffered saline, phosphate buffered
saline and the like; carbohydrates such as glucose, mannose,

30 mannitol; proteins; polypeptides or amino acids such as glycine; antioxidants; chelating

sucrose or dextrans,

agents such as EDTA or glutathione; adjuvants (e.g., aluminum hydroxide); and
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EXAMPLEI
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DYNABEADS® M-450 CD3/CD28 T are then incubated at 37°C, 5% CO, for
approximately 8 days to generate XCELLERATED T-cells for a first infusion. - The
remaining monocyte-depleted PBMC are cryopreserved until a second or fusther cell
: j)roduct expansion (approximately 21 days later) at which time they are thawed, washed
5 and then a volume containing a total of 5 x 10° CD3" T-cells is taken and set-up with- ..
* 1.5 x 10° DYNABEADS® M-450 CD3/CD28 T to initiate the XCELLERATE Process
for a second infusion. During the incubation period of ~8 days at 37°C, 5% CO,, the - :
CD3" T-cells activate and expand. The anti-CD3 mAb (OKT3) is obtained from Ortho-
Biotech., (Raritan, NJ) and the anti-_CD28 mAb (9.3) is obtained from Bristol-Myers-
10  Squibb, (Stamford, Conn.). ' o

With a modified process referred to as XCELLERATE II™ the process
_ described above was utilized with some modifications in which no separate monocyte.
depletion step was utilized and in certain processes the cells were frozen prior to initial
15 contact with beads and further concentration and stimulation were performed. - (See
Figures 5A and 5B). In one version of this process T-cells were obtained from the
circulating blood of a donor or patient by apheresis. Components of an apheresis..
product typically include lymphocytes, mopocytes, granulocytes, B cells, other.
nucleated cells (white blood cells), red blood cells, and platelets. A typical apheresis. = :
20 product contains 1 — 2 x10™ nucleated cells. The cells are washed with calcium-free, -
magnesium-free phosphate buffered saline to remove plasma proteins and platelets. The .
washing step was performed by centrifuging the cells and removing the supernatant fluid,
which is then replaced by PBS. The process was al:complished using a semi-automated
“flow through” centrifuge (COBE 2991 System, Baxter). The cells are maintained in a
25 closed system as they are processed.

The cells may be further processed by depleting the non-binding cells,
including monocytes, (enriched for activated cells) and then continuing with the
stimulation. Alternatively, the washed cells can be frozen, stored, and processed later,
which is demonstrated herein to increase robustness of proliferation as well as depleting

30 granulocytes. In one example, to freeze the cells, a 35 ml suspension of cells is placed
in a 250 ml Cryocyte freezing bag along with 35 ml of the freezing solution. The 35 ml
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cell suspension typically contains 3.5x10° to 5.0x10° cells in PBS. An equal volume of
freezing solution (20% DMSO aud 8% human serum albumin in PBS) is added. .The .
cells are at a final concentration of 50x10% cells/ml. The Cryocyte bag may contain
volumes in. the range of 30 — 70 mi, and the cell concentration can range from 10 to
5 200x10° cells/ml. Once the Cryocyte bag is filled with cells and freezing solution, the "
bag is placed in a controlled rate freezer and the cells are frozen at 1°C/minute down to - -
80°C. The frozen cells qi'é then placed in a liquid niﬁogcn storage system until needed.-
The cells are removed from the liquid nitrogen storage system and are
thawed at 37° C. To remove DMSO, the thawed cells are then washed with- caleium-
10 free, magnesium-free PBS on the COBE 2991 System. The washed cells are then .
passed through an 80 micron mesh filter.
_ The thawed cells, approximately 0. 5x10° CD3* cells, are placed in a
- plastic 1L L1fecell bag that contains 100 ml of calcium-free, magnesium-free PBS. The
PBS contains 1% ] 59 human serum. 1.5x10° CD3xCD28 beads (Dynabeads M-450)
15 aze also placed in the bag with the cells (3:1 DYNABEADS M-450 CD3/CD28 T:CD3*
T-cells). The beads and celis are mixed at room temperature a't 1 RPM (end-over-end
rotation) for about 30 minutes. The bag containing the beads and cells is placed on the
MaxSep Magnetic Separator (Nexell Therapeutics, Irvine, CAb. Between the bag and
the MaxSep, a plastic spacer (approximately 6 mm thick) is placed. (To increase the
20 magnetic strength the spacer is removed.) The beads and any cells attached to beads are .
retained on the magnet while the PBS and unbound cells are pumped away.
The CD3xCD28 beads and concentrated cells bound to the beads are
rinsed with cell culture media (1 liter containing X~Vivo 15, BioWhittaker; with 50 ml
heat inactivated pooled human serum, 20 ml 1M Hepes, 10 ml 200 mM L-glutamine-
" 35 with or without about 100,000 LU. IL-2) into a 3L Lifecell culture bag. After.
transferring the CD3xCD28 beads and positively selected cells into the Lifecell bag,
culture media is added until the bag contains 1000 ml. The bag containing the cells is
placed in an incubator (37°C and 5% CO;) and cells are allowed to expand.
Cells are split 1 to 4 on each of days 3 and 5. T-cell activation and
30 proliferation was measured by harvesting cells after 3 days and 8 days in culture.
Activation of T-cells was assessed by measuring cell size, the level of cell surface

marker expression, particularly the expression of CD25 and CD154 on day 3 of culture.
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On day 8 cells are allowed to flow under gravity (approx. 150 ml/min) over the MaxSep -
magnet to remove the magnetic particles and the cells are washed and concentrated
using the COBE device noted above and resuspended in a balanced electrolyte solution,
suitable for mtravenous administration, such as Plasma-Lyte A® (Baxter-Healthcare)

5 As described within.the specification XCELLERATE I™ refers to

conditions similar to that above, except that stimulation and conceniration: were not
performed and monocyte dépleﬁon was performed prior to stimulation.

Both XCELLERATE ™ and II™ processes were performed and T-cell
proliferation was measured after 8 days in cultu;e The yield of expanded T-cells was
10 greater when CD3" cells were concentrated prior to cell culture. (See Table 1) In- - '
_ addmon, the cell populatlon had greater than 90% CD3" cells.

Table 1. T-Cell Yield Expansion on at Day 8

Experiment | No CD3" Concentration | CD3" Concentration
(XCELLERATE I™) | (XCELLERATEII™)
NDa079 33x 10° 36x 10°
NDa081 38x10° 42 x 10°
NDa082 28 x.10° 38 x 10°
Average 33+5x10°. 39+3 x10°

Further experiments were performed in this regard and depict total
15 number of expanded cells as well as the fold expansion of nine batches of cells
stimulated without CD3" concentration and five batches of cells stimulated with CD3"
concentration. (See Figures 1 and 2). '
. Concentration of the cells by application of a magnetic force prior to
culture effectively increases the purity of the CD3" cells as well as increasing CD154
20 levels. (Table 2, Figures 3 and 4 depict CD154 levels graphically). Furthermore,
comparison of T-cell proliferation where populations of T-cells were exposed to magnets
 of differing strengths showed that exposure to a stronger magnet resulted in greater yield
of CD3" cells, (Table 2.)
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were frozen/thawed. 5 The data in Tab
XCELLERATE 1PM process generated cel

i

whose cel |

activation markers on day 3 were on average simlar,

and continued to be higher follow ng
activation marker on day 3 for T-cells fromthe

stimul ati on.

3 and Figures 6-7 show that the
si ze and CD25 expression

but typically higher

However,

t he CD154
XCELLERATE 11 TM process

was nuch greater than for thos¥apfe 2[-@ehfibudd)om t he 10 XCELLERATE | TM

process. Further, as denonstrated above, the XCELLERATE |1 TM
Experiment Magnet | CD25 CD25 CD154 | CDi154 CD3
on Day 0 on Day 3 on on Cell #
Day 0 w-Day3 On
Day 8
(MFD (MFT) (MFI) | MFD) | x10
NDa(87
No Selection | None 8 758 4 19 31
Selection Weak 8 846 4 41 | . 18
Selection Strong 3 1006 4 - 45 38
ND=2089 :
No Selection | None 6 309 4 12 - 26
Selection = | Weak - 6 685 4 67 25
Selection - -~ | Strong 6 720 . 4 - 115 42

Five additional experiments were performed comparing the process of

XCELLERATE I™ to that of XCELLERATE II™. For the cells activated and culture-

5 expanded according to the two processes, cell 'activation markers (cell size, CD25

expression, and CD154 expression) on days 3 and 8 of culture are shown below in

. Table 3 and in Figures 6-7.
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NDall(Q | ¥CELLERATEL | 267 [ 588 6 .| 497 4 59
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NDall3 | XCELLERATET [ 271 | 662 3 726 4 54
(PC060) [ XCELLERATE [ 291 | 660 6 741 5 177

NDall5 | XCELLERATET | 253 | 560 6 202 6 75

(PC073) XCELLERATE | 252 | 582 6 448 6 83.

Average | XCELLERATE| 262 | 583 6 467 5 42

+ Std Dev + L +50) +1 ] x221 | £1 | %17
15

XCELLERATE [ 283 | 595 | 6 | 566 | 5 | 148
. +23| +47| +1 | +189{ £1 | £17
AH cultures in Table 3 were initiated with cells that were frozen/thawed.

- -

5 The data in Table 3 and Figurés 6-7 show that the XCELLERATE II™ -
process generated cells whose cell size and CD25 éxpression activation markers on day
3 were on average similar, but typically higher and continued to be higher following
stimulation. However, the CD154 activation marker on day 3 for T-cells from the
XCELLERATE I'™ process was much greater than for those of T-cells from the
10 XCELLERATE I™ process. Further, as demonstrated above, the XCELLERATE '™
process generated CD25 and CD154 levels that were consistently higher per donor than

other methods.



XCELLERATE-- n 10769992. 385822. 3 XCELLERATE 107119992. 795922. 8 XCELEERATE
1 -11063992.991822. 6 XCELLERATE | 11083993. 993924.5 XCELLERATE U

11560991. 992912. 7 XCELLERATE | 11572992. 296942. 8 XCELLERATE || = Purity of
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EXAMPLE |1 EFFI Cl ENCY OF CD3+ T- CELL ENRI CHMENT, MONOCYTE- DEPLETI ON AND

Ther api 64 Devel opnhe exprasaamobE I o4 R Jaicost A KORELANATEITE BPEHict was
. washed, Es%ltz’}uta]]? ?guch%ghvepté)a}:/fglzﬁgﬁiL%ﬂi’Ew 0ﬁ91§ 8bservation suggests that the
T-cells are in a higher state of activation during the XCELLERATE II™ process than in
. the XCELLERATE I™ process. It is predicted that this may Jranslate into 2 more
5 effective product when administered in vivo.
' " CD3" Cell Purity, CD4 Cel/CDS cell ratio, and cell viability on Day 3
of culture were also determined for five patient samples. The phenotype and viability
of cells used subjected to the XCELLERATE I™ process and the XCELLERATE II™
process are shown below in Table 4 as measured by Flow Cyiometry or Trypan blue

10  staining.



64 1. For the XCELLERATE | process, a nonocyte-,depletion step was [cﬁr AUBd2(
out- and the CDl4+nonocyt e-depl eted PBMC were cryopreserved and stored in

t he vapor phase of a LN2 freezer (as noted in Exanple
set - upwer o1vdagss XCELLERATE |

t hawed and t he
T as detail ed

in Example I.

average efficiency of CD3+

and granul ocyte-depletion for the N
" shown in Table 5.1. and the data for each individual
Table 5.2. 10 2. For the XCELLERATE I |

T-cel |

process,

The aver
enri chnent,
=.5 donors in these initial

proc

t he CD14+ nopnocyt

ess,

On

donor

e% t he day
TEPFU{SEPBMCY e
XCELLERATE process initiated with DYNABEADS M 450 CD3/ CD28
e cellular conposition and the

CD 14+ nonocyt e-depl eti on
steps is
is shown in

t he PBMC aphesresi s product

cells cryopreserved and stored in tHhabledpor phase of a LN2 freezer.

of

On the

day of set-up of the XCELLERATE || process, the cryopreserved PBMC

apheresis product cells were thawed and the CD3+ T-cells gnetically
concent fat §¥Pahd { Rey XCPFL [ERATECH] aydesd Pai3¢RE D4 3GeIDVNRBEADS M 450
CD3/ CD28 T as det pideBEurity ExVGphiity | . Hhe SebFule Gé'l'—%%\"ér 5Bl t i on
and thelaverage effi €ekncy! of ¢’ +| Tratg ] dnri Efhent 144 Fatle
nmonocyt ¢- depl eti oh and_gr anul ocvte depletion for thel N =5 donors i these
initial ste][d)‘& showf? i n [Tabl%@ 5. addlt hd dat™® for| eadh irdi viual| donor
i s showh 5% %ﬁ p 5. 2. As| denonstfated in}Tables 5.1 and-5.]2, the
conbi nafTon i@ TT7 gezegd haw n 29 of | t he3dBML aphresijs peddudt 241 owed by
fragnetu:"@éﬂﬁ’_@h‘fﬁratlon of |[CD3{ T-cells dinect fromghe thaved PBMC
apher esirs—proettety HERATEHt—prgdess——confijguratiorresutts in
. effici ept—ehpriationgof—GbtAgznonpeytsgs and-gr@nut ocyt 7 Tagt e 7 L and
) Tabl e 5} XrELiFRasEef fi ci ency| of the glim nati on of the CD 14+ [nonocyt ¢s and
t he grai s—tn—the XAELLERATE-H Bfpeegs—5 ?ﬁs tiatypt—ghe 25
XCELLERAKerl LERKRCESS th the”benefit that |it el3| m nlat es thgd neéd f¢r a
separatée__depl eti pn step using theladditional "uncoated' DYNABEADS M 450 T
reagent fand _cons stentlv leads taola highed CDA/CD8 Iratio. & 200 D
0116289% 06199 65 TaBPe 5| 1: 2Average (R = o) efticilendd’ of
CD3+T-ceh enri chhent, CDlj4+nponocyie- depl ¢ti on_and |granul odyt e-deplieti on
in the |t Steps 18f the XCELLERATRA  and t%e XJELLBRATH |12-#r og¢ess
Confi gu &EF TE ' -
110 63 99 2.9 91 82 2.6
XCELLIERATE
110 83 99 3.9 93 92 45
XCELLERATE
I
115 60 99 1.9 . 92 91 2.7
XCELLiERATE
) xcmumsmm 72 99 22 96 o4 28
L]

* = Purity of CD3" T-cells on day 0 after monocyte-depletion in the XCELLERATE 1 process. :
or after magnetic concentration in the XCELLERATE H process .
5  ¥=ratio of CD4" : CD8" T-cells on day 0 after monocyte-depletion in the XCELLERATE I
process or afier magnetic concentration in the XCELLERATE II process

EXAMPLE II |
EFFICIENCY OF CD3" T-CELL ENRICHMENT, MONOCYTE-DEPLETION
AND GRANULOCYTE-DEPLETION
10
For this study, upon receipt at the Xcyte Therapies Development
laboratory, the incoming PBMC apheresis product was washed, split and:



Average Std. Dev Cellular Conposition (% Cell Preparation 6 AUG 200
CD3+CD14+G anul ocyt es- CD4/ CD8* | ncom ngPBMC496163872. 20. 3 apheresi s
product = XCELLERATE | Monocyte-depleted PBMC51 65.5 35.7 52.4 0.6

Fr eeze/WVAAHEW R bnocyte-64 + 46 + 30.4 0.52.4 0.6 depl FCETIPBMISKCELLERATE
11 Freeze-thawed_ PBMC56 511 20.4 0.52.4 0.8 apheresis product Post- CD3
magnetic92 222.4 3.7002.86 0.86 conggntration Cellular conpositions were
determ ned by flow cytonetry according to standard protocols. WO 01/ 62895

- PCT/ US01/ 06139 66 Table 5.2: Conparison of the efficiency of CD3+ T-cell
‘enrichnent, CD14+ nonocyte-depletion _and granul ocyte-depletion in the
initial steps of tHe XCHor ELLERATHE prregss| Emapecyt lstien step was

 brepar at CBrERERH e Gl Seoreraeleet PHG et iy e HIRE R sarseres
pr oduct 4%%@4é’ﬁ$f1°ﬁ’8as% Mﬂﬂéﬁé&g&éﬂ&ecﬂ i B )é\danen%éiahﬁbfdeﬂ?%\@ﬂfé) 5%

12. 598. 2 Freezehhawed Monocyt e-depl et ed PBMZ67% 4% 093. 2 XCELLERATE D

Freeze-t KORBIIBRRATE process, the ffidbi] aber®eatarddiotad PBRICowerChiBwedpandettiec

Co e AN+ e e woih R A D AR GESReo P o Bhaiiea
in Example 1. The average cellular composition and the average efficiency of .CD3"*
T-cell enrichment, CD14" monocyte—depletibn and granulocyte-depletion for the N=35 .
donors in these initial steps is shown in Table 5.1 and the data for each individual donor : -
. is shown in Table 5.2. _ L T
10 - 2. For the XCELLERATE II process, the PBMC aphesresis product .
cells cryopreserved and _sto1;ed in the vapor phase of a LN, freezer. On the day of set-up .- -
of the XCELLERATE II pi‘ocess, the cryopreserved PBMC apheresis product cells . -
were thawed and the CD3" T-cells magnetically concentrated and the XCELLERATE II
process initiated with DYNABEADS M-450 CD3/CD28 T as detailed in Example L
15 The average cellular coﬁnposition and the average efficiency of CD3" T-cell enrichment,
CD14" monocyte-depletion and granulocyte-depletion for the N=35 donors in these
initial steps is shown in Table 5.1 and the data for each individual donor is shown in
Table 5.2. :
As demonstrated in Tables 5.1 aﬁd 5.2, the combination of freeze/thawing -
20 of the PBMC apheresis product followed by magnetic concentration of CD3" T-cells
direct from the thawed PBMC apheresis product in the XCELLERATE I process-
configuration resulté in -efficient elimination of TD14”™ monocytes and granulocytes
(Table 5.1 and Table 5.2). The efficiency of the elimination of the CD14* monocytes and .
the granulocytes in the XCELLERATE II process is as good as that of the
25 XCELLERATE I process with the benefit that it eliminates the need for a separate
depletion step using the additional “uncoated” DYNABEADS M-450 T reagent and

consistently leads to a higher CD4/CDS8 ratio.



Mono e-d | eted PBMC64%%%%2. 3 Freeze/tlrawed-Mon e-d | eted PBIVC69°/<810/®5/<2A%G '
XCELLERATEI | Freeze-thawed PBMC apheresis product55% 11% 0%. 0 Post- CD3+
ma etic concentration 120% 0% 0% 2.7 .1L NDal JO ncomin PCI)76 XCELLERATE

| Monowyx @/dsdset ed PBMC 63% 3. 5%4.0% 2.9 Freezel t hawed 8pl et ed
PBMC 63% 7%9% 2. 9 XCELLERATE || Freeze-thawed PBMC heresis product 1 135%
13%998- 2 Post- CD3+ nagnetic concent r%t lon 83% 19%9%3. 8 NDall3l ncom ng PBMC
a heresis product 47% 17% 6% 2. 3 (PCO60) XCELLERATE | ' Mbnocyt e-depl et ed
PBMC6 1% %3 %4.. 8 Fr eeze/thavved Mono e-d | eted PBMC63%194%. 8 XCELLERATE 11

Freeze- t-paig '~$5 r&s&uﬁeﬁéféﬁ&ﬂmﬁ eBPRhmeBRUD GRS te-
concentrgﬁ@ o i Ao RGO i et £6f the NOBUEERSOPE 17% 2% . 7
(PCO73) X e- delel a0 JHiE 90 ] ‘V@%é“g&gﬁée/thamed Mono

-del et ed PBMC60% 11‘%3 h% r ceze- MC heresi s

ProductSSHE29492 099 =0p2. 2 oo S Dev Collulal CoMpbatbe (%6 2
Cell Preparation " - -
cp3* | CD14" | Granulocytesl CD4/CD8*
Incoming PBMC 49+6 | 163 847 22303
apheresis product P
XCELLERATE I | e
Monocyte-depleted PBMC 516 55+3 575 . 24106 .
Freezefthawed Monocyte- + 0.4+05 ' 2 2+0.6
depleted PBMC 644 | 63 AL05 | - 2306
XCELLERATE 1 .
Freeze-thawed PBMC s6£5 | 1142 | 04%05 | 24108
apheresis product =
Post- CD3  magnetic 9222 [24%37( 010 2.86£086 |
concentration ‘

Cellular compositions were determined by flow cytnmeiry according 10 standard protocols.



Cel l ul ar conpositions were deternined by flow cytonetry according to 6 AlUG 20|
standard protocols. In addition to the sinplification and streamnining of
the process by elinination of the CDl4+ nonocyte-depletion step and the
associ WOAVFBIZent s, the mnagnetic concentration step i A THE? @éﬂﬂERATE

| 1 TM process al so provides a higher 6 AUG 200 WO 01/ 62895 67 PCT/US01/ 06139
purity of CD31 T-cells and a higher rggi o of CD3" CD4+ : CD3+ CD8} T-cells
at the initiation of T-cell activation (Table 5.1 and Table 5.2). Yield,
Purity, Viability and Conposition of Activated CD3 T-cells Pre- harvest on
- Day 8 of the XCELLERATE Fm process and the XCELLERATE | TrM process wer e

al so conpared. As shown in Table 5.3, the avera el d, pur

viability offableS2Cpmparisen of the eHiciansy 10§ G -SPKGE c@ngn@(ﬂﬁﬁ cally -

i nproved for mhbwockG=leHERGiEand gaivilegipsleplétipn in lihe iﬁiﬁal_ﬁmthifM process.

Tabl e 5. 3: Vi KCELILERAYE Mimbible XCERLERATE @ ipirooess ebnfigarationed CD3+
T-cells pre- 10 harvest on day 8 of the XCELLERATE | process and the

XCEL LERATExpisimepr pCaiss Exper i ment XCELLERATE Pr e- GeliplyeCupp@itige (Yelcel | Pr pduct
Pr oper t i psNunberyc pBroparliher # CD3 T- Puri T(;st || aimisd 1 Gréoh)déyteDd] CD4/CDS* '
( Donor ) QonfBerak ot | onc (04 Rat-lo*—cds—(94—NBa164 ':"E_D"T_|65X
1095971, 2 (D07 L erespprodustn o7 974377 107 B ERATESFE7 |
1098980. (PCO'7]) Monocyte-depleted PBMC 54% 5% 12.5% 3.2
Freezefthawed Monocyte-depleted PBMC 67% 4% 0% 3.2
XCELLERATE 1
Freeze-thawed PBMIC apheresis product 64% % 0% 3.1
Post- CD3* magnetic concentration 110% 1% 0% 3.7
NDal07 Incoming PBMC apheresis product [ '51% | 16% | 1% | 2.1
. (PCo74)y | XCELLERATE § -
Monocyte-depleted PBMC 64% 5% 1% 23
Freezefthawed Monocyte-depleted PBMC | 69% 3% 0% 2.3
XCELLERATE H )
Freeze-thawed PBMC apheresis product 55% 11% 0% 2.0
Post- CD3" magnetic concentration 120% 0% 0% 2.7
NDz110 | Incoming | 44% | 18% | 15% { .25
(PC076) | XCELLERATE I
Monocyte-depleted PBMC 63% 3.5% 10% 2.9
Freeze/thawed Monocyte-depleted PBMC 63% 7% 0% 2.9
XCELLERATE I
Freeze-thawed PBMC apheresis product 55% 13% 0% 3.2
Post- CD3" magnetic conceniration 33% 1% 0% 38
NDa113 | Incoming PBMC apheresis product [ 47% | 17% | 6% | 2.3
(PCO60) XCELLERATE I ‘ o
Monocyte-depleted PBMC 61% 4% 3% 1.8
Freezefthawed Monocyte-depleted PBMC 63% 4% 1% 1.8
XCELLERATE IT
Freeze-thawed PBMC apheresis product 51% 13% 1% - 1.5
Post- CD3* magnetic concentration 76% 1% 0% 1.9
NDall5 | Incoming PBMC apheresis product | 59% { 17% | 2% | 17
(PC073) | XCELLERATE .
Monocyte-depleted PBMC 60% 10% 2% 1.8
Freeze/thawed Monocyte-depleted PBMC 60% 11% 1% 1.9
XCELLERATE II
Freeze-thawed PBMC apheresis product 53% 12% 1% 2.0
Post- CD3" magnetic concentration 72% 9% -0% 2.2

Cellular compositions were determined by flow cytometry according 1o standard protocols.

In addition to the simplification and streamlining of the process by
elimination of the CD14" monocyte-depletion step and the associated reagents, the
magnetic concentration step in the XCELLERATE II™ process also provides a higher



(PC074) XCELLERATE 1152 x 109898L5' NDallOXCELL ERATE 141 Xx 109696156AUG 200
(PCO76) XCELLERATE 1141 x 1099992.4 NDall3XCELLERATE |41 x 10969b1l. 3
(PC060) XCELLERATE 1143 x 1098982.0 NDall5XCELLERATE |31 X 10969?1. 3
( POO7 3WR@EGLBRATE | 48 x 1097971.4 Aver agexCELLERKTE | FET/UNRO1B97 11 2
03 St dDevXCELLERATE4569819811.8 0.4 * =Ratio of CD3 CD4 : CD3 CD8 T-cells.
Al so, as shown in Table 5.3, the XCEL4;ERATE || TM process nmaintains 15 a
hi gher ratio of CD3} CD4+:. CD3+CD8+ T-cells throughout the process. This
may be 6 AUG 2004 WO 01/62895 PCT/ US01/ 06139 68 due to preferenti al

concentration of CD3-" CD4 cells during the magpet|c.concentration step
(Tabl es ity af €13 2T-celly and aibigher rr@mepg Cmgf(ﬂa h: %r@&gi &é&ﬂ? i"i‘ﬁ%fpheresi s
cells. The, starting cells listed.n L e 2 for the XCELLERATE | TM
process ‘%@a@"%ﬁﬁiﬁgé’ﬂu"@@nl(@%@ﬁgtl wgﬁ%é%%a)ﬁashed, nonocyt e depl et ed,

-and/ or_frozen/ t hawgghq Pagirs tvihbiliR0amd€hmpoditien 66 Acfivalad (B35 T2cdirPrehe
XCELLERAATE HTI I'l procéss Were apheresis cells that had been washed and
frozen/ thevet on=DRAS of die XOBLIENATEA¥-+propsss andc BlehK CEALLFRAEE 913 shiows
that. the. XCELLERATE IM' process resulted in a cell product that was nore
pure §i roroegserevers alsgesppared.| s) than the cell product fromthe XCELLERATE
Tr M process. That }S,s. Nolt Chk oC . il r.ocess
had an average ( s%‘ 3 Sgtté‘\t/ﬁ %ﬂﬁcgﬁr ?%éurﬁyéweg‘%(yglﬁ%% &h%la%m‘fyhg“(tzhealol s from
15 the @tﬁ%ﬁﬁgﬂa S B&9&st ofadhyMavigpiealty upravyd dbr BI8KCEPAERASE, as
shown in Table 5.3, the XCELLERATE TI TM process naintained a higher ratio
of CD4/ ARt cmhpased hbe KEHIHBERATEIPSpiogessan aver age e

Table 5.3: Yield, purity, viability and composition of activated CD3" T-cells pre-
10 harvest on day 8 of the XCELLERATE I process and the XCELLERATE II

Pprocess ]
Experiment | XCELLERATE Pre—harvést CD3" T-cell Product Properties.
" Number | o= FCD3T-| Purity | Viability | CD4/CD3
(Donor) cells | CD3'T-| (%) Ratio*
cells (%)
NDal04 | XCELLERATET | 65x10° | 95 97 1.2
(PCO71) [ XCELLERATEN | 50x 10° 97 97 1.7
NDal07 | XCELLERATET | 57x 10 98 08 0.3
(PC074)  [XCELLERATEN | 52x 10 98 08 1.5
NDall0 | XCELLERATET | 41x 10° 96 96 16 -
(PCO76) | XCELLERATEN | 41 x10° 99 99 24
NDall3 | XCELLERATET | 41x10° | _ 96 96 13
(PC060) | XCELLERATEN | 43x 10° 98 98 2.0
NDalls | XCELLERATEI | 31x10° 96 %6 13
(PC073) [XCELLERATET | 48x10° 97 97 14
Average XCELLERATEX | 47+ 14 96 + 2 97+1 1.2+03
+ Std Dev XCELI;ERATE 45+6 98+ 1 98+1 1.8+ 0.4

#=TRatio of CD3* CD4" : CD3” CD¥" T-cells,

Also, as shown in Table 5.3, the XCELLERATE II™ process maintains
15  a higher ratio of CD3* CD4™; CD3"CD8" T-cells throughout the process. This may be



6 !
CD4/CD8 cell ratio of 2.2 and the product cells fromthe XCELLERATE TT&% 200

process - had a CD4/CD8 ratio of 1.8, while the product cells fromthe
XCELLERATE | TM 20 process had a CD4/CD8 ratio of 1.2. The data of Table
5.3 al WO EHERRS t hat t he XCELLERATE |1 TM process resul t B§T{USOM0d#Uct cel | s
with an average viability of 98% while the XCELLERATE U process resulted
in product cells with an average viabjgity of 97% EXAVPLE |11 25 MONOCYTE
DEPLETI ON Monocytes (CD 14{ phagocytic cells) are renmoved from T-cell
preparations via magnetic depletion using a variety of "irrelevant” (i.e.,

~ non-anti body coated or non-target antibpdy coated) Dynal beads. Depletion
was per f dnetaiprieferential eendentzatina ofGPET €R4r céllsaivaing|the giagneticrcopegmdraionon i n
ficol or aggﬁ&gseg pe&h&ljeral bl ood AUG 2 WD 01/62895 69 PCT/ US01/ 06139

" with Dynse & ahePddodse M 450 beads, or Dynal human serum

al bumi n- coated _beasigofh#50rersOfo Wbl RiSiRl FRGing WpA&Oks heAS abir oughl'y

a 2.1 bead to cell e cell's and beads were incubated for periods
of 1-2 hemftingaéelldAisteli iteTablesS.Z forf thiel XCELLERA TG pigceseworcakpheiesed| | s

that had attached to beads or that had_engul fed peads, Th -remnai_ni ng ’
cel | s Swerdllsythat bead baen waghad, mpongcpisgdspdte rﬂ“ﬁ‘&ﬁ'l‘g‘lﬂﬂ&? | [1de Eipg wer e

. characteri by. f [ re o]
dopl ot | o EERIRPEETFe SR ok S SR PP RS, Wi Refil Pl Ber
FACSCAL| BhiRhShivH¥BEEind BSzenPBEWERr al | the data - collected- and. .
presented. Any flow cytoneter capable of performng 3-color 6 analysis

coul d be used by an experien + @40 f fdeptical data. For
exangbe,' a FACSCAN, Vantage ggﬁ?ngP?er, or c%?ﬂiegﬁgD product would work to
| ect

“yeu sinmilar data. Also, Coulter products, such as the Coul-ter Epic

Sorter woul d work ‘gaped 4 shoves tHAEtHeMECELNERIA TER I Rgodksy essuhied Bina celd be
used as a general guideline for instrunent conformation to gather data as

was doneproductitbaicwas nwire pureTiie samsatft%eHS” colls)dhars the ¢adl productdkemphe s
i ded i.n; . i.ficati 1ot ti b
ade by S ELLERA BRI Tricer thhoh £ e arodh (et et ot P RR AT HPS °
Comensag}oe'asfgﬂ&aﬂ%gﬁgggim &@Qﬁaa%ﬁgm&ﬁ@rg@% O olivhile HRNeld Hoaet | On
S wi th di rent f

ant i bodi uorescent tags requires uni que adjustment
to any pthetXCELBERATE Mipeodess had an average purity of 93% X 2%.

Also, as shown in Table 5.3, the XCELLERATE II™ process
maintained a higher ratio of CD4/CD8 cells. The incoming cells had an average
CD4/CD8 cell ratio of 2.2 and the product cells from the XCELLERATE II™ process
had a CD4/CDS8 ratio of 1.8, while the product cells from the XCELLERATE ™
20 process had a CD4/CDS8 ratio of 1.2. A
) : The data of Table 5.3 also shows that the XCELLERATE O™ process
resulted in product cells with an average viability of 98% while the XCELLERATEI™ .
process resulted in product cells with an average viability of 97%:

EXAMPLE IIT
25 _ MONOCYTE DEPLETION

Monocytes (CD14" phagocytic cells) are removed from T-cell
preparations via magnetic depletion using a variety of “irrelevant™ (i.e., non-antibody
coated or non-target antibody coated) Dynal beads. Depletion was performed by pre-

30 incubating either whole blood after separation in ficol or apheresed peripheral blood



25 to give optimal signal separation (voltage) with mnimal "bleedin§-dugry
into other channels (e.g., conpensation). A skilled flow operator,

wel | -versed in using conpensation controls, isotype controls, and with a
gener awaowkzssst andi ng of T-cell biol ogy shoul d be abl ePGEUS@HsBduce any of
the data presented below. Further it should be noted that various settings,
particularly voltage settings, may vary, depending upon the efficiency of
the instrunent |aser. For exanple, ol°der |lasers may require nore voltage
to generate a signal conparable to a newer |aser. However, the data

- obtained, whether with nore or |less voltage, should reflect simlar

pat t er nswith Ibinal Shyep Afti-fotkiCM-d60 ba®ls) bi AARAE hR@RA St Co8ein-Katedet t i ngs

used on the FACSCALI BURTM (Becton D ckinson): Detectaqr/ : ]
 Por et cheBds BUCASOUATCH by Disagh Ry (A0 PER BSOS £, POie-srH TR i
P3FLI 6104, 00 . anet er
vol tagegﬁ}iercghgg?{gﬁgﬁﬁg%ﬁg@gg%#ggﬁ%l’?@%g&;{%ﬁ}o&% &‘%ﬁzﬁﬁ%{%ﬁ?%@] slightly
up or doWmhghetit dthotad ofi6élisalia Halaitaehed 6 bk of dpehadsagulfediads. MHient ai ni ng

a negative control -signal value in or near the first decade (0-10) signal
st r enjjt hreinainingecellsgwensoplacedsintth cwltine [alpngside innamgnipalatedeeds.: Ve war d

. . I . - 0,
SOA e M eliSizedty fow Syt R BRI e bl SnE BB R FLI - 4 0%
EXAMPLEIY
FLOW CYTOMETRY SETTINGS

10 A Becton Dickinson FACSCALIBUR cytometer was used for all the
data -collected- and presented.. Any flow cytometer capable of performing 3-color - .
analysis could be used by an experienced operator to acquire identical data. For
example, a FACSCAN, Vantage Cell Sorter, or other BD product would work to collect
similardata. Also, Coulter products, such as the Coulter Epic Sorter would work as well.

15 The instrument setting given below can be used as a general guideline
for instrument conformation to gather data as was done in these studies. These settings
were used for the Examples provided herein; however, modifications to these settings -
can and should be made by an experienced ins&ument handler to adjust appropriately
for compensation and detector voltages. Also, the use of different detection antibodies

20 with different fluorescent tags requires unique adjustment to any particular instrument
to give optimal signal separation (voltage) with fninimal “bleeaing—over’; into other
channels (e.g., compensation). A skilled flow operator, well-versed in using
compensation coutrols, isotype controls, and with a general understanding of T-cell
biology should be able to reproduce 5ny of the data presenied below.

25 Further it should be noted that various settings, particularly voltage -
settings, may vary, depending upon the efficiency of the instrument laser. For example,
older lasers may require more voltage to generate a signal comparable to a newer laser. .
However, the data obtained, whether with more or less voltage, should reflect similar

. patterns in biology.
30



D

FL2-21. 4%L1 25 FL2 - 2.6% FL3 FL3 - 15.2% FL2 Wile the settings pr&u@cﬁxﬁ
approxi‘mate the settings used to collect nost of the data presented bel ow,
the settings may be altered and roughly equival ent dat § mul at ed
T- cel WO 8HB¥PY be generated. The general acceptabl e raggg@sﬁg?éﬁé
conpensation at 'the voltages |isted above are as shown bel ow. WD 01/62895
71 FLI -FL2 0.4-4% FL2-FL1 18-27% R02-FL3 2-8% FL3-FL2 10-16%

PCT/ US01/ 06139 The determi nation of the particul ar conpensation or voltage
val ues has to be made by an experienced-flow cytoneter operator with the
fol | owi ng goal s: Ehttivgk uagkbon e HACIGALIUR™ Beptan Dickisenk:i on bet ween
positive and 10 negative signals (e.g., surface antigen marker negative
vs. low | evels surface antigen vs. high |evels surface antigen). 2)
Conpens@ay | e/ ém zation of interchannel interference (bleed-over) by.
use of ?t@#%eﬂ#ﬁdn controls. 15 As voltage settings change, so do

conpens ghiaafetcaet t DetdciAVPL E WoltaEE MINPARAT| ONVIARE) VI ABI LI TY ASSAYS Cel |
proliferation and_viability measur egd by sta rd*Trypan Blue 20

st ai # n8land cel | Fé§unti ng Lé&jg a herrﬁ t or net enf(jﬁ See Fi gures 5A-5B.
EXAMPLERY! ACTI VARLEN MARKER(SSAYS COLp@ is exprgssed on activated T-cells
in a tenporal mannier and. has 25 been shown to be a key elenent in T-cells
i nteracpgons via D40 on APGHO Bl ocki ng0®@ he i nt ek@&tion of these two
receptors can effectively alter, and ey shut - i mrune response.

Al i quot B4of T-cel F&2t hat wer5te”%sti mul ate]eﬁé]by congfé(r’n%rati on with CD3xCD28
paramagpeti c beadgrwere renoysgd from cgbdr cul turkogt days 3, 5, and 8 and
anal yzed for the level of CD154 expression. The |evel of CD154 expression
was 10 :

Although the parameter voltages are generally constant, P3, P4, and PS5 -
may be adjuste@ slightly up or down in order to achieve maximum signal separation,
while maintainiﬁg a negative control signal value in or near the first decade (0-10) in

signal strength in the log mode.
15

Threshold: .
Primary parameter: FSC (forward scatter)
Value: 52

20 Secondary parameter: none

Compensation:
F1.1-4.0%FL2
FL2-214%FL1
25 ¥F12-2.6%FL3
FL3-15.2%FL2

‘While the settings provided approximate the settings used to collect most
of the data presented below, the setiings may be altered and roughly equivalent data on
30 stimulated T-cells should be generated. The general acceptable ranges for

compensation at the voltages listed above are as shown below:



WO 01/62895 72 PCT/ US01/ 06139 conpared with T-cells that were depletgd gft
nonocytes but were not incubated with CD3xCD28 paranagnetic beadsl( h‘g G 200
is, the T-cells were not magnetically concentrated "at culture initiation).
Si gni f weaoire2esst | vati on of the T-cells stinulated by nmadM8V¥1/06B¥Acentrati on
with anti-CD3 and anti-CD28 beads was shown bree-fold increase in the
| evel of CD1 54 expression on the thi4d day of culture conpared wth. cells
+that were not simlarly stinulated at culture initiation. (See Figures 4
and 7). CD25 levels nmeasured in a simlar manner (Figure 6) showa trend

" toward higher activation. In general, marker expression was nonitored over
various tinmes. In this regard cells are |l abeled with anti-human CD4

~ (I'nmmunotEChFLEuUl | ed. a3 CA), FITC 10 coupled anti-human CDI la .
(Pharm n enébhFl TC Cg% | ed anti-human CD26 (Pharm ngen), FITC coupl ed
anti - hu ~€PA9d (1C§5 %r), FITC coupled anti-human CD54 (Pharm ngen and
Bect on [h%'%§on) ,2.8b,C coupl ed anti-human CD95 (Pharm ngen), FITC coupl ed
anti - human 134 (Pharm ngen), FITC coupled antis hugana CD25 Ab (Becton
Di cki ;isd,3-FL2| er tHR16%A), FI TC coupl ed anti-human CD69 15 Ab (Becton
Di ckinson), FITC or PE coupled anti-human CD154 Ab (Becton Dickinson), or
FI TC or PE coupled IgGl isotype control Ab. Cells, 2x105 are | abeled for
20 minutes at 4Cwith 2 | of each antibody in a final volune of 30 I,
washed and r esuspBrddeterminationpef; the marticylan wempesiatien or Seltageovalyes ) . -
Conparison of cell surface rker nolecul e expressi | evel s, may be 20
carried tB{l}F Wegy\?&ﬁxﬂﬂfmﬁ? PSR LR \gﬁ]‘iﬁ}eﬁgomg&oglsmy differ.

.- However, — when compar i ngoiie: WahiRSatibE of SbAdlis¥Paratici! BEtWBHHESitTIRYande:
~ Jreadily cal cul ated” For exanple, CD 154 expression |levels on T-cells

genel@t aggimvedidaby @y, shefate antigen miarkeratehatiie wsalovblevels serfacecantigb vs.el at i ve
accuracy by flow cytonetric neans. Using a. reagent, such as Becton
Di cki nsdnelslexels sudgsesmtiges). conj ugate (catl ogue # 340477), 25 one can stain
T-cells in restingyor ' _ t at pghighdsgau i.pn: for this
mar ker (or others by rreagéndgﬂév\%%?o (nown to e;%%gr %gngggfcﬁﬁﬁpcﬁt?ﬁg%%e'
oper at o(bleed-Be&y by hesloenepensation ovatrbleds whi ch provide for increased
expression of CD154 on T- cells, both CD4} and CD8}. By sinultaneously
stinmulating and concentrating T-cells at the initiation of culture, as

descyd bed herein, i ) . ond 30 val ues
obt aﬁned by standﬁ%@%&%@ﬁ%ﬁ%gﬁgggﬁl&tgﬁlgg%s\régg?H%FBQZO%to over a 100%
WO 01/ 62805 73 :

EXAMPLEV
CreLL PROLIFERATION AND VIABILITY ASSAYS

) Cell proliferation and viability was measured by standard Trypan Biue
20 staining and cell counting using a hemocytometer. See Figures 5A-5B.
EXAMPLE VI
ACTIVATION MARKER ASSAYS

CD154 is expressed on activated T-cells in a temporal manner and has

25 been shown to be a key element in T-cells interactions via CD40 on APCs. Blocking
the interaction of these two receptors can effectively alter, and even shut-off, an
immune response. Aliquots of T-cells that were stimulated by concentration with
CD3xCD28 paramagnetic beads were removed from cell culture at days 3, 5, and 8 and
analyzed for the level of CD154 expression. The level of CD154 expression was



PCT/ USO1/ 06139 increase in |levels, as measured by nean fluorescent' & AUG X
i ntensity (MFl) using flow cytonetry (BD FACSCal i bur and anti body descri bed
above). For exanple, unstinmulated Cl )4+ T-cell would be negative for CD154
and wowolovésssefore yield MFl  val ues between 1-10. UpoRCIMSOUBEBON by
XCELLERATE | "mat 3 days post 5 activation, M-I values for CD 154- on CD4}
T-cells mght be in the 20-40 range, ile the XCELLERATE |1 TM process

m ght yield CD154 MFl val ues of 60-2007 Wiile these are not absolute
values in ternms of the nunber of CD154 nol ecul es’ expressed on 1T-cells,

"~ there are sufficient to determne relative |levels of increased expression.

)

Accor di ngdrpared witnTirells ¢ nedre ateplitéchaf manocygspbuixwenst mot indubated2@ithol d.

increase _in 10 CD154 | evel s between 1-41[2%315,ggost-acti_v ion capn bﬁ
deronst r GP3¥CRRZE paramagnetic beads (ihatisythe SVEE Sekmagn pRRFeppated

XCELLERATE |.TM . EXANPLE V| I S I d
as descr?tb‘élgmé%gé@%géépefﬁéﬁ (ﬁ%nlsi zfcrlh gﬁ%}%%ﬁ; S stﬂ%ﬁaé@gtﬁfaﬁ b%rllﬁ%%sea% :a;r)rg;e
are subj ealcerdienawith knt2-CD3-add ahNEIEHRAS waklshSin dsepdtésifpld indrise

manuf acturer’s instructions (Biosource International, 20 Sunnyvale, CA). -

| n an5 al incthedgviel of S3315¢, exptesgionomihedhird day wf icntturg comnpared withels faptof | Cco4

T-cells using f] o tometry. For intracellyl ar.| abelin f =2y O, | FN-y,

cells ar@expiqogf;um;‘qu%ﬁgp gtegdiat 1§ %/Wuaﬁﬁﬂ'eﬁg? E‘%"Eﬁﬁ %Fﬁ‘gﬁgn@%ﬁlﬂeﬁoyr’s

pri or 1 Gy ?e\ﬁ'in-ghsﬁnﬁgllllnﬁlgméggﬁ CBHGY frihdbahiBtleh@ aciiqce proteins as
ed above, f1xed an er

describ abi l'i.zed using Bécton Di ckinson
intracel | ul ar st ai hi gepefdlt matkebexmdssion Waonitareg lower earicus iimmesn Ik thi? Ab and

FITC | ed ti-h | FN- - th di ng trol

Gescr | beteemyl el ranabled orith IR GUHG (FTORCHS. FDRE: GAs FIEC
lysis_i f d t |-CKI Lbur, fI t

om0 CaoPlcertelioat CndRT (RngBRaDr R FhiE i Pttel B2 0L,

Di cki nsoPharnfindS, FVT Q465138 Hiti RehiddSOD408 BBulte), FITCyesupied: aitt-hainaat | ons

were about 2, 3,74, and in sonme cases 5 f.old higher at day 3 when using
t he XCELCBRATPHamRingerheud| Bgotons Ripkissen), t BITCxarupkdAmatitinmay £R% ot

shown) . rther, TNE-al pha, | evel's wer r ked| hi-gher  (between 1.5

To -5 i dPdmmGHa) 1OC Gl S Bpan o o (hpeenesih: B Sher S Tas
conpar equhdhereE AS-etor Diddnsoh, Fullerton, CA), FITC coupled anti-human CD69
15 Ab (Becton Dickinson), FITC or PE coupled anti-human CD154 Ab (Becton
Dickinson), or FITC or PE coupled IgG1 isotype control Ab. Cells, 2x10° are labeled

for 20 minutes at 4°C with 2 pl of each antibody in 2 final volume of 30 pl, washed and

- resuspended in 1% parformaldehyde (Sigma, St. Louis, MO).
A Comparison of cell surface marker molecule expression levels may be
20 carried out by a variety of methods and thus absolute values may differ. However,
when comparing two values the relative fold values may. be readily calculated. For
example, CD154 expression levels on T-cells generated by “different “activation”
methods can be measured with relative accura;:y by flow cytometric means. Using a
reagent, such as Becton Dickinson’s anti-CD154 —PE conjugate (catlogue # 340477),
25  one can stain T-cells in resting or activated states and gauge expression levels for this
marker (or others by means well known to experienced flow cytometer operators.
Described herein are methods which provide for increased expression of CD154 on T-
" cells, both CD4* and CD8". By simultaneously stimulating and concentrating T-cells at
the initiation of culture, as described herein, expression levels can be driven up beyond

30 values obtained by standard 3x28 activation, on the order of a 20% to over a 100%



EXAMPLE VI Il HENOTYPI CAL CELL ANALYSI S AFTER RESTI MULATI ON 10 For : § AUG 2004
restimnul-ation anal ysis about 5xlI 0 cells are taken fromthe culture at the
day of term nation. In several exanples, the date of termination is day 8

of cul WO @/628%he cells are placed into 5 nL of X-vivo BCHEMAFth serum
and with or wthout IL-2 as indicated above, in one well of a six well

pl ate. About 5x106 Dynabeads M 450 CDBg/ CD28 T beads to the well containing
the cells and the cells and beads are placed 15 a 37 C, 5% CO2 i ncubat or.
After two days, the sanples are renoved and tested for viability and

~anal yzed by FACS to determine cell size, and cell marker and/or cytokine
expr essiiperehsy &t devalsicts mpeagned ok maaassTluercsasnt |igtensityr KMFL) wsigs flow | evel s.

Table 6 denonstrat ts. f [ tignt bj ect
o the YOEDBRAED PAGHGRINE Re-piusstre drbrn 30EE . B sRRMe bttt s
of the Rgs ghmﬂ%?é%@ﬂﬁc%ﬁ od18be ERATED134 684 WouldheRese $idis. M t he
XCELLERA and the XCELLERATE Processes' ExperinentCell SizeCD25

g MFI ) CDkﬁﬁxeﬁ NBetivkerNUrbEr PUBGE) actiDatmr by 0XEEL LERAFE | BMs-ct | Driays@BF=048
rT=048 hr hr NDalO4XCELLERATE393607104478637 ( PCO71) | .
XCEL LER&FHY s bﬁmimcﬂlﬁmﬁla%?(&eitm@%%% JBfaroge. RS 471 AUG

2 WO 01162895, RGH WSAAR139. 15 XGELERATE1 39 MPP Y62 bERRORD0! | While

these are not absolute values in terms of the number of CD154 molecules expressed on

T-cells, there are sufficient to determine relative levels of increased expression. . -.
- Accordingly, it can be demonstrated that an.approximate 1.1 to 20 fold. increase in
10 CD154 levels between 1-4 days, post-activation can be demonstrated with. the:
. XCELLERATE II™ process as compared to the XCELLERATE I™ process.

-EXAMPLE VI
15 . CYTOKINE ASSAYS

Cells are prepared as described above. Supernatants from cells
stimulated for various times are subjected to an IL-2, L4, INF-gamma or TNF-a
ELISA according to the manufacturer’s iﬁstructions (Biosource International, " :-

20 Sumnyvale, CA). )

In an alternative assay, IL-2 is measured by intracellular staining of CD4
T-cells using flow cytometry. For intracellular labéling of IL-2 or IFN-y, cells are first
incubated with 1 pg/ml Monensin (Calbiochem) for 4 hours prior to assay. The cells
are subsequently stained for surface proteins as described above, fixed and

25 permeabilized. using Becton Dickinson intracellular staining-kit, labeled with PE-~
coupled anti-human I1.-2 Ab and FITC coupled anti-human IFN-y or the corresponding
control Abs as described by the manufacturer. Data acquisition and flow cytometric
analysis is performed on a Becton Dickinson FACSCalibur flow cytometer using
Cellquest software following the manufacturer’s protocol (Becton Dickinson).



NDal110 XCELLERATE 4255011116001039 (PC076) | XCELLERATE 39044597434. %5%@ |g]
NDall3 XCELLERATE 39963066T 659832, (PCD60),| XCELLERATE 4116331138P619944!
|1 NDall 5 XCELLERATE 4335141052471310 (PC073)| XCELLERATE 408569813692036
11 AveValu6388E| | ERATE 407 570 89 514 9 48 f Std Dev | FPCT/US01/06139
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IFN-gamma concentrations were about 2, 3, 4, and in some cases 5 fold .
higher at day 3 when using the XCELLERATE II™ methodology as opposed to
XCELLERATE I™ (data not shown). Further, TNF-alpha levels were also markedly

. higher (between 1.5 to3 fold higher) up to day 5 following stimulatien (data not shown)
5 as compared with XCELLERATE I™.

EXAMPLE VIl ,
PHENOTYPICAL CELL ANALYSIS AFTER RESTIMULATION

10 For restimulation analysis about 5x1 0° cells are taken from the culture at
. the day of termination. In several examples, the date of termination is day 8 of culture: - .-

The cells are placed into 5 mL of X-vivo 15 media with serum and with or without IL-2 " .
as indicated above, in one well of a six well plate. About 5x1 0% Dynabeads M-450
CD3/CD28 T beads to the well containing the ceils and the cells and beads are placed in

15 a 37 C, 5% COQ, incubator. After two days, the samples are removed and tested for
viability and analyzed by FACS to determine cell size, and cell marker and/or cytokine
expression levels, such as CD25 expression levels, CD154 expression levels. Table 6

demonstrates these results below for five patien’; samples subject to the XCELLERATE
I™ and the XCELLERATE II™ process.

20 Table 6: Results of the Re-stimulation Assay for XCELLERATED T-cells
Produced Using the XCELLERATE I™ and the XCELLERATE II™ Processes -
Experiment | Cell Size —

Number (FSC) CD25 (MFY) CD154 (MFT)
Process
(Donor) Configuration T= T= =
T=01 48\ T2 ggme |77 ashr
NDal04 XCELLERATE | 393 | 607 | 104 478 6 37
(PC071) I '
XCELLERATE | 404 | 659 | 115 544 12 70
1]
NDa107 XCELLERATE | 386 | 596 | 59 585 6 121
PC074) I




24 1633 43 (n=5)2158 XCELLERATE 399 583 94 577 14 79 || 22189448 1384AUG ?
EXAMPLE -1 X ALTERNATI VE CELL COLLECTI ON AND CULTURE PROTOCOLS XCELLERATET
Cells isolated fromhuman bl ood are grown in X-vivo nedia (Biowhittaker
Inc., Waldignswgi | 1 e, MD) and dependi ng on use suppl ementREI/Usoi6139 10

wi thout 20 Um 1L-2 (Boehringer Mannheim Indianapolis, IN and

suppl enented with 5% hurran serum (Blfﬁ\(ﬂml ttaker), 2 MM dutamne (Life
Technol ogi es, Rockville, and 20 BEPES (Life Technol ogy). Jurkat
E6-1 cells (ATCC I\/anassas VA) are grown in RPM 1640 (Life Technol ogl es)

" supplemgnted with HHsE st
Technol dgies), 2 mw\”ﬁ(’q 1" (Llspe e7c nolog| es), and|{2 nmM 1](.)2
Streptonycin (lifeiTechn [ngi es) 5200 \WD 04/62895 76 PCTALUSO1.L06139
Buf fy cqats from heal thy hunan vol unt eer donors are obt ai ned (Anerli can Red
Cross, Ror NIm1d0 ORXCERLERWAMAI[ 4250p80hpndhlic| ear6ddel | § (¥BMO)3%re -
obt ai neq ugp@@7d)y mphocyt & Separ dtion; Media (I QN Pharmaceuticals, St a
Mesa, CA) accordi ngXCELNERATRI U 45| 1Sty ucigzqas—|SiFelt pdgral bl ood
| ymphocytes (PBL) are obtpined firomihe PBMC ,
NDal13 XCELLERATE | 399 | 630 | 66 [. 659 8 | 32
PCo60) 1 T
‘ XCELLERATE | 411 | 633 | 113 816 12 145
I 1 | :
NDal15 XCELLERATE | 433 | 514 | 105 247 13 |- 10
®Co73) 1 : : N
' XCELLERATE | 408 | 569 | 81 | 369 20 36
I
Average | XCELLERATE | 407 | 570 [ 89 514 9 48
+ Std Dev I + + | +24 + 163 +3 | +43
(n=75) 21 | 58
XCELLERATE | 399 { 583 | 94 577 14 | 79
n + + | £22 + 189 4 | 48
13 | 84
EXAMPLE IX
5 ALTERNATIVE CELL COLLECTION AND CULTURE PROTOCOLS
XCELLERATE™

- -

Cells isolated from human blood are grown in X-vivo media.
(Biowhittaker Inc., Walkersville, MD) and depending on use supplemented with or
10 without 20 U/ml IL-2 (Boehringer Mannheirn, Indianapolis, IN) and supplemented with
5% human serum (Biowhittaker), 2 mM Glutamine (Life Technologies, Rockville, MD)
and 20 mM HEPES (Life Technology). Jurkat E6-1 cells (ATCC, Manassas, VA) are
grown in RPMI 1640 (Life Technologies) supplemented with 10% FBS (Biowhittaker),
2 mM glutamine (Life Technologies), 2 mM Penicillin (Life Technologies), and 2 mM.
15 Streptomycin (Life Technologies).



fraction by incubation in culture flask (Costar, Pittsburgh, PA) wtr‘q AUG, 201
uncoated. Dynabeads (Dynal, OGslo, Norway), i 08 cells/m, 2 beads/cell, {’ZIZ
at 37C. Monocytes and nacrophages can be renoved by adherence to the

cul t ur VPI0XERISAl ternatively, they.. can be renoved by FHABHEPEERI ng t he
par amagnet i c beads and then depleting these cells 10 by magnetic cell
separation according to the manufacturg's instruction (Dynal). CD4+ cells
are purified fromthe PBL fraction by incubation with 10 g/m of nonocl onal
~anti bodi es against CD8 (clone Gl10-1), CD20 (clone IF5), CD14 (clone F13)

and €D16 (Coulter), 108 cells/m, 20 mn at 4C. After washing, cells are
treated with sheep Buffy -copisudeom ohealthy| dumpynzplmaiesr (do®re etres bhtainegl

oo R P o O S BUER BB BB L o,
cul turg f9 P%ﬁ?%;%éﬂ&{%gﬂekgﬁalﬁg/ﬁ%@&ﬁ g@gﬁg%%\%ﬁ t?&r%sg@ %ryar?ggsa’ads . After

ext ensi.vecosadihg hythe naathnércantrststractions. cul tured for Zsdays in nedia.
cont ai_ning 500 U m_ Gw CSF. 20 (Boehri nger Mannhei and 12.5 Ul _IL-4
(BoehPi nger MannhePggipherale blogd ulvimphgeyigs | (PBhJ ptreapbiginef sirgma khey PRMEr ent

opr osoe o B TRABLRRL AT SubRe! ARUCTOBAE PlussfEACIBA) CyRE ot
ant i bodi pynatthds (Eﬁhaﬁ,r@ﬂb,aasm)%@kdemm 2 YrAads/age 2h@)37°CX IMbndc9edani ques

can utilize human peripheral blood |ynphocytes 25 containing T-cells that
ar e i ncudad mdciophages saeberdmayved byl asthersneaty the culture ftask.u iAliemativelys they

) Sooce B et b S g i bl r St Boh BBt il hougn
not ngquby athohlic Ldifsep@atiby AtdRBingNd 18 Pihifathures SRlthiioR ()A4T). nepard HEPES
03‘ 8 get al f

are added to"the culture ned a. I

bovi ne serum (10% f'inhal?), human A/ B
serum ( 5dlls ave parified dgmu thehPBRnfrasionrby3 ihcpbifjon withddepgind efiibnsdomaldi a.
The percent ag_e of serum nmay var out greatly A 1/62895

\ - With | UG WD 01/6289
PCTI USOl #bodigs againsti(laé (ﬂ@nerﬁéélba GEP §one it 9 EDif dclgne Fdfand GDL6 e
i nst ance 0 GO{AH ’ ol | [ | Ast ances,
phagocyt CO“BE)@H+ cJe&ﬁPénland 0 h{é‘? Cf)h%gggg"g‘agné%gﬁ%f egé%??de‘l’r‘r’nﬂ]\l/ﬁegﬁ%‘; drrrlwélﬁgjnet ic
depl et i omoas [eeaipide Dynibvada (102 aelk/hBVé Deadsicell, DIORI iz SHCYRAE hbRi I
surface anti-CD3 and anti-CD28 (3x28 beads) are added at a 5 3.1 bead: cell
rati & clifpletedtvige sampgnetic selll separgiond cFrecpuity of CIx 7oxlle@pe rogtingly 91ar e

oo o ieutiald RN MRS 2, 1¢ oy poriod fo determne cell
via flow cytometriperditlcylls are generated by first adhering PBMC to a culture flask
(Costar), 10® cells/ml, 2h at 37°C (without Dynabeads). After extensive washing,
adherent cells are cultured for 7 'd_ays in media containing 500 U/ml GM-CSF
20 (Boehringer Mannheim) and 12.5 U/ml IL4 (Bochringer Mannheim). The resulting
cell population- is weakly adherent and expresses surface markers characteristic of . -
dendritic cells (e.g., expresses HLA-DR, CD86, CD83, CD11c and lacks expression of
CD4). (All antibodies obtained from Becton Dickinson, San Jose, CA).

Other techniques can utilize human peripheral blood lymphocytes -

25  containing T-cells that are incubated in tissue culture plates and/or tissue culture flasks -
(Baxter bags), or other common culture vessels in media, which could be composed of
RPMI, X-Vivo 15, or some other T-cell culture media. Although not required for the
activation and growth of T-cells, glutamine and HEPES are added to the culture media.
Fetal bovine serum (10% final), human A/B serum (5%), or autologous human serum

30 '(5%) is added to culture media. The percentage of serum may vary without greatly



of a variety of surface antigens. Supernatants. are also collected|fgom 280
cultures to determ ne cytokine secretion profiles, including, but t
limted to: IL-2, IL-4, IFN-7 ; 10 TNF-a. As activated cells grow and
di vi deyoikisys €s are maintained at 0.2-2x106 CD3+ T-cecirassm/osivhen T-cel |
density exceeds roughly 1.5x106/m, cultures are split and fed wth fresh
nmedia so as to give a celldensity inthe 0.7-1. 4x106/ m range. At roughly
2, hours to about 14 days foll ow _ng7| nitial stimulation, when activated
~ T-cells are showmn to be' entering a nore quiescent phase (e.g., CD25
| evel s di m nishing, cell. size as 15 determ ned by forward scatter is
di m ni S LAI BibIdES ok clinit SuRBmER N Bome ealtnee, recarebihant umasill-her
~infused into the subjéect or re-stinulated with gne of th foi_ll owi ng

sti mul i 2 idNalded korohlnze? OnXprietinstatvesenhgeoeytisi GD | prglls and .Ogl?‘?ﬁf beads)

at a 1:1 bead/cell ratio Cel]s . are.again,ana e vernt] |1

phenot yeRllsapig ERIBONEL DY oFPERAHIC fenichions @5 ¢ ‘ée.scng%]zp'e’rﬁa%f an]?ésddgfhngvgﬁggafcﬁ

col l ected fot. C%rf;g X } Snti DI (I:28ViRsals)sdre mdat ada by t hree
differ éﬂ?mgr@%%cggﬁ%lﬁ%g éﬁg%ggsx?dl\/?ﬁw) cgval entlﬁg coupled to

ant i sCD3-1($%d-c3) sl @ulthreCBASmamtahednt BHddiress (3a28 7Hebfls) CdlseBeding to

the manufacturer's instructions (D)inal ), 3.bgads/cell, 2), l.on rry(ci
. (Cal bi orsmmyved L2t stuenah HEPPIngs] OVeET ] Mayaaﬁl%ﬁéﬂ Sﬁe@?enff%ui Q?’E'ﬁ%- f%‘j]acet ate
(PMA) bj oche 1 / I %ﬂ&!'s hix 13 1900
dendri Hg‘&m @’Ic?ﬁf%,’ é‘ﬁg“e@gg“gﬁzié E@%‘ﬁ“@%"? %%\I cgﬁeﬁ?%?gwsﬁ&nﬁ%tg;é g%zﬁ g?ga
concent gA| Pa?iegf oFQ8r 58 lhiikens Pr Sipdrditaiti Qite UBNEDIctGD §OM PAMireiSad/ 06139
.. 78 assays are conducted in quadruplicate in 96 well flat-bﬁfz%gm;gtres..

") Cell's adeterminé oylokinecscarttian profidds| wichiding tat nptmited teiil-gs-

Proliferation is measur b T.agsay. (MT K] & FOPTT - -

| nt é0natNErfkl Alsr?é?l}’at‘?‘gﬁégﬁ.ﬂré‘,” a@)d“aﬁ% s(a§$ ?‘_%uﬁ#%]ﬁ%%t %:@ﬁgg@ D3nd 2) or
at day | L O xREHs" 3 sx10f/a8 cqileglesie Splitandaed e - of
guadr up %%@%iﬂﬁ??@oﬁ pursir?iﬁgelgS’CDM cel I6 cul tur egﬁare stinmul at ed
Wi th 3x3&hTRAN Snedin 5o ae/wi givdhaell densityl ingbn 0 2-tidnt fm] xange| A§roughly 2.
denonstrated by Figures 8A-8B, .cel] nunbers (.Coulter nt,er i se

dr ammat i beurs jo aboutddf %ﬁ?lﬂwatmlaﬁj m@m,%&%&%@?ﬁﬁw‘?% and anti
CD28 co:ipmmpbjlize b t 2 @emidishisd) eyl §igé iasnouse

( SAM lotosg]%%nt%%sgvﬂg&ﬁ fﬁ%ﬁ%rﬁfél%%%?% "c%]\?gjljlgﬁﬁy attached to the beads, or
ant i{Bodjasmsihediby Rewardukhiter isrdpmbiitliagdratm ofi cgll alidsioni may be gediced),

denonstrates increases in cell nunbers A . .
cells are either infused imto the subject or re-stimulated with one of the follomng

stimuli:’

1D No stimulus
20 2) Phytohemagglutinin (PHA) 2 pg/ml
3) (3x28 beads) at a 1:1 bead/cell ratio

L -

Cells are again analyzed over time for cell phenotype and activation/functional state.
Supematants are again collected for secreted cytokine analysis.

25 Cells were stimulated by three different methodologies_‘. 1) Dynabeads (M-450)
covalently céupled to anti-CD3 (OKT-3) and anti-CD28 (9.3) antibodies (3x28 beads)
according to the manufacturer’s instructions (Dynal), 3 beads/cell, 2) lonomycin
(Calbiochem, La Jolla, CA) (100 ng/ml) and phorbol 12-myristate-13-acetate (PMA}
(Calbiochem) (10 ng/mi), 3) allogeneic dendritic cells (25,000 dendritic cells/200,000

30 CD4 cells). All cells are stimulated at a concentration of 10% cell/ml. Proliferation



followi ng stinmulation with covalently immobilized anti-CD3 and anti - @35602?
beads +/- nonocyte depletion and +/- 20 units of IL-2. 15 EXAWMPLE X
MONOCYTE DEPLETI ON VI A MAGNETI C DEPLETI ON Monocyt es (CDl4+ phagocyti-c

cel | s) wiodi/sIBVed from T-cell 20 preparations via nagi§tligsogeeisst i on
using a variety of "irrelevant” (i.e., non-antibody coated or non-target
anti body coated) Dynan beads. Depletion was perforned by pre- incubating
ficoll ed whol e bl ood, or apheresed per8pheral blood with roughly 2:1- bead
to cell ratio of Dynal Sheep anti-nouse M 450 beads, or Dynal hurman serum
~al bum n- coated beads (M 450), or with Dynal Epoxy (M450) beads for

periods Qfey }fqzaé@attacﬁed to&%&tﬁigplm %?596C 'f{)?%ﬁ!oxﬁy ERgnetedsr gpoval of

cells which S or engul eads e remai ning cells

wer e pl astiiulatddatc 0% eelle/nal iang Sinalevolumessf] mﬂl Al e@rolifetation iCatdasuree by
char acterl zed by flow cytonet lr(ﬁ@for cell phenotype before and after
depl et i oM T Fiageave (I Tdepssas tita Chsmicny briemationab|Ine.e Temesnla; £Ahat daénce of

T el RS %%E%&E"@%il oigh it D) g R teere

per f OBMeGrdseht¥d b€ el Yalde Ef q@dréphcatﬁ Olpg Séhifdirds G puriie O @ihudeesor. from

apher esed peripheral blood, "'were, cultured under a variety 'of conditions.
-Those condistimmlated mith3a8 begls) bonhmYSmfRMAam @Hn@)m@lendnhat:eltm with

phyt ohemaggl utinin (PHA) at 2 Stirul ation wt nabeads (beads
havi ng anti-CD3 an ﬂ‘f‘%‘m@fgtegeéy Fé gg&'@ > t%er BYH erat “Eg’blmﬂnfs) '
bead- to- - I Dist 5 Or
. absence © exogenous fﬁ)&{j&‘g@? eco ngr% Eﬁn%hgﬁggéat (%gl%j m&{bgfﬁﬁgg/ m).
/. 5) Cul Cr8 dorintrhebifizat oil deady) avmciadytocthie (Kot 41a slivap edithousealSAND 0L -
cul tured foI | owi n rermval of aforenenti oned cells via magnetic depl etion

usi nd0a e kepds yiith thy patéhadiesrmovalpyti pitachsd toihs keels or iatbosties Spal¥PTas -

I Tustr a&uea(fl Mﬁﬁ?ﬂ? ofa plate. Figure 9 also demonstrates increases in ceil numbers
following stimulation with covalently immobilized anti-CD3 and anti-CD28-on beads
+/- monocyte depletion and +/- 20 units of IL-2. |

15
EXAMPLE X
MONOCYTE DEPLETION ViA MAGNETIC DEPLETION

Monocytes (CD14" phagocytic cells) are removed from T-cell

20 preparations via magnetic depletion using a variety of “irrelevant” (i.e., non-antibody

coated or non-target antibody coated) Dynal beads. Depletion was performed by pre-

‘incubating ficolled whole blood, or apheresed peripheral blood with foughly 2:1 bead to

cell ratio of Dynal Sheep anti-mouse M-450 beads, or Dynal human serum albumin--
coated beads (M-450), or with Dynal Epoxy (M-450) beads for periods of 1-2 hours at -

25 22-37 degrees C, followed by magnetic ;emoval of cells which had attached to beads or

engulfed beads. The remaining cells were placed into culture alongside un-manipulated

cells. Cells were characterized by flow cytometry for cell phenotype before and after

depletion. Figure 9 demonstrates increased proliferation in the absence of monocytes.

30



. denonst MBESE asiEielyRT qogditiens; {CERAIBERS BHIp

20 The followi ng cell surface markers were anal yzed by fl ow cyton‘etﬁyA[tJ% 200
determ ne cell phenotype and activation state: CD2, CD3, CM4, CD3, CDi4,
CD19, CD20, CD25, CD45RA, CD45RO, CDb4, CD62L, CDwl37 (41 BB), CD 154.
Cel | swoeisisesal so exam ned, as determ ned by forward FEAMUESER0EBdfi|es via
flow cytonetry. .25 Markers, such as CD2, CD3, CD4, CD8, CDi14, CD19, CD20,
CD45RA, and CD45RO are used to det eggi ne T, B, and nonocyte |ineages and
subpopul ations, while forward scatter, CD25, CD62L, CD54, CD"137, CD 154
are used to determne activation state and functional properties of cells.
30 Human peri pheral bl ood | ynphocytes containing T-cells were prepared as
described in Exanple I X. Cells are analyzed over tinme for cell phenotype
and r WO 01/62895 PCT/ US01/ 06139 80 activation/functional state.
Supernatants are collected for secret eg cyt oki ne analysis. Figures 8 and 9
denonstrates general growh char BEAMPEEXs of hunman T-cells fol | ow ng
activation w +bA arelars] TRME and +/ -
nonocyte dep e-gé%nﬁ/ﬂ'@{j ce{)?ss{%ere culture m%ggat.gﬁsu fecéeﬂll FI asks
(300mL). The one plot |abeled "Scale up” refers to a 300m flask culture
(No IL-2/ Monocyte depleted) that was expanded up to a Baxter Lifecell 3
liter flask. The graph denonstrates an approximate 2-4 | og expansi on of
human T-cel I's undey ri dipfad j e SheMEnt ;netic
anal ysis of cell ;”l[zgghg%%ge%grm ng g{?}é) 0 %‘rﬁs\g?& ‘s’%%tht gr florgv-%gg%’orret'ry
prof i | essolatet eitherefromh- whole Homl o dont apheresed auariphéral biowsd, sveve tehltureflt er
activation and subsequently decrease.in Sié@ so that by-.day 14 they

€ i ndicating a nore qui escent
statg,. Figure 11 shows |L-2-receptor (CD25) expression over tine follow ng
15 3x28 bead stinmulation. Both CD4+ and CD8 T-cells show an early increase
" in recep) dNoktimelaioBy day 14, CD25 expression levels are greatly redueed on

325 ot Phamaion Wby sBERAEE BRe CHALSLZHEREE ow Cops. I'ow forvard 20
333} tne r3y SiiVtaME Gvitie 3304 BYRbEMsAbeallOWaviRg | MN.CH3 M shdiingsabésr  2) PHA
conjugated thereto) at 3:1 or 1:1 bead-to-T-cell ratio.
15 4) Stimulation or culture in the presence or absence of exogenously added recombinant
human IL-2 at 10 U/ml (5 ng/ml). .
5) Culture in the presence of monocytes (CD14" phagocytic cells) or cultured
following removal of aforementioned cells via magnetic depletion using a variety of

“irrelevant” Dynabeads. Depletion was performed as illustrated in Example 2.

20
The following cell surface markers were analyzed by flow cytometry to
determine cell phenotype and activation state: CD2, CD3, CD4, CD8, CD14, CD19, -
CD20, CD25, CD45RA, CD45RO, CD54, CD62L, CDw137 (41BB), CD154. Cell size ..
is also examined, as determined by forward scatter profiles via flow cytometry.
25

Markers; such as CD2, CD3, CD4, CDS§, CD14, CD19, CD20, CD45RA, .
and CD45RO are used to determine T, B, and monocyte lineages and subpopulations,
while forward scatter, CD25, CD62L, CD54, CD137, CD154 are used to determine
activation state and finctional properties of cells.

30

Human peripheral blood lymphocytes containing T-cells were prepared

as described in Example IX. Cells are analyzed over time for cell phenotype and



3) 3x28 (Xcellerate) bead stinulation at | bead/ CD3} T-cell 25 A ki hetlle 20!
anal ysis of cell size (forward scatter), surface pheno activation marker
expression, and cytokine secretion was then performed. Figure 12 shows
forwar v@eHesey (cel | size) kinetics fol lowing primry BREFUSEHHEHry
stimulation. Figure 13 shows CD25 (IL-2-Receptor) expression kinetics
following primary and 30 secondary stggul ation. Figure 16 shows CD54
(I-CAM expression follow ng secondary stinmulation, on CD4} T-cells (A
~and on CD8 T-cells (B), where the ary stinulation was either PHA or

CD3xCD28, e crbtdd P20y std.

ei t her: n%tﬁ%ﬂ&ﬁﬁ%&ﬁgéﬁ?iét%?@%&%ﬁeﬁlgﬁgﬁ% Eg bg?%een CD4 and CD8
posi t i veFipakdsR ami%dahmﬁa@e@enﬂawnwthmhwaqtms pEhaman E-ogHs fllawivg duri ng

kB S L e AL TR 10 R el

variety g %pl@ﬁ'&nc’k'.@ﬂ%ellé %&Gﬁl&&e&lm%mde%m-ﬁeceﬁ 'ffasks (30Gn})L-THOore pRste been

extensivel'y studied as they relate to T-cell naintenahee, expansion, and

di f f efentabeled §Scalbiopdbefers 1d.a 300 flagk culheniNa &B@/Igncpﬁp@ depletedy- thatcel |

t licated | T-cells t
1 r enPRLCEPReD W0 4 ST hithral 2aEhABE AR S foatingike a6 S 1O
i npl i cat gehrbBmafll 2- 41168 exlpatibh of heémaf T-dellb AndérQhd PAERE coblitiolid. ne -1 el ease

l evel s in"primary human T-cells activated by either PI-1A or 15 CD3xCD28
beads were anal yzed by stimulating T-cells as in Exanple I X includi ng

ki netic studi es of.res S s t 0,.pr d onse:
.. secondary stimul ugg"’ieﬁgﬂ P’§ %ﬁ%@%@ﬁyﬁgﬁéggﬁ E{ na F ggrié’ 23-24
denongt rﬁﬁﬁaﬂ scﬂﬂéﬂ’ﬂ@vfc?ﬁhibﬁ? pofifebPvePihebe qucel arelsee tohicrdded esireday 2
and day 4 following initial stinulation (day one was_not assessed)

ext r enel shoktlylafiEe wetivation anst Fubsequently ddecpense AN Sizausp dhatb berdayd14 AbgBar | y

bead. st AR D Brifhd SRE Thfter phoufld polPictRa g 0

stimulated with PHA. An- approxi mat.e 7-fold increase in IFNy IeveIs was al so
observed: in 3x28_stinulated T-cells as conpared to their

count er par ts. In tA@uralh shews L2 recepter (G2 Swrevsion per Q@%F"QW% for
pr ' ﬁ?srﬂ&@%ﬂlagbﬂ.t BLASEDAS hd Cﬁ)?d ’Io%elﬁ QfSHAhead ngzrr@céé ﬁf&@#ﬁ‘o&- cance,
at atrter cells

IS er ecane qui escent onger divid or secreting the
t hr ee cyleodli BysdayeM,iCiD2Glexpression lewdls anei grgathy redncad ot 2 meumtymf T-telbsy -wer e
re-

oy

indicating a more quiescent state.

When 3x28-stimulated T-cells became more quiescent (low CD25, low forward
20 scatter), they were re-stimulated as shown below:

1) No stimulation ,
2) PHA 2ug/ml - -
3) 3x28 (Xcellerate) bead stimulation at 1 bead/CD3+ T-cell
25 ‘
A kinetic analysis of cell size (forward scatter), surface phenotype,
activation marker expression, and cytokine secretion was then performed. Figure 12
shows forward scatter (cell size) kinetics following primary and secondary stimulation.
Figure 13 shows CD25 (IL-2-Receptor) expression kinetics following primary and
30 secondary stimulation. Figure 16 shows CD54 (I-CAM) expression following
secondary stimulation, on CD4" T-cells (A) and on CD8" T-cells (B), where the
primary stimulation was either PHA or CD3xCD28 beads, and re-stimulation was



stimulated with ei ther CD3xCD28 beads, PHA, or left un-stinulated. &-4d5I204
which had received an initial activation/expansion signal through CD3xCD28
beads secreted even higher levels of IFN-y than observed followi ng prinmary
sti mul a¥®ome28b contrast, 30 cells that were initially BET/HEEA6A with PHA
secreted IFN-y |l evels nuch |ower than seen for their 3x28 counterparts.
Simlar difference were al so observedsf or IL-4 levels. WO 01/ 62895 These
data suggest that .cells obtained foll ow ng activation/expansion nediated

~ through CD3xCD28 beads are functionally different than those obtained from

other megtof nSK0IBL 0By 1398l Pl ERCaLfRHiE Vel epapaRRICIHY have
an altere cyto

ne secrétion response, one that promotes very high levels
of both péditivenals et alsy takdito dsierminelther yetaive prapoiiemndunng B2 8 ansibddy - t ype

profile (IEN-y).. Secretian, of ch high levels of these cytokines in
culture é‘éﬁ%ﬁ\’/‘g‘oﬁ&%&g“éqsf cﬁ"g,zﬁncl uding: driving T- cells into a Tx1
differentiati on pathway, which is one that favors anti-tunor and anti -

viral responses; and also by altering the basic functéenality of resultant
T-cel bs (such as lowering thresHXAMPLEEH vati on and i nhi biting

programmed cell death pat hways 82 10,.EXANMP I PCTI LTS01/ 06139
ANALYSI S OF CD54 EXPRE%W&%‘ %&%ﬁﬂ“ﬁ/@@ﬁ%ﬁlﬁ%@ﬁ%@l gure 16 shows CD54
(1-CAM expression foll ow nggsesdrmatl AMebat-terus on COr T-cells (A) and on
CD8 ' T-cells (B), where the primary stinmulation was either PHA or °

CD3xCD28 beads, and re-stinulation was either: none, PHA, or 3x28 beads.

Toni tor ed over var URAOIR HASSY PhAARES. Sl ML an 0y IRE 1 SRt
forthging ?ﬁ%@%ﬁﬁ dfensively qu,ﬁierdle&afhgy G8hteStoaT-Gell %’ﬁﬁt@ﬂa&ige;lf ?_xp;ﬁﬂ%gﬁ hhdaran, CD4

(I munot e erton, "CA), FI TG coupl ed anti-human ) arm ngen),
FI TG cougifferentiation: hNotblyCIRE h#hbeeni shgen jto beisppartiue o€ d -eall mainignaaee CD49d

I TG o ouRPARIA: T 18p0se PRERSHALBHAvIRE 1ot dp RLKTEREAE FUReI30 Co134
(Phar m nge0)mmbhd fsp oty S0 i1 4 148 BBerinipticAled (B 8k Ging BF-641s B T - type
responses. Cytokine release levels in primary human T-cells activated by either PHA or
15 CD3xCD28 beads were analyzed by stimulating T-cells as in Example IX, including
kinetic studies of responses to primary stimulation and responses to a secondary -
stimulus. The data are shown in Figures 18A-C and Figures 23-24 demonstrate a
unique feature of CD3xCD28 bead stimulation. Between day 2 and day 4 following
initial stimulation (day one was not assessed), extremely high levels of both IL-2 and.
20 IFN-y were observed. A nearly 5-fold increase in absolute secreted IL-2 levels was
seen for 3x28 bead-stimulated T-cells as compared to levels observed for cells
stimulated with PHA. An approximate 7-fold increase in IFNy levels was also observed:
in 3x28 stimulated T-cells as compared to their PHA counterparts. In the case of IL-4,
the increase was not as dramatic for primary stimulation. Interestingly, and of possibly
25 great significance, is that after cells became quiescent (no longer dividing or secreting
the three cytokines mentioned above) following primary stimulation, they were re-
stimulated with either CD3xCD28 beads, PHA, or left un-stimulated. T-cells which
had received an initial activation/expansion signal through CD3xCD28 beads secreted
even higher levels of IFN-y than observed following primary stimulation. In contrast,
30 cells that were initially stimulated with PHA secreted IFN-y levels much lower than
seen for their 3x28 counterparts. Similar difference were also observed for IL-4 levels.



Fullerton, CA), FITC coupled anti-human CD69 Ab (Becton D ckinson), Flf\@g }
or PE 6 'AUG 2004 WO 01/ 62895 PCT/ US01/ 06139 83 coupl ed anti -human’CB ;1%]
(Becton Dickinson), or FITCor PE-coupled IgGlL isotype control Ab. Cells,
2x105 aveoparesed for 20 minutes at 4Cwith 2 | of eachPCIHSOMOEOin a
final volume of 30 |, washed and resuspended in 1% par af or mal dehyde

(Sigma, St. Louis, M) . See Figures 2%522, and 26A-26L, as is denonstrated
by these figures there appear significant differences over activation tine
~as well as between CD4+ and CD84" cells. 10 Fromthe foregoing it will be
appreci ated that, Tikd B@e&g&%e&%&t GellscobaReaBRliSwRle hodatiBNRRb bV e
been descri bed herein for purposes of illustration, “various nodifications

. may be nemtdiated thoonghdD3sCDRAY beadsrare fmcbpnallyt diffarent thapdhese. obteined fromnt i on.

Rt T
i ncor por @%ﬂh@%@ﬂeﬂpﬂé&%ﬁ?ﬂéé} Qnk tBAY profioYes Ve hildH levals! of TBUIR T AndrBBIeS

recited herein explicit include all integer val uesewthin the range. )
, Si | 05) 1cgtokines, wijh 84ossible freorimglof the Hihitype profiky (BWNspp uSedrétton of siukhcel | s

by sinultaneou -cell concentraiion and cell surface i.ety._li.gatlon,

conpri 51 HE IGHSs B BSaeNG Ken B P UBRIRYE 997 SlfisPs phPTSngLdRYIaE Toor 1 on

t her eof c@ﬁr‘iﬁ{d 295, Féﬁ&%ﬁ&%ﬁoﬁ?atﬁ@?, %%w@s St fhaP RISk LR ARbr £RI At th a
er surface 1s

surface, ' surface of a paramagnetic particle and

el n sai
wher ei n saaldesponfess and also biytalietieg thet bastocfnctionality ofmeswtza) drtedls (hwh dsi gate a

cell surface. noj et f .at.| east a.partion,of sai -.cells,and.stinul ates
ot | enst lBiE SRl of iain pud iPtng BRgramns FbAGE BRRORER { hat
/predqginantly drives T-cell concentration and T-cell surface noiety
ligation, thereby inducing T-cell stinulation. 2. The nmethod of claiml,
wherein, said surface has attached thereto a first agent that ligates a
first cell surface noiety of a T@ﬁﬁhVﬁ F@%l he same or a second surface
has attached thereto a second ag % fgates a second noiety of said

T-cell, wherein gRhdydis GRCD3E INPrESRON OF To-SMMUEREEHNT-@ERL | nduces
proliferation of said T-cell.

15 Figure 16 shows CD54 (I-CAM) expression following secondary
stimulation, on CD4" T-cells (A) and on CD8" T-cells (B), where the primary .
stimulation was either PHA or CD3xCD28 beads, and re-stimulation was either: none,
PHA, or 3x28 beads.

20
EXAMPLE XIV
SHORT TERM ACTIVATION Mf&RKER ASSAY§

Marker expression was monitored over various times following

25 stimulation of T-cells as set forth in Example IX. In this regard cells are labeled with

anti-human CD4 (Immunotech, Fullerton, CA), FITC-coupled anti-human CDlla

(Pharmingen), FITC-coupled anti-human CD26 (Pharmingen), FITC-coupled anti-

human CD49d (Coulter), FITC-coupled anti-human CD54 (Pharmingen and Becton
Dickinson), FITC-coupled anti-human CD95 (Pharmingen), FITC-coupled anti-human

30 CD134 (Pharmingen), FITC-coupled anti-human CD25 Ab (Becton Dickinson,

Fullerton, CA), FITC-coupled anti-human CD69 Ab (Becton Dickinson), FITC- or PE-



3 _ The nethod of claim1, wherein said surface is bioconpatible. JI_THe 4
nmet hod of claim 3, wherein said surface is natural or synthetic. The éﬁgph%ﬂcq
of claim 3, wherein the bioconpatible surface is biodegradabl e.

bi odegkasiaidrges 6. The net hod of claim3, wherein the biBCDuUpHEISHH% surface.
is non 7. The nethod of claim3, wherein the bioconpatible surface is
associated with an inplantable device,,S. The nmethod of claim7, wherein

the device is selected.fromthe grou%3 consisting of a stern, a catheter, a
fiber, a hollow fiber, a patch, and a suture. 9. The nethod of claim1,

~wherein the particle is selected fromthe group consisting of a bead, a

" di anet erisotype cphgolndb.h Seelles 2xl03jars Ipbelgd dpre2(h mipptgs gy

)

m cr osphempledd antahapah tCOL S A (Bacton | Dickinsdn)p @t tFIdCeor PB-cofiplednipGiod of
claim9, erein said bead is gbout 5 nanoneters to c<;1bout 58? gicrons in
ife it 1 9

&fdhdent | y
sel ected from the group consi.stin f a nr i I d | gand,
and a sy?ﬂt’rl?ga} & alfﬁ’&gﬁ‘@.umle?,?@ Hi ﬁ@%?gam@frg%%gl&ndleﬁ?qm géﬁtﬁ%@éy%égent s

ar e i ndependendyl Youiz len! e FiaiRd PR2I MRS, siib Gebnskiatadrty thesty, an
ant i body f agnent, a peptide, a polypeptide, a glycopeptide, a receptor, a
st er o d, figurhe tewe @ppear reignifjeant . differantasgever astivatiuGins asupell Asthegeeen a.
gromh factor, a cytokine, a lectin, a viral protein, an adhesion nol ecul e,
and a chieRfkardCD3celishe nethod of claim 12, wherein at |east one agent is
an antibody or an antibody fragnent, 14. The nmethod of claim 12, wherein a
first agent is an antibody and a fragment thereof, and a second agent is
an antibody or a fragment thereof. 15. The nmethod of claim 14, wherein said
first and said second agents are different antibodies. 16. The nethod of
claim 14, wherein said first agent is_an anti-CD3_ antibody, an anti-CD2

anti bddy, or an anFiopodhe ffoxepeing ibfwilln baneppresated thaht pliomeh @pciffody. 17.
The et N gt imehes Nt tellidi Ve Ben dBGR heddh Fo faBBSks W Sftbstizfion,

various modifications may be made without deviating from the spirit and scope of the

invention. Accordingly, the invention is not limited except as by the appended claims.
All of references, patents, patent applications, etc. cited above, are incorporated herein

15 in their entirety. Further, all numerical ranges recited herein explicitly include ail
integer values within the range.



an anti-CD28 anti body or antibody fragment thereof. 18. The net hod @
either claim 12 or 15, wherein saird second agent is a natural Ilganéuqdyﬂ
CD28. B7-1 or B7-2. 19. The nmethod of claim 18, wherein said natural |igand
conprises 20. The nethod of claim 1, wherein the magnetic force is
generated by a magnet having a magnd4ic field strength ranging from
bet ween about 200 gauss to about 12,000 gauss at the surface of the
magnet. 21. The net hod of clain11,fmherein'said agents' attachnent to the
surface is coval ent, noncoval ent, electrostatic, or hydrophobic. 22. The
met hod of claimil, wheﬂ(ﬁieﬂ;oﬁﬁ@rs‘ﬁn@.ﬂﬁtlr@d;b@iﬂﬁb@oﬁrgﬁnesy gibRitaf@Rgr at ed from
t he T-Tgtll SorchitratRba@nad etll birgat Adiety Bgdthm of claim1, wherein said
T-cells aneliorate i mmune response 5ysfunct|on 24. A method for
stinulation of Tarel IgfohlingiapUguiliBR T eBd khsreid ACKBast AicRioh {HefRET ON and
T-celhoggg@@gpkagn conprising, (a) providing a cell population conprising
T-cells; "(b) contacting said cell population with a surface, wherein said
surface is a sypf aC%oﬁ&c@ﬂQO%@% Rgtibt oPRE G/ktﬁ @El@fa‘ﬁ’@eﬁﬁér@msﬂl&j surface
has atgeded é B@m%fo@ afdina drﬁél@ dﬁ&%? sidf Qifafle §81 huHLd ace moi e
le

ace; 3fkrtf) oyt sqlﬁfaa VEYEPISGHbL BFLTol T-cell's
o et

850 i me su cren 0 achi eve
deS|re ~

~ 8 6 25 The nethod of claim 24,
wher ei n Saldtl sufflment toa |re Sti Jon rom1
mnute to 8 ZE) %’g’ﬁ %@ (1”3}‘ qg’a%’ow?ﬁ C%lLf ficient
to acﬁ?’é‘i? ﬂdzlg"%q SHires e Igaqor“z) eT é‘iﬂ"t”& ff‘élysgm”éafwnThe met hod of
cl ai m 24, wher ei n sal sur face |oc eti The met hod
of cla g’ﬁ g’g 5 n%ﬁ;% ce Xg%%mﬁé?%%ﬂ cl ai m 24,

wher ef’lrﬁpftl?egebta aéesI % the same Or a secon

surface has attached thereto a second agcnt that ligates a second moiety of said T-cell,
wherein said ligation by the first and second agent induces proliferation of said T-cell.

3. The method of claim 1, wherein said surface is biocompatible.

4, The method of claim 3, wherein said surface is matoral or
synthetic.

5. The method of claim 3, wherein the biocompatible surface is
biodegradable. -

6. The method of claim 3, wherein the biocompatible surface is non-
biodegradable.

7. The method of claim 3, wherein the b1ocompat1b1e surface is

associated with an 1mplantable device.

3. The method of claim 7, wherein the device is selected {rom the
group consisting of: a stent, a catheter, a fiber, a hollow fiber, a patch, and a suture.

9. The method of claim 1, wherein the particle is selected from the
group consisting of a bead, a microsphere, a nanoparticle, and a colloidal particle,

10. The method of claimn 9, wherein said bead is about 5 nanometers
to about 500 microns in diameter.

11. The method of claim 1, wherein said agents are independently
selected from the group consisting of a protein ligand, a natural ligand, and a synthetic
ligand.

12 The method of claim 11, wherein said agents are independently

selected from the group consisting of an antibody, an antibody fragment, a peptide, a
polypeptide, a glycopeptide, a receptor, a steroid, a hormone, a mitogen, an antigen, a



1 ' ' . Bl
up consisting of a bead, a microsphere, a nanoparticle, and a colléicﬁalAlJb ‘
particle. 30. The nethod of claim?29, wherein said bead is about 5
manoneters to about 500 microns in dianmeter. 31. The nethod of claim 24,
wherein said ligand is selected fromthe .group-consisting of a protein a
natural |igand, and a synthetic |igdhd. 32. The nethod of claim 24, wherein
said |1 i , r | Sk f . j , an
it i bogui g e R Rk e 1048, Y831 Rblel B sl AbbRARY. B
receptor, a steroird, a hornone, a mtogen, an antigen, a ligand, a

superantigen, a gtowt _ . i : ctin ng- a ch ki ne. 33.
The me[.j{]%fi beo% %{1@%2]- ﬁc\?\rlﬁé@é‘??\ z;%*f gi;lg{h %5er1]12a1{ [?agsté%e slaggeng an%ﬂ&lf gdy or a
fragnen ereot . . The nethod of claim 32, wherein at |east two |igands

are an antibody,pr a fira n ereof . 35. The nmethod of claim 32,
wher ei n .at Ieakﬁtl ‘fx/\%ﬁifﬁgﬁ%?é? ﬁ'r“ég n‘Y[%r%{H%:‘ﬁPteagﬂth‘F@Péﬂfﬂbgﬂtai“ﬂodi es or
f r agneh eepptheseof, 3l 2 sepend ageptdy ap pntdody o 8 ragpstbstrolat | east one |i gand
is an anti- CD3 tib ; nti - anti body, _or an anti body fragnent of
an anti - or. afti - %é‘ﬁ%ﬂ?‘ﬁ%{ﬁ@%’“%ﬁ@WE t@%%ﬂ%’%‘?“"ﬂﬁl‘% 32 or 36,
wher ei #® $HHGEapURIEes: j gand is  an anti-CD28 antibody or antibody fragment
t hereof. 38. The th of i%her claim32 or 36, wherein at |east one
ligand js.a natiifal ﬁwj‘\‘i&ﬁ?}g‘? pL gl 14, pyyhereig sayd first agegt ispReaeeRBd of clai m
38, wWARHEPHY. <& ith&Dd ramtibedyy 08 anstibedss Bagment oftra andtGBA asfangt@Px 24,
wher eiﬂil_tlﬂ’ﬁ.@-ﬁ’-rragneti c force is generated by a nagnet having a magnetic
field strength ranging from bet ween about 200 gauss to about 12,000 gauss
at the surface of’-t hegﬂhsgmhqd o eitlu® 20l 285 154 whereifitseidnsetdmsichgeit is| ai m 24,
wher eian asgiQDPY gatibddp ot ardtbodn fragmertitlerenfr f ace i s coval ent, noncoval ent,
el ectrostatic, or hydrophobic 42. The nethod of claim24. further
conprising priorl8 o oThe omtisdrafeithéryclaimt 12 @tlépwhelkin sailpacaidiaggnts cel | s
conceranatreldigant fiorsCib2%ce from non- concentrated cells 43. A nethod for
stinmulating a popul ation of target cells by

19. The method of claim 18, wherein said natural ligand comprises

B7-1 or B7-2.

20. The method of claim 1, wherein the magnetic force is generated
by a magnet having a magnetic field strength ranging from between about 200 gauss to
about 12,000 gauss at the surface of the magnet.

21. The method of claim 1, wherein said agents’ attachment to the
surface is covalent, noncovalent, electrostatic, or hydrophebic.

22, 'The method of claim 1, wherein the T-cells that are ligated are
separated from the T-cells that are not ligated. :

23 The method of claim 1, wherein said T-cells ameliorate immune
response dysfunction.

24. A method for stimulation of T-cells by simultaneous cell surface
moiety ligation aud T-cell aggregation, comprising:

(2) providing a cell population comprising T-cells;

‘ (b)  contacting said cell population with a surface, wherein said surface
18 a surface of a paramagnetic particle and wherein said surface has attached thereto one
or more ligands specific for a cell surface moiety;

()  applying a magnetic force that drives concentration of T-cells and
surface; and

(d  incubating said cells for a period of time sufficient to achieve
desired stimulation. '



si mul t aneous target cell concentration and target cell surface noi 8t i 04
l'igation, conprising: (a) providing a population of cells wherein at pga%ﬂt
a portion thereof conprises target cells; (h) contacting said popul ation
of cells with a surface, wherein said surface has attached thereto one or
nore agents that ligate a cell surfd®e noiety of at |east a portion of

sai d target cellgsand ghi ufaaeo%cfat.m Shet il Urtd APAQLnt@LGRbvee! IS ()
appl yi ngs; dfs‘ﬁﬁﬁ.?tfo al AR 99LRARY, gﬁaves target ce concentration and
target ce surface nolety liga |on t her eby i nduci ng tar get cel |

timul at 44. »kh I 3 ttached
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cell; ond fface has attached thereto a second agent
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cell. 45_ The ne 4 ald surface is bIOC ati bl e.
46. Ths thod O?§]C| aim 4 e?felcp‘@ﬁa%mgg?@gc%mﬁis uﬁ% Lar n;ij'nt heti c.
pol ynme ®The method cl ai m 46, wherein said surface conprises a 48. The
met hod of clalm re| surpace is el ect, d fr roup

consi stg%{l}g of co?g g %P?%c %‘z‘ﬁ? El?ﬁ feﬁ? grom%

pol ysa CPRREINg o 3 ;?/‘8% 4/R&0OpaRs “eﬂ‘ﬁl éE‘él r| X

corrp05|t|ons 49 The l.aim4 Wner n the | ysacchari des arc
sel ect ed %ﬁﬁﬂ%‘ﬁ%ﬂ‘ﬁ ﬁ“ﬁ’ﬁ ea&l‘ﬁ;?‘i’féﬁg“aﬂ@?? te%in,
hyal ur &t bé‘u cfmc febse. 50, The net hod of claim47, wherein the
polymer is selected frogmthe groyp consisting of_ polyesters, polyethers,
pol yanhydri des, |ya|ﬁ37 ?fg Li§1|tﬂa &her%ﬁyéé%gﬂfb%saegiedy@w%t ho
estersEmBErFWPﬁ%\BH 2 progain, WF‘W& rsﬁné,@eﬂatsee etit ligand. copol yners;
pol ypropyl ene, pol ytetrafl uoroethylene (PTFE), and pol yurethanes 51. The
net hod of clai m¥d, wideanethadef gain 2w mﬁaléélgancg tselected o e AUG 2004
~ul 88eTeEp cohssting: HD@n otutibody, rand Entibedp rfeigmenh ea pobtideera pslypeptidpobyner. 53.
The negliepeptide; haphbB2ecophes 2 sardidia Inomohs; remitegemp m axtigeh At tigand, a
superantigen, a growth factor, a cytokine, a lectin, and a chermmokine.

33. The method of claim 32, wherein at least one ligand is an
antibody or a fragment thereof.

34. The method of claim 32, wherein at least two ligands are an
antibody or a fragment thereof.

35. The method of claim 32, wherein at least two ligands are present
and are different antibodies or fragments thereof. :

36, The method of claim 32, wherein at least one ligand is an anti-
CD3 antibody, an antl-CD?. antibody, or an antlbody fragment of an anti-CD3 or anti-
CD2 antibody.

37. | The method of either claim 32 or 36, wherein at least one ligand is
-an-ant-CD28 antibody or antibody fragment thereof.

38. The method of either claim 32 or 36, wherein at least one ligand

is a natural ligand for CD28.

39. The method of claim 38, wherein said natural ligand comprises
B7-1 or B7-2.

40. The method of claim 24, wherein the magnetic force is generated

by a magnet having a magnetic field strength ranging from between about 200 gauss to
about 12,000 gauss at the surface of the magnet.



acid acid glycolic, acid (ALGA). 54. The nethod of claim 45, wherieifn Alge 230
bi oconpati bl e surface is bi odegradabl e. 55. The nethod of claim45, wherein
t he bi oconpati bl e surface is non- biodegradable. 56. The nethod of claim
55, wherein the non-bi odegradabl e substance conprises a pol yner sel ected
fromthe group censisting of poly(didfthysiloxane) and pol y(ethyl ene-vi nyl
acetate)- 57. Thetlnet Hdte ofetiddadinldim 2ahwhabin dheliPiraconprtibihe gurface is
sel ect etrfacedct vedery) upo RS ickdctroga ofBydréieBic. Metal , hydroxyapatite,

bi ogl ass, alurninate, bioceramc materials, hyaluronic acid polyners,

al Igi nat e,d acryli @Zeaﬁc elll‘hc pflamwro{jlcgghi Q4ciufnBOl¥ABkising! ¥R 1§ AC df |

pol ymerpndudehtle with Olskarainl i £ urifie
pept i des;;ceﬁﬁgkezzgél[@ce?l char Isrgrlat r Fnggirlr%ggiiic{ngﬁtgﬁ \%%ﬁ%*ﬁ‘é ngoﬁigogf claim
45, wherein the bioconpatible surface is associated with an inplantable
device. 59. The nethod of claim 58, wherein the device is selected fromthe

group consi sting,ef a,st catheter, a fiber, a hollow fiber, a patch,
and a suture. 60.45)TheArren?%%%i ngr c%hﬁ“ﬁr?et%, W@P@F?‘P“s:ﬂ d Taggtt 588 by sel ect ed
from t kienultghenup ¢ 9a2EE bonteuedtion A8 Saredt ichlt S Eacs bldi ! ﬁgﬁrﬁh‘ -

%gg > s lﬁgpﬁas%gn : nliﬁ'on, and

hydr oxyapatite, gﬁdrogel s, PTFE, ypr opyl ene,
pol yacryl ansi de Therorgirgorl populationi of cblls wileerie anleast 4l portioh akeedfs sel ect ed

fromt onsisting of a lipid, a plate, a dish, a bag, a rod, a
pel | et%bqnapr?slreggrgg,&:g% *a nmesh 62_ The nethod of claim46, wherein said

surface is a pargjcl %on&aﬁngggd%nﬁggﬂfofgcgﬂ%%ﬁza sipsleitae pgrticle is
a bea a

selected fromthe group consisting o , a mcrosphere,
nanopa¥Uriaes bas affached therrfosing at mozr agentsabat digate Tivell seifitednaibétyaifat kuf3, wherein
sai d ] 5.ngnoneters. to, about, 500. m crons in dianeter. 65. The
met hog‘1e @%‘ léﬁgf%gdi%fgc@ﬁ%&@igﬁ S@‘E}’hteﬁfﬂa syf portiogobtnertiselly  sel ected from
the group consi sbj NG #plymghd RF®I AatlgraRRHnarly Wl | g synthetic
| i gand. 66. The net hoégf)‘g%gg aim _6a5,ﬁrvvherei .n}fsragll ggg}gggk%%?%%gmﬁg%endent |y
sel ectaad targefpel furfageoneietydigsiion, itregebyfindurimntidopebl] stiamulafvinl body fragnent, a
peptide, a polypeptide,. a glycopeptide, a receptor, a steroid, a hornone,
a mtogen, an arth gerThe anctisadostt daiin 48 Whetki) 5k ThO bttached Hepltd NE, @
| ecti m, fixst agenaithaariigats m, G680 celll b@Fice Mméelyesiul @irgetaRyl; and BRNBKING: a

second surface has attached thereto a second agent that ligates a second moiety of said

target cell, wherein said ligation by the first and second agent induces signal transduction
in said target cell.

45.  The method of claim 43, wherein said surface is biocompatible.

46. The method of claim 45, wherein said surface is natural or
synthetic.

47.  The method of claim 46, wherein said surface comprises a
polymer. !

. _48. The method of claim 47, wherein said surface is selected from the
group consisting of collagen, purified proteins, purified peptides, polysaccharides,
glycosaminoglycans, and extracellular matrix compositions, '

49.  The method of clajm 48, wherein the polysaccharides are selected
from the group consisting of chitosan, alginate, dextran, hyaluronic acid, and cellulose.

50.  The method of claimn 47, wherein the polymer is selected from the
group consisting of polyesters, polyethers, polyanhydrides, polyalkylcyanoacrylates,
polyacrylamides, polyorthoesters, —polyphosphazenes, polyvinylacetates, block
copolymers, polypropylene, polytetrafinoroethylene (PTFE), and polyurethanes.

51.  The method of claim 50, wherein the polymer comprises lactic
acid.



U9 67. The method of claim 66, \/\herel n at | east one agent is an antigbggy 24
or an anti body fragnent. 68. The nethod of claim66, wherein a first agent
is an antibody or a fragnment thereof, and a second agent is an anti body or
a fragnment thereof. 69. The nethod of claim66, wherein said. first and

sai d-second agents are different am8i bodies or fragnents thereof. 70. The
met hod of cl ai m 43, vﬂ&jéemdnhcﬁiadfdlaﬁxﬁrqqewh@mﬁqh@ﬁ&ﬁgelf15gr@bﬁaﬁmmgroup
consisting of a force greater than gravitational force ydr aul i c force,
a centrifugal fdBce, Thefrdthddéf €lffin 7,00hFEAN ALY erl doRPRERNAERN
pressuraem@a@lﬁoﬁagagt(PEGAjorce 71. The method of claim 2, V\,herel n the
magnetic force is generated by a magnet having a magnetic flel d strength
rangi ng from bet waen ZigeUhetROP 093 t 85 t he magnet
sur f acgjodégraddfle method of cl algnldf%ﬁ ‘\%\%r’\)e‘?%l?ﬁﬂs%%gnsur gce |s§'?%cs%rface of a
paramagnetic particle. 73_ The nethod of claim43, wherein said agents'
attachnent to thgs su 81\59+ t ostatlc or
hydropgggbgmgébeg A et %ﬁ ](:)Hroasot@l g?l“é‘ﬁ%ﬁ%ﬁ%%&%&ﬁ“ aceméfl? “surface
noiety ligation and target cell concentration, corrprl Si ng (a) (b)
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dri vesbcg 361 %t]ae “ar get cel | s an concentration of sai d cells on
perlod of time sufficient

said surface; (d) ncu sal cells for
to achﬁﬁg] ST ﬁ{ gifhé"hﬁﬁ% Pcﬁq“ﬁ?‘?hl"ié“ffmeﬁsel n said
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time s “Bv@onsb“élggr agepy Anstaln hydraxyapatiieobioglassii nute to
about Bcfa‘ﬂFHe nFPé? byalypsic neczd | palyraersi rplgimatel menylic sestelti ci ent to
achi evRPlygess .1@@& acid pelymer, glyqolic reidnpolpnen lactic apid/alyculio dcidpagmer, 77. The
met hoPUBHIeE Paeteing.Aurifed peptides and extace tidlar matrisicompoyitionsbl e.  78. The net hod

of claim77, wherein said surface is natural or
5 The ‘method of claim 45, wherein the biocompatible surface is

assocmtcd with an implantable device.

o 59.  The method of claim 58, wherein the device is selected from the
group consisting of: a stent, a catheter, a fiber, a hollow fiber, a patch, and a suture.

60.  The method of claim 46, wherein said surface is selected fiom the
group consisting of gless, silica, silicon, collagen, hydroxyapatite, hydrogels, PTFE,
polypropylene, polystyrene, nylon, and polyacrylamide

N 61. The method of claim 46, wherein said surface is selected from the
group consisting of a lipid, a plate, a dish, a bag, a rod, a pellet, a fiber, and a mesh.

62.  The method of claim 46, wherein said surface is a particle.

_ 63.  The method of claim 62, wherein the particle is selected from the
group consisting of a bead, a microsphere, a nanoparticle, and a colloidal particle.

64. The method of claim 63, wherem satd bead is about 5 nanometers
to about 500 microns in dzameter

65.  The method of claim 43, wherein said agents are independently
selected from the group consisting of a protein ligand, a natural ligand, and a synthetic
ligand.

66.  The method of claim 65, wherein said agents are independently
selected from the group consisting of an antibody, an antibody fragment, a peptide, a
polypeptide, a glycopeptide, a receptor, a steroid, a hormone, a mitogen, an antigen, a
superantigen, a growth factor, a cytokine, a lectin, a viral protein, an adhesion molecule,
and a chemokine.



synthetic. 91) 79. The method of claim 78, wherein the surface is selbedliéa?
fromthe group consisting of glass, silica, silicon, collagen,
hydr oxyapatite, hydrogels, PTFE, polypropylene, polystyrene, nylon,
dextran, and pol yacryl am de_ 80. The, et hod of claim 74, wherein said
surface is selected fromthe group ¢onsisting of a plate, a bag, a dish, a
rod, a pellet, a6fibeiThe anthed afeddim 66] whitem srdédoenigeit Riamafdbodyher ei n
sai d swrhmewibtiody fragmenti cl e. 82. The nmethod of claim8l, wherein the
particle is selected fromthe group consisting of a bead, a m crosphere, a
nanoparticle, and8.a c®h¢ nietwkd afaidiinadee whdreinl H EirdiRiERds of 8RN SB2 Wherein
sai d béragmerst thdreeft afd APRONEARAGIs ah@nﬂmytoré%FﬁEﬁtrtﬁé}goﬂ n diameter. 84. The
met hod of claim 74, wherein said ligand is selected fromthe group
consi sting of a §9.0t eThe methodlo¥ cRim l6bgaREeindA M. A & ' . 85. The
met h0dm@fdiﬁ‘éraﬂxﬂarxﬁﬂodiwﬂﬁ*fﬂg&eﬁﬁitﬁcrééfga%g I's ?g%eﬁi%ﬂf%g&ﬁﬁid g%?%up
consisting of an antibody, an anti body fragnent, a peptide, a polypeptide,
a gl ycopept i de,?@tdr eﬁlﬁoﬁx@ihod%f%i&h%ﬂ’wlﬁréw%ﬁfgrigrce% IEAYE Ron 20 | 06N, 2
| 9andgrofly EBIRAAFOE Norc E""Qﬁg Siarichet YORK! TI° pydtal co e
chenoking: . noar I“eds ne P Gafld i s an
chemm et ol TRRTgol fhaitof Rt Ao ol
| east two |igands are an antibody or a fragnent thereof. 88. The nethod of
cl aim 85, whereiq at |J.0ands._are. present .apnd are different
ant i bggj £5..! tfﬁ':gglrgreanﬁgaﬂ%gémgj cl ag’rﬂ'@“ Bglagpﬁtg:i ’{‘]’ 1s gengrafed 3 or 74,
wher ei oﬁ%f arge t?lg £ 5? Srangth apgipg RWEFTH BB SR EaYsS Ay of
T- cel 1) B2l &5 "R BRFEEIY €90, The net hod of claim 74, wherein said
force is select frolg;the cgri?up.co sisting of a force greater than
gravitational  fdfce, Lerpehadiof laim e Whersin spidqurigee i o sudacgericr at ed by
transmf"gﬁﬁuc&a&@ﬁre, a centrifugal force, and a magnetic force. 9 F. The
met hod of cl ai mgo, ﬁdﬁerei %Lh imagnetic force is - gener at ed- by a magnet
havi n%&‘% magnet i7e- fi dihg mg flaba 4gi Miereiropaid egoms ratiablouent 20 Ghgauss t o
about S¥924509cR{rEb ngpeqvatens gleplestatiss or iglrophghist . 92. The nethod of claim
74, wherein said surface is a surface of a paramagnetic particle. 93. The
met hod of clai m4, fhertiof fonisimulagon dfagst hetsnby tcell tsheface moiety

gation and target cell concentration, comprising:

(2) providing a cell population comprising target cells;

(b)  contacting said cell population with a surface, wherein said surface
has attached thereto one or more ligands specific for a cell surface moiety;

{©) applying a force that drives concentration of target cells and

concentration of said cells on said surface; and

(d)  incubating said cells for a period of time sufficient to achieve
desired stimulation. '

_ 75.  The method of claim 74, wherein said time sufficient to achieve
desired stimulation is from about 1 minute to about 30 days.

76.  The method of claim 75, wherein said time sufficient to achieve
desired stimulation is from about 1 day to about $ days.

77.  The method of claim 74, wherein said surface is biocompatible.

78. The method of claim 77, wherein said surface is natural or
sypthetic.



surface is coval ent, noncoval ent, electrostatic, or hydrophobic. 946 g 201
met hod of claim 74, further conprising prior to or concurrently wth step
(d), separating the concentrated target cells fromthe non- concentrated
cells. 6 AUG 2004 91 95. The nethod of claim 74, wherein said force drives
concentration or orientation of cel90 surface noieties. 96. A method for
il_nduﬂ ng f'it Ebopuggj!ggnmé]w&f&lm m’ﬁiﬁ%ﬁfSMﬁE{Q&%Qﬁea%ﬁm@fting t he
- cel | growipt borRisting icd @uasf anRal Alicdh ROIL ® aftfe, &s pepeUl two
hour s gagpﬁ;ggléhe,ryoﬁ%gq@ye?nﬂgﬁl&K%B,lagd zi&gﬁgﬁﬁ ng |2§%‘g| PI zed thereon a
I h sal

first agent and secorid agent, and wher I rst agent provides an

act i vat fon si gnagy_andns lcthod% e WS Hhelit i 8ige RYRHTW A 6Ly 51 gnal
A . q. d of
(5,531 gotpcbasngbtptie Vi e LS MBS T TR e

bet ween about two hours an ort

clai m 97 wherei nggai drpeki gw’ i : ut hours and about
twel ve hours. 99. The net %@gdgfdc a.%@gﬁé@@%@?%%ﬁ%d of tinme is
between about tyo angyabahyQir9fiim 33V svhe 20 e}; A t h Q -cl aj,m 96

e pesakduasiy ot pd it S TR e R P e
101. The Tret ho clal m Fer i e e r 8P ARY AL B gent are

| mobilized an t S SQb i rfage. J102. T, thqod of claim 101 wherein
said s |aib§‘ﬁt% fa.éc?g iiﬁ‘?%%?%afc ﬁ?’t‘ﬁ er éﬁ%e*%?g&éﬁ OPhé,na?m%Ft?fFat

sur f ace, |pr°é1§{ﬂ“§Fné'ﬂ’PF§Ee, a spherical surface. 103. The nethod of
claim96 wherein,, said,solid surface.,is bead, , surface., 104, The net hod of
claiml1 02 V\he{i%rh sa .ql?‘ggigéﬁ ] #fg'g%"e a&l&a&‘ét‘i‘ gelached frgmetheet hod of
cl ai mBRRFREFISHAE S5F Brofsin. 122pd B aswahelc bgmRdi body or fragment

t hereof that bings and, sai d secgnd agent conprises an _antibody or
fragment there ;Egt hcﬁqﬁilﬂ e aim d¢, wWhetginmaidigand 1o selauiedefrpm the oduced by
any orOH} cApizgsciogn AsBbodypan antbedip dtaement % oeptides anpelypestidapul ati on of
T- cel I1BYcqpER3IdSi AgTerepton | &istraido adkatmeneha rmilegsus iau adntigers cx dizghnd)| 2

exci piSEPRIAntipges. a gropdplictor, aeytalinag edéotiat od dlchemiokse. wherein at | east a
subset of the

86.  The method of claitn 85, wherein at least one ligand is an antibody
or a fragment thereof. :

87. The method of claim 85, wherein at least two ligands are an
antibody or a fragment thereof.

) 88.  The method of claim 85, wherein at least two ligands are present
and are different antibodies or fragments thereof,

§9.  The method of either claim 43 or 74, wherein said target cells are
selected from the group consisting of T-cells, B-cells, or stem cells.

_ 90.  The method of claim 74, wherein said force is selected from the
group consisting of a force greater than gravitational force, a hydraulic force, a filtration
force generated by transmembrane pressure, a centrifugal force, and a magnetic force.

9. The method of claim 90, wherein the magnetic force is generated - - -
by a magnet having a magnetic field strength ranging from between about 200 gauss to
about 12,000 gauss at the surface of the magnet.

92. The method of claim 74, wherein said surface is a surface of a
pararnagnetic particle. '

93.  The method of claim 74, wherein said ligand attachment to the
surface is covalent, noncovalent, electrostatic, or hydrophobic.

94.  The method of claim 74, further comprising prior to or
concurrently with step (d), separating the concentrated target cells from the non-
concentrated cells.



cells have a phenotype in which CD 154 | evel s peak between about on& AbE 23]
about four days post-stimulation. 109. A population of activated T-cells,
wherein said popul ation conprises greater than about 60% CD4"" T-cells.
110. *A. popul ation of activated T-cells, wherein said population conprises
at |east about 70% CD4} T-cells. AU812004 9Z I11. A conposition conprising
the T-cells of af§. on@heinetiicali ofelaii T4, Wdeianrsiddopb drivecRutdmtatiby opccept abl e

exci pi esientafidiPof eBllpafideanbietiesof stimul ated T-cells having CD154 expression
| evel s at |east 10% hi gher than T-cells that have been stinulated with

anti-CD3 and ant 96.CD28 netiddd @8t RiGudifig tah BoRSRMC B Afcelis Ml pRNEIME,
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98.  The method of claim 97 wherein said period of time is between
about two hours and about twelve hours.

99.  The method of claim 96 wherein said period of time is between
about two and about eight days.

100.  The method of claim 96 wherein said period of time is between
about three and about six days.

101.  The method of claim 96 wherein said first and second apent are
immobilized on the same solid surface.

102.  The method of claim 101 wherein said solid surface is selected
from the group consisting of a flat surface, an imegular surface, a spherical surface.

103. The method of claim 96 wherein said solid surface is a bead.

104.  The method of claim 102 wherein said irregular surface is a plastic
surface.

105. The method of claim 96 wherein said first agent comprises an
antibody or fragment thereof that binds CD3 and said second agent comprises an
antibody or fragment thereof that binds CD28.

106. A population of T-cells produced by any one of methods 96-105.

107. A composition comprising the population of T-cells according to
claim 139 and a pharmaceutically acceptable excipient.

108. A population of activated T-cells, wherein at least a subset of the
cells have a phenotype in which CD154 levels peak between about one and about four
days posi-stimulation.

109. A population of activated T-cells, wherein said population
comprises greater than about 60% CD4" T-cells.

110. A populatmn of activated T-cells, wherein said population
comprises at least about 70% CD4" T-cells.
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111. A composition comprising the T-cells of any one of claims 108-
110 and a phanmaceutically acceptable excipient.

, 112. A population of stimulated T-cells having CD154 expression levels
at-least 10% higher than T-cells that have been stimulated with anti-CD3 and anti-CD28
antibodies in the absence of simultaneous concentration and stimulation, wherein said
levels are determined by flow cytometry between days 1 to 4 following T-cell

stimulation.

113. A population of stimulated T-cells having CD25 expression levels
at least 10% higher than T-cells that have been stimulated with anti-CD3 and anti-CD28
antibodies in fthe absence of simultaneous concentration and stimufation, wherein said
levels are determined by flow cytometry between days 1 to 4 following T-cell
stimulation.



