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Steinman, Ann. Rev. Immunol. 9:271-96 (1991).) The cell surface of dendritic cells is

unusual, with characteristic veil-like projections. Mature dendritic cells are generally

identified as CD11c* HLA-DR?, CD86", CD54", CD3', CD19", CD14, CD1l1c" and HLA-
20 DR

Dendritic cells take up, process and present antigens, and stimulate responses
from naive unprimed T-cells and memory T cells. They have a high capacity for sensitizing
- MHC-restricted T cells and are very effective at presenting antigens to T cells. Dendritic
cells are capable of presenting both self-antigens (e.g., during T cell development and
25  tolerance) and foreign antigens (e.g., during an immune response). In addition, dendritic
cells also directly communicate with non-lymph tissue and survey non—lyinph tissue for an
injury signal (e.g., ischemia, infection, or inflammation) or tumor growth. Once signaled,
dendritic cells initiate an immune response by releasing cytokines that stimulate activity of
lymphocytes and monocytes.
30 Due to their effectiveness at antigen presentation, there is growing interest in
. using dendritic cells as immunostimulatory agents, both in vivo and ex vivo. In particular,

mature dendritic cells can be prepared against a target antigen and then administered to a




mature dendritic cells can be prepared against a target antigen and then
adni ni stered to a 7 November 2006 WO 03/095668 PCT/ USO3/ Nawawbesdpect
(e.g., a patient) to stimulate an i nmune response agai nst that antigen. For
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can be del'ivered rruU%@e receptor/ alrs (co-stinmulatory 25

pai rs) @Ph&amx @l‘eﬂlLNaWdB P64 l(k992)3IUS;Pawanes é;?%iﬂﬁr%ﬂ%ﬁt&ﬁﬂ;ﬁﬁhl rs,
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present_antigen to T. cells, exanp a preparation ontain few
Gendr | ¢ itieis At aetivpleastn d cpﬁ%mtr%sw@? £ an anfiger. Activation of T cells

requires two signals. The first signal is delivered through the T cell receptor {TCR) and
defines the antigen specificity of the T cell (an “antigen-specific™ signal). The second signal,

or co-stimulatory signal, can be delivered by multiple receptor/ligand pairs (co-stimulatory
25  pairs) on the T cell and dendritic cells. These co-stimulatory pairs, expressed on the T cell
and dendritic cell, respectively, include: CD28/CD152 (CTLA-4) and CD80/CD86; 4-1BB
and 4-1BBL; CD27 and CD70; LFA-1 and CD54.
Preparations of dendritic cells can vary in their ability to present antigen to T
cells. For example, a preparation may contain few dendritic cells that present the target
30 antigen. In addition, a preparation of dendritic cells may present only small amounts of the
target antigen to T cells. Such preparations have reduced utility as immunostimulatory
preparations both in vive and ex vivo.
A variety of assays have been used to evaluate the quality of dendritic cell
preparations. Such assays include, for example, determining the number or proportion of

35  dendritic cells in the preparation (e.g., mature and/or immature), the presence of certain cell
2




30 antigen. In addition, a preparation of dendritic cells may present only
smal | anbunts of the target antigen to T cells. Such préyicatcn¥ohave
reduced utility as inmunostimulatory preparations both in vivo and at
vivo. A variety of assays have been used to evaluate the quality of
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BRIEF SUMMARY OF THE INVENTION

The present invention provides methods for the evaluation of the quality ofa
preparation of antigen presenting cells to be used in either T cell stimulation or in the
preparation of immunostimulatory compositions to be administered to a subject.

A first aspect of the present invention provides a method for determining
antigen-independent, co-stimulatory activity of antigen presenting cells (APCs),
comprising: &

~ providing T cells having a known functional activity and being
substantially free of co-stimulatory activity;

providing a sample of APCs of unknown co-stimulatory activity;

contacting the T cells with a sub-optimal concentration of an antigen
mimetic agent;

contacting the T cells with the sample of APCs of unknown co-stimulatory
activity; - "

determining the activation of the T cells contacted with the antigen mimetic

agent and the sample of APCs; and




providing T cells having a known functional activity and bein

substantially free of co-stimulatory activity; providind Mo r 80Q¢f APCs
of unknown co-stinulatory activity; contacting the T cells with a
sub-opti mal concentration of an antigen mnetic agent; contacting the T
cells with the sanple of APCs of unknown co-stinulatory activity;

determ ning the activation of the T cells contacted with the antigen
mnetic agent and the sanple of APCs; and 3 7 Novenber 2006 conparing the
det erm ned acti vainiparing thetde@mhineé hétiratidrt 6T the T tellsdatida statdaxdat i on i ndex for

the T cells t.o determnne_ the co-stimulatory activi.t f APCs. The

qual i t%Ft“iV?rtéonde‘i}l.é%{j?tré’ﬂlVQ defermime thyrcost é?tfﬁlwgoé(ahe en taken up by
the cells, procesgafhaRaeVar qRaRRaNt 8floGR b api3detiithitkdtaafiganng@dn ugypi cal |y,
antigen uptake, praocessing and/or presentation is determ ned by, for

exanpl & thieeliseprpeesied apd/prgpresentgd candalsodipdeteymingd. Typicallys pitighn pptake,
ti - £ : wPCT/ USO3/ 14614
antl gegkgfefg%ﬁ%gﬂcﬁorjgnégfrhéetﬁm 1%8@%?%%{ ex%{:ﬁgﬁ, W@eﬁ%&’@@ 68

The T sed in me ~distl osed can either be syngeneic or
al | ogesysrgety, othactivasionnf éngigen-greedierdidelly cel | s of unknown activity.
Typically, the T cells wused in the nethods are isolated from peripheral

bl ood nmononucl ear cells. The T cells wused in the nethods wll conprise T
cells froma sanple of peripheral blood nononuclear cells depleted of cells
~expressing MHC class I, CD14, CD54, CD80, CD83, and/or CD86 nol ecul es on

their surface. The-antigen-m netic agent used in the methods disclosed is
typically a CD3 binding agent, such as, but not limted to, an anti body
specific for CD3, a plant lectin or a non-plant origin mtogen. The
antigen presenting cells used in the nethods are typically immture
dendritic cells or mature dendritic cells. The mature dendritic cells can
be those derived fromimuature dendritic cells contacted ex vivo with a
dendritic cell maturation agent.

3a




Activation of T cells in the nethods di sclosed can be neasured b for
‘exanpl e, determining the ampbunt of radioactively |abel ed Nﬂmhﬁﬁ@6
incorporated into the DNA of the proliferating T cells, assaying the
productWB¥HP66¥ cel| cytokines, i.e., [IFNy or Inter RIS, assaying
the nodulation of _a T cell activation marker, such as, but not limted to,
CD25, CDBY9, CD44 Bie Telisyised futhgmaghrdssisciosed gin githeg Re sYRESPFIGIOAr or

i nt racﬁlﬂoﬂé&ﬁc Fithi #hd a %&Egi&&ltﬁ%rbeﬁgogﬁﬁlﬁfomnrh%q%fitﬁl#fplﬂﬁﬂ , thBg dmdul ation of

aTce activation r can be determned, for eéxanple, by using a
| abel edisadin thoayetisqplsaird iselafedrfrom perighera |bloadompyenuiclsar eedlskEBhe T Tells met hods

0 o oSR BRBIGALRORIoE ST LB BRTE syl oLory et vy o

senting ce g ctivation of the antigen
pr esentblogl medohsclea callsdeplectdiod cellstekpradsingy MBKthdass o CDI AeCIT54; €188, used in the

met hod. _The standard activatjan i pdex can be expressed as either a
threshcﬁlag%é'il‘ﬁ%"(ggg%‘é‘ﬂgﬁ'@e @”s%ﬁ"%s a range of val ues, each val ue
associated with [ Iy L {3 G dildiGeE & 1 pnd aspect
of the present |§¥/@n¥#{ %IF%E%%}?% gﬁlgllsér&e%ﬁﬁg{im?%g delt er ﬁ%?ni gcal_@\al

ant i gerbindiogpeent enthiaspbug mphlithisedapyanzatibedytspeafic for §il8papbni leetingdr adendriti c
cells, conprisi.ng: . contacti a first ant i,t.y.,of | | Ahich are
subst anrﬁnga?ﬂ; Oflg%@u&?ge%o et"f‘ﬁ%inal%f%ﬁpﬁ}t“%%c“t%ﬂ%‘ﬁeﬁ 1%??3 nﬁeg\llogggr %H%l%fyf unct i onal
act i vi tiyhmatdrt Remiriicleold ormidturg damdriticyceldd. TAOmasiné d@@ritiotelBichcbatheset and with
a first sanple of a dendritic cell preparation of pnkno co-. stimulatory
act i vi t4privebirendimaye Qe"fdflf%f’elgﬂ’m@&?‘?‘c’fh‘”%Wlfﬁafiﬁ? K& MR Bant ity of T
cells; ,gentacting a second quantity of T cells with a second sanple of the

dendritic 4 7 Novermber 2006 cell preparation or the suboptimal quantity
of the anti gen- mAwivatiomgéifitcellda the methodg daschsedoah Eaneasardddry, fal ue for the

second quanii of. T cells; n onpar, he,first and second activation
vel uos SRl ndipee gt rlSReh dhdol wyhidhe AECHREEA T o rel |

pr epar dto @ DMA of theproliferating T cells, A¥eaephBe pidO&ionAds Thiell dytakipef.e.pf the
present invention provides.the nethod of the first or second aspect,

f ur t he AFRpapintesievign 3corassaying ity medptian of 7 Seclh potivafiorcrrarkes Mas PRt i gen by
the ot limited to, CD25, CD69, CD44 or CD125. The amount of either an extracellular or

intracellular T cell cytokine can be determined. Further, the modulation of a T cell

activation marker can be determined, for example, by using a labeled antibody specific for

the T cell activation marker.

The methods disclosed can determine the antigen-independent co-stimulatory
activity of antigen presenting cells by comparing the T cell activation of the antigen
presenting cells to a standard activation index for the T cells used in the method. The
standard activation index can be expressed as either a threshold value or can be expressed as
a range of values, each value associated with a predetermined quality of dendritic cells.

A second aspect of the present invention provides a method for determining
antigen-independent co-stimulatory activity of a preparation of dendritic cells, comprising:

contacting a first quantity of T cells, which are substantially free of co-
stimulatory activity and have a known functional activity, with a suboptimal quantity of an
antigen-mimetic agent and with a first sample of a dendritic cell preparation of unknown co-
stimulatory activity;

determining a first activation value for the first quantity of T cells;

contacting a second quantity of T cells with a second sample of the dendritic




APCs. A fourth aspect of the present invention provides a nethod for
determining the quality of a preparation of dendritic delewmbeod®ib sing:
(1) providing a dendritic cell preparation of unknown co-stinulatory
activity and unknown antigen presenting ability for a predeterm ned
antigen; (2) determning the co-stinulatory activity of the dendritic cel
preparatjon, said determnation of co-stimulatory activity conprising (a)
provi dfbprapasziongr Ge syheptimaliayprity offhe aniigep-wilmgticagentsubst antial ly free of
co-stimlatory aglb¥ifiks  (nFRNLALh VB R helebfllfantty 1ehliagpt | M
guantity of an antigen- mnetic agent and wth a st sanpl € of the
dendritic cell prapeaiagihsdirst@od sedatdmctivationgaltidsgo deterimiat theeo-of t he cont act ed
T cel | §; . .0 ring.the.determned activity of the contacted T cells
with ?ﬁgﬁéggﬁgéwﬁfac ﬁ%ﬁ ﬁgﬁgyﬁﬁg%a‘g? the T cells to the deternined
co-stinulatory activity of the dendritic cell preparation; (3) determ ning
presentation of the predeterm ned antigen by the preparation of dendritic
cells, said determ nation of presentation conprising: (a) contacting a
second sanple of the dendritic cell preparation with the predeterm ned
antigen; and (b) determ ning the anount of predeterm ned antigen presented
by the dendritic cells; and (4) determning the quality of the dendritic
cell preparation :based on the determ ned co-stimnmulatory activity and
determ ned antigen-specific presentation of the predeterm ned antigen. In
one enbodi ment the nethod for determning the quality of a preparation of
dendritic cells conprises the steps of praviding a dendritic cel
preparation of unknown co-stinulatory activity and unknown anti gen
presenting ability for a predeterm ned antigen; determning the
co-stimulatory -5 7 Novenber 2006 activity of the dendritic cel
preparation; and determning either qualitatively or quantitatively the
antigen presentation ability of the dendritic cell preparation for the
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predeterm ned antigen. By conbining these values the quality of the
dendritic cell preparation for activating T cells for thioyweZ®oni ned
antigen can be assessed. The co-stinulatory activity of the dendritic cell
preparation can be determned by providing T cells of known functional
activity and substantially free of co-stinulatory activity and contacting

the T cells with a sub-optjmal quantity of an anti -mnetic agent and
with a first san‘ﬁﬁ]@‘ sp?qgghggﬁlaﬁq}ngerg@ppr bﬁ‘?&%ﬁ%ﬁ,"ﬂh‘?éﬁtﬂ’é;erm ning the
act 1 vagdcary £ ect,tﬁﬂ&eﬁ%ﬁﬁﬁ&%@e@nﬁiﬁiﬂg%xs@rﬁﬁi&%@ plei@emlihg Agtaroyned
activation of the contacted T cells with the standard actrvation index for
the T éBFP_-s to determne the co-stinulatory activity of the dendritic cell
preparati on. TheargaeRbat b Hbsdhilfv@fiBHBeldH 1368 i demiint e dendri ti c

cell preparation can eterm ned by contacting a second sanple of the
dendr i the qualigy of a pyerapation of danduific dells leemprisinist er m ned anti gen and det er ni ni ng

the anobunt of, o et:her. . the. predetermn nt i gen..has, been. t aken up by
the cells of the{lgjgn(\jqrdllr%iacdeg‘éﬁ%fcpcﬁﬁglbeg?rgﬁnoon,"miﬁlso q;é)fsrtllalu%rtoo ESYEd or has
been palamkbech atigémheesentidepabditp for b lpeedeeinhisedntigdre second sanpl e of the

dendritic cell p arati.on, DETAI LED DESCRI PT] -. | NVENTI ON The present
i nvention provi d@gg‘?%ﬂ%ﬁ%f"ﬁé@a AoRt ?Cﬂﬁlq?féh‘%}gg??clgﬁfpr‘?amﬂ?%par ation of
ant i gegiddeti@biatifgofes!stifulabig Aetidfty @fysHsidg ¢ cells, for use in T cell

stinmulation, or as an_imunostinulatory conposition for_ admnistration to
subj ects. Assays for @heryene T e pagwnifunciony aeiyity prdyybgantiplicel | s (al so

ref errgd JrRoR8meRns dciAt ory activity), and for presentation of
. b ]

predeterm ned antidgen by APC s, can be used to determne the quality of a
preparation of APC s.(b}epngastingithpdells vitlea sphaptima} quéntiy praspatigeni on of APC s

con ey, i 8, SR SRR Dl | 0721 el ion (of
2006 WO 0_3/ 095668 PCI(b}_Jﬁ(ﬁaﬁlixﬂﬁgm; adtivatdn afni;d coatatﬂedliftcylls_aam cont act ed with an
el 19 are also cont AL RS RecErBnedimion tsRebeRTaEbe Y™ act vty
Act i vathe srandafd dcki€atibn Gilek for (IR tdlie o he deremaEhdded-samdlats ¢ ettty dether m ne t he
qual it a/engltitic (Eeﬂ%re%al?r%:igﬁ;
| (3) determining presentation of the predetermined antigen by the preparation
of dendritic cells, said determination of presentation comprising:
(a) contacting a second sample of the dendritic cell:preparation with
the predetermined antigen; and _
(b) determining the amount of predetermined antigen-presented by
the dendritic cells; and
(4) determining the quality of the dendritic cell preparation based on the
determined co-stimulatory activity and determined antigen-specific presentation of the
| predetermined antigen.
In one embodiment the method for determining the quality of a
preparation of dendritic cells comprises the steps of providing a dendritic cell

preparation of unknown co-stimulatory activity and unknown antigen presenting ability

for a predetermined antigen; determining the co-stimulatory




5 I n anot her aspect, the quality of an APC preparation can be determ ned by
the ability of the APC's to present a predeterm ned ant?Nevrembeypg0@al | vy,
the APC preparation is contacted with a predeterm ned antigen. Follow ng a
sui tabl e i ncubation period allowing for antigen uptake, the presentation
of predeterm ned antigen by the APC s can be determ ned. 10

Anti gen-I ndependent T Cell Co-Stinmulation (Potency) Assay To determ ne the
qual i tya@ivitpBEing dByarRR cbgRBrrARaPARRRImiipRitha(RatitBlivefpdrat | on assay, T
cell's of known functional activity are contacted with an antigen-mnetic
agent , @antttivelythesntigenpmsenjationabidity ¢ the dongritie cellgpepasatign fayiien own

Co-sti [ Lyt . A ] : d the activation

of t herwegéet&%nﬁﬁghtl%%lhé%%@ﬁ@%%ggﬁgees\éﬂ% gu #‘gﬁ%f-e[?ée:@r?lhﬁ%c %ﬂe quality of the

APC s. freparitiondor actisiting!T @Hnfob thegheddetermined amtigen can terddessed. f ol | ow ng

co-cul turing of e T cells and the APC s...As used herei tivation of T

cells can be det'®fFPHEFUIAYIA Wiyn‘?fﬁ@‘gﬁ‘aﬂ%%e”imepﬁﬁg%w%r@%?n I

functi qs;s?rbﬁdﬁlng§ 8f kR wn Fiafetisal hd’iQDzl\tXhﬁ subEientfally Séb bA&Y-ftinhuigelyl functions
r

include, for exanple, increases in A replication associated with
i ncr eastivited epwringthal cdl wittrmbeptinal euantitioéan utigen-aiastisragon

intrace .ar i ne Q j S e 9] i mar ker s,
and ot hilé.lrd l{?‘IFIgisap%és(eg}sﬁp E]eoqff %ﬁﬁg%@%pgﬁ%ﬁ tﬂﬁﬁggtg nt 'Jﬁéﬁgee%c?{‘zﬁe g 85 , an

ant i genthe patactddcT sdllg)amll canphriag de-determinkdbaivitiorssfiiadontacfth & cEllcwith s used in
t he ass can be an . enriched T cell preparation, an APC- depleted T cell
pr epar aﬂqggﬁ“ %B@%%qeélf?fﬁhepm;q%lﬁ it(égetqmg@ ‘i"e FR-eHH étPWcﬂ‘PQV’()F‘?ﬁ“;%). The T
cel I's  RAdaVRNrdpaRNEy f unctional activity. As used herein, a known

functional activity refers to a reproducible response of the T cells to the
same co-sti nul at Thyprssaytatibn ¢ffthopreddeaminedantigendanthe danddéenallat i on of

antigen-mnetic ent . For,exanmpl.e, the kno fynctional activity can be a
predet éﬁf?ﬂaff‘?a”ﬁ%a‘%#]t‘?'aﬁe%hyt%%nﬁ\ﬁw’é%ﬁafﬂﬁ%?fgﬂe#é@e@%%e by i ncorporation
of  3Hpréparatieh Weth thepredetE@inkd hitiges MidietddMin©OEE Ghbait of iopwhatier thel ar _

cyt oki ne production, and/or. 30 expression of T cell activation markers, in

respon termined antigen herdwan takam upddhe eplis af e dendsitig galf prgpraation; ISgen- mi met i ¢
agent . ] { A be

ot or bR PRSPEEl GEisBER (riRhd AW Pl of o odlh oL F esfiPpnii € HThe 10

descr i lendritierceiF-prepddatiorant i gen- m nmeti ¢ agent can be, for exanple, a

pol ycl onal anti body, a nonoclonal antibody, an antigen binding fragnment of
an anti body, or other nolecule which 35 can bind to a T cell receptor and
provide an antigen mnetic signal. In certain enbodiments, 6 7 Novenber

2006 DETAILED DESCRIPTION OF INVENTION
The present invention provides methods for evaluating the quality of a

preparation of antigen presenting cells, such as dendritic cells, for use in T cell stimulation,
or as an immunostimulatory composition for administration to subjects. Assays for antigen-
independent co-stimulation of T cells (also referred to as co-stimulatory activity), and for
presentation of predetermined antigen by APC’s, can be used to determine the quality of a
| preparation of APC’s.
In one aspect, the quality of 2 preparation of APC’s can be determined by an
antigen-independent, T cell co-stimulation (or potency) assay. 'Typically, T cells of known

Sa




WO 03/ 095668 PCT/ US03/ 14614 the antigen-mnetic agent is a CD3 binding
agent, such as a CD3 binding anti body, or an antigen binhNpyraniar2g¥ent
thereof. In a specific enbodi nent, the CD3 binding agent is a nonocl onal
ant i bodWQ®B495688 nds to an i nvariant CD3 conponent of RATASW/EEI4 recept or
(e.g., OKT3). (See, e.g., Thomas et al., J Inmmnol. 151:6840-52 (1993);

t he di sdunstonabacivityitechnigctedwithanmsigeramirdetinpgentf whiehmaneeaedndesn-| n ot her
enbodi nent th i pding, age b 1 I.hody that binds
B i T

ant i genastpétyi fActivation ofihe Tlosllae iticnhe alcasndaiaid st ts detemeneatht qupdity off net i c
agent c%m for exanple, a plant lectin or mtogen that at subopti nal
concent §& provides a stinulus to activate T 10 cells in conjunction
Wi t hgco-sti nul at o ¥néth&ighect) iHR\GuSRY oPah &ﬁ@?fepaﬂaﬁbﬂé&ﬁbab&aﬁﬁ@dﬁy th®
stimulatory signal, however, the suboptimal concentration or ampunt of the
pl ant | ebilifyrofdhe ARR’s dayeresenta prodetesmired entigen. Tppisallyntlie AFE mreparafign 15T cel |

activati J,e af_.l.ectin ' f q alin A
ooyt one et iebbRadidierafiiddy Bodvice # bl MeobaRiRERd SBRERTRVE, 10 K
Sui t abl entigeh apieks thefpresemtatidnaofipredeteniined antipencey, thé APCvcanbe deterined.

St aphyl ococcal enterotoxin A, Streptococcal protein A, phorbol nyristic
acetate (PMA), and the like. The T cells are typically contacted with a

subgpt i %ﬁ@ﬁﬂﬁ@?éﬂd@ﬁﬂ’pﬂelp(?o-smmﬁbﬁQo@:ﬁcﬂ'ﬁsb@enj m netic agent. As used
herein, a "suboptinmal concentration” or “suboptimal quantity" refers to a
concentration or Eadstamninsthe qralitief AGETR by awtigencindepsndent ﬁ?u% does not

sti mul asﬁIFMnr@éaly;rT E&lslof Ritdv ﬁ}l‘%@?g}gé?‘h K ¢ Sontdefbd Yrith¥ah afiflenGiihfedt ment . the

subopti mal concenttation or quan e antigen-mnetic agent allows a
| i near pgenpoviich mifricsean, antigenispedifiosignabyAPG's of umlabive costimulatogesstiviéd r ange of

co-stinul at or [ | . prqvid by.the s., l.n.ot her enbodi ngnts, the
subopt i ﬁ%“*&%ﬁ&iﬂ%ﬂﬁ'ﬁﬁ%ﬁ%ranﬁﬂ]ﬁﬁ%/fP"ng”b?fAtE‘??F Feflsds WGW?SEIGEJO%@H{EE&I ows T

cel hs achiuMihOme aRMYFohé APESh al dii k@ialiorddan b8 dsfiniiiédduding atd/gnal from the
25 APC s. In certain enbodi nents, suitable ampunts of apti-CD3 anti body can

range followingsewultpimspfithe Tadlsendthc ARClnoAs wed Bereinyrstivaton of foello || or
nore. |In LEent. ' - tities of
pl ant | 8%}0%8%{6%%%&?%%@”%1%?&%@%% %‘?%‘Jﬁtﬁ%ﬁg%ﬁg‘?ﬂé&ﬁg% . 0T ]gN&gncent ration
or quantodtyctia APC’$. Rititble @reelrfitnoiies imdudepfor gaaple, BoOreases gi ed will
depgnd on ti?ch_eé:):v(i;j:rposi t i'tﬁn SZ| ecgt d. ,gotj nual cf)ﬁf:ent ratlf' nsglf plant lectin
or i t off@Hcasion agsACIAted Kth dcregsed cF@BP(‘:‘ Fition, chapges Lexiac u%ﬁ °to the skilled

ar t hgan;ARekiRIaP $Rokine production, changes in T cell activation markers, and other responses
of T cells to antigen presenting cells (e.g., an antigen-specific signal and a co-stimulatory
signal).

The T cells used in the assay can be an enriched T cell preparation, an APC-
depleted T cell preparation or substantially purified T cell preparations (infra). The T cells
25  have a known functional activity. As used herein, a known functional activity refers to a
reproducible response of the T cells to the same co-stimulatory signal (from APC’s) and
same concentration of antigen-mimetic agent. For example, the known functional activity
can be a predetermined proliferation (e.g., DNA replication measured by incorporation of
SH-thymidine), extracellular cytokine production, intraceliular cytokine production, and/or
30  expression of T cell activation markers, in response to the same amount of co-stimulatory
signal and antigen-mimetic agent. The predetermined functional activity of the T cells can
be determined prior to, concurrent with, or subsequent to, the methods described herein.
The antigen-mimetic agent can be, for example, a polyclonal antibody, a
monoclonal antibody, an antigen binding fragment of an antibody, or other molecule which

35  canbind to 2 T cell receptor and provide an antigen-mimetic signal. In certain embodiments,
6




opti mal concentration can be easily selected. For exanple, an optinal
concentration of PHA is 1 to 5 g/m, in an enbodi nent of Noyhenben?edft i on

- less than 1 pg/m would be used as a sub- optinmal concentration. A suitable
anount ovoopmasmssty of T cells and APC s can be cont aceeErusesTac¥s Novenber
2006 WD 03/095668 PCT/ US03/ 14614 In certain enbodi nents, the assay is

per f or neilie antigbmwinete agenflis ¢ €DB bimdirigagent Sudhasrad D binding antitdger fm om  f or

exanpl e, about. 1:3.APC s.to ells.to about 1:1 PC..s to T. cells. The T
Cotl e ouBE R ehmpnd eftot. R S pRifsaRORRHsT Lis 3t R pffntisE co.

cul t ur i ngonwiclohal Aol tHed bindX G'Halidsaridnt CF3| conparenPef thOMcalt teRehion(k.5, subopt i mal
concentrations 5 of the antigen-mnetic aaent I mmobilized in the wells of

tissue CORL{r £5%re-gn Thagpasetel, di pmaaol N keAHA2(1993) the ¢gclopureof phich Apc s and
anti n-m'dz&%bﬁeag WfeieAl Rfeif %ﬂlaﬁmteﬂ@ ' fnt3hn RPUL the
sarregfi e, | a%_ege I ary erlwﬁggli%ﬁéﬁt, bt. e an’ttlﬁgg%?rlﬁd%%a% nqttggant can be

i mrobi | i poedsglonplrandbadydhas bitids ieCD3 e, afher peitigns dfatT enth re@ptoneing myignies e |

Sui t abl &nft E!;Bgcﬁﬁ(%i ntigen-mnetic 10 agent, e.g., an anti-CD3 nonocl onal
anti body, €an-range? fTor exanple, fromabout 0.1 to about 50 ng, or nore,

per well of a 96 Ineddditiohaltetboditlehtoviheghiipenmirhdticagtdt @i bd, i exahls aar e

typi call shed to renove unbgund antigen-m nefic agent. | n other

enbodi néffﬂ“\éAfecfH% ?fé?lmgieﬁgl'%‘b%hSP i GoBocRiE o vt eOASIERRS VU sui tabl e
Pr enar atckiia cojuftibn %iﬂl%ﬁlsﬁﬁlﬁ}atoh%%gmﬂﬁhé‘d byHRPOYS! T fhe GBdeh& oFRel 15

nonocytes. I n Other enbodi nents, APC s can be activated non-nom nal

APC s, stimhlatosy sigriabhowgverpihe subpptiradl jcgncentrasioh psameymnt efthe plentilegtingr

endot hel i.a| || f he d ture.. or ok ur PCs and T
cells arnl'el?olgf/rgl‘lgélgﬁuyf/g cgegl-t cuﬁg[nﬁl}%%q? el et a%é‘?athc?g'aglg t"ﬁégmﬁgegu{r%%d,b\ al t hough
gr eat er imdhaie] fo ampld, caramivelin | phiytohéhezphigiaipewhéat ghren gupghsiain; | nventi on.

Co-cul turjn Is typically, perfaormed for sufficient, ti to allo
activat iP81_ﬁ° i wipgy ad g i e‘égmltlﬁglﬁogq%?ﬁynml% OFigiRctils: %?}_{WE
di f fer e@tdx?ﬁlb%cﬁ @Hﬁeﬂ&oﬂ@hyglgélplk&@ccgﬂcpr@teﬁ'ﬁg Bhérb6BR{rishY F0Sdte GVATHRE Ur €

APC's or APC precursors. T activation can be determ ned during and/or
fol | owi leg lke- cul turing of the T cells and the APC's. Suitable assays for T

cell activation ifqclud fqr .e |.e replication says (e.g.,
3Ht hym di ne i ncoﬁlﬁo#%ﬁsgﬂe)q?’pl%@gg%%ﬂ?%aﬁlﬁg?t:}?ﬁ@?’i‘cgﬁﬁ%‘%@ni’g production
assays (gfandity offahtigef-mintefio/agatit. ONBlsed herdinth tsiboptinteedoncanftidnael | acti vation

mar ker _assays .(e.q..,. flow cytonetry). . L.
' . “su%optl};nal g}uan%ty” rei!'ers fo a%oncentratl})ll)l or amount of the antigen-mimetic agent that

U

20  does not stimulate maximal T cell activation by itself. In a typical embodiment, the
suboptimal concentration or quantity of the antigen-mimetic agent allows a linear response
(i.e., activation) by the T cells over a desired range of co-stimulatory signal provided by the
APC’s. In other embodiments, the suboptimal concentration or quantity of antigen-mimetic
agent allows T cell activation above a threshold level of co-stimulatory signal from the

25 APC’s.

In certain embodiments, suitable amounts of anti-CD3 antibody can range
from about 0.05 to about 20 ng/100 pl, or about 50 ng/100 pl, or more. In other
embodiments, suboptimal concentrations or quantities of plant lectins and mitogens of non-
plant origin are used. The concentration or quantity of plant lectin or mitogen of non-plant

30 origin used will depend on the composition selected. Optimal concentrations of plant lectin
or mitogen of non-plant origin typically used are well known to the skilled artisan and 2 sub-
optimal concentration can be easily selected. For example, an optimal concentration of PHA
is 1 to 5 pg/ml, in an embodiment of the invention less than 1 pg/ml would be used as a sub-
optimal concentration. A suitable amount or quantity of T cells and APC’s can be contacted.
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Activation of T cells can be correlated wwth T cell proliferation, such as
DNA replication, which can be neasured, for exanple, by Neywhited2006/m di ne
i ncorporation (e.g., 3Hthymdine or other suitable |abel). Co-cultures of
T cel | sWh@/0ABEB s can be pul sed with 30 the | abel (e.RET/USBH46RYM di ne,
about 1 pC/well) for about 6 to about 24 hours. The cells can then be

col | ect &deefteingmbodigients, the ewhy ispenfarmsd atrlpwARE toflecallvatinsp Sucktratipscasli oact i vity

nmeasured b liguid scintillati Ctr 0SGONYs. TRArY nbodi nents, the
AP 5. et o B Py gb 1 AR s BRE S AR TR C e BB 1 pr event
APC DNA repl i cat iThe.T &l esnt@tcoinadtyd witlhthe Intixehinsimetiaapchiprivepatoat ed fromt he
APC s prior to.determning the anpunt of |abe] jncorporated. 8 .7 Novenber
2006 meﬂbwa%'gé_é’%%%@n@zéﬁcgﬁwe&m%ﬁ Hith Spolired] ORI Rbas ur od by
ext r§ceb#ﬁile 3iitigRh-nlifbh Apehd ittinfibiliz6d fa @kd WAIsRIE ASHUE bhiRRe oSHieRRE plafe®r . €xanpl e,
| FNy and/or |L-2 production, and the |like. Extracellular cytokine

pr oduct iAdtamativelys therfeedlsrARC s pndratigenrhinetiy 2giwh Al dontapted/@the ssmeone  or nore

cyt oki nﬁls11 iopatca%ﬁtlfﬁeesa{}i%% Typi cal ly an i munoassay (e.g., ELISA assay, 5
sandwi ¢ gssay, I nmunoprecT pitation assay, or Western blotting) can be

used, although otthei exeagday smbatimaitshe htigentirirabliceageftSerehe imnapbilizedr | ow and

Lane, Using Anti bodi es, Labqr at or ual., Cold rj.ng Harbor

Labor at 8§, MR 13”%[?_9@%’?1’ gégeﬁpéw)lc\)/g‘}#%’%?mﬂ?ﬂ%‘#%ﬁége% B orated by

ref g engenheLehn a%ti-E% rhoHob 18R btibody, chyfaffid, i ek@WSlk Srom MBBUN@AgSays or ot her
e

assays can be used. T cells can optionally be separated fromthe APC s
(e.g., Byutd) amprwere pay wslladd 96 ek plgtee Following immobilipatiopgthgwellsare pri or t o

assay fQr..i ' . Lane,

cupr 2. ) Bpis Bl RBE oAby O S Feh SH ey b el el BB GBOE (ST0,
modul at inetibatiod tithecald|coaditionsatn baussdir kers. Such markers incl ude, for

exampl e, CD25 (alsp referred to , Lnterl eukin recept or. al pha chain),
CDGgp(aI o) reférﬁ@ﬁ@lﬁpﬁgm@@sﬁ&% ﬁ/}ll}"E ﬁr?"élpgé’igl%?g?%eﬁlﬁ%dotp as Pg?)- 1),
CDl%f A ﬁlraul?élil einBodifehts; the ARCERADbe RAVAeFRAH bininAAPCES)Suchiake. The

nmodul ation of T cell activation markers can be measured, for exanple, by
~ det er ni for axampdt Bresls, T oellpros epithalial evendethelial geliga The WhICSs capbe iBais e, changes

B L
ot her pilioaggrenasmd letde dimss e withivathé scapd ofithé present inycritiomuGoaslaming 20 such
ot er i RAWEBY PEHG SUARIEHELATHg Ay 20k ORL G D bR B e s,
tragger it aRirdd?et ME iffef@fiation and/or maturation of 2 significant number of immature
APC’s or APC precursors.
T cell activation can be determined during and/or following co-culturing of
the T cells and the APC’s. Suitable assays for T cell activation include, for example, DNA
replication assays (e.g., *H-thymidine incorporation), extracellular and/or cytokine
25  production assays (e.g., ELISA, flow cytometry, and the like), and T cell activation marker
' assays (e.g., flow cytometry).
‘Activation of T cells can be correlated with T cell proliferation, such as DNA
replication, which can be measured, for example, by Iabeled thymidine incorporation (e.g.,
*H-thymidine or other suitable Iabel). Co-cultures of T cells and APC’s can be pulsed with
30 the label (e.g., *H-thymidine, about 1 pCi/well) for about 6 to about 24 hours. The cells can
then be collected (e.g., using a cell harvester) and the incorporated radioactivity measured by
liquid scintillation spectroscopy. In certain embodiments, the APC’s can be inactivated prior
to co-culturing with the T cells to prevent APC DNA replication. Alternatively, the T cells
can be separated from the APC’s prior to determining the amount of label incorporated.

8




the like. nRNA | evel s can be determ ned by, for exanple, Northern blotting,
pol ynerase chain reaction (e.g., RT-PCR), other hybri di7Z4evestbeadedys
(e.g., assays using GeneChip(r) probe arrays, and the like), or other
assays. W038@956€8. 9. , Sanbrook et al., Ml ecul ar C oni RgT/U&/1A6lLabor at ory
Manual , 3rd ed., Cold Spring Harbor Publish., Cold Spring Harbor, NY
(2001); Ausubel &toelhhctivaiiuralsoran pe oeasraddyienrapildengr anrappBl8 gy, 4t h ed:,

John W/l ey.and ons w .Yor k ) at . r.Sa..5, 445, 934;

5, 532, 1‘2’@%’}’5‘%’6‘? ?“%%%I%E%‘Rf’%?’%%ﬁ%‘gﬁ %r?i‘%}&?%g? %i‘%‘i‘z, 087:

5, 424, 188yac8liufd 9yt88Ks proddetion 3ai'be theadirdd By &itermitBay cHafides in ey 826f ofB6;

5, 545, 531; 5,554,501; 5,561,071; 5,6571,639; 5, 5&3, 5,599, 695;

5. 624, Tarmorggytekimsan quimre media. STYRGRILE 3 MHOAAK @S@%@éaé‘iﬂymm ch are herein
i ncaqr po initati ' L we&d, hishotlgh 6théri ned by

t he%;ctslra@%ﬁa%%%%%@%ﬁglﬁ?&%ﬁ%ﬂdwg%trﬁggﬁn g?ll)gﬁo%t I onal | y@can be

adj ust eadsdys can alsorbeduitabit (Bse, &.beHadek grdoland, Using Awridboilien Adiabeteeory cel | s

cont act Wi, t e. anfi.gen-Jn neti fy: A | one. 9 7
Noverrbﬁ%@l%r@gﬁ?%@éW%Wﬁﬁg%%gﬁﬁi%g%@p%n, t %higctivation can
opt i onqhbdp&?te@sljr %%%GP[&Emgﬁﬁi&gﬁtﬁmﬂﬂdre?me Ie}‘veln,dmﬁﬁn) ﬁzmkdays of othert hg T cell
preparation (e.qg., cells, cells, and the like T term ne

act i vataseays cag hethsest W%@lﬁﬁﬂopg%ybﬁéwtﬁoqﬁ@%&% rgOEPfd activation)
ca e ' I | b i EvieRinks to

dez|1 eot)m' %gg%ﬁ{é%%g%%gx ﬁ ?s?'rtoﬁg?rgrc 91%%{1{}31‘\???51&&9 afbﬁgfo,&gﬁfasca??rg#,@ dendritic

cel | s) .leveds. USexle.poHerlow awd Eangywprad) acti vation index can refer to a

titati | ' f . ' . | at ed
WTh the anti gentt HeaR e dmBee ot ayalBh 6t i epindy 63 plluaf f ¢! &1 ©
lexarr}al G%f'% éﬁ? aﬁﬁﬁaﬁ&dﬁ_ o afteC Sushaharers inethdy, flsﬁaXailnpleaCDﬁﬁ eai;slombhl‘elmlxbdlom& (e.g., a
evel o t hym di ne i ncorporatian, ve ex}f L.ac r or
i nt r ac dnfeglegkin ﬁc@%ﬁ’fr?él_’lﬁrcbﬂﬁ)gppéﬂ ,(alﬁ?rregeﬁéf?f?raésvgﬁ%r @aﬁbﬁ%@%sence of one
OF {07 &ofbrfld as?g#-g%?ﬂ(lg@ éﬂ?cf %Fe?r?% to ab1E-25E@PEAbEa Bsft)ValdiRelikeNdBy al so  can

be & series of rent anounts of 3H—thém' di ne
i ncor paneduldion ofifroelhacivation matkeracas Hemeasuresk, firsxample by degrm@ngoki ne

production, or presence a sence _of. T.cel |l . | ' rker(s)),
correl a"(hé’&geﬁn“’(mgtﬁﬁnfﬁ?‘@?si %é‘ﬁﬂé‘gi‘?"g b? OLEXERPIE, AATESS n@ﬁ{gkﬁg‘%&ﬁ%ﬂ?ﬁe APC's. In
ot her  egeapRliieB BY SowchRmeirpasiay Hbéled invibbdievnghinstabe T acll dntivatioalmarkers,ve (e. g.,
the presence 15 and/or absence of one qr nore T cell activation markers,

the pr csanaiption Patomes oticoprotjus grioniated Wtg et 2gHTaLam FY HREVAREY:  For
X et ERUSRRTER s s st o0 e
the - determined for the message encoding the T cell activation markers, transcription factors, and
the like. mRNA levels can be determined by, for example, Northern blotting, polymerase
chain reaction {e.g., RT-PCR), other hybridization assays (e.g., assays using GeneChip®
probe arrays, and the like), or other assays. (See, e.g., Sambrook et al.', Molecular Cloning,
25 A Laboratory Manual, 3rd ed., Cold Spring Harbor Publish., Cold Spring Harbor, NY
. (2001); Ausubel et al., Current Protocols in Molecular Biology, 4th ed., John Wiley and
Sons, New York (1999); U.S. Patent Numbers: 5,445,934; 5,532,128; 5,556,752; 5,242,974,
5,384,261, 5,405,783; 5,412,087; 5,424,186; 5,429,807; 5,436,327, 5,472,672; 5,527,681,
5,529,756; 5,545,531; 5,554,501; 5,561,071, 5,571,639; 5,593,839; 5,599,695; 5,624,711,
30 5,658,734; and 5,700,637; the disclosures of which are herein incorporated by reference.)
The activation of the T cells determined by the activation assay (the
determined activation) optionally can be adjusted (i.e., reduced) by the background
activation of the T cells contacted with the antigen-mimetic agent, and/or the APC’s, alone.




degree or level of T cell activation, which can be directly proportional to
the degree or level of co-stimulation (or potency) of t/HEowmtbes20080 | n
certain enbodi ments, a standard activation index can be calculated as a
rati o owWoedN$seest i on (e.g., cpn) resulting from cont aecrugositdeael | s and

anti-CD3 antibody with APCs (of unknown potency) versus the activation
resul t i hcpdfitiomtiactivgionregn dptivekllybeadiisiad for badkpeundiavbls @fngon edllsin  APC s) .

The resyl ti ng of val C e l.ndex .of,..APC co stimulatory activity or
potency&‘e%‘lﬁgﬁlgpg@%ﬁgﬁdﬂ? f’\@??%fﬁ]’alnﬁg%ex ¢4n be deternined using an

i ndi vi dual  pr epahatétemindd abtivaioh 6withont aravithbat ssbanadiondbfzledatigsandon one or
nore T cell  preparations, | certain enpbqdj nents, .t st.gndar d, acti vati on
i ndex C%V%HH@P@FI‘P?WE@'%?FEQS ‘{aé‘f@tlgﬂl%‘ ‘ﬁ*ie’qg‘éﬁ‘ﬁe'_ﬁf‘@%a{? Q%PIB%“% °T cell
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for ~ decanbepsérieg of vedueg s differsnt amqunie wArthysrdiae inaprporatipn, apavnls o ni ng

pr ese“t&gag ufdf or%nu&%ﬁﬂ%%ﬂﬂég}go@@g@g&gr&xn& RSP Aselde@PTREN AFC s. As

di scussé ove, preparatrons can vary in thelir ability to take
up, prosisstionncrieiE) skrehtedivgthndifférmg leehmf Teell nestimelatiaherydhe APC’scel | s

enerally exhibit redyced ability.to. yptak LOCEessS an resent new
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mat uration. Antigen .Er esentation can be a _measure of, or can be correlated
with, tpredustipn, iami?theﬂl o) Foppample, i cegiie eppodimerss diestaardacwlia® 10 a certain

,P ; g g € E),]? fnﬁr%(gcl%ﬁl b?cgc;nibegﬁé;clsvg% 3 ?15_,@(5(%1591 SPESARafe Moot ARG M m&S R #9 to the

degree or level of T cell activation, which can be directly proportional to the degree or level
of co-stimulation (or potency) of the APC’s.

20 In certain embodiments, a standard activation index can be calculated as a
ratio of activation (e.g., cpm) resulting from contacting T cells and anti-CD3 antibody with
APCs (of unknown potency) versus the activation resulting from contacting T cells and anti-
CD3 antibody (without APC’s). The resulting of value can be an index of APC co-
stimulatory activity or potency.

25 The standard activation index can be determined using an individual

preparation of T cells, or can be standardized based on one or more T cell preparations. In
certain embodiments, the standard activation index can be determined using a reference T
cell preparation or T cell line and 2 reference APC preparation or APC cell line.
The determined activation, and corresponding standard activation index (or
30  indices) is typically directly proportional to the co-stimulatory activity of the APC’s. Thus,
the APC co-stimulatory activity can be used, for example, to qualify APC’s for research, for
animal studies, for clinical trials, and other non-clinical uses. Additionally, the APC co-
stimulatory activity assay can be used to determine the consistency of APC preparations, or
as a quality control assay for APC products (e.g., cellular vaccine products). '

35
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upt ake and, optionally, processing and/or presentation of the

pr edet e $3@8568ht | gen (or epitopes thereof). 15 The aarusos/abiat he
predeterm ned antigen presented by the APC s can be correlated with

pr esent afAo ANkgED cnianeesay nmeasuri ng | oadi ng and/ or processing within

A 51 | PSRRI OB e LGRS SRt uBHGRL Y L

context of an MHC no assays are’’co rred to as
" pr esentdetdarminimpsthagwlityosf a pptpaseion of APC’s by déterminiag pteeentatioedf ant i gen can be,
for exanpl a. bacterial or viral ti,gen, .a 2 unor -speci fic or

t o - adBelesinal EEen B Pepeion A6 oh dippeset B00E FRBREBR e br ane

pr epar at AR(YPs chibirpintRleiPAHi g @ aRe uff, bRk UhPprsent SO HE S%RAPIS mallire

| i posones), .or other _antigens. In an exenplary enbodi nent, the antigen is

pr ost at edesgritic qellegananBy exbibnetnogd abilipymenpipke, pigcess pedprascalAsHANNERSs, t he

t N1 [ ' ted with
oad no e ESE LMot bl PO At Py RGBSt S0 OF W
ant i gen, effidiently@idcessand prestnt dntigamchintiptbioratibh.y Antigeh @ebstmatioa wavee ant | gen

i ni tside the cel el | |ysat b d, t he | ysat
'y ecHeRP O eaacob Sgttated ety T of e SR D B bt AR ant . gen
| cad@d hycefthia pAREtefnindd iig@s s}lw oﬁﬂ‘?ﬂsﬁﬂﬁle\&&it%@ﬁh, attortiig to ¢he thdd FA assay,

I Ke.

| mmunopreci pitation, and the See, e.g., Harlow and Lane, 30 supra.)
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presentation can “Pl% pggéegarrmmm%gnt%%n I:aln%vev, for example, a bacterial or viral antigen, a

20  tumor-specific or tumor-associated antigen (e.g., tumor cell lysate, tumor cell membrane
preparation, isolated antigen(s) from tumors, fusion proteins, or liposomes), or other
antigens. In an exemplary embodiment, the antigen is prostate specific membrane antigen
(PSMA).

In certain embodiments, the amount of predetermined antigen presentation

25  canbe correlated with loading of the antigen by APC’s. For example, APC’s can be loaded
with antigen, the cells collected, and optionally washed to remove antigen remaining outside
the cell. Cell lysates can be prepared, and the lysates analyzed by immunoassay to determine
the amount of predetermined antigen loaded by the APC’s. Such assays include Western
blotting, ELISA assay, immunoprecipitation, and the like. (See, e.g., Harlow and Lane,

30 supra.)

In additional embodiments, presentation of predetermined antigen can be
determined by detecting presented antigen (or epitopes thereof) on the surface of APC’s. For
example, APC’s contacted with the predetermined antigen can be treated with a solubilizing
agent (e.g., TWEEN®, sodium dodecyl sulfate or NP40®), by osmotic shock, and the like.

35  Released antigen (or epitope(s) thereof) can be detected by, for example, immunoassay (e.g.,
11




cytonetry. For exanple, APL's can be contacted with a predeterm ned
antigen, and, following a suitable incubation period, th¥ovontegd®¥d APL's
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cell purification can be achieved, for exanple, by positive or negative 35
sel ection_including, but not limted to, the use of antibodies directed to
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T cells for use according to the present invention can be prepared according to

20  methods known in the art. For antigen-independent co-stimulation assay, the T cells can be
- an enriched T cell preparation, an APC-depleted T cell preparation, or a substantially
purified T cell preparation-(infra). T cells, or a subset of T cells, can be obtained from
various lymphoid tissues. Such tissues include, but are not limited to, the spleen, lymph
nodes, and peripheral blood. The T cells can be a mixed T cell population or a purified T
25  cell subset.

In certain embodiments, the T cells are an enriched T cell preparation, in
which the number or percentage of T cells is increased with respect to an isolated population
of T cells. In other embodiments, the T cells are substantially free of APC’s, in which most
(e.g., >75%) of the APC’s have been separated from the T cells. In an exemplary

30  embodiment, peripheral blood mononuclear cells (PBMCs) can be obtained from blood, such
as in heparinized vials. The PBMCs can be separated from red blood cells by centrifugation
(e.g., using HISTOPAQUE® 1077 (Sigma Aldrich Co.)) and PBMCs recovered from the
interface. The recovered PBMC:s optionally can be washed {e.g., with PBS).

T cell puziﬁcatipn can be achieved, for example, by positive or negative

35  selection including, but not limited to, the use of antibodies directed to CD2, CD3, CD4,
12 :




WO 03/ 095668 PCT/ US03/ 14614 CD5, CDS, CD 14, CD 19, and/or MHC cl ass |1
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hepgy | ey Shdftn iRRRSHRAI 16vedbf T GHIKRATRIE . &, ley thipdbatt 396 opldsuf fy coat s,
rosetting, centrifugation, density gl[Ladl ent centrifugation (e.g., using

" Fi col'| thangbhutdds, of bejeptivixaily ¢alls). (coll oidal silica particles),
sucrose, and the,h} | L gl LysS] ﬁiglmﬁég as, 20
filtration, and ﬁgﬁ%iggb%ﬁﬁéﬁg%%gtvgﬁ%%%u og{cf%g{&}:dgn al so g%&?r epared by
col | ecttiungn ptimatds, ofteomamnmishralotertetntattd, Un certain engbadiments;dP€ 1 daa bpl at el et s and

l'ysing the red bl II's. The . |eukogyt | at | topal Iy b
e 1 ChHPRRE TBRIGH o TG o Porio oy AR & cniine B oA ORS) Y, OF
canysbe HhAiRE doful4ioh 3f akécHiey, PéputibhcsFidikodtsasbegrepdrad ihletledsi red use

of the enriched ‘popul ation 0f |eukocytes. The subject can pe heal t hy 25
subj ectknown tethpserskilled in the s oBuckangthods bpically ssiuds ellectinediepandZsdi ect in need

o S A PR o Conf e o o o1 1T
cel | s aqnsilygraiinetmeifagation(ag suijgditol (srhreBECQEL-PARIRES), AERGAs| on, such
R R e e O R L
] L ety 1 c £3 | pr ocur Sor's. Can
‘be i solfmimea gubject, defibrinating to remove the ﬁlatelets and lysing the red blood ¢ells. The
leukocyte population can optionally be enriched for monocytic dendritic cell precursors.
Blood cell populations can be obtained from a variety of subjects, according
to the desired use of the enriched population of leukocytes. The subject can be a healthy
25  subject. Alternatively, blood cells can be obtained from a subject in need of
immunostimulation, such as, for example, a cancer patient or other patient for which
immunostimulation will be beneficial. Likewise, blood cells can be obtained from a subject
in need of immune suppression, such as, for example, a patient having an avutoimmune
disorder (e.g., rheumatoid arthritis, diabetes, lupus, multiple sclerosis,. and the like). A
30  population of leukocytes also can be obtained from an HLA-matched healthy individual.
" In certain embodiments, monocytic dendritic cell precursors can be isolated,
- for example, by contacting enriched leukocytes or monocytes with a monocytic dendritic cell
precursor adhering substrate. (See, ¢.g., U.S. Provisional Patent Application No. 60/307,978
(filed July 25, 2001); the disclosure of which is incorporated by reference herein.) Briefly,

35  when a population of enriched leukocytes or monocytes is contacted with the substrate, the
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for exanple, by contacting enriched | eukocytes or nonocytes with a
monocytic dendritic cell precursor adhering substrate. 71Saember g0gé U. S.
Provi si onal Patent Application No. 60/307,978 (filed July 25, 2001); the
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monocy t BbEFaki Thy Sprese of the subsplg cathbe qopfed Withe fop pxamplt, BrOpgU,© Feukocyt e-
or {{PNAGYH, &s, SRrufddGe/MEREdphRsRtIGHy mﬁathﬁlF_Fhéi@r, @Rk Uisaddendritic cell
precursor adhering substrate, the monocyfic dendritic cell 15 precursors
adher e Interlebian $3ilpdasmat such & sutologovsensilloginic plansy meneryterindieg P endri ti ¢
cell pr rsors on the substrate. Monocytic dendritic cell precursor .

bi ndi ngaugiﬁe “nonitored, for exanple, by antibody detection using
anti-cel | surfacafRpédneitigthe kakéoyte- osmotvcgiesenficred celk ponulation sithitheCD 14

anti bodi es, by, FACS forward and side, scatter analysis,..and,the like. In
some erm@aﬂcmegslﬂ@%ﬂw&%emdgemb%ﬁa% epgongq;m! AEHEF h the substrate

f9r1sab35}3qf;gso}sﬂadh&% t@@@@ﬁbsé&@t&@oﬂﬂb&lﬁ?leﬁhﬁmﬁﬂéﬁigcﬁbﬂoﬁé frifdeello about 120

m nut es. e nonocytic dendritic cell precursor conplexes can gptionally be
washed produrdorsorsthe subbirate. Wdedcnidc dantlfitie callprecursonkindipg candedndnitered) v bound

| euk . _Syi t abl hi.ng. buf f er s.i o i | di
v eERiaa 7 Sy B pthd LG Ml A chatf 8, AECL 2 (. O
sal i ne, exBhibReaticCH1PheBbAtias By BACKdomdrdaiistie scatackmatysis2mdithddike. Tihe nedi a

can be supplenented with amno acids, vita 'nﬁl, and/ or orm)ng§ to
some embodiments, the leukocyte population is contacted with the substrate 1or about 5 to

20  about 300 minutes, more typically about 30 to about 120 minutes.

The monocytic dendritic cell precursor complexes can optionally be washed
with a suitable washing buffer to remove non-specifically bound leukocytes. Suitable
washing buffers include tissue culture media (e.g., AIM-V, RPMI 1640, DMEM, X-VIVO
15, and the like), phosphate buffered saline, Dulbecco’s phosphate buffered saline, and the

25  like. The media can be supplemented with amino acids, vitamins, and/or hormones to

.~ promote the viability and/or proliferation of the monocytic dendritic cell precursors. The

' efficacy of washing can be monitored by FACS forward and side scatter analysis of the
washing buffer, by staining eluted cells for cell surface markers, and the like. Typically, the
complexes are washed several times to remove non-specifically bound leukocytes.

30 The adhered monocytic dendritic cell precursors can be eluted from the
substrate. For example, the precursors can be eluted from the substrate by treatment with
phosphate buffered saline containing 0.4% EDTA or other non-toxic chelating agent. The
monocytic dendritic cell precursors are typically eluted from the substrate without the use of

trypsin or other proteases.
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factors or conditions that uce APC actiVvity. Such non-nom nal AFC s can
be pr epsrpeepased@orondingtotroetheds frpokgn lofbewrt.i n the art. Cul ture, Expansion and
Differentiation of APC s The APC s can be cul tured, expanded,

differentiated and/or, matured, as 20 desired, according to the according

to the type gt APC TG ARG SiSapAjengul tured in any
The APC’s can be cultured, expanded, differentiated and/or, matured, as
20  desired, according to the according to the type of APC. The APC’s can be cultured in any
suitable culture vessel, such as, for example, culture plates, flasks, culture bags, bioreactors,
and the like. (See, e.g., U.S. Provisional Patent Application No. 60/307,978 (filed July 25,

2001).)

In certain embodiments, APC’s can be cultured in suitable culture or growth

25  medium fo maintain and/or expand the number of APC’s in the preparation. The culture
media can be selected according to the type of APC isolated. For example, mature APC’s,
such as mature dendritic cells, can be cultured in growth media suitable for their
maintenance and expansion, such as, for example, ATM-V, RPMI 1640, DMEM, X-VIVO
15, and the like. The culture medium can be supplemented with amino acids, vitamins,

30  antibiotics, divalent cations, and the like. In addition, cytokines, growth factors and/or
hormones, can be included in the growth media. For example, for the maintenance and/or
expansion of mature dendritic cells, cytokines, such as granulocyte/macrophage colony
stimulating factor (GM-CSF) and/or interleukin 4 (IL-4), are typically added at a
concentration of about 500 units/ml.
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suitable culture vessel, such as, for exanple, culture plates, flasks,

cul ture bags, bioreactors, and the like. (See, e.g., U7Nowmherg0&nal

Pat ent Application No. 60/307,978 (filed July 25, 2001).) In certain

enbodi mmotes/oese63C s can be cultured in suitable cultuperesoguowt h 25 nmedi um
to maintain and/or expand the nunber of AFC s in the preparation. The
culture nedia cdnother anthodirhents, mooangiARE’s cantheeulfwpdamifor AR@ndsol at ed. For

exanpl e tur PC s sych as ture. dendri t.i.c .cel ].s,, can cultured in
growt h HEGP 654%9% cglly ??P%F HE???‘TGHE? ?Pft@meg{sé’:ﬁgmé&ﬁg %q%eﬁ?us%ﬁlgﬁ as, for
exanpl erethh e ¥biliVupthRdthd Jbdebd ne-Miida. (342, e.ANH o al.j K Bunlof: 166t t ur e

medi um can be suppl enented with am no acids,-vitamns, .30 antibiotics,

di val en?3-48Q (18%9;) larfe cxeraplpnyiembodiventibrreaters derdsitig eplifean bt  act or s
and/ or Hl%ﬁi%{ﬁgag}eofgﬁdﬂei?%ain%&b‘éggd bftutd) S ga%ﬁ{kxﬁﬂle?m}fﬂf, ROXABYE, for the

mai nt enance a expansi on nmat ur e ritic cells, ‘cytokines, such as
gr anul oDMEMNESEEhEsg endtbe bkey The kittnre meding danbe swpleaonieSHth améoor

uni ¢ 5/ e wlsstikg, st sttt GBow pRLEE R pedpaf RN SRR, bRl | 20U 500
enmbodi NRRtess andiFFRbidioRed\BYa e ifichilel & b biowiethe@ia dFarexemplanfdetic | mmat ur e

dendritic ,cells can be preferred in certaipn aspects OL t'he i nvention
becausemﬁwwmqeéﬂgPW’@P@I%fWW&eﬂ‘&h& HRYOHRFBEE #hew anti gen. (See,

€. 019 ﬁg%hlgéyté?ﬂnacrophagé Eﬂgbﬁii%:tngu%g% £2088 (M 980 dr thteHlukad @KeNRlr@r y

enbodi (, I'mmature dendrl s can be cultured in 5 nedia suitable
f or t hetypicallly sided siraccencantration of abawf S@iitséd, for exanple, AIMV, RPM 1640,

DVEM X-VIVO 15, and.the. Li kg~ The. ' ted with
amino aci ds, vi G e A0 s FEuSi oAU A GRS QB &,

addi t i ofhethedd lakiviesthe gkilled dtisshact ors and/ or hornones, can be included in
the grow h nedi a. For exanple, for_the maintenance and/ ot[.%ﬁxpansi on of

i mmat ure dendri t iFseneEAipRS of SMAaTeARC’s ety matured (g omp MABe AELPacr ophage
| ' FASC ' gl | L-4),
co Piqyl %hgﬁlgggf ROC* AGh BEcut EYiEoF }’OIBWgBprbs‘ﬁhﬁB aﬁﬁ’é&h'@e.%{ 4 ), are

typica at a concentration of about 500 units/m. Qher immture
APC s cpredsterminedrantigand; aceoirding todhalypeciimmubue AB€or di ng to net hods known to
the skilled arti

an. Prepar.ations of .inmmature APC s .can ured to form
mature APC s. _13“ RS Spiogmenys. W@uc’@ﬁﬂ}" iléat{}fmgfﬁdflﬁgceég%f 'o” = owi ng
eXPOSUr atufbda Rt a8 mbRralion fadiors include, for example, cytokines (e.g., TNF-or), bacterial
| products (e.g., BCG), and the like.

20 In certain aspects of the invention, it is desirable to prepare APC’s specific for

a predetermined antigen. Such antigens can be, for example, bacterial and vigal antigens,
tumor specific or tumor associated antigens (e.g., tumor cell lysate, tumor cell membrane
preparation, isolated antigens from tumors, fusion proteins, or liposomes), or other antigens.
In an exemplary embodiment, immature dendritic cells are cultured in the presence of
25  prostate specific membrane antigen (PSMA) for cancer immunotherapy and/or tumor growth
| inhibition. AP(’s are typically contacted with the predetermined antigen and cultured for a
sulitable time to allow antigen uptake and processing.
In another aspect, isolated APC precursors are used to prepare preparations of
immature or mature APC’s. APC precursors can be cultured, differentiated, and/or matured,
30 asis known to the skilled artisan.
In certain embodiments, monoeytic dendritic cell precursors can be cultured
in the presence of suitable culture media (e.g., AIM-V, RPMI 1640, DMEM, X-VIVO 15,
and the like) supplemented with amino acids, vitamins, cytokines (e.g., GM-CSF and/or IL-
4), divalent cations, and the like, to promote differentiation of the monocytic Qendritic cell
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predeterm ned antigen), according to the type of immature APC. In certain
enbodi nents, preparations of immture dendritic cells cdhNbeembatOdged.

Sui tabl e maturation factors include, for exanple, cytokines (e.g., TNF-a),
bact eri o o3pwmdsict s (e.g., BCG., and the like. 20 |n menisaifasaspects of the
invention, it is desirable to prepare APC s specific for a predeterm ned
ant i genpreGitsdrs tritingams dedritibes]ls.f Artypond nytblene tandtination s hout 500 peits/raht i gens,
tunmor spegifi r.tuppr associ ated antigens (e.g., tunor cell |ysate, tunor
cel | ne%&ﬁ&%@hg"ﬁgﬁ’é ‘f"on, i sol ated antigens fromtunors, fusion proteins,

or |iposomes), OITheYAIRNwiSY éxk@BRS are phoVvidRa nRX¥&Y R illbiradtdsflati®dtaspdctinat ur e
dendritic cells are cultured in the presence of 25 prostate specific

nenbr anef theinverionepdshall npdhe copgiaed to pil HSERNCREQR AN AREYEY t unor growt h
inhibition. APC s are typically contacted with the predeterm ned anti gen
and gultured for a suitable tingxixgmigspw antigen uptake and processing.

I n anot her aspect, isolated APC precursors are used to prepare preparations

of i nmaty ! AR . APC precursors can be cul tured,
% Eﬁ_e ‘1).1 CM@&&?&&g g

di fferent mat ur 30 as is known to the skilled artisan. In
certain enmbodi merd this exempleydn antigerdiddépendent erl-stinprgion assay is weetiobe cul t ured

in the presenge of. syitable culture.nedia (e.g., AIMV, RPM 1640, DMEM

X- VI VO '%%f’s“re %Q%@’%PW&%SF@W&&QW th am no acids, vitam ns,
cytokines (e.g., avGRfceloghegiations wéie madl fheld differentdnman sibfectshas | i ke, to
pronote differentiation of the rmnocytici dendritic cell _ 16 Novenber 2006

VO U/ oblsws HBMC wstrdsalated fom frukepherssesbleaq fr P@m‘a%%‘rcrlﬁvfgd ko s A
~ typi ca%ﬁgmﬁ}%ﬁﬂﬁ&w% QBRE) APAheROPwiiR bdsShiblogofAniknR! fliMveSF and

I L-4. ow ng exanples ar’e provided nerely as illustrative of various
aspect sby abthehdeyi ofeeltire drtheprdsentedlBGlata dsadriiisrost] mabiation ag¢n%i t t he i nventi on

in any way. 5 EX@NP. ES |l e 1. Cos Sty allo .S exanple, an
ant i gen-i ndepend ﬁPﬁE@JBEﬁ%ﬂ’B&?ﬁ“@ﬁﬁa"@%@%&&i‘g etl)%%gl%n%gés@}%‘p%'he quality of
prepar at dukBghepdsed 1064 whs ditufed With buBered saline Covedtill apgr HICOLAtsomtien wed € made

from 26 different human subjects, .as 10 foll qws: PB% é?rﬁx i sol ated from
| eukbophwra fuOpmipees 4t 2008 wak Fhp hite Rellsah the dnterfage @grepisplated. Lhe co-

stimulatory function was removed from PBMC using magnetic bead selection. Briefly,
antibodies for MCH class IT were coupled to magnetic beads (Dynal Corp., New York). The
magnetic beads were added to PBMC to remove cells having MHC class II molecules as
follows: Beads were added to PBMC at 2-10 beads per cell, and incubated for one hour.

20  Following this incubation, bead-bound cells (APC) were removed using a magnetic device.
The resulting population of PBMC were largely APC-free and contained >50% T cells.

The proliferation assay was performed as follows: 1x 10* dendritic cells were

added to each well of a 96-well culture plate and contacted with I ng of anti-CD3 antibody
(BD Pharmingen, San Diego, California). Then 1 x 10° enriched T cells (supra) were

25  added, resulting in a final volume of 0.2 ml per well. The plate was incubated for 26 hours,
and then pulsed with 3H-thymidine. The plate was further incubated for 18 hours before

harvesting and determination of incorporated label.
T cell proliferation (delta‘ opm) was measured as the difference between H-
thymidine incorporation by T cells stimulated with a sample of the dendritic cell preparation
30  in the presence of anti-CD3 antibody minus *H-thymidine incorporation by T cells
stimulated with the sample of the dendritic cell preparation alone. The mean delta cpm for

each dendritic cell preparation was calculaied as the mean of triplicate samples.
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magneti c beads were added tq-P, r ve cells having MHC class ||
nol ecul es as foll ows: Beadgcvgggéu%lga'e%%?% PBMC at 2-10 beads per cell, and

| ncubapegtriteiCeline hotiCell 20 |FolTiCetts ng| TlUels Phs Ubatn Culls Plead: baehd clel | s

(APC) Vit ub®BDVE d.di Nulibe? |MRIPREI C deRbtiitic [h®eh@sidddllpg| pagmiiatli on of

PBMC iwere | argelly APC-free jangiaoms ai negefo0% T phl Ai-cOfef proliferation

assay GTHeT Fyoal [[OWS 3¢ X JLOZ MaTiTi C™g S Weless €d to each

wel | of?@“go@g?mgl 2‘8 ture tlatg and lcontacted|w th 18nq of jant1 - CIB

ant i HAYAOEBOORhpr FDHGERY $an BREgo,| Cal0Dornija). I¥ER 1 x| 108%4nrii ched T

cel | s~Cspprar—ywere2b—addeg—restHtHnrg—tpa—Hral—yplare—e—g—2-—rH per

wel | . I%%@dé‘ﬁﬁ?% m@ﬁfﬂgﬁﬁm ed ?%(FHT% hoawsg, nd t?\%‘ﬁﬁpul sadjggz’[']h
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harvesting and ermpatign of incarporated labhel T cellipraoliferation

(del t|DCHHOSERE medBINTE@0ag t hd2®i f fler er3é€ befweenZIB0 t hym 3428

| ncompatati-an=byT—ceths sttt “CdW‘[‘WI S 4t cel |

prepel}ﬁéﬁ Oggﬂ% i nT?ﬂe[YB?es ence of gnti - anti bo 8% nus| 3 ]t yni di ne

i ncor TToe=lfveo st mukzg ed [wit psgohe $anpl &506 t he| deyedi tfi ¢ cel |

pr epé The nmean delta cm far eath dendritic e_L_I__%r_e,par ati on

was ﬂ s TOEINBAn [of 820 plifcat ¥6Banples. G710 - L 65242 | ____. 7

Nove 03095564 PCIAISOS A6 The reswttsof —Th sqy are

shown 1 rfAL I o’\];\nﬁnng abl eklc‘?’idj'?abl e T Co- Bti nuTatory Assay ndritic

Cel | [DCE2R0IONVOCH | T03Ar€ot | ¢ Pl T Cel | 38181 us| Del t 604980t Nunbegs8sLAt Nunber

Pl us {DepdriticDendritic Cells CPM {Anti-CD3 Cells Plus Anti-CD3
DCAOL1JA01 | TCO29TANOL 281 1432 74576 73144
DCAO12AP01 | TCO2SJANO1 405 3586 29635 26049
DCAO1ZMAQ1 | TCO29JANO1 281 3324 49232 45908
DTX003MAO1 | TC029JANO1 405 665 32919 32254
DTX011JU00 TO31TY00 320 274 27906 27632
DTX014AU00 | TO31JY00 320 302 22958 22656
DTX016SE0Q T031JY00 320 774 53728 52954
DTXOI7TNV(00 | T031JYO00 320 484 27592 27108
DTX0170C00 T031JY00 320 632 28670 23038
DTX0180C00 T0317Y00 320 1395 52347 50952
DTX0200C00 T0317Y00 320 327 24655 24328
DTX021JA01 | TCO29JANO1 690 6916 42546 35630
DTX022JA01 | TC029JANOI 690 4746 41172 36426
DTX023JA01 | TC029JANO1 690 7977 51403 43426
DTX024MA01 | TC029JANO1 281 1242 66374 65132
DTX025MAQ1 | TC029JANO1 405 3932 44554 40622

5 T cells incubated with anti-CD3 antibody alone exhibited a mean cpm of

about 370. This low leve! of *H-thymidine incorporation establishes that anti-CD3 antibody
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DCA003JYOO T031JYQO 320 497 35987 35490 DCA004AUCO T031JYOO 320 700 39642
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est abl i shes t hat antl-CD3 antj body 18 7 Novenber 2006 WD 03/095668

PCTI USOBra fremd taprsotagergtblerdudifhopt i mal concentrations, T cells co-cul tured
vmtltb a sanple of the dendritic

Example 2: Specificity of the Antigen Independent Co-Stimulation Assay 7

The co-stimulation assay is based on the ability of certain types of APC’s to
stimulate antigen-independent T cell proliferation. The following studics were performed to
establish the specificity of the assay. |

15 . The non-dendritic cell types most commonly found in dendritic cells
- preparations were prepared and used in the co-stimulatory assay alone and spiked info a
characterized (reference) dendritic cell preparations. T cells, B cells and monocytes were
purified from peripheral blood mononuclear cells (PBMC) by magnetic bead separation with
negative-selection using antibodies. For T cells, antibodies to HLA-DR, CD19 and CD56
20  were used; for B cells, antibodies to CD2, CD3 and CD14 were used. For monocytes,
~ antibodies to CD3, CD19 and CD56 were used.

The assays were performed as follows: T cells, B cells and monocytes were
used instead of dendritic cells in the proliferation assay, as described in Example 1. T cells,
used in place of dendritic cells, were irradiated to prevent proliferation. Then allogenic

25 indicator T cells were added and proliferation determined 40 hours later, as described supra.
| T and B lymphocytes, when used in place of dendritic cells, were unable to
stimulate T cells in the co-stimulatory assay at any of the concentrations tested. As shown in
the following Table 2, monocytes isolated from PBMC were able to stimulate T cell
proliferation (*H-thymidine incorporation) when added at 2.5 times the cell number of
30  dendritic cells. However, the proliferation was much lower than that obtained using an equal

number of dendritic cells.
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cell preparation alone exhibited an average cpm of about 2281 cpm In
contrast, the mean delta cpmfor T cells co-cul tured w’tlhovember 2§99

anti body and the dendritic cells was 39,747 cpm wth a standard devi ation
of 14, 9% wpnssssThe di stribution of the delta cpm val ges/useshabranor mal , but
with significant skewing to the higher end of the range of delta cpm

val ues. A reference sanple of a défatikei2tic cell preparation froma normal
human donor had a nmean delta cpm of about 51,260, with a standard
deviation of 12,911 cpm Based on these d ta ndritic cell preparations

exhi biting prol i MORaENSn of 15 000 %/elt eat found to be
of acceptabl e oNambernpfCells Fxq %en | ndependent
Co- &tinul ati on Ass@Pxfe co- st"rlﬁtﬂoﬁtl on a§9§)10 s based bhe ability of
certain types of ARSXd sti mi0Pe anti gén- ppdependeﬁ Qel |
proliferation. The IBodHOBV\n ng st@di08s werelparforned t 0~34%%blish the
specificity of the6®sHy. 15 The nbn- dend6idti Wcel | typ&&0ifbst commonly
found in dendritic3cketl® preparatdons wesd ptepared and’.08kd in the
co-gtimul atory assaywmi®ne and spifed int d.6x 10Char act er+%8Q0 (refer ence)
dendritic cell pregamatdons. T cekds, B celgsidnd nonocyted were purified
from peri pheral bl gofy fggnonucl ear ~gel I s (BBMJ0*by magneti c~bead separation
with negative-selection using antibodies. For T cells, antibodies to
HLA- DR, CD19 and CD56 20 were used; for B cells, antibodies to CD2, CD3 and
CD 14 were used. For nonocytes, antibodies to CD3, CD19 and CD56 were
used. The assays f nd nonocyt es
e The 352y SOt Bl TRy s HE DT i, CBishsnand mon
descri kells inl’dleifdfﬂiﬂfmbkbpfbparitmns Iwlems, foundste Havereqpivalews cofstiviwlatiry eqtiyvitgand s, were
irradiated to preve i,f.eration. Then allogenic 25 indicator T cells
ver e ad¥eE§d %ﬁoﬁt@quﬁ%‘?%‘?néﬂu%“en‘i rm ned 40 hours later, as described supra.
T and B Iynphocytes when used in place of dendritic cells, were unable to

stinmulate T cells in the co-stjmul atory assay at any of the concentrations
tested Examplerds\fhapasterigation ob Perdfitis S epi e 2, nonocytes isol ated from PBMC

able to sti %@J&m-ll_ﬂcﬁ 'actt@try%lfb q ds%e(@b& dﬁag{ﬁvgbagahﬂtcorporatl on)

added at 2. I mes e ce f 30 tic cells. However, the
pr oI i f Xl lic@ositive Omlélnegaumewetetseparatebtbﬁrombpmpm@nﬁ dendriiis cellfil¥l  nunber of
dendritjc cells.. 19,7

fluorescent activated cell sortin, ”ttﬁic% using labeled antibody against CD14
(Pharmingen).
In these assays, CD11c positive, CD14 positive cells and CD11c positive,

25  CD14 negative cells from the dendritic cell preparation appeared to have equivalent co-

stimulatory activity. Thus, both cell types were collectively referred to as dendritic cells.

Example 4: Effect of Dendritic Cell Viability on the Co-stimulatory Assay

. The possible effect of dead cells on an assay according to the present

30  invention was determined. Briefly, dendritic cells were killed by treatment with 1%
formaldehyde for 30 minutes or by heating to 56°C for 1 hour. These dead (killed) cell
suspensions were tested in a co-stimulatory assay. The dead cells were mixed with live
dendritic cells at defined ratios. The assays were performed as described above in Example
1, except as otherwise described below.

35 As shown in the following Tables 3 and 4, heat-killed dendritic cells retained
essentially no activity in a co-stimulatory assay according to the present invention.
Formaldshyde-treated dendritic cells stili retain about 20% live dendritic cells, as determined
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WO 03/ 095668 PCT/ US03/ 14614 Table 2 Monocytes Dendritic Cells Nunber of
Cells Delta CPM Nunmber of Cells Delta CPM 5 50 x 103 - T6NOGHntEH 2806103
-39,000 25 x 103 -6,000 25 x 103 43,000 13 x 103 -2,000 13 x 103 -32,000
6.3 X 1Q0 oo x 103 -16,000 3.1 x 103 -0 3.1 x 10%ykeff@i4l0 1.6 x 103
-0 1.6 x 103 -2,000 0.8x103 -0 0.8XI03 -0 0.4x103 -0 0.4xI03 -0 15 CD14
posi t i vBy plepiliivitionias istainisy; GRbd GllanthifEdldinntgalyiavtyity@Diclicced dailsi #ea cells in
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(kil¥ed) cell suspensions were tested in a co-stinulatory assay. The dead
cells were mxed with live dendritigcgl!ls at defined ratios. The assays
were performed as described above in Exanple 1, except as otherw se

descri bed bel ow. 35 As sKE&eatof Bead{zells oh CovitimyplaferylAss2y3 and 4, heat-kill ed

according (o the' o BB RO [ R T sstimiatory assay
1000 Formaldehyde 27,076
2000 Formaldehyde 27,336
3000 Formaldehyde 27,661
5000 Formaldehyde 26,478
1000 Heat 25,391
2000 Heat 24,270
3000 Heat 23,560

10
~ Example 5: Linearity of the Antigen-Independent Co-Stimulation Assay
_ Increasing numbers of dendritic cells were added to fixed numbers of
indicator T cells to determine the relationship between dendritic cell number and *H-
thymidine assay. Zero, 2000, 6000 or 10,000 dendritic cells were placed in wells. The
15 following culture conditions were used, as described in Example 1 (e.g., 1 ng of anti-CD3

antibody per well with 10° T cells). The total incubation time was 40 hours; the last 18 hours
of incubation was performed in the presence of *H-thymidine.
*H-thymidine uptake of indicator T cells increased substantially lincarly as the
- mumber of dendritic cells increased In particular, the delta cpms observed were 0, about
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For mal dehyde-treated dendritic cells still retain about 20%1live dendritic
cells, as determined 20 7 Novenber 2006 WO 03/095668 PCTNugoshe260@ by
propi diumiodi de staining; these cells retain co-stinmulatory activity at
reducedweasawssss In a third experinent, the addition mftisoddsedd cells did
not interfere with the assay. Table 3 Effect of Cell Viability on

Co- St i NTDEA qmy, abes 4§,00Ceinh sndubeut 27600 vyh) reypiectively. tEpe fumuls 28830 | i ve DC

100% 2748 9t DC 63% 9 10 .for 957 10
noat 1 ek Q- Rbror iR art bprd b GPIRL P R Lis R BP0 |
Assay  NUshRnatery bRds dak bé Endéill Hegoplidnaon thddedibeef DALl | Met hod ¢ m 1000
For mal dehyde 27 076 2000 Fornal dehyde 27,336 3000 Fornal dehyde 27, 661

5000 For nal dehyde 26,478 1000 Heat 25,391 2000 Heat 24,270 3000 Heat
23,560 10 Exanple 5: Linearity of the Antigen-Independent Co-Stinulation
Assdy | Braepleb:nbrepiider s of dendritic cells were added to fixed nunbers of

i cator T ool Tl iRl i Besidfaldl gl abafif: hatupen dpadr i cel

nunber and 3 H I neassay 000 dendritic cells
were pl @aﬁdnnadbmwmg thfdeepdratofsokst dhve aagefhulot” dendritioealiss Fehopoigios used, as

descri bed of anti [ with 105 T
cells). eﬁtﬁ‘iﬁ‘f’gﬂg}&f WB%&‘N%&&‘E‘?(P ?/\as?nsfﬁuthvgﬁigs al?]tﬁ' dg@gasé%&)@é yﬁﬁuﬂps
duplicability (intra-assay variance), repeatability (inter-assay variance), and reproducibility
10  (inter-operator variance). The raw data are shown in the following Table 3. The coefficient

of variation (CV) ranged from 1.25 to 16.18, with higher CV observed at lower levels of *H-

thymidine incorporation.
: Table 5
15 Precision Of The Co-Stimulation Assay - Raw Data
Indicator T Cells With Dendritic Cells With Antigen
Without Anti-CD3 Antibody
CPM | CPM | CPM Mean SD Cv
Operator1 | Day 1 856 947 940 914 50.6 5.54
Day 2 3161 3769 3190 3373 343.0 10.17
Day 3 1126 1113 1226 1155 61.8 535
Operator 2 | Day 1 870 1180 946 999 161.6 16.18
Day 2 1092 1297 1379 1256 147.8 11.77
Day 3 3853 4249 4599 4234 373.2 8.82
Operator 3 | Day 1 977 | 1223 1132 1111 - | 1244 11.20
Day 2 913 1011 1218 1047 155.7 14.87
Day3 1556 1835 2118 1836 281.0 15.30
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Operator 3

Day 1

31390

31968

32644

32000.67
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1.96

Day 2

28011

31085

28443

29179.67

1664.14

5.70

Day 3

42181

40188

44625

42331.33

222232

5.25

All conditions were run in triplicate, so tripticate cpm values were examined

as a measuro of duplicabilty. Repeatability and reproducibility were analyzed using delta

cpm. The mean delta cpm, standard deviation and inter-assay Coefficient of Variation (CV)
for each operator are depicted in the following Table 6. The CV of Operator #1 was 57.8%,
for Operator, 2 14.4%, and for Operator 3, 19.6%. Reproducibility is represented by the CV

of the mean delta cpm for all three operators and is 14%.

Table 6
Repeatability And Reproducibility
Delta {Delta | Deltacpm | Mean Standard | Coefficient
cpm cpm Deltacpm | Deviation | of Variation
Operator 1 | 23852 | 65881 | 29101 39611 2901 57.8
Operator 2 | 25199 | 32590 | 32837 30209 4340 14.4
Operator 3 | 30890 | 28133 | 40495 33173 6489 19.6
MEAN | 34331 4807 14.0
Example 6:

PSMA-loaded dendritic cells are assayed as follows: The loaded dendritic
cells are lysed using a detergent, and the lysate equivalent of 5 x 10° cells is electrophoresed
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7 Novenber 2006 WD 03/ 095668 PCT/ US03/ 14614 Indicator T Cells Wth
Dendritic Cells with Antigen Wth Anti-CD3 Anti bod CPM7CRweBRIgr RBGN SD UCV
Operator 1 Day 1 24248 23523 26526 24765.67 1567.00 6.33 Day 2 69711 73655
64396 69RPrdRAH. 39 6. 71 Day 3 29232 31084 30453 30p6n3&%134d. 53 3. 11
Operator 2 Day 1 26383 25821 26390 26198 326.51 1.25 Day 2 35386 34414
31738 33845 14389 a ¥6 ferdefit SR AGE 3618 AlfteBreddldti @B Ehe 3T irotit9 7 159 4. 04
Operator 3 Day 1 31390 31968 32644 32000. 7.64 1.96 Day,2 28011 31085
28443 20lybre ui%h?l!whs_lﬁfﬂéﬂﬂsaéﬁffﬂ@sé@%tf aﬁ’é@%"fﬂé‘@s‘ﬂ‘if%ﬁ‘f; su50) 3275, 25
All Cor\:gbﬁihé’i@ PeSiifa il b DSIMA-BlebifidBnocidhat AriiBby; DG (SDOTHE LBASTVET €
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| the SoTP Ry b Ben ot BENE | Mt by L Sfep SRRl pRS Bt O € 0P For
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erti imefirv e Diter ¢RIMIPOF ha inverti bé Rebdi tathose
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cells is el ectrophoresed 23




R - --- - 7 Novenber 2006 WO 03/095668 PCT/US03/14614 in
each lane of a 7.5 percent SDS PAGE gel. After resol uti diNoembee2¢0psat e
proteins at 150 volts for about an hour, the proteins are transferred to a
PVDF or nylon nmenbrane. Western blotting is perforned using a

PSMA- speci-fi c nonocl onal anti body, 4D8 (ATCC RB 12487; U.S. Patent

6, 150, 508). The binding of antibody is visualized by chem | um nescence and
exposure to film The identity of PSVMA is determ ned by co-localization of
a standard PSMA protein run on the gel. The previous exanpl es are provided

toillustrate, but not tolimt, the scope of the clainmed inventions.
O her variants of the inventions will be readily apparent to those of
ordinary skill in the art and enconpassed by the appended clains. All

publications, patents, patent applications and other references cited
herein are hereby incorporated by reference. 24 7 Novenber 2006 CLAIMS: 1.
A nethod for determ ning antigen-independent, co-stinmulatory activity of
antigen presenting cells (APCs), conprising: providing T cells having a
known f WicAlMfal activity and being substantially free of co-stinulatory
activity, providirng a damgticd fofdefR@iningfntigekinsigpendont, soishaplaloBrafubbt i vity;

contactin ;'ﬁ? T .1 S W 0- j mal concentration of an antigen
mnetic Dgge ?prgon%ccfwn%%t é%#q%rfe%' s with the sanple of APCs of unknown
co-stinulatory aqrovidingT celle hevimg inoyn fimsticuet dcivityl asd being substantialy| | s :

contacted with the. anti .mmetic agent and the sanple of ADCs; and
conpari ng'e%ﬁ{acr&cfﬁé'.g]} %%cg%&iti vation of the T cells with a standard

activation index piovididgesafipleel APCs of wibneyrdorsimulatercastisity;nul atory activity

of the APCs. 2. T%g @E%g J?Jﬁ%lﬁ‘?‘“%ﬁ“%mpmg‘%%h&“&&%néﬁﬁggﬁ eRdsitic

cells. 3. The net erern conparing t erm ned
activatiegntw th the standard activation index includes conparing the

determned T cell c&%%éu‘x’l&‘ hfe%“ceﬁé \Hﬁh the sample of APCs of unknown co-stimulatory

activity;

)

determining the activation of the T celis contacted with the antigen mimetic

agent and the sample of APCs; and
comparing the determined activation of the T cells with a standard activation

index for the T cells fo determine the co-stimulatory activity of the APCs.
2. The method of claim 1, wherein the APCs are dendritic cells.

i The method of claim 1, wherein comparing the determined activation
with the standard activation index includes comparing the determined T cell activation with
activation of the T cells contacted with the sample of dendritic cells alone to determing the
quality of the dendritic cells.

4. Amethod for detormining antigen-independent co-stimulatory astivity
- of a preparation of dendritic cells, comprising:
contacting a first quantity of T cells, which are substantially frec of co-
stimulatory activity and have a known functional aetivity, with a suboptimal quantity of an
antigen-mimetic agent and with a fixst sample of a dendritic cell preparation of unknown co-
stimulatory activity;
determining a first activation value for the first quantity of T cells;
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activation of the T cells contacted with the sanple of dendritic cells
alone to determne the quality of the dendritic cells. ZANoyemher BoRf f or
determ ni ng antigen-i ndependent co-stinulatory activity of a preparation
of dendritic cells, conprising: contacting a first quantity of T cells,

whi ch are substantially free of co- stinulatory activity and have a known
functional activity, with a suboptinmal quantity of an antigen-mnetic
agent and with a first sanple of a dendritic cell preparation of unknown
co- stinulatory actPtPip2 saeond Avankiyeg Toekls with e sseand yereple of thedendaticor ¢ he
first quael pieparationbr eRlshboptimRRuintPMARDSK z2H3neic fRLACT I Ng a second
quantity of T cells with a second sanple of the dendritic cell preparation
or the subopti mal %EFEHW)?SWH prAvafion valua fositheseqoad depatity-of Tdet er ni ni ng a
second actllsyadd on val ue for the second quantity of T cells; and conparing
the first and second acti vegé_iFon val ues to determne the co- stinulatory
activity of the déRPinedhcisyandsespnd actiyasion viues mdetormimedlb aof claim | or 4,
further ctimyleion Rgviflesreidtemite colPpERRAGLAL | On of a predetermined antigen by
the APCs. 6. A nethod for determning the quality of a preparation of’
dendritic «cells, conmprising: (1) providing a dendritic cell preparation of
unknown co-sti mul at or y Thexgéthod dr ¥R d iﬁmﬁpo@g}y BSenting ability for
a predetermjafend anti gen; gg d,etermﬁiidﬂ’ t ecc g@?ﬁuet a’?l'(f)ﬂr?%/] activity of the
dendri ti EFEBt °nf5$ B ,a’@é‘?’tf’yd@?éf'&i-nati on of co-stinulatory activity
conprising (a) providing T cells of known functional activity and
substantially fr%e of co-stinulatory activity; (b) contacting the T cells
with a subopti mal Squantmefhod for derempinipg the quatityrefia rrepatpsion ofdeaditict h a fir st
sanpl e oéellk,R8m .itic cell preparation; (c) determ ning the activation of
"the contacted T-cells; and (d) conparing the determ ned activity of the
contacted T cel | s{Wi t Provigine a denddtia etll preprmation afnknevecofstmulatory T cel |s to

the det e iehdufkfhinhiligh Prkerfich hitlidy ¥ord préddfmined antigen;
(2)  determining the co-stimulatory activity of the dendritic cell
preparation, said detenmination of co-stimulatory activity comprising
(@  providing T cells of known fiunctional activity and substantiaily
free of co-stimulatory activity;

| (b)  contacting the T cells with a suboptimal quantity of an antigen-
mimetic agent and with a first sample of the dendritic cell preparatiom
()  determining the activation of the contacted T cells; and
(@  comparing the determined activity of the contacted T cells with
the standard activation index for the T cells to the determined co-stimulatory activity of the
dendritic cell preparation;
(3)  determining presentation of the predetermined antigen by the
- preparation of dendritic cells, said determination of presentation comprising;
(2)  contacting a second sample of the dendritic cell preparation
with the predetermined antigen; and
(b)  determining the amount of predetermnined antigen presented by
the dendritic cells; and
(4)  determining the quality of the dendritic cell preparation based on the
determined co-stiraulatory activity and determined antigen-specific prescnt:ation of the
predetermined antigen.
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dendritic cell preparation; (3) determ ning presentation of the

predeternm ned antigen by the preparation of dendritic celNpeembes2g06
.determ nation of presentation conprising; (a) contacting a second sanpl e of
the dendritic cell preparation wth the predeterm ned antigen; and (b)
determ ning the amount of predeterm ned antigen presented by the dendritic
cells; and (4) determining the quality of the dendritic cell preparation

based on the determn co-stiylatory activity and determ ned
anti gen-specific p 'eseﬁg‘gﬁ"wﬁ&fﬁwﬂr‘ﬂé4B’E@d‘6’?'@l"r¥ﬁ%’§8@1§ﬁ{‘4@%ﬁm§@' 7 Novenber
2006 7. dehdrtivetonle 9hgsnkiai m 1, 4 or 6, wherein the T cells and the APCs or

dendritic cells are syngeneic. 8. The nethod of claiml1, 4 or 6, wherein
the T cells and the APCs or dendritic cells are allogenic. 9. The nethod

of claim1, 4 or 6. whaheiathbder RikhilgeBr §]wWhBkinGha B8l shdthaap€PS: bi ndi ng
agent . 10d Tt}_‘g thod of .claim9, wherein the CD3 binding agent is anti-CD3
ant i body, ch’n “BrE e n or a m togen. 11, The nethod of claim2, 4 or
6, wherein the dendritic cells are mature dendritic cells derived from

i mmature dendritic,cel h{,s] bg c(gntgctig‘? ex vivo with a maturation agent.

12. The method of & ai HPRMEhoGH olimet @ G whrrein s gtipanieimetis #5068 & | mat ur e
dendri ti CD3clibding dkent. The method of claim| or 4, wherein the T cells have
been substantially depleted of peripheral bl ood nononucl ear cells
expressing VHC Class I, CD 14, CDS4, CD80, CD83 or CD86 nol ecul es on

their cell surfacao. 14Thehbgndmrirbnsn 9fwiekdd i £D3biingBeenMiah@icbst he
activation.of the T cells is, determned by 3Hthym dine uptake assay, or

by assayFPHPOd: OB Plagt)eoHR PRETEBUCt i on, or by detecting the rmodul ation of
expression of a T cell activation marker. 15. The nethod of claim 14,

wherein the assayeﬁi T cell cytakine
. The method of claim 2, 4 or 6, wherein the dendritic cells are mature

dendtitic cells derived from immature dendsitic cells by contacting ex vive with a maturation
agent.

| 12.  The method of claim 2, 4 or 6 wherein the dendritic cells are immature
dendritic cells.

13.  Themethod of claim 1 or 4, wherein the T cells have been
substantially depleted of peripheral blood mononuclear cells expressing MHC Class II,
CD14, CD54, CD80, CD»83 or CD86 molecules on their cell surface.

_ 14. - The method of ¢laim 1, 4 or 6, wherein the activation of the T cells is
determined by *H-thymidine uptake assay, or by assaying T ¢ell cytokine production, or by
detecting the modulation of expression of a T ¢ell activation marker.

_ 15.  The method of claim 14, wherein the assayed T cell cytokine
-production is IFNy or Interleukin 2 production, or extracellular cytokine production, or

intracellnlar eytokine production.

16.  The method of claim 14, wherein the T cell activation matker is CD25,
CD69, CD44 or CD125.
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production is IFNy or Interleukin 2 production, or extracellular cytokine
production, or intracellular cytokine production. 16. Thoyahesd0®f clai m
14, wherein the T cell activation marker is CD25, CD69, CD44 or CD 125. 27
_ 7 Novenber 2006 17. The nmethod of claim 14 or 16, wherein the T cel
activation marker is detected using |abeled antibody capable of binding to
the T cell activation marker. 18. The nethod of claim4, wherein

determ ning the co-stimulatory activity includes conparison of the
determined T cell activation with a standard activation index for the T

cells. 19. The netfzod %eﬁkﬁbmﬁam 1&%: 1@%&%%@&11%@&9&mmﬁemvatl on

index is a threshold val ue or rang val ues, the val ues associ ated
with diffdsteetad um@é@ieémhvéncmblc §f1i>1n@1na10c§th erdlaptinetionmarka  The met hod of
claim5 or 6, wherein presentatlon of the predetermined antigen is

determined by Western blotti flow c tonetry or ‘activation of
anti gen- Spec| fic T8 Ce[I‘hgmetjg ofclalm4 eremdeternnmngthe co-stimulatory

activity includes comparison of the determined T cell activation with a standard activation
index for the T cells.

19.  The method of claim 1 or 18, wherein the standard activation index is a
threshold value or a range of values, the values associated with different predetermined co-

stimulatory activities.

20.  The method of claim 5 or 6, wherein presentation of the predetermined
antigen is determined by Western blotting, flow cytometry or activation of antigen-specific T
cells,




