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i mmune response. They not only present antigens to T cells with
antigen-specific T cell receptors, but also provide the signals necessary
for T cell activation. These signals remain inconpletely defined, but
involve a variety of cell surface nolecules as well as cytoki nes or growth
factors. The factors necessary for the activation of naive or
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Dendritic cells (DCs) are the professional antigen presenting cells of the

immune system that are believed to be capable of activating both naive and memory T
cells. Dendritic cells are increasingly prepared ex vivo for use in immunotherapy,
particularly the immunotherapy of cancer. The preparation of dendritic cells with optimal

20  immunostimulatory properties requires an understanding and exploitation of the biology of
these cells for ex vivo culture. Various protocols for the culture of these cells have been
described, with various advantages ascribed to each protocol. Recent protocols include
the use of serum-free media, and the employment of maturation conditions that impart the
desired immunostimulatory properties to the cultured cells.

25 Maturation of dendritic cells is the process that converts immature DCs,
which are phenotypically similar to skin Langerhans cells, to mature, antigen presenting
cells that can migrate to the lymph nodes. This process results in the loss of the powerful
antigen uptake capacity that characterizes the immature dendritic cells, and in the up-
regulation of expression of co-stimulatory cell surface molecules and various cytokines.

30 Known maturation protocols are based on the in vivo environment that DCs are believed to



encounter during or after exposure to antigens. The best exanple of this
approach is the wuse of nonocyte conditioned nedia (MCM as a cell culture
medi um MEBlB®2efierated in vitro by culturing nonocyt espamiSoyest2as a
source of maturation factors. The najor conponents in MCM responsi ble for
maturation are reported to be the (pro)inflammtory 5 cytokines Interleukin
1 beta (IL-1(3), Interleukin 6 (I1L-6) and tunor necrosis factor al pha
(TNFa) . Qther maturation factors include prostaglandin E2 (PGE2),
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results in a Th-1 type res.ponse. The latter response is particularly desirable where a
20  cellular immune response is desired, such as, for example, in cancer immunotherapy. A
Th-1 type response results in the induction and differentiation of cytotoxic T lymphocytes
(CTL), which are the effector arm of the cellular immune system. This effector arm is
most effective in combating tumor growth. IL-12 also induces growth of natural killer
(NK) cells, and has anti-angiogenic activity, both of which are effective anti-tumor
25  weapons. Thus, the use of dendritic cells that produce IL-12 are in theory optimally suited
for use in immunostimulation.
Certain dendritic cell maturation agents, such as, for example, bacterial
lipopolysaccharide, bacterial CpG DNA, double stranded RNA and CD40 ligand, have
been reported to induce immature DC to produce IL-12 and to prime immature DC for a

30  Th-1response. In contrast, anti-inflammatory molecules such as IL-10, TGF-$, PGE-2

and corticosteriods inhibit IL-12 production, and can prime cells for a Th-2 response.



WO 03/ 022215 PCT/ US02/ 28620 Recently, enhancement of |L-12 production by
dendritic cells has been reported by conbining interferon gamma with
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| i popol ysaccharide (LPS) and CD40. Both LPS and CD40 have a known capacity
to induce small anounts of IL-12 during maturation, however. Thus, it is 5
possible that the addition of IFNy nerely enhances that production.
Interferon gamma signaling uses the Jak2-Statl pathway, which includes
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of BCG in this response is thought to be that of a generalized inducer of immune
reactivity, as well as having an adjuvant function in the presentation of tumor antigens to
20  the immune system.

BCG has also been found to be a powerful maturation agent for dendritic
cells, with the ability to up-regulate the maturation marker CD83. BCG can also up
regulate MHC molecules and the costimulatory molecules CD80 and CD86, concomitant
with a reduction in endocytic capacity. In addition, BCG, or BCG-derived

25  lipoarabidomannans, has been reported to increase cytokine production, although contrary
to results found with other DC maturation agents the production of IL-12 was found to be
specifically inhibited. This latter property, the inhibition of IL-12 production, reduces the
attraction of using BCG for the maturation of dendritic cells for immunotherapy in which
a strong cell-mediated, cytotoxic response (Th-1 response), is desired.

30 The use of BCG in active immunotherapy, thus, has the potential to induce
dendritic cell maturation. There is a need, however, for compositions and methods of

using such compositions that induce such maturation of dendritic cells and that



usi ng such conpositions that induce such maturation of dendritic cells and
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with BCG and IFNy. The predetermined antigen can be, for example, a tumor specific

antigen, a tumor associated antigen, a viral antigen, a bacterial antigen, tumor cells,
bacterial cells, recombinant cells expressing an antigen, a cell lysate, a membrane
preparation, a recombinantly produced antigen, a peptide antigen (e.g., a synthetic peptide
20  antigen), or an isolated antigen.
In certain embodiments, the method can optionally further include isolating
monocytic dendritic cell precursors; and culturing the precursors in the presence of a
differentiating agent to form a population immature dendritic cells. Suitable
differentiating agents include, for example, GM-CSF, Interleukin 4, a combination of GM-
25  CSF and Interleukin 4, or Interleukin 13. The monocytic dendritic cell precursors can be
isolated from a human subject. In a particular embodiment, the mature dendritic cells
produce a ratio of IL-12 to IL-10 of at least 1:1.
In another aspect, a method for producing a mature dendritic cell
population is provided. The method generally includes providing immature dendritic

30 cells; and contacting the immature dendritic cells with an effective amount of BCG and
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popul ati on produces a type 1 imune response. The inmmture dendritic cells
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contacting with BCG and IFNy. 5 The predeterm ned antigen can be, for
exanpl e, a tunor specific antigen, a tunor associated antigen, a viral
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nore | nterleukin 12lngtillanpthef aspect, compositions for activating T cells are provided.
The compositions can include a dendritic cell populations matured with an effective
concentration of BCG and IFNy under suitable conditions for maturation; and a
20  predetermined antigen. The dendritic cell population can produce an increased ratio of
Interleukin 12 (IL-12) to Interleukin 10 (IL-10) than a mature dendritic cell population
contacted with BCG without IFNy during maturation. In certain embodiments, the
dendritic cell population can produce IL-12 to IL-10 in a ratio of at least about 10:1. In
other embodiments, the dendritic cell population can produce IL-12 to IL-10 in a ratio of
25  atleast about 100:1 than a similar immature dendritic cell population cultured in the
presence of BCG without IFNy during maturation.
In another aspect, an isolated, immature dendritic cell population is
provided. The cell population includes immature monocytic dendritic cells, and an
effective concentration of BCG and IFNy to induce maturation of the immature dendritic

30 cells. The resulting mature dendritic cells produce more Interleukin 12 (IL-12) to

Interleukin 10 (IL-10) than a similar immature dendritic cell population cultured in the



Interleukin 10 (1L-10) than a simlar immture dendritic cell popul ation
cultured in the 5 WD 03/022215 PCT/ US02/ 28620 presence of BCG wi t hout
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the method can further include isolating monocytic dendritic cell precursors; and culturing

the precursors in the presence of a differentiation agent to induce the formation of the

20 immature dendritic cells. Suitable differentiating agents include, for example, GM-CSF,
Interleukin 4, a combination of GM-CSF and Interleukin 4, or Interleukin 13. The
monocytic dendritic cell precursors can optionally be isolated from a human subject. Ina
particular embodiment, the immature dendritic cells and T cells are autologous to each
other.

25 Isolated mature dendritic cells producing more Interleukin 12 (IL-12) to
Interleukin 10 (IL-10) are also provided. The mature dendritic cells can be provided by
maturation of immature dendritic cells with a composition comprising effective
concentrations of BCG and IFNy under conditions suitable for the maturation of the
dendritic cells. A predetermined antigen can optionally be included with the isolated,

30  mature dendritic cells. Isolated mature dendritic cells loaded with a predetermined antigen

are also provided. The dendritic cells can produce more Interleukin 12 (IL-12) than



30 mature dendritic cells. Isolated mature dendritic cells |oaded wth a
predeterm ned antigen are also provided. The dendritic cells can produce
nore | nt ewbaak22112 (I1L-12) than 6 WO 03/022215 PCT/ US02/ 286AG02/28s@r | euki n
10 (IL-10), such as, for exanple, at |east 10-fold nore IL-12 than IL-10
than a simlar inmmture dendritic cell population cultured in the presence
of BCG without IFNy during nmaturation. A nmethod for producing a type 1
(Th-1) immune response in an animal is 5 also provided. The nethod

general |y, inel gWh di j e .d b b . tq e
Pt ar e D QLY Py, BERble, 10kt 10-fif oL -13 MR | (Mah L

gamma (| Fiwnilar andla@rddeddetie celi parilaphicgRired itk peeskhce of BIOBG ithoonE Nyui t abl e
for maturation of the inmmture dendritic cells to formmature dendritic
cel |'s. Thdunngmeirati@andritic cells can either be adninistered to an ani mal
or can be contacted,w ' : roTdins} [ -
characteri zed by thévﬂﬁ%tg%gc{r;bg%d-ﬁgﬂglan%ér?gtg-rljbamrrge %%?Q%nﬁg%ﬁ? unor
necros§ s g6 prvided( THEA)ethobheenaatly waletds provédihs imaatubedadritioceltsred to the
animal in need of stinulatjon, of cyt otfxi.c T cel

i I onse to.the
speci fic &QRtAqi@ the iupmatyys denduitic eplls avith fffeghve amentyg E‘ Paimﬂfﬁf&fl specific

anti gen, ;Hgg sQGi At i L 866b { gyl al antigen,
tunor cel ?s, g@’l%ﬁag;er?%&rﬂ?ﬁeég%%gﬁ%%degglf@@% expnr%gg?dr}lgﬁgn antigen, a
cel | | ysatmaturgioiesthhainenpuspdendtifiocgllsao femombiureadendsitip celbu dhd mawmei gen, a
peptide antigen (e.g., .a synthetic peptide antigen), or an isolate

anti gen. ritic Gk CADGSIRETRE 3dministegqd to aB&H"’Bi’EPF gﬂ{;@q pnfasted; with pal¥edusl v
contagt ed w.t e . ' [ I b nd ure
dendr |ﬁ§| cc%MeSItPsférglaancngét%ggﬁcfégg]tc %%&tgmﬁ%eﬁ%? E%e redet gro&%r ea%tgl genal %ri o)] r to
cont act i Ngndibr timBFkeddodds fatbiy oo @NHof). TaE haivatedbodiscenbs admligstered kothecan
further include isolating nonocytic dendritic cell precursors fromthe
ani mal ; amtimalinneefl pfstimelaierels eytetexicy ¢allaesnoaseiodhe geciic aptiger ent i at i ng
agent to for he. | r (WY ot L ffer i ALl gent can
be, for e&%‘ﬁ%ﬂlée?nq'édg@wdg’nﬁg%ej %,%tﬁx?x%%ﬁ)gg—%?ﬁlgﬁno%t\%ﬂ&ﬂdﬁ/ﬁdﬁegnd

| nt er | eukhitighn, Hvirallantigsn, & bkdtoridl Antigen, hincoriceNy bucterialestls, rédombimdnt selsnd T

cells can be autologous to the aninmal, or allogenic to the _ animal.
Al t er hait | S¥IrgssInga anfigen, @rcell desatgr # membgane|PEensFiion, dEcP@bpgptiyaiducedne sane

MHC hapl i- nal . :
onod, enPLREnrEpdie SR (o ¢l SR SbubbbniRAK S an I AR dfigln, The

immature dendritic cells can optionally be simultaneously contacted with the

predetermined antigen, BCG and IFNy, or the immature dendritic cells can be contacted
with the predetermined antigen prior to contacting with BCG and IFNy.

20 In certain embodiments, the method can further include isolating monocytic
dendritic cell precursors from the animal; and culturing the precursors in the presence of a
differentiating agent to form the immature dendritic cells. The differentiating agent can
be, for example, GM-CSF, Interleukin 4, a combination of GM-CSF and Interleukin 4, or
Interleukin 13.

25 The immature dendritic cells and T cells can be autologous to the animal,
or allogenic to the animal. Alternatively, the immature dendritic cells and T cells can have
the same MHC haplotype as the animal, or share an MHC marker. In certain

embodiments, the animal can be human, or can be a non-human animal.



7 WD 03/ 022215 PCT/ US02/ 28620 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
present invention provides nethods for inducing maturation of inmature
dendri ti cwoallog22DC) and for primng those cells for an amdrgesz/ssseci fic
cytotoxic T cell response (Th-1 response). The present invention also
provi des dendritic cell 5 populations useful for activating and for
preparing T cell popul ations pol arized towards production of type 1
cytokines (e.g., IFNy, TNFa, and/or I1L-2). Such dendritic cell populations

i ncl ude i mmat ure monogygt&deHHESCRPEEONDEPARANVENNON BCG | FNy and a

predeterm ned antigen under suitable maturation conditions. The immature
dendritic cells cafhdpressamhimventish provides methads fogemueingteaturitionng or pri or

to maturation. ternpative 10 .i mmat.ure nonqeyiic dendritic.cells..

al r eady e%‘b‘Bét@EFA:{eB fie Fﬂ@ﬁb@ 3 g,foripﬁm?}f’% oS¢ ejﬁ f%rean ISPREPELIGEOKEG and
I FNy undef .Syiidsabhs (TR UEHonS). T8EPidsbitiSvenfibealse prtvided deniditi @1l dendritic
cells are prined to activate and polarize T cells towards a type 1

r esponse. pepulatiope usefuldopanivetingiaridufoe prepadniliE celbpomtations polpriged oniarlss (e. g. |
| FNy, and/or, |L-2), roducti on of r L-12 t I k- 10 cytgtoxic T

cell res pB‘iﬁ’Qléc,“%‘r%&meP ] %&Sf‘es]@'gl’ D(::g?’l —@?ﬂj‘.(i’Bané/r?a Eﬁ?&dé&“gﬁ %651%8&{ geﬁ tain types
of anti bog%;ﬁ;?atio-ﬁk' RIudY8findre nfReERIc dnlrifadllseamadts VithBCopRgnated. | n

contrast, ype 2 response is chdracterized by production of IL-4, IL-5
and | L- 10pregetonnioed antigsh underesuitabld matiratipn| donditiony r Bepuisamynregiengmic eddls| s,

and lack of . induction_.of a CTL response. |ln a rej a t. nposi tions
are provi 8aé’obec(i? fegi“ﬁ‘& %’e ﬁﬁ?%ﬁnaet‘tﬁslﬁ(?%gaoégﬁf“ prgat?}r@g ‘u?gt% gﬁﬁgy’ti c cells,
such s NpRQGNE BoAGIYEE idbhdiiticells, Riresdyr &Pbsed thAantidenqag., iabise), pin be t hose
dendritic cells for a type 1 response., Such mature, prinmed nonocytic

dendri ti ccensadted with BGE prchEdNvader sutpble seasvrgtien eanditions o hp resRitingineaturg| s s- |

pr esent at i,on, ...of r tarm i S f e enous
ot gen. NPEripsel feBRsTimpaRfsaily A Bz 1. G P RICHERET BBt 10
di f f er ent ypki1qBspehsintREOXIBdUctiol BP e teytokites (£F. JFay)dnd/or IURRL i on of

antigen-specific CTL-nedi ated |ysis of target cells. Such conposjtions
i ncl ude BP@daetibn afgorghldR thamILb0, agiriokedc hicel resperse; progpetioatafdi-1 cells,

cel 15 anthd o0slioh o E8%in be SEmsonls®; RSl Recsiy AR 4L BB T8
Cont ct o IARSATER 8 v s e PO OOl 3
produce g arehﬂeio,mtigr? of mpre IL1 10 tham BL412, productigs of dhp selds avdl ﬁiﬁk of
induction of a CTL response.
In a related aspect, compositions are provided comprising a maturation
20  agent for immature dendritic cells, such as monocytic dendritic cell precursors, which can
also prime those dendritic cells for a type 1 response. Such mature, primed monocytic
dendritic cells can increase Major Histocompatibility Complex (MHC) class-I presentation
of a predetermined antigen, i.e., a predetermined exogenous antigen. MHC class I
presentation of antigen is desired to induce differentiation of cytotoxic T lymphocytes
25  (CTL) and stimulation of antigen-specific CTL-mediated lysis of target cells. Such
compositions include BCG and IFNy which can be admixed with a cell population
comprising immature dendritic cells, to mature the immature dendritic cells, and to
convert or overcome the inhibition of IL-12 induced by contact of the immature dendritic
cells with BCG. Immature dendritic cells contacted with such compositions undergo

30 maturation and typically produce greater amounts of IL-12 than IL-10, as compared with

an immature dendritic cell population contacted with BCG alone.



an immature dendritic cell population contacted with BCG al one. 8 WO

03/ 022215 PCT/ US02/ 28620 | n another aspect, nonocytic dendritic cells

pr ecur sorwoaBmaizmed from subj ects or donors can be cont actred/usor/b8eeyt oki nes
(e.g., GUHCSF and IL-4) to obtain immture dendritic cells. The imuature
dendritic cells can then be contacted wwth a predeterm ned antigen, either
in conbination with BCG and I FNy al one, or in conbination 5 with a
cytokine, to mature the dendritic ceIIs and to prine the cells for inducing

a type 1 immune r eﬁlpa?xnﬁ}%r %T%}Faf egh&% ncﬁ'ﬁfctc%'llg Bf‘eg?%gfsr%%ﬁe d ass- |

antigen processing Ts I's use elicit a CIL response

agai nst calvfeetsdiraiohaigicad bé bentaquedowlizh eytﬁkmesi(eag];c}gb@smmmm tccobtainl s are a
di verse popul ation of anti %en presenting cells fou in 10 a varl ety of
| ynphoi d #BatielngHpneslls. dhs spmaturg é@@ﬂﬂpﬁel Scfeamth%gee Bhd1) ;

St ei nman, pfg‘gé}a?xﬁﬁgd aﬂtggy rle?t]hf:r 1?1 C%Eﬂ)lr?lﬁoﬁ t%lﬁéG aﬁ@@ﬁﬁq‘( bibfie Q)?#A §% rhilGatee

| ynphoi d Ic c he spl een, Langerhans ce e epiderms,
and vej | edithalcytokirne, tdaatuld the deriritic ¢bRd amginto pﬁmel tﬁet:ctllsetbymddemgaltypecl cells

are classified as a group based on their h | evel s of
surface MHCOBRGISSPANSE &(%P%lkss il ﬁeﬁ%ﬁn%%@%@ @Iﬁ'&é g?%%ul BHOESSIRGIf ace
mar kers e , killer cells.
" part | SRR s R B o e reo PR RS B PR 1 R

nmonocyt i cp@écteiminedantgdehs) usually express CD 11 c¢, CD80, CD86, and are

HLA- DRR, but are CD 14 |n cgntrast, rmnoctc dritic | |
(typicall yum)nocyt eByndsitic Ceﬂ%lrﬁlal Veéi?l}?PP“ I ﬂ8g§‘5}f%}lc§’:§‘?§8$ﬁ%ﬁ Ct?ﬂégcﬁﬁrdsigr >

precujgor g vsﬁ"’é? Wai%q nt)hqpihaﬁtﬁd bk e(S20 LM &I 10BE59LERS12061);

particularly | tissues such as the spleen, bone marrow, Iyrrph nodes
and thy rruStelrMmodyn i RevdBorrariol i 952 He94 (199€0u Dsodriticells incdvdedampbeidat ed from

monocyt | GAHBHAF EROT Gemesgy Litrears b b aladeily and BGECRR B e o ©

sour ce of pBARENiAtFord &Wiletively, @@hdritiddes ufeWsslﬁeﬂ/a@@@ydupODad@mmteirc cel |
precursors can be isolated froma variety of 25 organisms in which an

| mru ne r espmi@@go'ahlgbée@lﬂ of suidere MHEhclassdherpspgsionnand ahsenasiobgerain ofhe
oDl e P TR A AR T S L o>
C hl ckens) paréisuld§ Eﬂon@&yté-rdaxﬁl@@laimdnn@wksl(ﬂ% tdfﬁf&lab as honoeyticadendstibodisjrent s,
the rmnoc%;[ulaﬁy (g)?;rgsrsl CtZII) %l cC ((a:IDISOp(r:]e)%g ra%?iraie I%E%/ BR but are CD14".
In contrast, monocytic dendritic cell precursors (typically monocytes) are
usually CD14". Monocytic dendritic cell precursors can be obtained from any tissue
20  where they reside, particularly lymphoid tissues such as the spleen, bone marrow, lymph
nodes and thymus. Monocytic dendritic cell precursors also can be isolated from the
circulatory system. Peripheral blood is a readily accessible source of monocytic dendritic
cell precursors. Umbilical cord blood is another source of monocytic dendritic cell
precursors. Monocytic dendritic cell precursors can be isolated from a variety of
25  organisms in which an immune response can be elicited. Such organisms include animals,
for example, including humans, and non-human animals, such as, primates, mammals
(including dogs, cats, mice, and rats), birds (including chickens), as well as transgenic
species thereof.
In certain embodiments, the monocytic dendritic cell precursors and/or
30 immature dendritic cells can be isolated from a healthy subject or from a subject in need of

immunostimulation, such as, for example, a prostate cancer patient or other subject for

whom cellular immunostimulation can be beneficial or desired (i.e., a subject having a



30 inmature dendritic cells can be isolated froma healthy subject or from
a subject in need of inmmunostinulation, such as, for exanple, a prostate
cancer pawioento2zes ot her subject for whom cel |l ul ar i mmuno®drmsdoatscon can be
beneficial or desired (i.e., a subject having a 9 WO 03/022215

PCT/ US02/ 28620 bacterial or viral infection, and the like). Dendritic cell
precursors and/or inmmature dendritic cells also can be obtained from an
HLA- mat ched heal thy individual for admnistration to an HLA-mat ched

subj ect i ee f. 10 t] 4 ON. i.L1h P nd

| mmat ur e %ﬂeﬁlﬂg ??‘élraée%és}%%’ mg%g(%?oqéﬂﬁg gF 'g%l:l ﬁrﬁ@é{’ﬁs a%%%ﬂf’g‘?‘?‘?ﬁf enriched
f or dendr d4rideitic etlls NsERMR@bSindNEbrh BB UX-emathed hedlihy individual foom vari ous
sources, including blood and bone narrow, are known ip the art. For

exanpl e, GFEWGFSFP@P%H@eﬁlnlH{a‘f’*éE%FF]%"(S‘r%‘bléﬁHni"ﬁF@?ﬁPBnW@HHWPai“BnCeI s can be

i sol ated by collecting heparinized bl ood, by apheresis or |eukapheresis, by
preparation of buffy coats, rosetting, centrifugation, density gradi ent
centrifug ic((elpPrecursors gndtjrg a0end e Q8 F| COLL- PAQUE(r)), PERCOLL(r)

(col I ojdal silica partiGles (4530 g{{&f : i _dialyzabl e
pol yviényl pyrroli dongfemf’@éﬁr,lgog%é OCSQFOQ%I t Sgeh%jldl}e; , }gg}dﬁfdg?gg?fbacﬁfsl%%i s of
cell's, fi hidiairhaitre dendritidesllsiffom vdrivus soutraésninehidory bleod and oreandoooy,tage

popul ati on can, be prepared, such as, for exanple, .b ol l.ectin | ood from
a subj ect%‘novﬁbﬁth%?‘l't-ng?li?i‘@m(p j%‘i‘f’%\?‘é‘f CFﬂQf??PB?PNE“Ia@gémé‘WE‘FF%? lctgcl‘? Sf8H bl ood
cell's. Depishiald t58lolIeckhoieBsiii SR o)y aBHBEE 6r Rihbiebi, 1§k saraash

optionally be enriche nocytic dendritic cell "precursors by, for
exanpl e, ofmiffii doatsatdsettingmeotrifhgatioRERESLY grajlicgt centrifigatiobdady, iusing Faedll
precur sor nd i t.u riti ll S iional | y can repared {n a
cl oset! aé@%ﬁ‘ %E%dﬁﬂst}éﬁﬁgj‘ r{,COIﬁﬁ‘ialf'élFFrgxméfﬁ’Bégﬁ?ogg%gi%egqglst ent
or " cl osgshiiwiie Hibn-tidiy2able PoByvinidsyRralidonsPVEH)), 8¥EOsd aRd e Ike))- Steri | i ze,

anbi ent, or 20 circulat’ing air or other non-sterile conditions is mnimzed
or el i m ndiffecential lysie of esllst Blmation,canditheoliket iIn gedran embediments, p lgykeexie sor s and

immature dendritic cells neral |y I: { rifugation
i n open tB?P ‘tii?é‘s"?“ @58?"%& A gﬁg,ffgfé%*nlﬁgeglby??ﬂ%c'ﬁ*é&%ﬁ%*&@élsﬁ@@&i n tissue
cul ture pheftiBin&tingtd s@ndbwahé pRsdas adllgsinb ehd e 8loodreels. t Pandraic celtbodi ment ,

the closed systemallows aseptic transfer of the dendritic cell, precursors
and i bt Diceursers gad smefuge derdnsic celishan ephanally he eagrheddor Brengodisdendricy

seaj abl e tUPSUSCH by Br &g@@ﬁ% ShiiAution BBAM PEROORI™ gihdibdd © aif. 1N

certain e I'en nono ndritic ce precursors are 1sol ated by
Dendritic cell precursors and immature dendritic cells optionally can be

prepared in a closed, aseptic system. As used herein, the terms “closed, aseptic system” or
“closed system” refer to a system in which exposure to non-sterilize, ambient, or

20 circulating air or other non-sterile conditions is minimized or eliminated. Closed systems
for isolating dendritic cell precursors and immature dendritic cells generally exclude
density gradient centrifugation in open top tubes, open air transfer of cells, culture of cells
in tissue culture plates or unsealed flasks, and the like. In a typical embodiment, the
closed system allows aseptic transfer of the dendritic cell precursors and immature

25  dendritic cells from an initial collection vessel to a sealable tissue culture vessel without
exposure to non-sterile air.

In certain embodiments, monocytic dendritic cell precursors are isolated by
adherence to a monocyte-binding substrate, as disclosed in U.S. Patent Application No.
60/307,978, filed July 25, 2001 (Attorney Docket No. 020093-002600US), the disclosure

30 of which is incorporated by reference herein. For example, a population of leukocytes

(e.g., isolated by leukapheresis) can be contacted with a monocytic dendritic cell precursor

10



adherence to a nonocyte-binding substrate, as disclosed in U S. Patent
Application No. 60/307,978, filed July 25, 2001 (Attorney Docket No.
020093- 00603081215t he di scl osure 30 of which is incorporated/usg2/essber ence
herein. For exanple, a population of |eukocytes (e.g., isolated by

| eukapheresis) can be contacted wth a nonocytic dendritic cell precursor
10 WD 03/ 022215 PCT/ US02/ 28620 adhering substrate. Wen the popul ati on of
| eukocytes is contacted with the substrate, the nonocytic dendritic cel

et ot eZitafing Al QPN P AU Al T IBHEERECR coffapita SANE sliBbieEne
pr ecur sor gmbnésyfic lallehdntroeuélIQJeebutnorsdnnge Eﬁkmaytet poputatioh preferostialbt adhercite thsby
aIIovvln t he monocytic_dendrj.tic. .cell to,.b f [
ahr | ehod BbSEHE. OURG KOG ts ik pihas pehersa Bt e cEnrochisgey FREb Ge. "1 o
exanpl e, [RRsH dglzd&hg foﬁ'nt;'% B sSbNtfaRC theREtRAalloWing/ @k WiBhob id @endFHE Bell

substrates can , anple, a particulate or fibrous substrate.
Suitali e mcmrsmultmbeplsfmmtm&yesmhedlomdbq sufrface gﬁdmsubstragg ass particles,

pl astic particles, glass- coated St ar Ias

pol ystyrene parti cl g‘é‘?%Z%%‘%BtW%Srmglé‘a afrﬁ’ﬁﬁ glqsgpa B8 6?‘3%985%% B&6Ppt i on.
Sui tabl e {J RJ1QHS ratied SubRE@strhls L, ﬂﬂr%&%ﬁ&l b bartivulatehr Sibaous subdter@Vi | | ous
menbrane. The particulate or fi brous substrate usual | y al |l ows the adhered

nonocyt i cSuiabdl particulate isubstrates inciusies for 6xaraple) glesparticlesoplastio pastdes ghass-y

reduci ng t bility of. the ous
Cubet r a ecoist adnsticls P pRETSBEr ot B bet bAlF s ffanle 8
MONOCYS | Cpbeaifl abdoktione |Suitiile Gbfdue sebsated étthidelhiravapillaryf ubes dhid t he

substr at e A "substanti al | i_hnon porous”. substrate is lzy%lrbst r at S@Feq whi ch

at | east ancrﬁ'aqll@us momgrango L be pastigalatsior figrqus sulsirgia ysyp han t he
cells to i of the
nonocyt i c %ﬁeg&iﬁf@p& g%llrjéraggodro ?et%htécﬂgltgﬁ@%wﬁ%gwgngcpt I g%al ly be

enhanced biylbﬂtﬂydbf the adledredbeeildi Agpantielilate ofSfibtoak htﬂ)strauecha.mge sestantinlyc horde 20
nonocytic dendritic cell ursor .cylture di a Al M V, RPM

1640,  DIVERProys tof v%‘ai%%lklslg %‘?}HOQ%@F ?@Pt‘gﬁgﬁ PESTE Efoor dueﬂ‘ﬁ:‘?t%ﬁ ‘%E%F‘P

any cpgrbi gatd ?Jgﬂraté"‘ A hst@fantlﬁMfHﬁ l__&)ro&‘?”tsﬁifétﬁ?@ls (el%ugstratQhWEIQEME@s{ B/BCV ophage

Col ony Stinulating Factor , Interleukin 4 (1L-4),or Interleukin 13
(1L-13)), mjmﬁobpmmesmrmﬂm (sudnsgate aneisraalles dranrthe c@lsdhrrasumm eitegping or

al | ogeni c sl ra)t épugrl fied proteins, such as serum al bum n, divalent 25
cations (&° E.“} ReUBSAIT-and/ or magnesi um i ons) and ot her mol ecul es that aid

in the specific adR@n&es® dHfthdMBASHL AektR N dellipfecafdols OIRESLSPALS cad t he
substrate, or that prevent
optlonally be enhanced by addition of binding media. Suitable binding media include
20  monocytic dendritic cell precursor culture media (e.g., AIM-V®, RPMI 1640, DMEM, X-
VIVO 15%, and the like) supplemented, individually or in any combination, with for
example, cytokines (e.g., Granulocyte/Macrophage Colony Stimulating Factor (GM-CSF),
Interleukin 4 (IL-4),or Interleukin 13 (IL-13)), blood plasma, serum (e.g., human serum,
such as autologous or allogenic sera), purified proteins, such as serum albumin, divalent
25  cations (e.g., calcium and/or magnesium ions) and other molecules that aid in the specific
adherence of monocytic dendritic cell precursors to the substrate, or that prevent
adherence of non-monocytic dendritic cell precursors to the substrate. In certain
embodiments, the blood plasma or serum can be heated-inactivated. The heat-inactivated
plasma can be autologous or heterologous to the leukocytes.
30 Following adherence of monocytic dendritic cell precursors to the

substrate, the non-adhering leukocytes are separated from the monocytic dendritic cell

precursor/substrate complexes. Any suitable means can be used to separate the non-

11



adherence of non-nonocytic dendritic cell precursors to the substrate. In
certain enbodi nents, the blood plasma or serum can be heated-inactivated.
The heat -woasieazas ed pl asma can be aut ol ogous or het er ol og@eTsISH2 2860

| eukocytes. 30 Foll owi ng adherence of nonocytic dendritic cell precursors
to the substrate, the non-adhering | eukocytes are separated fromthe
nonocytic dendritic cell precursor/substrate conpl exes. Any suitable neans
can be used to separ ate the non 11 V\D 03/ 022215 PCT/ US02/ 28620 adheri ng

cells fro lex@¥ 2 iR tHE nifxer8 oP fhetrd-daBGigdher i ng
| eukocyt eéﬂl{gngg ﬁe conp exe %’%ﬁ' wed toxsert tol ee and the@‘ﬂon adheri ng
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nd t supey nat ant.. ¢ a| ni ey hon eukocyt es
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precursor &ﬁﬁﬂtﬂ?c&“&hh‘ﬂ'g@ﬁ% fioh- ydh‘éﬁng Wukgé}ftésﬁfe@ﬂ{técﬁbﬂ @8ined mmhatpeMecand/ or
expansi on. used heréin, isolated imuature dendritic cells, dendritic

cel | ;ﬁeccms]dp)ses T cells, and ot her cel | s, refers to cells that by human

hand, exists apart ysfggfgﬂtéggsﬁtgq (pegltpggceurgogsv'ca{nﬂsg%ﬁkhredaef}d@rfg pﬂ&;&m{l& not a

product of nature. exi st in puri

sem - pur i flaggatforaid/op 'éxpaﬁhs@nn 0As Dedihéeeig isolated imnhtuye dnideitit yellsedendvitieo
differentiation typically involves culturing dendrjitic cel] precursors, or

popul at i ofgll I@fﬁcurﬁ%&l%cﬂﬁvﬁlﬁg’th@ﬁépﬁ refersde pellsthale by human hand, exigls gpatence of
one or ”Dﬁsm%&i RAR dnPhb AR P the@férte?lg Epfll ekt IsBRIRALEIN St an

be, for cel'l'ular groWwt actors g., cytokines such

(Gv CBF) , e)hﬁttlﬂ plefitd ford, {nl slenﬂ-bunﬁad farineoikinra ricdi-rfattive e @yqnnaamdl) (Brleﬂy, ex

conbi nations 15 thereof). |n certal n errbo(f%nggnts t he rmnocytl c, dendri t| c
Ioyrieg

cel I s pr ebiip d8fesentiaion Bipicedy amtolves &H o FrOLRFEEuIsRrs QFPgPiiatien
dendriti Cc&ﬁlﬂg§mﬁ-ﬁgﬁdrﬂﬁﬂ%ﬁl'ﬂré&f§bﬂ lin ﬁ%ﬁ%éﬁ&roﬁ’ oh&Br %r&&i'ffe%nﬁgn&ﬂéj%ents.

differentrat suil t ture conditions. Suitable tissue culture
medi a i ncBuitkbleMikferéntihtingRIYohts 64 b, fOMHemplescell@ groweh factomsi(etghecytakitres The

vi tam ns. spakPRELSFEIRernSue el Tl [3 BE B BuBhdR™ ana e

like, 150 er%%@t Qn@brftilﬁ‘%&Bbﬂlﬁ{én%nt}féfméﬂb@yﬁ'@dlénﬂmlb Bell?sq{réo?lirébr@ﬁ@Odl nents, the
dendritic cell” precursors can be cultured in the serumfree nedia. Such

cul ture cdiiftrantioted te fym mpmocmaqidrveémma@ée dendrisiniclly. - deri ved products. A
typical cytokine Cogg%ﬁeax{sllp 1&% curs%r% %@h SANGLd bl Laif@ldntibil iVEfBRA UM IS

about 500 units/m
culture conditions. Suitable tissue culture media include AIM- V®, RPMI 1640, DMEM,
X-VIVO 15®, and the like. The tissue culture media can be supplemented with serum,
20  amino acids, vitamins, cytokines, such as GM-CSF and/or IL-4, divalent cations, and the
like, to promote differentiation of the cells. In certain embodiments, the dendritic cell
precursors can be cultured in the serum-free media. Such culture conditions can
optionally exclude any animal-derived products. A typical cytokine combination in a
typical dendritic cell culture medium is about 500 units/ml each of GM-CSF and IL-4.
25  Dendritic cell precursors, when differentiated to form immature dendritic cells, are
phenotypically similar to skin Langerhans cells. Immature dendritic cells typically are
CD14 and CD11c", express low levels of CD86 and CD83, and are able to capture soluble
antigens via specialized endocytosis.
The immature dendritic cells are matured to form mature dendritic cells.
30  Mature DC lose the ability to take up antigen and display up-regulated expression of
costimulatory cell surface molecules and various cytokines. Specifically, mature DC

express higher levels of MHC class I and II antigens than immature dendritic cells, and

12



25 Dendritic cell precursors, when differentiated to formimuature
dendritic cells, are phenotypically simlar to skin Langerhans cells.

| mmat ur e werdne2ix cells typically are CD 14- and CDllc+, PEXMrSesssckow

| evel s of CD86 and CD83, and are able to capture soluble antigens via
speci al i zed endocytosis. The immature dendritic cells are matured to form
mature dendritic cells. 30 Mature DC | ose the ability to take up antigen
and di splay up-regul ated expression of costinulatory cell surface

mol ecul esm%geg dln%g%eﬁy%{gg ,El&élyl%@&fﬁ a%%i CESUE 85’60198@”%%5?15 gher

| evel s of ass gens t an | turé dendritic and 12
WO 03/ 02ZZiéatd?M{US‘ﬁﬁfezﬁGﬂ!badmmtamrlﬂcxdmdn antigenalehsity ar the haurfick ywhlle

dentified b CD80 4 Geat
| eads to HRHSEHBLERSETHTHAPGERO B CDSOAN FOTBErsREs de bht 6 up
regul at i Ogct%tlsr?aghﬂlr&gﬁh%t the'BLAR hﬁ%ﬁ%%@&%lg@%ﬁmt&a@%ﬂaﬂa ¢beg T cel

activation signha the cou terparts of the "costinulatory nol ecul es,
such a% CbRte Beals. t he T cells. Mature dendritic cells of the present

i nvention can be pr re .. L., ured) by caontacting the,j.mmature
dendritic cells w tﬁ&g}r{egﬁé‘ir\}‘é °§Hﬁg§‘§’§ pﬁqsgnté%‘ﬁeélgﬂ? Pﬁt?eoﬁgp%?d B(‘f@ and | FNy.
Ef f ecti veppfRed)iby BhtaBz the Rifabry démige cENowithRudtive bladfoun® ok07 cfu per
mlliliter of tiSsue culture nedia. Effective amounts of IFNy typically 10

range fr ommbntmtlonetof BOGangd Ipdly. Eiffiettive anaqunts ofiBEG tepieallytrange ﬁﬁ@nlahout

Baci | | us e B l.ent st f As d
her ei an B o nep B of Hisee Sultedis Kbt eampons RE YRRl “°°
BCG dgg %ﬁl IB%%UCWEEI ﬁﬁﬁ'h@{' BElissBERInGFO THRANRE Hagilful alRbir -

assocl ate hin type 2 inmune response. BCGis optionally
i nacti vat Gdems (BOGHS dnextruientsttainvefl MdbBGG A mer‘emilletem,tB@@trédrsmhomd t he

like. i ncr.ease ressi o urf.ace turation 3
and. - DB HORGT R0 A TeOetEe i ARE VR LROTHIT T PoRe gpd PResBe
product i Oeorﬁmlehmhat%igé&laea Rfithanduca6RSf 4 yPE2aREamEresposise. WE Gt
intending to be bound by any particular theory, dendritic cell maturation

by BCG al sptidvally ireetivaiédsadt @rhezkma%tyam\ﬂﬁ@; ftv@naltrmtfmtybe@Ca@gd thedikeon and

the r ease of tuno crosis factor- her, et
Phe oS, CCancar BORFERRE ekt & hdiflee maifofnier CRATML 1T

Mat uring Ctmlmhutﬁ@c e ddontobitatt Mith inhibltionFONL anchrEGtiph andihes DC

productlon of IL- 12, and reduces or inhi bltscProductlon of IL- 10, thereby

primng t peclugion fantigens fram endaeytosis. Without intending to be bound by any particular
theory, dendritic cell maturation by BCG also has been characterized as involving

homotypic aggregation and the release of tumor necrosis factor-a (TNFa). (See, e.g.,
20  Thumbher, et al., Int. J. Cancer 70:128-34 (1997) incorporated herein by reference.)
Maturing the immature dendritic cells with IFNy and BCG promotes DC production of IL-
12, and reduces or inhibits production of IL-10, thereby priming the mature dendritic cells
for a type 1 (Th-1) response.
The immature DC are typically contacted with effective amounts of BCG
25  and IFNy for about one hour to about 24 hours. The immature dendritic cells can be
cultured and matured in suitable maturation culture conditions. Suitable tissue culture
media include AIM-V®, RPMI 1640, DMEM, X-VIVO 15®, and the like. The tissue
culture media can be supplemented with amino acids, vitamins, cytokines, such as GM-
CSF and/or IL-4, divalent cations, and the like, to promote maturation of the cells. A
30 typical cytokine combination is about 500 units/ml each of GM-CSF and IL-4.
Maturation of dendritic cells can be monitored by methods known in the

art. Cell surface markers can be detected in assays familiar to the art, such as flow
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for a type 1 (Th-1) response. The immture DC are typically contacted with
effective anounts of BCG 25 and |IFNy for about one hour to about 24 hours.
The i mmatwoesdeniritic cells can be cultured and matur edPCm/usoi/2sabl e
maturation culture conditions. Suitable tissue culture nedia include
AIMV(r), RPM 1640, DVEM X-VIVO 15(r), and the like. The tissue culture
medi a can be suppl enmented with am no acids, vitam ns, cytokines, such as
GW CSF and/or 1L-4, divalent cations, and the like, to pronote naturation

of the Ccebydmelly ImhaBhRlcnEhRl! B FOMRL NAd Rils b ARHE maffloifirds/ M each

of GMCSch uratl I'tic cell's can be nonitored by

met hods Kkeyékint prddiétiortelg. , By ILISA FA@Se onathkeintnwaraskey).d bt 2DCqgbputatiassay s

famliar to the art, such as flow 13 WD 03/ 02%215 ngg/ &ggiﬁggm

cyt omet r ymafused arsRTdingiorhepreseny Inveption, k- 12i1gvels arp bighey § T 0devels e

noni t or ed I REe_ N i I ; h i_mune
Rxfogx{oéecg é{yglﬁ (gtﬁ. 1@ r{%’dﬁste'. Hor @?angpac 01?, C}Hé’ DEslc@f\prddhiéerati§ oPHNEI/L

assay). | ulati mat ur ed Ing to the present invention,
| L- 12 3§ evel $roar gredtexgthen 1t1htwnabolt 1M1 beateius 10Q:0. Matwwedl(s asa lppetht aifity )

response. For exa e, .the DCs ¢ roduce ratios of IL-12/1IL 10 from
gr egt er tH&‘ﬁiﬁﬁfgngyaBE’ﬁ}'toi‘&‘ﬁh‘gﬂC%b aﬁ@ﬁ&&}_’ “R}&E%?Séa mubiardo P! ¢ he
abi ity tgriip} aKA iR el B NDENArRICNRA Y QEisdrs, MiinGhirs ddhdbigic 2B, uA®Hakiye UPt ake

assays famliar to one of ordinary skill in the art. Dendritic cell
pr ecur sor g¢ndriticrells, eithirpainiad; ar upptilgd, vafivantigens ean beeryprireseeveddon use abi t her

primed or.unpy| v th antigens .can be gr resarved r | at er
Gat o, et Hagaeo Mt ERph ISR AL el RRBTR Bt et ol ey s
exanpl@, VPatont SLRFEREcrPorattd  iBEsIn by Eléefdcdihed eRgredy.n by reference in its
entirety. Antigens The mature, primed dendritic cells according to the

present invention can present antigen to T cells. Mature, prined dendritic
cells canabgoéar med by contacting immature dendritic cells with a

pr edet er m neg antigen either prior to or during maturation. 15
Alternatively, imuaihe eladéﬁdmmeidcde@éﬂlﬂl%cet“ﬁéﬁcqiigmé tatheaaepgnbiaeentioperct ed

with antigen (e.gd. i Y [Lor. i .af 1.an) t ith a
corpos t1 Birebpr ag sl BBl Ak ARt AR B8 et BRLERL' 1, Ty
for a typandhatuldidendritie sElinsich a PrédeRithided astiteheithérneibr anor deing matarakion| ude
any antigen for which T-cell  activation is desjred. Such antigens can

i ncl ubie, ~ Ademalivehy iBmaseretdendriic eals tht have aligady beeporigeler Mitr BER(ReF -
associ at e(zjn 1%\% in%arq% is(o‘fat%n) c%ﬂ%l c%n?a%leh%vitt} é’%po%ﬁwn Jo\éﬁ)?fsﬁ?g Bé@laﬁ& ?FjNy

anti gens
to form mature dendritic cells primed for a type 1 (Th-1) response.

Suitable predetermined antigens can include any antigen for which T-cell

activation is desired. Such antigens can include, for example, bacterial antigens, tumor

20  specific or tumor associated antigens (e.g., whole cells, tumor cell lysate, isolated antigens
from tumors, fusion proteins, liposomes, and the like), viral antigens, and any other
antigen or fragment of an antigen, e.g., a peptide or polypeptide antigen. In certain
embodiments, the antigen can be, for example, but not limited to, prostate specific
membrane antigen (PSMA), prostatic acid phosphatase (PAP), or prostate specific antigen

25  (PSA). (See, e.g., Pepsidero et al., Cancer Res. 40:2428-32 (1980); McCormack ef al.,
Urology 45:729-44 (1995).) The antigen can also be a bacterial cell, bacterial lysate,
membrane fragment from a cellular lysate, or any other source known in the art. The
antigen can be expressed or produced recombinantly, or even chemically synthesized. The
recombinant antigen can also be expressed on the surface of a host cell (e.g., bacteria,

30 yeast, insect, vertebrate or mammalian cells), can be present in a lysate, or can be purified

from the lysate.
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fromtunors, fusion proteins, |iposones, and the like), viral antigens, and
any other antigen or fragnent of an antigen, e.g., a peptide or

pol ypept iwe taneizgen. In certain enbodi nents, the anti genpPcaruSom2scbor
exanple, but not limted to, prostate specific nenbrane antigen (PSM),
prostatic acid phosphatase (PAP), or prostate specific antigen 25 (PSA).
(See, e.qg., Pepsidero et al., Cancer Res. 40:2428-32 (1980); MCornmack et
al., Urology 45:729-44 (1995).) The antigen can also be a bacterial cell,

bacterial |ysate, Kﬁﬂ?én%%ﬁ élﬁgoa&rﬁggen{ ih%rga@gfeeﬁréﬂ‘ila%ﬁbjgl’ts GHof exdh lg,(rj‘é’ ot her

source known in the ar antigen can expressed or produc
r econbi narisuy sarapledroana biygrpodifdrytiwyonolies cameditionlina subgcocdn hearsed ana i gen can

al so be expressed on the surface of a_ _host, cell .0.,,.bacteria, 30.yeast,
i nsect, v&WeANEEH} g %Ihe@falr@gnf%éxﬁ%&gm bippsy,orRySirgicaly  can

be purifi dectiohO®ubign LM%EE%an 34000 40 314 e2k s R TdoldnllZprépidton. Ant i gen can

al so be present in a sanp froma subject. For exanple, a tissue sanple
from a5 hy pdtemmativély ey membmne prepatagion obeadistof e ubjactde.gulbjcencer paticnbeolded as a
source of igen. .Such sanpl e can _be obtained. fpor exanple, by biopsy or
by sur gi cﬁ%r‘]’thrsg%(g‘éetuﬁg’r’f.s a%ﬁ&ﬁn”g%usa?ﬁtafagﬁnt&%?ﬁ‘ 0530111}3%89 P ysate or as an
| sol at ed preparati o, a,ﬁexgh;p@grpgﬁliby@imm,@ Iﬂ@gmé afforiveR Ppsatd reuvetdd fe@hl s of a
subject (e.g., a cancer patient), or an established cell |ines also can be

used as asurgisal spesimsns syLhecusedps apeyreref antigem nFenexpples § sanple af AsmrceT o
prostate bumBls 6hlnbus bBlASPUBRE ol & Weichlfedliith, SRBEIIENG AP Pe used
as a sour 8&'0t SaNT gen. For exanpf€, a sar%pcle of 'a cancer patient’'s own

t unor 10 obpakéi dnidgenttb Apadtitivrcells os1TEdiad a celbBeite dor, antigen presensaidndi rectly to
10 present antigen to dendritic cells or to_provide a cell I¥sate %@{e

anti gen pAUSENii%elyhmemprang preperation of tunarelly offecageer Patichtcamn de psedy cells
of a Cancﬁﬁ?cﬂ%teil%% b@ﬁr%stgrlc,qﬁ ovari, cSIHAXrain inklahéAa R aRY B&feflypE of| UNT,
ovarian, colon, brarn, nelanomga, or any other type of tuhor céell. Lysates
and nmenbr ameormelp iy sdtéscamd maemtirengopreparatish ¢ande preparal feorh isodate tmhdreellpy
met hods known i he art. 15 In another exenplary enbodinment, purified or
sem-puriPYé‘lf&b’:Aé VRN GSAL £ i ¢ nenbrane antigen (PSMA, al so known as PSM

antigeg), which spegi {iotifkleXerhSI861 dnbollithéht MRATIRREmAMh R Brostis 1- C. 5, can

be used as antigen. (See generall’y Horoszewcz et al., Prog. din. Biol.
Res. 37: 1§fecHR roai9Ba)e ansigsn (PAMen alshidknown a6 2SKhantigen)swhivdt speqifipally reacts

(5];8?) 96,[3 - étﬁ%]&lo%fongf zin’tich))cli}Q 71 ﬁ‘&‘".S, '(A:‘gns B ﬁseg%g (a%l?tggelr:\l)? %See?’gzeh r'?‘z% Ho%élsjzg\)v%%s
et al., Prog. Clin. Biol. Res. 37:115-32 (1983), U.S. Patent No. 5,162,504; U.S. Patent No.
5,788,963; Feng et al., Proc. Am. Assoc. Cancer Res. 32:(Abs. 1418)238 (1991); the

20 disclosures of which are incorporated by reference herein.) In yet another exemplary
embodiment, an antigenic peptide having the amino acid residue sequence Leu Leu His
Glu Thr Asp Ser Ala Val (SEQ ID NO:1) (designated PSM-P1), which corresponds to
amino acid residues 4-12 of PSMA, can be used as an antigen. Alternatively, an antigenic
peptide having the amino acid residue sequence Ala Leu Phe Asp Ile Glu Ser Lys Val

25  (SEQ ID NO:2) (designated PSM-P2), which corresponds to amino acid residues 711-719
of PSMA, can be used as antigen.

In a particular embodiment, an antigenic peptide having an amino acid
residue sequence Xaa Leu (or Met) Xaa Xaa Xaa Xaa Xaa Xaa Val (or Leu) (designated
PSM-PX), where Xaa represents any amino acid residue, can be used as antigen. This

30  peptide resembles the HLA-A0201 binding motif, i.e., a binding motif of 9-10 amino acid
residues with “anchor residues”, leucine and valine found in HLA-A2 patients. (See, e.g.,

Grey et al., Cancer Surveys 22:37-49 (1995).) This peptide can be used as antigen for
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20 di sclosures of which are incorporated by reference herein.) In yet

anot her exenplary enbodi nent, an antigenic peptide having the am no acid
resi due swousneriieu Leu His G u Thr Asp Ser Ala Val (SE®CTVSSERE6p0

(desi gnated PSM P1), which corresponds to amno acid residues 4-12 of
PSMA, can be used as an antigen. Alternatively, an antigenic peptide
havi ng the am no acid residue sequence Ala Leu Phe Asp Ile Qu Ser Lys Val
25 (SEQ I D NG 2) (designated PSM P2), which corresponds to am no acid

resi dues EIHA Z&gﬁ%t Rt Q%eﬁtﬁ]?%?afﬁﬁﬁ s@@oﬂ'ﬁ]ﬁlhg@‘nAllél@F?eqH@ﬁcIléseL%e%ﬁon

enbodi ment’, " an"ant i geni ¢’ pepti avi an amno acid residue sequence Xaa
Leu (or MseB) TgraKXasalX@ds. x&a)kg(ahlni(aaesltydhes(sppp 166§-10d8s iSymdarky) pep8ids PX)

where Xaa represents a no ac si due, can be used as antigen. This
30 pepti dges?rg‘gléq&q)tégrlil%bﬂ}r&pgaﬁ%ﬁ EBP ‘motif, i.e., a binding notif of
9-10 am no acid re?}@@ﬁﬁ, Yihﬁﬁrdf@&&laﬁﬁc baR Hesiured RUSE prséftd oy 80ade found
In HLA- A2 patients. Gey et al., Cancer Surveys 22:37-49

(1995)5) IENsarpetht pnbdetemmnbda alu@d uaderamttatgemattmtlolﬁ:omt(OBS (2 descsibed

PCT/ US02/ 28620  HLA- A2+ atients ntr aI a, Al % t
“All el e F?@Yﬁeﬂﬂ“@ga y, g}ggmr%urege ttf—:sqgﬁecaq@e 1513d wqgalgsér%d mﬂ]& dt ee
Uni ver si tXntP%eﬁ?ﬁat cal agﬁﬁl‘tﬁ:QZﬁ}:ultﬁb HdB Withoud ENI(HFSand' 185£BPhI Ng ot her HLA

bi nding notits carf be used. Typically, immture dendritic cells are
cul tured matltrktmnmgesterﬁpﬁowinmast dhohFNymamdestth @ q@r/%@l@léﬁum wihi thent i gen

d t abl t t diti d bed h
et ure. darisr; OF et can b reruevet g kula e wabmeRE s FEG ST en 1
a typigal demoidded. CCﬁ%ldneQw Pe UGM 08 fiagd W uhest aldbERIdeans!tHelmaturafibn @

mat ur ati on agent. ng at |east about 10 mnutes to 2 days of culture
with the media ddethodsHer emtactjes dmzdmtio@eﬁaewnheob gandrafly knowa imthgiazt. (See

suppl enent ed CG | F ( d Cyt ok Gvt CSF
and |L-4) gﬁ’éfﬁ‘wﬁ QSS%dig‘g‘Bﬁf‘ le"f Oﬁrg]t%gb%tlabg) ﬁﬁ%@%a‘?ﬁ;ﬁ hgdé""f'%'r‘ﬂcont acting
dendritic 1§83ht337 ¥4 (1@9% D IRIBEHANIMHRE WL 1 Fhrkihl. A78: 18(7-‘966{199;79%@9& ety Steel
and Nutman, J. Inmunol’. 160: 351- 60 (1998) Tao et

158: 4237- 4k, J(E_mM)ed 1064831941 3%70; Miaatenia |1 Emegbe169]1?§5 ﬁéﬂ%ﬁé) Q997);

160: 1555. BRviessh) P gt 208 2P0k RGeS ot reyg P o7

(1992); t h@oﬁosgé(psyfeqx@mmfe n@fm@m are incorporated by reference herein.)
The resulting mature, prinmed dendritic cells are then co-incubated with T
The resulting mature, primed dendritic cells are then co-incubated w1t?1
cells, such as naive T cells. T cells, or a subset of T cells, can be obtained from various
lymphoid tissues for use as responder cells. Such tissues include but are not limited to

20  spleen, lymph nodes, and/or peripheral blood. The cells can be co-cultured with mature,
primed dendritic cells as a mixed T cell population or as a purified T cell subset. T cell
purification can be achieved by positive, or negative selection, including but not limited
to, the use of antibodies directed to CD2, CD3, CD4, CDS8, and the like.

By contacting T cells with mature, primed dendritic cells, antigen-reactive,

25  or activated, polarized T cells or T lymphocytes are provided. As used herein, the term
“polarized” refers to T cells that produce high levels of IFNy or are otherwise primed for
inducing a type 1 (Th-1) response. Such methods typically include contacting immature
dendritic cells with BCG and IFNy to prepare mature, primed dendritic cells. The
immature dendritic cells can be contacted with a predetermined antigen during or prior to

30 maturation. The immature dendritic cells can be co-cultured with T cells (e.g., naive T
cells) during maturation, or co-cultured with T cells (e.g., naive T cells) after maturation

and priming of the dendritic cells for inducing a type 1 response. The immature dendritic
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cells, such as naive T cells. T cells, or a subset of T cells, can be
obtained fromvarious |ynphoid tissues for use as responder cells. Such

ti ssues iwoloadz2but are not limted to 20 spleen, |ynph nededaSoarsitor

peri pheral blood. The cells can be co-cultured with mature, prined
dendritic cells as a mxed T cell population or as a purified T cell

subset. T cell purification can be achieved by positive, or negative
selection, including but not limted to, the use of antibodies directed to

CD2, CD3, and.the.like, By. t >el | i pri med
dendri ti ccggﬁqrén%ﬁtqe% tlcrcggéf zlm\e/%ef erx'fggd;é&gé{) ?‘gdé 3@@' p%lla\aﬁ?ft{zagg?%‘éﬁ?:sgﬁns or T
| ynphocyt 88 eviche®@ oM 4lp6hulAfonuF eenpleyceies pribhte cofadting with stid deadtitic edlsrs to T
cells that produce high levels of |IFNy or are otherw se prjnmed for

i nduci ng 30 & siseifie mment cansigheckor puygidied ﬁ@P‘H%&nSt‘g G4 %I{Sﬁ&q eRptacted
contacting,} re.. drek 1 | I A ]mda&q - d fure,
pri med de%&%@?@:éﬁggflfga%r%& lnlﬁ:ltumq:rigl l?r?gwlt d'far% ritic cg*lﬁgy%l%ﬁ”lgﬁg?%glgflg%ed wth
a pr edgt ercheetimahtibgefispuificrfjcals witi¢tomatuce i36 araigen-atdctine CDHE TiasHaour e
dendritic cells can %ﬁggorccw tured with T cells (e.g., naive T cells)

duri ng mafRHSERITERFIVE TeflSured with T cells (e.g., naive T cells) after

maturation and pri g ek abiter, ARMHd bicprofiube fdré-siimdlaGbRef 7 cbidm 1
response. The immture dendritic 16 WO 03/022215 PCT/ US02/ 28620 cells or

mat ur e demilrd, by culberirdgshe egllshe therpressheadofpnatore dendmee esllstprioned towardddi tion, T

N ._be. enriched_f | at | f hogyt ' ti
wth i ho indgieas of Tl Fef EoBin: R Ehal SPREREY CERpEENBEedh BT oo™
popul 81 oR8OfTHeMaturE, S@ht® dédeitie @B PG tidally e dnbetifdidRa iot tocconeictifig

Co-cul turi r_l%dof mature, primed dendritic cells with T cells leads 5 to the
sti nul at i onthghe Tselds. f Suitalecaitpes oppdisiansepnundudhens areergsntokige{4&e CD4+ T

cells or _anti Nsreactive,. +. I t are
provi ded P8 h?(gﬁ“s'%’i ﬁ%qc%?alwglﬁggf@m %lgé E&F?{J &\l“ﬂgﬂ%xjﬂﬁ%x;@gﬁﬁé&ﬁu% 1trsﬁl)(gﬁ'cel s in
the presensy. of vildlrelsBmUBINdh iof TeelEby &ddtid&Unintutare dendritetcdl I8 BE@GT Jdey 1

(Th-1) T cell re;iponse. Such T cell optionally can be cultured on feeder 10
cel | s. Thendrthepresctosmined dntigendrantbie sisecelo|psompieieapaiision efdhe Heell periatiansd

| slctgpminedantie Chlpgompei .
el ubt one or mor oAk pEEaSdhe boptikd Ef ettt 6T MG peRe cor

A- st i mul aheshtSRbERViHS fdr 160D pdrivdl dntime F peribdit kestitholafion.(The T ]l pultira vitro
re-stinmulation of T cells by addition of inmmture dendritic cells, BCG

| FNy  and ot Reelliae s craatrdFan e pigesd anthif peeseryed (4., By Bipulationpdifst on of the
-cl)-r C_el_l Lerfgwoﬁéés%g%ti\geéaﬁld%e%ﬁﬂgi GoeltS LOGPPRPRAVALE polftlZ8l 2Rl 4t &ekirdg cul ture
intervals for long term use.
20 In certain embodiments, activated CD8" or CD4" T cells can be generated
according to the method of the present invention. Typically, mature, primed dendritic
cells used to generate the antigen-reactive, polarized T cells are syngeneic to the subject to
which they are to be administered (e.g., are obtained from the subject). Alternatively,
dendritic cells having the same HLA haplotype as the intended recipient subject can be
25  prepared in vitro using non-cancerous cells (e.g., normal cells) from an HLA-matched

donor. In a specific embodiment, antigen-reactive T cells, including CTL and Th-1 cells,

are expanded in vitro as a source of cells for immunostimulation.

In vivo Administration of Cell Populations
In another aspect of the invention, methods are provided for administration

30  of mature, primed dendritic cells or activated, polarized T cells, or a cell population

containing such cells, to a subject in need of immunostimulation. Such cell populations
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mai ntained in vitro for long periods of tine by periodic re-stinulation.
The T cell culture or T cell line thus created can be stored, and if
preser vedw0e3/g22210y fornulation with a cryopreservative aoW/uSpEEms2ng) used
to re-supply activated, polarized T cells at desired intervals for |ong
termuse. 20 In certain enbodi nents, activated CD8+ or CD4+ T cells can be
generated according to the nmethod of the present invention. Typically,
mature, prined dendritic cells used to generate the antigen-reactive,

pol ari zed . T I nej - | ' to be
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Cel | Pppukat pspusation prineidnewards Facl regfonsé eTheninanaturendendetihioglls can be pr ovi ded
for adm nistration 30 of mature, prined dend%iqaﬁi c cells or a:gdtj .vatﬁd,

pol ar i zedcantaged with gptigendgaior tqeyslurpgmaturation 3ok gus, RRmEd dpadritic gells

subj ect | -'35@31@ ' O in AR SR hunBaRligidpns 17 WO 03/ 022215
PCT/ US02/ %rgtgeg&hn@gﬁ{l nc geg{ewgwo{l ﬁ}H &'?lljnre, pri rm(ljmdendri tic cell popul ations
and/ or activated, phlardaedefibodimkent, hepudtertej prsed dendeidictcallncashsodi nent s,

such met hods ar rfornmed b bt ai. ni d WL |
it ur e GeEE MR LaRPIEY it o etrest g anele desieds Sin B SEPRRIRS !l 0 ¢ he

presefpge g{?flﬁ%n 'ﬁl@}ﬁcﬁ%e&b@ﬁﬁ&&ﬂ%ﬂ%ﬂ%ﬁéﬁ, bﬁl%hallz félswedeby@bnaie dendritic

5 cell po ation prinmed towards Th-1 response. The immature dendritic
cel | s canekmnsioom edl adtuvd offantigeri-tpaptiverCB¢ ansl/asrCIARIr T agflsneandicat i on. Such

mature, prined dendritic cells an be admnistered dir . a subj ect
in need oFle}ﬂﬁj?«fS@?‘? ?Tiﬂbé‘i#B’rﬂeeFR%WEP%@é’H“%%%‘o llrlrcr%rrtfgr,Il e?‘ﬁé&ﬁéﬁlﬁ @r e, prined
dendri ti Cagflatedl, fSBiRA T 6ARLACHR6lopbso khegabReyt es from a subject to
stinmulate T cells within the Igrrphoc 10 popul atjon. The activated,

pol ari zed | ynphocyt &sanashsricebadliment, ;‘{leﬂnédtlﬁyel Erﬁ‘ﬁlls’éﬁémﬁﬁleph?‘@&cF
cul 15, OV U5 AP R AECk B oo B AL A e o o0
act i vat ed sujjedtard laRevnlingled 4rs larsrebtddadnatgdirmeritotht dendritiej cetls and/or Boelisaee
enbod nengiilogtegﬁ: tg?}rllg rreicitpiie%t (s:lﬁ)lj elc%.’ Fc]_r g{gxlnlpfe’, th%nd%nzirrl]t?c ée I%icpa)ril gg Elllgg%glcetg tthe
T cells and the recipient, which have the same MHC (HLA) haplotype. The allogenic
cells are typically matched for at least one MHC allele (e.g., sharing at least one but not all
20 MHC alleles). In a less typical embodiment, the dendritic cells, T cells and the recipient
subject are all allogeneic with respect to each other, but all have at least one common
MHC allele in common.
According to one embodiment, the T cells are obtained from the same
subject from which the immature dendritic cells were obtained. After maturation and
25  polarization in vitro, the autologous T cells are administered to the subject to provoke
and/or augment an existing immune response. For example, T cells can be administered,
by intravenous infusion, for example, at doses of about 108-10° cells/m? of body surface
area (see, e.g., Ridell et al., Science 257:238-41 (1992), incorporated herein by reference).
Infusion can be repeated at desired intervals, for example, monthly. Recipients can be
30 monitored during and after T cell infusions for any evidence of adverse effects.

According to another embodiment, dendritic cells matured with BCG and

IFNy according to the present invention can be injected directly into a tumor, or other
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15 have the same MHC (HLA) hapl otype. Methods of determ ning the HLA

hapl ot ype of a subject are known in the art. In a related enbodi nent, the
dendri ti cwoaBloz22amd/ or T cells are allogenic to the reci pcaniSozesspect. For
exanple, the dendritic cells can be allogenic to the T cells and the

reci pient, which have the same MHC (HLA) hapl otype. The allogenic cells are
typically matched for at | east one WHC allele (e.g., sharing at |east one
but not aI | 20 MHC alleles). In a less typical enbodinent, the dendritic
cells, t I i spect
to each o LE %orgﬁg nglhﬂem{%%{:wl HI ggﬁﬁgﬁg %e@%@%ﬁ{ﬁ%aﬁggéﬁ%ﬁlpﬁés%@% n.
Accor di ngaﬁttgeﬁm@Teth@mnmmt, the T cells are obtained fromthe sane

subj ect fromwhich the imuature dendritic cells were obtained. After

mat uration and 25 polarization in vitro, the autologous T cells are

adm nistered to the subject to provoke and/or augnent an existing inmune
response. For exanple, T cells can be adm nistered, by intravenous

i nfusion, for exanple, at doses of BRAMPIES-109 cells/n2 of body surface
area (see, e.g., Ridell et al., Science 257:238-41 (1992), incorporated
herei® by reference). Infusion can be repeat ed at desired intervals, for
exanpl e, nonthly. peIale T ceI I

i nfusions for any ﬁﬁ%ﬂgorll@g&?ﬁ&%ﬁ& a%) {19{&8 ggg;%?ﬁg toﬁghgiti%

enbodi menspeete ddthctihventioh bad skailluoete Wbrtsh'uBDG lanil thel ifdgnt@adoamy way.t o t he
present invention can be injected directly into a tunor, or other 18 WO
03/ 022215 PCT/ US02/ 28620 tissue containing a target antigen. Such nmature

cells CanEéﬁﬁﬁlelipf Iﬁ]&&dcggﬂ of‘fﬁjl@%ﬁ@ﬁph Uhat: Dﬁférrérﬂ%tﬁﬁna—n €8hdifiohd? Vi VO.
EXAVPLES Xanpl €S ar € provi nmerely as 1flTustrative of
vari o aspects of Irttlhes axamptet, cytnkiamgrosinetidn wmstddm@nnmdsﬁrcpme)dpmlotldmsmft t he
i nvention in any . Prod n of IL—lO and_|]-1 UrjnJ

Di f f erent 1%?@?%@@5}‘}“@6‘?% tHﬁRdy&re cqaqt H{’ CaRalHAlen agent 6?(::%“?51{ ct'i on
was deter g %ﬁ] {Pemw ?‘I“JS c%tactln%‘%ﬁgﬁéé?l%%jd fnt)b&cﬁél Wwith pladlc iNRE

contacted W t € matu gents I mmat ure DCs were
prepar ed presareabfOptivMENME menlm(l(hbcobBthjsupptanwntmmh it }pimtplasman t he

Cnbound mOBETKLROREHIEs RERFBIP B DYeRrG. THLRs GO RYRb AT R

cul tuied Kvivo 15® media in the presence of 500 U GM-CSF and 500 U IL-4 per milliliter for 6

days.

In a first study, immature dendritic cells were matured by addition of
inactivated BCG. The cytokine production of the resulting mature dendritic cells was
determined. Inactivated BCG was added at varying concentrations to immature dendritic

20  cells in X-VIVO 15® media, followed by culturing for 24 hours at 37°C. The dilution of
BCG added per milliliter is specified in the table, starting from a 4.1 x 10® cfu/ml stock.
Cytokine production was determined by ELISA assay using antibodies against the
cytokine to be detected. Briefly, an antibody specific to the cytokine (e.g., IL-12 or IL-10
is used to capture the cytokine on a solid surface. The solid surface is then treated with a

25  second, labeled antibody against the cytokine to detect the presence of the captured
cytokine. The second antibody is typically labeled with enzyme to facilitate detection by
colorimetric assay. The results of a representative experiment are shown below in the

following Table 1. The amount of cytokine, or cytokine production, is stated as pg/ml.

19



15 X-VIVO 15(r) nedia in the presence of 500 U G\ CSF and 500 U I L-4 per
mlliliter for
mat ur ed bwoaddei2idn of

resulting mature dendritic cells was

6 days.

In a first study,

det er m ned.

. imMmuature dendritic cells were
i nactivated BCG The cytoki ne prosaatisom2ssko t he
| nacti vat ed BCG was added

at varying concentrations to immature dendritic 20 cells in X-VIVO 15(r)

medi a,
added pe

romil

cfu/m stock.
ant i bodi es agai nst the

specific to the cytokine (e.g.,

iliter

cytokine on a solid syr

foll owed by culturing for

cytokine to be detected. Briefly,
| L- 12Table 1 L- 10

)8 b dd Pty PRt by B P

Sur

24 hours at 37C. The dilution of
is specified in the table,

BCG

_ starting froma 4.1 x 108
Cyt oki ne production was determ ned by ELI SA assay using

an anti body

Is used to capture the

ated with a 25

e
r ed

p40

second, |abel ed anti bbd e presence of the
captured cytokine. The second antibody is typically labeled with enzyne to
facilitate detection by colorinetric assay. The results of a
repr esent donorel eymkiiengnt Noe sh@@Gbe| onBLCA t he BLE | owi BgGTahl ENFo +Th
amount of cyt okinft@suréd |Cyadadd ne pri@duct i oh250 s (st hbed as 1pdodd | 19.-YD
03/02221p PCT/|US02/ 28640 fadtadl p 1 1L-1D and IL-]12 Prodyction by DC Maty
wi t h BCG dopor| gY]PE1'd NacBCE BXEHPCH BOG3gNFal + 338easur egs added 45 10C
1:(1258 1 %&b P {ACUPT 44 T 2" 7875 1393, Z391335,£5 95 &~ 17
n n 28'2 nl.-.l t I.-.I - o -I— ool =20 (o Wa VoWl L o on 5 AL 4 -
0. 33 0.3; 1 3O.vvlf0.61|L§¢$LIlZﬁzbﬁugTiujpuégﬁga;wgog élsglik i%S@E ?
12257 ndlnd nd PAMLIG] 38000k 1633120 B34 b7o/di1 10 9.8 ] 7001
0.60 nd £0.37 |B-12p# |ne3A8 npt AEY er i nd9) Refel4ing to<Tablle 1590t
resul ts denonstiatZzp4thgt tode agddi tndon pf 1B@6/can nd nd nd

3 IL-10 305 426 162 124 <5 70
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“nd” means not determined.)

Referring to Table 1, the results demonstrate that the addition of BCG can
increase the production of cytokines IL-12, IL-10, or their subunits, although both the
relative and absolute levels of cytokine production are donor-dependent. The highest

10  levels of increase were seen for IL-12 p40 and for IL-10, suggesting that the observed
low-level of IL-12 p70 (composed of p35 and p40 subunits), relative to the level of IL-12
p40, is due to a lack of IL-12 p35 production. In all conditions, except one, where BCG is
present, the ratio of the levels of IL-12 p70 to IL-10 is less than or equal to 1, indicating
that maturation of immature dendritic cells in the presence of BCG alone is likely to

15  polarize naive T cells towards a Th-2 response.

The effects of introducing IFNy under similar conditions were also
determined and are presented in the following Table 2. Cytokine production was
measured as described above. Comparing Tables 1 and 2, it is evident that addition of
IFNy in the presence of a maturation agent (e.g., BCG) increased the production of IL-12

20  p70. In particular, addition of IFNy with BCG during maturation increased IL-12 p35

production and decreased IL-10 production. As a result, the ratio of IL-12 p70 to IL-10

was invariably greater than 1 upon addition of IFNy with BCG. In some donors, and

under certain conditions, the ratio of IL-12 p70 to IL-10 production can be increased to

greater than 100:1 by the addition of IFNy with BCG. Thus, these results surprisingly
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I ncrease the production of cytokines IL- 12, IL- 10, or their subunits,
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Example 2: Downregulation of IL-10 by IFNy is Dose-Dependent:
10 In this example, the ability of IFNy in combination with BCG to

downregulate IL-10 production in a population of dendritic cells is demonstrated.
Immature dendritic cells were prepared as described above. The immature dendritic cells
were incubated alone, matured in the presence of one of two concentrations of BCG
(1:1000 or 1:250 dilutions of the 4.1 x 10® cfu/ml stock), or exposed to IFNy alone in
15  concentrations ranging from 0 U to 1000 U per milliliter. IL-10 production by the
resulting dendritic cells was measured by ELISA (supra) using a commercially available
antibody (e.g., from R&D Systems, Minneapolis, MN) and reported in pg/ml. In the
control, immature DCs cultured alone (without addition of BCG or IFNy) produced no
detectable IL-10. In contrast, DC cultured in the presence of IFNy alone produced a small
20  amount of IL-10 (about 20-30 pg/ml). The amount of IL-10 produced was not dose
dependent over the range of 10 U to 1000 U of IFNy per milliliter.
In contrast, DCs produced by maturation in the presence BCG alone

produced significant amounts of IL-10: about 150 pg/ml or >250 pg/ml of IL-10 in the
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Dose- Depewoantn2221® I n this exanple, the ability of |FNy i rcxarso2/essté on with
BCG to downregulate IL-10 production in a population of dendritic cells is
denonstrated. |Inmmture dendritic cells were prepared as described above.
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stock, regperiid e wd%qlglettb ‘HBW e ulafYY - [ PpBER ! Ao dve B¢ R Affardnesul t ed

in dovvnr egul at1on 0 pro tiron in a dose’ dependent manner. For DCs
cul tured stnnﬁlh&orpdsHiem:ﬁodﬁcttohenducwBQBd]G glbhen of BCG | L-10 production
decreased from about 150 pg/m of IL-10 (no IFNy) to about 20-30 5 pg/m of
| L- 1019 1000 U IFNy). For DCs cultured in the presence of the 1:250 dilution
of BCG Elsd0eRt Qiehiianndfer 8238 FNYEDaRODEycAdE P/ M of 1L-10 (no | FNy)
to about 50 pg/rm of TL-10 (1000 U TFNy). Thus, nmaturation of immature DCs
in the presence of InBGE exaoiplefiie ahﬂttyabIFéJ}tto uumgu]ra@glll &2 praductian ywasoduct i on,
and to over cone the_appare stimylatio L-10 roduct nduced by
BCG al onedemenstas ﬂrgn@turga?rgi&&xpgp WS ePKedl OIPy1% cI?Sges“é‘lltl‘fbéeﬁendent

In this exaumlifthd ﬁ‘éséﬁ@é bf E¥1-6KFlahAYT 140 ad s B EdHbB V. LTﬂezlnﬂhé’cdfé%C%réNaS

15 treated for an additional two days with various dilutions of BCG alone, or with BCG in

combination with various concentrations of IFNy. Culture supernatants were tested for the
presence of IL-12 p70 by ELISA assay, as described above.
The results from a representative experiment are shown in Figure 1. For
each culture, the results were determined in triplicate. In response to increasing amounts
20 of BCG alone, a relatively low (<1000 pg/ml) mean concentration of IL-12 p70 was
produced by the mature DCs. The amount of IL-12 production decreased in a dose
dependent fashion as the amount of BCG increased. In contrast, upon addition of IFNy
(10 U/ml) with BCG (1:1000 dilution of the stock), the amount of IL-12 increased
dramatically to approximately 5000 pg/ml. Upon addition of 100U/ml of IFNy with BCG
25 (1:1000 dilution of the stock), the amount of IFNy increased to almost 20,000 pg/ml.
Addition of IFNy at 500 U/ml or 1000U/ml with BCG (1:1000 dilution of the stock)
resulted in IL-12 levels of approximately 21,000 pg/ml and 22,000 pg/ml respectively.
In summary, although BCG alone appeared to antagonize IL-12 production,
maturation of immature DCs in the presence of BCG and IFNy dramatically increased IL-

30 12 production.
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denonstrated. Immature dendritic cells were derived fromsix day nonocyte
cultures grown in the presence of GWCSF and |IL-4, as described above. The
i mmat ure WO oaeR115 treated for an additional two days w PTAE02/28630
dilutions of BCG alone, or with BCGin conbination with various
concentrations of IFNy. Culture supernatants were tested for the presence
of IL-12 p70 by ELI SA assay, as described above. The results froma
representative experinment are shown in Figure 1. For each culture, the
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sti ”U#@t e | FNy prodyggt m&hgxgéﬁﬁe geBnsRecithdfcolcfifkd Swithintmafird Dbsne

specific to influenza A enerated by incubating peripheral bl ood
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cul ture, | L-15"were added to the cultures. After
about 7  frflubdzaddy peptidec Brieflypthetimenalure 10 wiertasvested droph adaue flasks and

t oki pe- f di ht. 10 The.ant fi N t
co- oubd oy EReGTEed RRRRBERRs FatofRotic e e Ao A Yo sergRb Lol
DCs rmat ur f#&'lumeto@hg@oaﬂ&hcl Hib¥ia fEh@wé@sy fhe a@hiitidRbE g@@q%pe&ufﬂe%fﬁfﬁ@hk@ to

DCs was s and wer e T ncubat ed at
M1 peptide in PBS. After a ten mlnute incubation on ice, the cells were washed

extensively. For direct loading, the cells were resuspended in an equal volume of X-
VIVO 15® media and influenza M1 peptide in PBS, and incubated for 1 hour at 37°C. The
20 cells were incubated for 2 hours at 37°C to allow for antigen processing.

After co-culture of the T cells and DCs, the T cell response was measured
by ELISA quantitation of IFNy from a 100 pl sample of culture supernatant. The results
indicate that, irrespective of the method of DC loading, DCs stimulated with BCG and
IFNYy are superior stimulators of antigen specific T cells. T cells co-cultured with

25  immature DC produced very little IFNy (<2,000 pg/ml), while T cells co-cultured with
DCs matured using BCG alone were intermediate producers of IFNy (>5,000 pg/ml). T
cells co-cultured with DCs matured using BCG and IFNy produced high levels of IFNy
(>20,000 pg/ml for osmotically-loaded DCs or >25,000 pg/ml for DCs loaded directly.)

Thus, DC matured with BCG and IFNy were better stimulators of antigen-

30  specific T cells, independent of the method of loading the DC with antigen.
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for 24 hours. The DCs had been either directly | oaded or osnotically | oaded
with influenza M peptide. Briefly, the inmmture DC were harvested from
cul ture fwadkmansl 15 concentrated by centrifugation. For pagrsoe/esesk@adi ng,
the cells were resuspended in a small volune of hyperosnotic nedia,

foll owed by the addition of an equal volunme of influenza ML peptide in
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stinulators of antigen specific T cells. T cells co-cultured with 25
i mmat W e Pereproddedieshansdia (A mrgia cupplenentedwith 5% WrmaeAB serim.L0

co-cul tur usi B re. in cers
of IFNy ( %OE ﬁ&ﬁ%‘)gvafl'ﬂ"ggﬁvgryco lfﬁyﬁrgge F %w%&s§%@§?£?5?§9h9 CG and
| FNy pr Odhkcl%éeé’shﬂ'h Be@ﬁ@e%@cﬁvekﬁf‘b’rec&m&lﬁ&lmb alceftain aﬁﬁgmiwmlb{vyaﬂd)aded
DCs or >25,000 pg/m for DCs |oaded directly.) Thus, DC matured w th BCG

and | FNy besausenaivecells raquire a@@ntsstmulamnu tgapspond sipwiation avas repspied 3 to 4
i ndependent f &ni 022215
PCT/ US02/ ﬁ%‘égﬁ‘ ‘E‘%%a“‘nn;;;‘][’@%g?% daﬁ% ‘%1%?%&&6%& ‘ré’]t}eidr%f gen §§§8i\é?t el

Resporg es freeimédiarbeford reegtrhulhtioies specific to keyhol e |inpet henocyanin
(KLH) were generated by stlrrul ting PBMC with DC mat ured. usi n(g ei t her BCG
or BCG and | FNy, and stasdaddp-day thymiding wrorpartipBpssay Sas eAPINEd 108t 1 T cel |

to DC rat di
(A v Afinugh8 Tledhities Ry HRGHARCe o proliREfonD iSRG TOPWIRL2 a5

ng/ M | L- epbaskimyvasyihg DE tddyeell raties wih ﬁ%u@émpaﬁd@oﬂmdnllecejbr TrgeHlsks,

as necessar Because the qverall precursor n tQ..a certain antigen
was | ow, BroMferplionyasmpaspred as Spyngs ngﬁ npie (Sg nt e@f’f*’ﬁﬁf"iﬁ& fio §F respondg

stinujati ag)g\ﬁ@tﬁmrc%% SRIkERs, 3n r&phnselth SRBulafloh WeR tiRénSasvideicd 6F ]gé@-ys Cell's
were allo fo recover overni ght in cytokine- 10 free nedia before

re-stimul specifi. resposseanﬁra¢®t®l fhapntigeprapeéifieity, nawegireaontpl aigey (nAengap| oyed

totest sgtimlateq T celliilnesdor Klh-specific cell proliferation.
Stimul at e@® FUELIRE2 }néuded 1nt € assay.

When DCs matured by BCG alone were used to stimulate T cells, T cell
proliferation was consistently low (<5,000 CPM). This low level of proliferation was a
20 low whether the DCs were contacted with KLH or influenza A virus. A low level of
proliferation was also observed in response to incubation with immature DCs. No
significant difference was observed between the three groups of DCs used at responder to
stimulator ratios of 50:1, 25:1, or 12.5:1 (T cells to DCs). In contrast, dendritic cells
matured with BCG and IFNy were used to stimulate the T cells, KLH-pulsed DCs induced
25  consistently higher T cell proliferation (approximately 10,000-33,000 CPM) than did
immature DCs or mature DCs pulsed with influenza A. For mature DCs pulsed with KLH
antigen, T cell proliferation increased in proportion to an increase in the responder to
stimulator ratio.
T cell effector function was also monitored by cytokine secretion. The
30 KLH specific T cells lines (generated as described above) were stimulated using DC
matured with either BCG alone or with BCG and IFNy. The stimulated T cell lines were

tested for cytokine production by intracellular cytokine staining after the cells were non-

24



incubated in varying DCto T cell ratios with KLH pul sed inmature dendritic
cells. T cell proliferation was neasured as counts per mnute (CPM.

Cel | ul ar woaBiokeismt i on, or 15 production of cytokines, i nPCFIFOLSH24¢ O
stinmulation were taken as evidence of antigen- specific response. To
control for antigen specificity, a negative control antigen (influenza A
virus) was also included in the assay. Wien DCs matured by BCG al one were
used to stinmulate T cells, T cell proliferation was consistently | ow

(<5, 000 y IS f i ' O(4l ind he DCs
wer e con?g «':16(\:4L leﬁﬁll\%, ?[Hh%ﬁh?rflﬁ}l annﬁ %%?\%ﬁ%ﬁ%?%?&nﬁ?ié%ﬁl}%\vg %ngﬁlgé ation
was al so piege¢tioadvisimemasiedns e perentageibixtells producing iarparticutas cipGkineNd very
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I'n contragt s &andrg. tics &R 11510 Wetcop detdbtbd irBEIRNINUTMNYG VR DT s4RAGreH0
stinmulate the T cells, KLH—f})uI sed DCs induced 25 consistently higher T cell

prol i feer awitbBGGppd BNrel Eels stondeed b3 Ditromapgy byaGalene progusedifav DCs or
t | i thoinfl . ture DCs i H
oot gen, vEisef filvdtd B o SRR Plsgbn SR st SEPaliohiat Elbs 1 1 e

r esponder sgfulal iwith BEO makidtéd With TFN@hhd BCGEstb@icell UPNY (approviimarlys3buspni t or ed
by cytokine secretion. The 30 KLH specific T cells lines (generated as

descri bedarbBVBY (w#7%). sSEENni$ akaewn stimulaipcof et 2 peadlugiieh Ehushby stiadatingne or

ith BCG gnd | F he st i nul T | i we t d f t gki
br oduct o c8Y° VA REIT A gy Gk BN o AGU oSt BhiaSia bt don 54
VO 034@22@}51)!3‘%054@2/ 28620 specifically stinulated with anti-CD3 anti body
an

(50 ng/m MA (5 ng/m). Cytokine production was measured as a
percentage of cells producing a particular cytokine. Avery lowto

% c .
et et g6 TRl b B RSO EpBg oel UL
stinmul ated by DCs | hDB6& Gk LdE Hon’HB GG Shi piced by DCs
mat ured by BCG al oﬁ%ﬁsg%ﬁ@ggtbosv eveﬁes cﬁﬁﬁ??zll\&l (<109% and ﬁNF-a (<159 .

| n cont r agpreglhgthd iypeicykictuop nécrasis facwe bl (TNFaf) iwasldainedstwitéda DCs
matured with | FNy and BCG produced | FNy (approxi mately 35% and TNFa
(>45%5 | Brgfly.dmmatwswendriticrsllatisre drived ag desgrbr above and miowa ingghe

stinul ati B%sen-ge ggbﬁ-d@ﬁﬁf%ﬁ% %ﬁﬁ%tﬂ%e%b%e%ﬂﬂuﬂe& lw*{th élﬁ‘l@r EC@}:AIJ)I'T‘G are

pol ari zed "t owar a type- response.
or in combination with IFNy for about 24 h. Subsequently, a protein transport inhibitor

(GolgiPlug"', PharMingen) was added to block the transport of the produced cytokines
from the golgi complex, and the cells were incubated overnight. The cells were then

20  harvested, permeabilized and stained internal with a fluorescently label antibody specific
for TNFa or an isotype control antibody using methods well known in the art. The
frequency of DCs positive for TNFa and the fluorescence intensity of the cells were
determined by FACS analysis (Table 3). Maturation of the DCs with BCG in the presence
of IFNy was found to enhance the capacity of the DCs to produce the Th-1 cytokine

25  TNFa.

Table 3
TNFa Production by DCs Matured in the Presence of BCG With or Without INFy

Maturation Conditions % Positive Cells Mean Fluoresence Intensity
BCG 3.9 99
BCG + IFNy 31.5 192
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Exanmpl e 6: Induction of the Th-1 Cytokine Tunor Necrosis Factor a (TNF(Xx):
In this exanple the ability of the conbination of BCG and | FNy to

upr egul atwotod@2n2ype- 1 cyt oki ne tunor necrosis factor a ( TRETA)SON2820
denonstrated. 15 Briefly, Immture dendritic cells were derived as

descri bed above and prown in the presence of GMCSF and IL-4. The i muature
DCs were cultured with either BCG alone or in conbination with I FNy for
about 24 h. Subsequently, a protein transport inhibitor (GolgiPlugT™M

Phar M ngep), a8 72H1d6didn% R L8nsk IA%aMs@@&PWsEo&Jted Agtiggeduced cyt oki nes
fromthe gol'gi conplex, and the cells were 1 ncubated overnight. The cells
were then 20 har veslnetlis epempieddCs mawdedain dhsprasamee of BCET anall IFNytwheze

fluorescently | abel antibody specific for TNF_% gf eﬁn i sotype cgnt r.ol
ant i body demenstraiet toelicitgesignikpaky hisher Hunefrspecinfd cetlIddiyarfegseand gaatlar

ositive for, T . ] j " : e

ot er i nelros SERfigRntdfc RARRG SGEompRbERFDEY nily LI FIBROG aliEe |

t heOI pres eﬁﬁlﬁ%}ﬁfelddﬁwﬁiwmm;g &g}\lﬂem_rﬁanfoﬁhtgbﬁ_v%famp ltg;edo’fx thd}ge@%\aﬁ bfl\)/a .

produce the - cyftome . Tabl e ; a Productio y ture
hale BHoESsH S

in the PredheE @ Tbds MelMoverfithenigpdadyeh e G WYROES %
Posi tive gi B 1YeecE my@é&mﬁn@a&a&m oBrGsg A FEE ffudrEfidn31. 5 192
25 WO 03/ f% PCT7 US02/ 28620 Exanple 7: |ndUC§I on of Response Agai nst

Cel | - Assopiotdie (GEP)targlenM 1 ipnotein of Influenzt & O@s. fhe Esdwen matereg2dhdatee or BCG
and | FNy where denpnstrated tq.elicit, jgnificantl i.gher

t uror - spe&’i‘tﬁieghef’ Q‘g@lor bﬂﬁ/mr Oﬁﬂﬂthzlilﬂyt gllhe t‘F’B?/rengdegfng%?‘i GER O peci fic
cyt ot pxi Cifyy, HRah et -specl fIETRET Bne.

dendr ?q(i cMcle )@Zes\%\lgr e |§r(c)liegtge assggggtﬁglﬁlt e%ﬁ%%ﬁg@u?%ﬁr ed in t%ee
presence DiventPMb@IrlatengeelilcuftureoperD@iantsmveee hdreestddomdadn wh talstandadddFNghol e

tunor cells A549? 8revi ouslg i nffected with reconbi nant adenovi_rus
expr essi nELEA-hOrlyJPetlpaded with Mprpression:tumar eetispyere able fstipulaiedFivn of

I nfluenze A viru The . t d 24 h | it .t her or BCG
in conbi n%ﬁl‘?aéﬁa%slpﬁs Wﬁg%%éﬁPﬁer%ﬁéﬁs%fﬁ%ﬂy@\é} eo‘?)_ t% ap}%_d 3§gges_si on
tunor cel {h$s Wedhsé!BRA eftRerShinBilra bEBOG Mufupddmoss ML-specific T cell [ine.
Twenty-four h Tater, cell culture supernatants were harvested and run on a

standby d | FNy

Table 4
Induction of Response Against Cell-Associated Antigens
Maturation Conditions IFNy Release
None 10,379
BCG 15,114
BCG + IFyN 75,546

The previous examples are provided to illustrate, but not to limit, the scope
20  of the claimed inventions. Other variants of the inventions will be readily apparent to
those of ordinary skill in the art and encompassed by the appended claims. All -
publications, patents, patent applications and other references cited herein and are also

incorporated by reference herein in their entirety.
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ELISA. Only DCs | oaded with ML-expression tunor cells were able to
stinmnulate IFNy release and DCs matured in BCG plus IFNy were significantly
nor e pot ewbD mat2izmgluci ng this response than either i nmmatumreTarsoBgs2omat ur ed
DCs. 15 Table 4 Induction of Response Against Cell-Associated Antigens
Maturation Conditions | FNy Rel ease None 10,379 BCG 15, 114 BCG + | FyN
75,546 The previous exanples are provided to illustrate, but not to limt,
the scope 20 of the clainmed inventions. Qther variants of the inventions
wi Il be reagitysdipaigd §o those of ordinary skill in the art and
encorrpass%‘gﬂb'y—l‘h'e_ﬁimﬁin ed claims. Al publications, patents, patent
applications and other references cited herein and are also 1incorporated
by reference hereinlin tAgnethehfar peadpcinge npgug3ieodntia eeliwpulaton/ 28620 WHAT
IS CLAIMED |S: .1. A nethod for producing a mature dendritic cell
popul at i of™PE¥Mri sing: providing i mature dendritic cells; and contacting
the i mmature dendri%iogid;@ infsmiutddeadried ¢dlei ande anount of BCG 5 and

Ny)

I nterferon gamma (I under culture conditions suitabhle for rrgt ation of
the immature dendrsantectias thesimmatprsdendntifagells &vidematieciive aapynt q Bﬁ%ti on;

wherein the ture dendritd I |.at i j d ratio of
I nter I%ukfuﬁl %rtéém} ST Qfgkﬁ(hﬁrﬁfrf ﬂgﬁggﬁql%% &?gﬁiggﬁd@ P%a@(&ég?ﬁj%popul ation
not cont aghRguréMdnariBOEeIRNE forrNY nfdtiré Behdiiic ¢e@poilaticd) 2. The nethod of

claim1, further conprising contacting the immature dendritic cells with a

predet er mi ned ant i gwhersin the magire derdiiicicsl) PapylAtigROREodwes R igcreased mtiophe

t hod of im 1 . hald Lol :
ot ur o BB 12 (bR OB A AR bor R0 Bt
with BCG and IFNy during maturation.

10
2. The method of claim 1, further comprising contacting the immature
dendritic cells with a predetermined antigen prior to contacting with BCG and IFNy.
15 3. The method of claim 1, further comprising simultaneously

contacting the immature dendritic cells with a predetermined antigen, BCG and IFNy.

4. The method of claim 2 or 3, wherein the predetermined antigen is a
tumor specific antigen, a tumor associated antigen, a viral antigen, a bacterial antigen,
20  tumor cells, bacterial cells, a cell lysate, a membrane preparation, a recombinantly

produced antigen, a peptide antigen, or an isolated antigen.

5. The method of claim 1, further comprising:
isolating monocytic dendritic cell precursors; and
25 culturing the precursors in the presence of a differentiating agent to form

the immature dendritic cells.

6. The method of claim 5, wherein the differentiating agent is GM-
CSF, Interleukin 4, a combination of GM-CSF and Interleukin 4, or Interleukin 13.
30
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4. The method of claim2 or 3, wherein the predeterm ned antigen is a
tunor specific antigen, a tunor associated antigen, a viral antigen, a
bact eri alwansiogens 20 tunor cells, bacterial cells, a cel [pdryisat/ese2a
menbrane preparation, a reconbinantly produced antigen, a peptide antigen,
or an isolated antigen. 5. The nethod of claim1, further conprising:

i solating nonocytic dendritic cell precursors; and 25 culturing the
precursors in the presence of a differentiating agent to form the i mmature
dendritic cells. 6.7The qg ‘iﬁ‘l@ﬁlo@fof €lafth B) wherdh@h&indnb&\gicUehdieddll ati ng
agent is Gw CSF, Interle in 4, a conbination of GWCSF and Interleukin 4,
or InterImkﬁmﬂﬁre@ﬂa@dmehﬂmmm@Cﬂ US02/ 28620 7. The met hod of
claim5, wherein the nonocytic dendritic cell precursors are isolated from
a human subject. 8. The nethod of claim1l, wherein the mature dendritic
cells produce a 5 gati oTRE meloddftRirh it; Wwherein thé magis Herfditidtcells ﬁr,odﬁéed east
about 10:1, at |east about 100:1. 9. A method for produci ng a nmatu

dendridi cratieldf Tbdguo Hei1019f at leasibouilplg at lsasabentdg: 1| ahigesi aBowd Q8 t| c cel l's;
and 10 contacting the inmature dendritic cells with an effective anount of
BCG and Interferon ganma (I FNy) under culture conditions suitable for
maturation of the pmrat Armetted driptdducingld mature dendmiaceibpoputativendri tic cel |
popul ati on; wherein the mature dendritic cell population produces a type 1
i Mmune r EYpPMERE: 15 10. The nethod of claim9, further conprising

contacting the i mm : id : i a predeterm ned antigen prior
to contacting with E&ﬁéﬁﬁﬂgﬁww%{ﬁgq‘%zm#et od of claim@9, further
conpri®i ng si nmul t anemadting 2k mataretdenq;itﬁdmllismiﬂ)tamrdfedémjamomm of 8dG with a

predeterm ned antigen, BGG and | FNy. 12. The g&d of clalmlg or 11,
wher ei n t pd W@&é‘?fégqﬁlfﬁé@FM? HBdH chureéo@‘HH%‘?'s syjsakle foranalpgatige AT the ¢ ynpr

associ at eﬂnﬁ%@@éﬁdnﬁc Xél[s"% 6 b Gffure BeRRFREN ﬂbplﬁ@lrldrﬁe n,

wherein the mature dendritic cell population produces a type 1 immune

response.
15

10. The method of claim 9, further comprising contacting the immature

dendritic cells with a predetermined antigen prior to contacting with BCG and IFNy.

11.  The method of claim 9, further comprising simultaneously

20  contacting the immature dendritic cells with a predetermined antigen, BCG and IFNy.

12.  The method of claim 10 or 11, wherein the predetermined antigen is
a tumor specific antigen, a tumor associated antigen, a viral antigen, a bacterial antigen,
tumor cells, bacterial cells, recombinant cells expressing an antigen, a cell lysate, a
25  membrane preparation, a recombinantly produced antigen, a peptide antigen, or an isolated

antigen.

13.  The method of claim 9, further comprising:
isolating monocytic dendritic cell precursors; and
30 culturing the precursors in the presence of a differentiating agent to form

the immature dendritic cells.
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tunor cells, bacterial cells, reconbinant cells expressing an antigen, a

cell lysate, a 25 nenbrane preparation, a reconbinantly produced antigen, a
pepti de awDiogem21®r an isolated antigen. 13. The nethod ®CTolsaz/es6d)
further conprising: isolating nonocytic dendritic cell precursors; and 30

culturing the precursors in the presence of a differentiating agent to form
the immature dendritic cells. 28 WO 03/022215 PCT/ US02/ 28620 14. The
met hod of claim 13, wherein the differentiating agent is GwW CSF,

| pterleukin 4, a copbinagi,opefiod MR 130k Eifkidhridiinagehtisamyreuki n

13. 15. The nethod of claim wherei n the nonocytic dendritic ce

pr ecur sor €SEy Iatdrkakiatdgd combimatiomoh@M-E§Bjasd Interl@ikimheor deteteukiof 3¢l ai m 9,
wherein the mature dendritic cells produce a ratio of IL- 12 to IL- 10 of
at |east about 1:1, at |east about 10:1, or at |east about 100:1. 10 17. A

conposi tion for actjyatifge heft@lilof clafif 9PWhéreitthe ode&AiIci dehdritietdll
popul ations matured with an effective concentration of BCG and | FNy under

sui t abj e peodisosarsisplated feonua humemsubgesdt a predet er mi ned anti gen; wherein
the dendritic cell population produces an increased ratio of 15 Interleukin
12 (IL- 12) to Interleukin 10 (IL- 10) than a mature dendritic cell

popul ation contact eg w The Befhodiof blaith 9] Whbreitithe Agtura terdriticeslls p®dudde
conposition of claim17, wherein the dendritic ce opul at i on roduces

Il p
| L-12 to ratioxd Ik 24o HatlDef af least abaudt1. ablsast abeutil0:130r aideastabowt dA¥dsi ti on of
claim 17, wherein the dendritic cell population produces IL-12 to IL-10 in
a ratio of at |east about 100:1. 20. An isolated, immature dendritic cell
popul & i on, conprising: Axongokitibedor astiaitingel calspayntprisimgendritic cells, and

Tt ur e dendr i1 o £GP gD PEPHERHE Taseiof R RECRYS SRORBRIARE el | o
produce nmpigs AN I%Ny%ﬁie&u}tgble Chiitténs fBPmbfﬁtrﬁfoln,ehﬁﬁ. n 10 (I1L-10).
a predetermined antigen;
wherein the dendritic cell population produces an increased ratio of
15 Interleukin 12 (IL-12) to Interleukin 10 (IL-10) than a mature dendritic cell population

contacted with BCG without IFNy during maturation.

18.  The composition of claim 17, wherein the dendritic cell population
produces IL-12 to IL-10 in a ratio of at least about 10:1.
20
19.  The composition of claim 17, wherein the dendritic cell population

produces IL-12 to IL-10 in a ratio of at least about 100:1.

20.  Anisolated, immature dendritic cell population, comprising:
25 isolated immature monocytic dendritic cells, and an effective concentration
of BCG and IFNy to induce maturation of the immature dendritic cells;
wherein the resulting mature dendritic cells produce more Interleukin 12

(IL-12) to Interleukin 10 (IL-10).

30 21.  The method of claim 20, further comprising a predetermined

antigen.
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30 21. The nethod of claim 20, further conprising a predeterm ned antigen.
29 WD 03/022215 PCT/ US02/ 28620 22. The cell popul ation of claim 20,
further cwopsioging i solated T cells. 23. The cell popul aticarusot/2ssk@i m 22,
wherein the T cells are naive T cells. 5 24. The conposition of claim 20,
further conprising isolated |ynphocytes. 25. A nethod for producing T
cells, conprising: 10 providing inmmture dendritic cells; contacting the
immature dendritic cells with a predeterm ned antigen; contacting the

i mmature dendritic grf{)'n: Ié‘éu a;gc[buﬁpaﬁswxsn QG’VIﬁﬁﬂérfc%H R fisolBETaRMs. | FNy

under cul ture condi or maturation of ture dendritic
cells to formmture dendrltlc cells; and 15 contactlng the mat ur e
dendritic cells with naive T cell

t duci
Py, 26, The met hotof . Ehassi BRISHRBPLAAM R RCHELHS hepltaRTGan (s o

tunmor speglfi c antigen, a tunor associated antigen, a viral antigen, a
bacteri al antlgen 20 tunor cells, bacterial cells, reconbinant cells
expressing an antigen, a ceII | ysat e, a menbrane preparation,

27 The mat hod of cPk m 26 essdioR TRET AnREPE toaflif Mo =, e

cont act ed&@mméb fleously with the predeterm ned anti gen BCG and | FNy. 28.
The net hod of claim 25, further conprising: isolating nonocytic dendritic
cell precursors; and culturing the precursors in the presence of a

031 022215 PCT! Usoa) Zbe20° 90 Y phelels Topetreaitblle: P PE % ve”
di ffegr@nti ati ng agepiovidinghmature dendritic cells;
contacting the immature dendritic cells with a predetermined antigen;
contacting the immature dendritic cells with an effective concentration of
BCG and IFNy under culture conditions suitable for maturation of the immature dendritic
cells to form mature dendritic cells; and

15 contacting the mature dendritic cells with naive T cells to form an activated

T cells producing IFNy.

26.  The method of claim 25, wherein the predetermined antigen is a
tumor specific antigen, a tumor associated antigen, a viral antigen, a bacterial antigen,
20  tumor cells, bacterial cells, recombinant cells expressing an antigen, a cell lysate, a
membrane preparation, a recombinantly produced antigen, a peptide antigen, or an isolated

antigen.

217. The method of claim 25, wherein the immature dendritic cells are

25  contacted simultaneously with the predetermined antigen, BCG and IFNy.

28.  The method of claim 25, further comprising:
isolating monocytic dendritic cell precursors; and
culturing the precursors in the presence of a differentiating agent to form

30 the immature dendritic cells.
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CSF, Interleukin 4, a conmbination of GWCSF and Interl eukin 4, or
Interleukin 13. 30. The nethod of claim28, wherein the nonocytic dendritic
cell 5 pweaminss are isolated froma human subject. 31. pOT@Soetdsed of
claim 25, wherein the inmmature dendritic cells and T cells are autol ogous
to each other. 10 32. Isolated mature dendritic cells producing nore
Interleukin 12 (IL- 12) to Interleukin 10 (I1L-10) prepared by nmaturation of
immature dendritic cells with a conposition conprising effective

concentrations of BLE P? %%P?lgfa%jggggcu,%gmhe %;ﬁgg&%%’nm@M_

mat uration of the déndr e iso ate re dendritic
cel I s of CHKBjIntesldukihuy ahembmammcmeQCSEapd bderlepkin 4)ed Iatatléukem 13.34.

| sol ated mature dendritic cells |oaded with a predeterm ned antigen, the
dendritic cells producing nore Interleukin 12 (IL- 12) than Interleukin 10

(IL- 10). 20 35. Theyi Sotﬁéﬁéthe%paﬁmsi@mbﬁérelﬁﬂs‘eeﬁlbﬁo@hcale@drm&%u wher ei n
the cells produce at least 10-fo nore IL-12 than I L-10. 36. A nethod for

produci ngpmcuryqre ate 1s¢ial|§dér0nesbmnstesubﬂﬂcan anl mal , 25 conprising: providing
immature dendritic cells; contacting the i mmture dendritic cells with
ef fecti ve amounts of BCG and Interferon gamma (I FNy) and a predeterm ned

antigen under cultuse COTEE k@08 of blain? D5 Swhdréih theimth@bieiendfitié bellsiafddt ur e
dendritic cells to formmature dendritic cells; 30 contacting the mature

dendri ti ccalslarssauiplpgousdp gachothet} | s to formactivated T cells producing
nmore Interleukin 12 (IL- 12) to Interleukin 10 (IL- 10); and adm nistering
the activated T cells to the animal. 31 WO 03/022215 PCT/ US02/ 28620 37.

The nmpg hod of clai n3B6, ok mattfealchdtitededis Protndingmhorg diterlsukin 1 2 (-
specific an

ti unor associ ated anti a viral a. bacteri al
anti gen, 13 Jﬁgﬂte%@}kll%lo Jact@ propareddy @at"‘wg%ﬁﬁl’?f&ﬁtﬂmc‘éq E‘“gﬁ% Jse&ith g an
anti gen, &ngpgéspw& fisic e?fe@@\%bcroﬁ@%tﬁpgrgsaﬂ (F@rand PGP chRMtibNs Produced
g en.

ant | gen, n or an 1 so
suitable for the maturation of the dendritic cells.

15 33.  The isolated, mature dendritic cells of claim 32, further comprising

a predetermined antigen.

34.  Isolated mature dendritic cells loaded with a predetermined antigen,
the dendritic cells producing more Interleukin 12 (IL-12) than Interleukin 10 (IL-10).
20
35. The isolated mature dendritic cells of claim 34, wherein the cells

produce at least 10-fold more IL-12 than IL-10.

36. A method for producing a type 1 immune response in an animal,
25  comprising:
providing immature dendritic cells;
contacting the immature dendritic cells with effective amounts of BCG and
Interferon gamma (IFNYy) and a predetermined antigen under culture conditions suitable
for maturation of the immature dendritic cells to form mature dendritic cells;
30 contacting the mature dendritic cells with naive T cells to form activated T
cells producing more Interleukin 12 (IL-12) to Interleukin 10 (IL-10); and

administering the activated T cells to the animal.
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38. The nethod of claim 36, wherein the inmmature dendritic cells are

si mul taneously contacted with the predeterm ned antigen, BCG and | FNy. 10
39. The mwophlod212iis cl ai m 36, wherein the inmature dendriti ecralShy2ssee
contacted with the predeterm ned antigen prior to contacting with BCG and

| FNy. 40. The method of claim 36, further conprising: 15 isolating
nmonocytic dendritic cell precursors fromthe aninmal; and culturing the
precursors in the presence of a differentiating agent to form the i mmature
dendritic cells. 41. The nethod of claim40, wherein the differentiating
agent is GW 20 CSF, Interleukin 4, a conbination of GWCSF and Interl eukin
4, or Interleukin 1337 42The'|'1hlethnétoﬁoldim36,o$llmrcinmepl\m@ﬁmined frdigenmsd ur e
dendritic cells T. cells are aut S animal . 25 43 The

met hod of MEICKSAY aﬂkﬁ@?é thPﬁéssPWﬁE&ﬁ gg“d‘eﬁéﬂrf“tﬂ“?gﬁféﬁr%"%i’ﬁalsaf‘t‘g&@ I's are
al | ogeni Ctutn‘:'brtcgl‘fs Bﬁlﬁté’@dlcel‘f‘s‘lre&;ﬁﬁlr{ﬁﬁim eRpresdimd 40 ARigeMhedetli IPsatd)a | nat ur e
dendritic cells and T cells have the sane MHC hapl ot pe as the aninmal. 30
45. The neembonefrepardtion36recoibinantly preducediantigen, 8 PR mtiggpor an isolated

antigen.

38. The method of claim 36, wherein the immature dendritic cells are

simultaneously contacted with the predetermined antigen, BCG and IFNy.

10
39. The method of claim 36, wherein the immature dendritic cells are
contacted with the predetermined antigen prior to contacting with BCG and IFNy.
40.  The method of claim 36, further comprising:
15 isolating monocytic dendritic cell precursors from the animal; and

culturing the precursors in the presence of a differentiating agent to form

the immature dendritic cells.

41. The method of claim 40, wherein the differentiating agent is GM-
20  CSF, Interleukin 4, a combination of GM-CSF and Interleukin 4, or Interleukin 13.

42, The method of claim 36, wherein the immature dendritic cells and T

cells are autologous to the animal.

25 43, The method of claim 36, wherein the immature dendritic cells and T

cells are allogenic to the animal.

44, The method of claim 36, wherein the immature dendritic cells and T
cells have the same MHC haplotype as the animal.
30

45. The method of claim 36, wherein the animal is human.
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