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COMPOSITIONS AND METHODS FOR PRIMING MONOCYTIC
DENDRITIC CELLS AND T CELLS FOR TH-1 RESPONSE

BACKGROUND OF THE INVENTION

Antigen presenting cells (APC}) are important in eliciting an effective

-immune 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 incompletely defined, but involve a variety of cell surface molecules as well as
cytokines or growth factors. The factors necessary for the activation of naive or
unpolarized T cells may be different from those required for the re-activation of memory T
cells. The ability of APC to both present antigens and deliver signals for T cell activation

is dommonly referred to as an accessory cell function. Although monocytes and B cells

- have been shown to be competent APC, their antigen presenting capacities in vitro appear

to be limited to the re-activation of previously sensitized T cells. Hence, they are not
capable of directly activating functionally naive or unprimed T cell populations.
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. Dendntic cells are increasingly prepared ex vive for use in immunotherapy,
particularly the immunotherapy of cancer. The preparation of dendritic cells with optimal

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 celis.

Maturation of dendritic cells is the process thé,t 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.

Known maturation protocols are based on the in vivo environment that DCs are believed to
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These cytokines have opposing effects on the direction of the induced T cell response. IL-
10 production results in the induction of a Th-2 type response, while IL-12 production
results in a Th-1 type response. 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 atm 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-g, PGE-2

and corticosteriods inhibit IL~12 production, and can prime cells for a Th-2 response.
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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 élso 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 [L-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
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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
inonocytic 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 dend;itic 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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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 anfigen. 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 lcést 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 (JL-10) than a similar immature dendritic cell population cultured in the
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the method can further include 1solating monocytic dendritic cell precursors; and culfuring

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 anﬁgen 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 Interlenkin 12 (IL-12) than




5 6 March 2006 WD 03/ 022215 PCT1US02128620 presence of BCGOWMAAbII0 Fny
during maturation. The cell popul ation can optionally include a
predeterm ned antigen and/or isolated T cells, such as naive T cells. The T
cell cep@pbienal ly be present in a preparation of ipg@hRidelynphocytes. A
met hod for producing activated T cells is also provided. The nethod 5
generally includes providing immature dendritic cells; contacting the
imature dendritic cells with a predeterm ned antigen; and contacting the
imuature dendritic cells with an effective concentration of BCG and | FNy
under cyl ture. i tAon Uit ' HowBhy e dendritic
cells t??@?“%“ﬁ@gﬁ’r%d)d%ln%%’ olr%?C 1{,@{1&}%&@@?@ %22(?&3?%{' c1 cel :és can be
cont act ggnilr ihmatateidéintic ¢€ll pdbulatiod ultiied & thy plessicd of BCGE withow dENy ng | FNy
and/or 10 polarized for a type | (Th-1) response. Suitable antigens
i ncl ude duripg mategkel-e, a tunor specific antigen, a tunor associated
antigen, a viral anble3RBodiReddRGiclol &y pRBiIFARypel YPRY) imfdhd BspoRBCt €1 i al
cells, reconbinant cells expressing an antigen, a_cell |ysate, a nenbrane
pr epdr atip @ypomggl s glseprayidedntheynegiod genselly inplpqeg aioviding papatwedendriicsdh (e.g., a
synt heti c ti.de _antige ] . [ , | mmat ure
dendrit icgntgcgﬁ?ng eélgﬂlaﬁl e%&'ﬁ%@&%g%‘gg? !r:r%%bg%@goﬁ@ﬁ )t(/)!f%%?i hanéﬁjetgll?égordedet erm ned
~anti gen,gmﬁﬁﬁ@gﬁvm, bifid\Vy pre@teriniied aftides usRncilireondidoisaditabid for t he

predeterm ned antigen prior to contacting with BCG and |FNy. In certain
enbodi maratusation(of the pEMAWES d&aﬁ‘ﬂttctffﬂ]tlsrf@rfom‘rf&?gt%é‘e‘i‘dé'é‘Fﬁ?Iﬁng‘hW tic dendritic
cell praguys : j: } GaR8 of a

differ eﬁfllﬁ(;l l?éﬁhgg’g%{l‘%%éﬁdﬁ%%‘eé ﬁ?%@%ﬁ%ﬁ%&%%@%&g%ﬂh I rma?ﬁr e dendritic
cel l19. Selisttabing ackiviafed rTouells eltarantyrizagichyttise productioieof Ihterfererx ganuine (IFISKF CSF,
Interleukin 4, a conbinatiaon of CSF a I nterleukin. 4, or . Interleukin
13. The mdﬂf%‘rf@@%qeémﬂéf?ﬁ"rfxi@b’%‘é}%P‘Egﬁwg%@ﬂ%ﬁ‘ﬁ% migistersde B i sol at ed
froma Quoan ' . j E@g@ i ture dendritic
cells a%’ﬂﬁ gzlfu'%ﬂs‘ﬁg{r%mlgﬁ?o fég Sgsdxt&gf géeialg ot Iﬁ%@e&%egiﬁpggﬁl%at{gd mat ur e

dendr i t iSeitabid dntigems mtlude,for exemple] atumot spadifinantizer, laltumer)assopiateint er | euki n 10

(I'L-10) are also, provided. The .mature d iti.c, cells ovi ded by
mat ur at P%ngﬂ’fa "i‘ﬁ%%'l“ﬁ?rbagﬁcfji ﬂtngerbgu[n?og ¢ sﬁrlf’c%ﬂglocﬁg%ﬁc? ﬁgﬁaﬁgﬁ%{i si ng

ef { g8t i ¥epre@img anbiitibh, aRsll BisatB@mehitiane pNpatdficls b reombintitygodused abl e for the
maturation of the 'dendritic cells. A predeterm.ned antigen_can optionally

be i ncl auféaen.epeptideretigesdp-gs aeynthetiopeptidesntisendrrnap isoliedpiigen. 186 ated mature
dendr ! { bfimifite dndRRAGH o bhidhall SAGhALMASY cafid iR @ e al so provided. The

dendritic cells can produc Interleukfn 12 (1L-12) than 6
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.




6 March 2006 WD 03/ 022215 PCTI US02128620 Interleukin 10 (18Mas§h2®Gch as,
for exanple, at least 10-fold nore IL-12 than IL-10 than a simlar

i mmature dendritic cell population cultured in the presence of BCG w t hout
| FNy during maturation. In one enbodinent, a nethod for producing a type |
(Th-1) i woesmrzesponse 5 in an animal is al so provi deCT/USZ28a28% hod
generally includes providing imature dendritic cells; contacting the
imature dendritic cells with effective amounts of BCG and Interferon
gamma (JFNy), and a predeterm ned antigen under culture conditions suitable
for maturation of the immture dendritic cells to formmature dendritic
cells. The mature depdiirt £ DESCRPTION GF THEINVENGUONNi stered to an ani mal
or can be contacted with naive T 10 cells to formactlvated T cells
characterized by t¥Fhe pssentiscntinn parvides methods foRnguamg My of and/ or t unor

gﬁf[rgls' > ﬁ&%% deﬁdﬂ'ﬁ'éﬂ:f (ﬁdjgﬁdgo {;hfﬁ Rbsd céir%'f&%n%ﬁﬂge%p&m dytotds ed to the

totoxic I cel response to the
speci fi ¢ Tasellirgponse (T tesguinse)afhe gesu;t mmtw;d&o prgvldmmt@ celh tunor specific

antigen, a tunpor a en I al antigen,
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cell | ysg}:ﬁuctﬁmr&?f?ﬁé @@ﬂoﬁh&tﬁgam}@niNF& r&ﬁ/@ﬂm mﬁrﬂublid@fdﬁwcwd antigen, a

peptide antigen 81 a synthetic peptide ant |c&4 an | 504 at ed
.antigen. pﬁméatlonm immiatvrd monpaytie dendgticephls egnta F%/B(B@s IENkand &neousl y

cont act ed ?48 antlgenetﬁ!ﬁéresﬁff%bﬁ atﬁ‘xgﬁ%n%ﬁdmpr e(}ﬁtger Chad e defdritfclignd mat ure

dendriti &% -can contac e m ned antigen prior to
cont act i Bgh b dolabi6dGran thelabiijyen eiZlibr ﬂmnge:rpaorrtomahqumem&l@manw met hod can

further include isolat no den I‘ItI.CC urs rsfromthe
B S L Ll M e (L NS ST
agent to.fesdmdtvi BEGBAMIFN A8 ShitabR neirhtfon chhditions fThe exbliiag inagreagent can

be, for exanple, GMCSF, Interleukin 4, a conbination_of GW CSF and
| nt er | euéndritic cadls arelmnvﬂlt@entuvateysip@%w heelstanards 8 Pe I dssPense: €ells and T

cells can be autolo ) . ani mal .
Al t er nat W8ﬁ§°sl’?rﬁ8 r%ﬁﬁﬁﬁf?%mg% i c R @%g I icefvt0 fabg have the same
MHC hapl gfodii@ion of b IBI2Rdn IL.A0, asmcrtaua'n cdiHEspomsds produ¢tmn0éﬂ‘h-dicnlls,

enbodi nents, the animal can be hunan or can be _a non- n a
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I NVENTE O The DRSS ot BUC Ry @2 reBfShYd H SRar 208 By hidbiudtiBH iFILY 1Bt ur ation of
* and IL-10, production of more IL-10 than IL-12, production of Th2 cells, and lack of

induction of a CTL response.
In arelated 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.




I mmature dendritic cells (DC) and for primng those cells ‘?Mar"alhzo%
antigen-specific cytotoxic T cell response (Th-1 response). The present

i nvention al so provides dendritic cell 5 popul ations useful for activating
and for preparing T cell populations polarized towards production of type
1 cytoki wmazo3e225, | FNy, TNFa, and/or |L-2). Such dendrdiyise2/28620

popul ations include i mature nonocytic dendritic cells contacted with BCG

| FNy and a predeterm ned antigen under suitable maturation conditions. The
i mmature dendritic cells can be contacted with the antigen either during
or prior to maturation. Alternatively, 10 i nmature nonocytic dendritic

celI's, already explﬂ%ﬁ&hér%m efdtyfiedddritid EE1IY pré@rsorS @taibel fraont act ed wi th
BCG and | FNy under suitable maturation conditions. The resulting mature
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(e.qg., | I on nor e than I'L-10, a
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of Th2 ce I nduct 1 on of response. In a related
aspect , smmmlated,twlndslsaseéllpmimﬂdé‘dldgwpnﬁesisﬁgst&el isplaingdhe 20 agent for
| mmat ur e dgndr ﬁglls such as nonocytic dendritic cell precursors,
whi ch caR*gfY '" al“ % hose dendritic cells for a type 1 response. Such

mature, pri ”Edl mmﬂﬂm({lcelldﬁﬁdﬂivbfslepqmﬂdtmn oﬁmtl'gercprwaétlg\AEjlmfoundiél .
Hi st oconpatibiljty Conpl ex cl ass predeterm ne
ant i ¢8n, ajvargty O%IY‘BP@H%F@W&EEP%%%WSU@ gf‘l g&%%%&% 6&0(;%@) present ation
of ant i 9QRidSandfw. ]R%dIrEﬂudoV'@uﬁ@ -9gi({doay)e MehdHrcRBIIOhcl6ye Winpkdi€ T | ynphocytes
25 (CTL) and stinulation of antigen-specific CIL-nediafied |ysis of target

cel I's. Sdendritic orlisof theisplers, Langeiats clbx fahrepidergyis\i vpiledsallnd tedni xed with a
"t b o DB GG GRS, YR b AR B et b @ SRR 0 0
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pr ecur sonsabipexprese 6D te; BD86,EP&6 ansi ag¢ HE s butare GB14ont acted with

cyt okines (e.g., F.an 4 . cells. The

I mmature dendriti ?}Agoé\ ‘gnoc’h] &en%ﬁnc%%lﬁl}?fg@ﬁ%?p{lﬁmg pr gﬁ ? }é[(rém ned

anti gen, uRlED14 Mawbytizalendeitic ol predi¥sracad bt bbiyined from anptissie conbi nati on
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 ﬁom 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
(inctuding 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




5 with a cytokine, to mature the dendritic cells and to pr?W‘fhr%Oogells for
I nducing a type 1 imune response in T cells. In certain enbodi nents, MC
~Class-1 antigen processing is stinmulated, which is useful to elicit a CTL
response agai nst cells displaying the predeterm ned antigen. Dendritic

cell s ar 8v@0x2e8fse popul ation of antigen presenting cRITESREGHY in 10 a
variety of |ynphoid and non-lynphoid tissues. (See Liu, Cell 106:259-62
(2001); Steinman, Ann. Rev. Imunol. 9:271-96 (1991)). Dendritic cells

i nclude |ynphoid dendritic cells of the spleen, Langerhans cells of the
epiderms, and veiled cells in the blood circulation. Collectively,

dendr i t i Ga@ekdl Sr AFPirFecHSE ahd 06 LiR6). memmetpp@adsmaﬁdmhmmam phol ogy, hi gh
| evel s of surface MHC-class || expressmn and@g E egg fcertal n ot her 15

surface mandisicselisalosssbaphizine fram ansHL A-rpatghed he %Ond nat ur al
Killer cgl {iﬁiﬁnsnlaﬂontg%?—ﬂ%ulh 'Eﬂﬁ]&q%ﬁe@%ﬂnﬁﬂﬁo‘iﬁﬁ\ﬂﬁﬁ&d c cells (also

referred TO as nonocy |t|c ce usual |y express CDllc, CD8O0,
CD86, and are HLA DRS, but are CD14 In contrast, nonocytic dendritic cell

Pr eCUT SO Syt AP RRIRS Y SithecTiiarticeial! Y CDL4}. Nonocytic dendritic
cell pre al ne romany (1ssue 20 where they reside,

parti 6u| arI y | yrrprMctﬂoctmf&seﬁé&wElqdhpmlﬁtlmS eopirhed for deadriticegll PRSIy ph  nodes
and thym ¢ Fel L1 L.ated from
the cir '5’?‘8"? éﬂﬁlgﬁce %grofn ‘%Jogﬁ &%{uﬁﬂ{gﬁ,}o@g ga’[gc??“g’s??’us gr]l e source of
nmonocyt i %Mﬂlrthé ar; Fog examp, &mdnﬁ@ceil préﬁmofslandimmd dehdridi cells @inot her
source of m)noc tic_dendritig ur sor t|c dendritic cell

pr ecur sobgiseked ¥°P]§6P d‘@ﬂ”f‘\‘@ﬁrﬁ’k’o@’e{’m ?7656‘?0 j@“‘% SIH(BP TR R ch an

| mune r %? aﬁ%ﬂeaﬁlgeéehﬁfgg%ﬂen §H%hy QraaRA e%ﬂiﬁmgaﬁé % agihgraicsu for

exanpl e, 1T ncludin nd ons huhan ani mal s, suc primates,

manméls  (guchnay EIGQB@- Mﬁﬁﬁ)c%&&com Ligolloidal siliga particlesi(12+30 ('mh@ﬁ%léﬂeﬁg

chi ckens) ai n enbodi nent s,

t he mno&?ﬁt%iw'ﬁ%o&rf%”@{’889%%@3"‘?@%% an 0?0%7 alnirir#gtq tﬁ}?)té dendritic cells
can be laﬂfe?dnﬁﬁl lirdi@dﬂcallsbﬂmlaﬁdw amdhe Em Iﬁmeriaimemtandsn&mﬁﬁaleukmcyteeed of

i mmunosti nmul ati on,. such , for exa ost ﬁgancer % tient or other

subj ect p@nuatmsmmrma{ fS“Plh"I"Fuf%Ql‘ ‘F’QFP‘E)I Qi fEgm A Fbi or desired
(i.e., aq tﬁcﬂa@le%%&l}s%@%r%ﬂ@d%3213511%%&502128620

bacterlal or wr%\ ection, and the like). Dendritic cell precursors
and/ d6 i pmeursnreandiemtum dandatég ¢elis mtlemuybe ewsished foemopecyte dendAfi. nat ched

nunost PSSR ol sri. Pt S B GBI B8 B ¢ el
Dendritic cell precursors and mlmature dendntlc 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 celt 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 (Attomey 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 dendﬁtiq cel_l precursor

10




5 Methods for isolating cell populations enriched for dend?P@?%b%ng
precursors and immature dendritic cells fromvarious sources, including
bl ood and bone marrow, are known in the art. For exanple, dendritic cel
precur sor swahegigat ure dendritic cells can be isolated by collecting
heparini zed bl ood, by apheresis or |eukapheresis, by prgﬁ AR of bul l'y
coats, rosetting, centrifugation, density gradient centrifugation (e.g.,
using Ficoll 10 (such as FI COLL- PAQUE(r)), PERCOLL(r) (colloidal silica
particles (15-30 mmdianeter) coated with non-dialyzable

pol yvi nyl pysrolidone, (BYP sucrose,..and the |ike .differential |ysis of
cells, fi el oot Wl e R s koot Stk it thegupsiratedbyt e

popul at | OnméRythaiehdiRaER reoritindfo lodidytE o fin pferGflalif iRt fco0d f rom
a subject, _defribrinating to renove the platel etg an y'si ng t%e red bl ood

cel I's. Derbstiaec Qtlaar fevkeryiss fneluding etherpatentiahdendritic delhptedursors) extlibis can
optional | efReEhihdi Rauslal ' Lt.ic., cel|l precursors, by, for
exanpl e, cgﬁ{%ri fu%lg??%ﬂﬁ)ﬂ?r ougﬁ%‘%@ﬁ%ﬁ{%ﬁ“{’“@?ﬁ&}o&ﬂ% He %%'ﬁ&ﬁf f'ﬁlc cel |

pr ecur Sor Prepueoishmbe preferedtiailyrentiched orthe surdee obthakibstratan be prepared in a

cl osed, aseptic sys{e ed hereln, the ter "cl gsed, aseptic systent
or "closed syst em'éq}'g#lgg&[s%&? Ig‘ggéee#?f F”f‘fmmi?’élws Yegrlase sukenest eril i ze,
‘anbi ent, a6 vallmetatio L Sadhisilbstrates cﬁfbc%h@tram?&[‘a arBE14t8 olCiRRGNis!shiSMREel S M ni mi zed
or elimn ~systens _for isolating dendritic cell precursors and

. Closed
i mmat ure 3@}%‘? Iiaﬁgcsl@éq Substrafss efude. fr expiaplealass gertisles, laglicitisles, glass-
Cor| & | osbiatpe AR 08 482 VBRI ANl Bl L R AL 1,

cells in tissue culture plates 1asks, e. Ina
typi cdl eptsisin ahsomption. Hvitalge Gbous spsitaeanirlide wicracpllahyctubgsansf er of the

dendritic . rs.and inmmture 25 dendritigc cells froman initial
col [ ecti oﬁﬁc\%léélsl(g‘{s‘?rfeg{ bg g—egﬁ%ﬁg"_ Psoé'@gm(’:‘ﬁfs'f frege %@@%ﬂ?%st eredyposure to
non- st er i henatytic déndritietelipratusoi b GARESwithoud Ab¥iahital eafiERE e el |

precursors, ﬁii‘e isho:ﬁa{led b adherence to a nonocyte-binding substrate, as
di scl osed"Pplity ofthepdhered celly, A partieylgp onfghroussubsinte, s be substertiblly oby 25, 2001

(At t Or Neyp&BEHS fachiae SRR it Bl b SRl RSY, ich s
i ncor por a{’ ed by arcef e? enCeqﬁg@gl&%ﬂgg%%dngégﬁn#gﬁﬂg%pogggq%ﬁzg};]lls%}m} eukocyt es
(e. g: 15| sbe substatpyA“subktahlly aei-piroust sulistrate tad sabsteh iniwhichat asacyti c

dendritic . r rsor..10Q 6 March 200 03/ 022215, PCT/ US02/ 28620
adheri ng Ig%gé{yrog?‘grgy‘\’l\ﬁ‘ﬂtlpﬁgs %%ﬁiezi'fei s&?‘i‘%&%’b‘ﬁ?{éét“é@‘ﬂ'@”&%ﬂﬁ&d with the
subst r at egellf tnghe substenéa/t i ¢ dendritic cell precursors in the | eukocyte

popul ation preferentially adhere to the substrate. O her |eukocytes
“(including other potincae! themenqoyiicdendtitic gsflgrasisons 49 the setistyate camr educed

bi ndi NG apfibrbity be bihahd by WA S bindi RERGHN. Slil:BWplRitHedAGGY T © dendritic
20  monocytic dendritic cell precursor culture media (e.g., AIM-V®, RPMI 1640, DMEM, X-
VIVO 152 and the like) supplemented, individually or in any combination, with for

]

3O

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 Ieukocytes.

30 | Following adherence of monocytic dendritic cell precursors to the

substrate, the non-adhering lenkocytes are separated from the inonocytic dendritic cell

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

11




5 precursors to be preferentially enriched on the surface 8Mattﬂb2%0ébstrate.
Suitabl e substrates include, for exanple, those having a | arge surface area
to volume ratio. Such substrates can be, for exanple, a particulate or
fibrous substrate. Suitable particulate substrates include, for exanple,

gl ass pamoaienis pl astic particles, glass- coated pl asRGTEUHRRL] es,

gl ass-coated pol ystyrene particles, and other beads suitable for 10 protein
absorption. Suitable fibrous substrates include mcrocapillary tubes and
mcrovill ous nmenbrane. The particulate or fibrous substrate usually all ows
the adhered nonocytic dendritic cell precursors to be eluted w thout
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rmnoc%tic dendritic cell precursors to the substrate can optionally be
enhanced “BYP&HHi ti on of binding nedia. Suitable binding nedia include 20
nonocyti ¢ dendri tilgoleied Hendrgecolippcusods can lee onltdied ef eivg for diffekdnti@ionRPM 1640,

DMEM X VIVO 15(r) and the |ike uppl.enent ed, individual . any

conbi nat eARITatignaR Pb?XPW%?QeQB?r%E'i 1ﬁ(ﬂ§te<§ E’."B‘.‘t?regﬁ%#{ﬂ’lcc%@f{%e%ﬂ%é;ophage

Col ony Stckzgﬁeagéo?lg TR, Qhd StFYcEIRefers toREMY th@Lty Rurflan(tahd, 4Yiseapdrnt er | eukin 13
ood p

(1L-13)), asma,” serum (e.g., human serum_ such ﬁs au] ol ogous or
al | ogeni drogethei) natiye eiviioontensy andarerthercforediet ayprodest efnatinsy Fplted gell a0 25

catiqns (e.g., cal.cium. QU i ' . lgs that aid
Thtt ° et pSRg TR R s Y fROBES ol R S GOE Reliftn FBRAY RS | 12 S
‘subst r at givo@lffekdntibtigartgpienly inaileecdnrsg ddndritneatigmenysoiscordepelatians ef cel |

to th hstrate. In certai di nent S.~the bl |
D er um carelhorER AR SHLTroat: b R pigate Gtage o Dok S Rafeiine, oo™ ©
aut 0"090%%13% Aftenhia ngb?ntsthn b Rorle@aiNS KhMlar gBOWthFhdtemn{eng, caidkineence of
p
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| eukocyt eechas (MRS alnteglewlin A(HLHY, InsHekgn | TThd AN epd/preopbmations

precyr.sor/ suhstrate. c l.exes. I: Y=Y used to separate

t he '3n f{ler %Ng? g%rﬁgbegng%@%}}% %%&@%%B@E?&%&ﬁ%‘ﬁgﬁe, ng cells fromthe
conpl exegiffdratiatek Rnbine mohfgtedexved immafurt dmdriteedidheri ng | eukocytes and the
conpl exes can be allowed to settle, and the n-.adhering.le tes and
medi a decanted or W&F’i‘l‘g’ﬂ‘."cﬂfl’ré?“ﬁsgﬁ%B??‘nf“ﬁgowgﬂdg?ﬁ’@né%ﬂ'%séh%g%t rifuged,
and the  sypeLdii Séx?g%l@ii&hé‘&ﬂﬁ;%é&?ﬂnad&@mw, RPKIQB4EDMEMANt ed or

drained from the pell _ _
' 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. Spe_ciﬁcally, mature DC

~ express higher levels of MHIC class I and II antigens than immature dendritic cells, and
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5 conpl exes. |Isolated dendritic cell precursors can be culéhg%%ﬂ%pévivo for
differentiation, maturation and/or expansion. (As used herein, isolated

i mature dendritic cells, dendritic cell precursors, T cells, and other
cells, refers to cells that, by human hand, exists apart fromtheir native
envi r onmdVQ 03/0a2285 are therefore not a product of natur @CTS632868d cel | s can
10 exist in purified form in sem-purified form or in a non-native
environnment.) Briefly, ex vivo differentiation typically involves
culturing dendritic cell precursors, or populations of ‘cells having
dendritic cell precursors, in the presence of one or nore differentiation

agentﬁ f niitirk aéldatieltdlk aregphdratly m@uagﬁmmx?gmsmé, (imssf* mmmﬂ Chudl. |( ul ar)
gr owt actors ., cytokines, K such as.(Gw CSF 4 IL-4

| nt er | eukgrppt Ml%[(l@x;lrgs)smnéwé? ranieREsHRANEERR di’?‘f‘tb’ﬂ%#ﬁg‘l?c? ain
embodi mi‘%%e ulafbn mh@nnﬁaekulek CHsahd EDBE REAEHEThetT Eell dl fferentiated
to form ogyte erlvedlmrature dendritic cells. The dendritic cell

pr ecur sorastivagion tignat thraugh dx¢ cavrterparisiof therepstimulaiony molesnieatsheh asCli28yr e

condi ti ons SP ilgbl e tissue culture nedia include AIMVS, RPM 1640 DVEM
X- VI Vé 1 PIII} 4Nd the like. The tissue.culture nedia can be suppl enent ed
with serum 20 am Mauraetditic\ctlsofitieqresenttimbentiescan beplepared @, CSF and/ or

IL-4, d I t dt differentiati f th
cel 1. Iﬁ‘a@&c{)g?%o%%%aw%.@mﬁrmérﬁmaﬁﬁ Witk e B Cor & can be

cul tured cb&eﬁt%oﬁfa 5RAFRG b fective ol JFHCE @&eﬂxﬁm&g&a&&@m}ou@pt i onal I'y
excl ude any ani mal - der1 ved product s. Atypical CytoKine conbination in a
t ypi cal rlD’ccfaperemlhhtcnlof tissge eudidreunedias Effeotinte @a@0nta of IRYWriypiesdiyh of GwW CSF

andIL4 25 _Den r|t| ndlff.er a o form
i mat!dr e 78R FPmiapout 10 ‘Ilé{ﬁné?% ﬂ'& %WP"'C% %"tﬁt‘%bgl%h “Langer hans
cell's. | eRBIER q@ﬁ{dﬁmﬁnmhin%prbﬁﬁlwusea ﬁere@mee réfadtGholé C . express

| ow | evel s of 6 and CD83, and_are able to capture sol uble tigens via

speci al | B&E§ svadeyedbvall CWW@MC&@“M@M&QWP@W@W&BS apdotherBh@d to form
mat ur e d?@g on%ﬁt?th%uz%:%?ses%mgfgdmﬁﬁ&n PH’@@ ?lﬂﬁnﬁr@t rpwcfa ld(?‘i&e up antigen

and di sp up-rteg expression o surface
mol.ecul esptivadllyiandtivated, syﬂ(ﬂmhmanac&mmﬁ:@,dthmmatud BCDCanddkphl&s hi gher

| evel s of MHC cl ass and ||l ant.i nimm.ure ic,cells, and 12
6 NarBn 2006 W o ieaseh P auaS CHas S e PANEY e MEkEE DRI C Ly o
general | bDS@%HHéthﬁE'célE &ﬁéd&ﬁta%ﬁﬁnlﬂ%ﬁtfm&od@ﬂdn GRlfte Greater MHC

expression leads to an increase in antigen density on the DC surface, while

up regul exdlusionef ansigens fram sndeextosit | Withaus intantivg tobrboendby arymsHisilEns the T
cell act B! SRafaHMlnhiRNS) HCtPa1EOM bREARb S efod b0 fvEOR! MU 1 OTY

nol ecul es,
' homotypic aggregation and the release of tumor necrosis factor-o, (TNFa). (See, e.g.,

20  Thurnher, ef 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 lIike, 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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5o0onthe T cells. Mature dendritic cells of the present in@%dr?tr(fhoznoogan be

prepared (i.e., mtured) by contacting the imuature dendritic cells with
ef fective anmounts or concentrations of BCG and | FNy. Effective anounts of
BCG typically range fromabout 1 OS to 107 cfu per mlliliter of tissue
cul ture NEXO34222EF fective anounts of |FNy typically 10 PRCIAEA2IHmM about
100-1000 U per mlliliter of tissue culture nedia. Bacillus Cal nette-
GQuerin (BCG is an avirulent strain of M bovis. As used herein, BCG refers
to whole BCG as well as cell wall constituents, BCG derived

| i poar abi domannans, and ot her BCG conponents that are associated with

i nduct i ongyRimefry tiBRnchisteNemB Y Lo erdike. BaGelscanafbibenainityred fact i vat ed, such
as heat-inactivated BCG faormali n-égeat d BCG and tElg g%ze?. % BCG
i ncr eas eLYokie FESEEIoN 5 8-+ L i AT 2R &SR OHELMIYRE AP e r L2 PURYP™ cDs6 on

dendri t| qnaq@e& mmgg@%&eém WivERichMiL D Ve brOhighds tHed TDY100éIeIsj 0N and t he

excl usi on of antige m endocytosis. Wthout intending to be bound by
any par t iprarhate a typh & ¢Fhy]) résponiei Forexewple, ta Des st mpdusy raesrBils B/ has been

character,.zed as .i nvol.vi n t vl e ' . of tunor
necrosi s lpéﬁ’t“bg@aé?rmr—laf)’ tcp?b @@%e&%."?“‘?g&rhﬁ@ﬁ%@?@@% %_ . ,h_E Igﬂﬁltﬁ aﬁ? ~Cancer
70: 128- 341pfak®Bfien BiCsingeytosis,erehitteranibe aimlyzed beumtakeassays fubiliarithepetdfie | mmat ure

dendritic cells with | FNyv. apd. B ronotes DC production of |L- 12, and

reduces @Fdipaysill E“s‘n?)% %&?‘{;ﬁ'ﬁ Cgﬁ’f{gf_‘&fﬁljﬁ’ "P'ﬂ%t?’@ﬁi‘?n‘g—ﬁ'icrﬂeﬁsg a’i'c{]'gat#é’t ure

dendri ti qefifltcRellst Qthefprinyddor ﬁﬁﬁ'ﬁﬂell; wite SRS an BOErybpresRived forlice atrae t ypi cal |y
o

contacted with effective anmounts BCG 25 and | FNy for about _ope hour to
about 24 latendate, Muthods foraryopreseansagion aneiwelldapws indhgarh Seeclor ¢ B nat ur ed

i n suita kb b . bt . tt.able tissue culture nedia
I ncl ge %ﬁ%pw#ﬁézﬁmﬁlé&%%m}g@ebﬁ@%ﬁ%{ irl%@'and the like. The tissue
culture nedia can be supplenented with am no acids, vitam ns, cytokines,
such as %ﬁ CéF and/or 1L-4, divalent cations, and the like, to pronote

mat ur at i the cells. A 30 typical cytokine conbination is about 500

uni ts/ M each of QWG peimet déndrititveelismadording tofthedwengnt inventiowtdns can be
noni tored by nethods_ kno I n the rt...Cell surface rkers. can be '
det ect ed Prfﬁg%g%‘é%f%“’r%m { Mhature, primed dendritie gl canderPigied Y SBMRRIER 2006 WO
03/ 02221 5, Gl $RAFHR IR w Rty ;?ewémmeh AHELRR bittier pESratbsduring niingtatione | i ke. The
cells can also be nonitored for cytokine production (e . by ELI SA, FACS,

or otlfier Aliematieshaimmgipre dendrisicpellssbaldirva alisedy begn ‘Eﬁ"@é‘eﬁé‘ﬂ'@g@.&f‘ﬁ@ (€& t he
S e R S e
. 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 anj«r 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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5 10 fromgreater -than 1:1, to about 10:1 or about 100: 1. %@ﬂ%ﬁ%gqgés al so
|l ose the ability to uptake antigen by pinocytosis, which can be anal yzed
by uptake assays familiar to one of ordinary skill in the art. Dendritic
cell precursors, immature dendritic cells, and mature dendritic cells,

ei ther prweB¥2&815unpri ned, with anti gens can be cryoprBcEV&®PROr use at a
| ater date. Methods for cryopreservation are well-known in the art. See,
for exanple, U S. 10 Patent 5, 788,963 incorporated herein by reference in
its entirety. Antigens The mature, prinmed dendritic cells according to the
present invention can present antigen to T cells. Mature, prined dendritic
cells can be for medntigencamilechd prggentiinnsimplefroandubjedt cFaekimplaia h a
predeterm ned anfigen either prior to or uring\f‘8 turatjon

. ., 15
Al t er nat i {steysampleiom 4 hypgwrliferative of atbprccopfilien na subisgt cABpRAISELER cont act ed
Wi th antigee bfanfigen. Subh xémlé;éﬁhgﬁﬁﬁt@ipgé;g&r%@ﬁm b@%ﬁb(ga?oﬂ@%ﬁgﬁéaed with a

conposi tion conprising BCG an ormmature dendritic cells prined
for a typeseptiquyifugh an ansigenpen be Bigl phdlysatp piasan isolfed ieparmti?lyens can i ncl ude

any ardi i - | | | & Lr L.anti.gens. can
el ude, Ryl Y dichifadethonanlGh bRl O dfieisk) Slmed a0 AE
associ at astablishedyetidingsealg. can bioded ac @i dntigert arsourceal antigepsat e, i sol at ed

antigens fromtunprs, fusion proteins, Liposones,.and the like), viral
anti gens, and anyn]g‘taﬁg?‘em WFE)’EW&BF“%?@@%&‘W@HY%?{&&%VR“J&E?, a peptide
or pol ypepsicdPspaéinkifdan bé Gsed 88 & Rufve o RPN, "RdHleRamplé)@ sample 0LNce0er be, for
exanple, but not limted t rostate specifi¢c nenbrane_anti Fg?en (PSMA) ,

O’ . v (3
prost at | @atent’s opn suRasabirired @Hripysy op at sureica] epestian, 6a be useddirsctlele 25 (Psh) |
(See,pe. | o : : . McCormack et
al ., 10Ur g%@%egg‘%&ﬂﬁﬁ?ﬁéﬂ%g&?i}%ﬁgegﬁ?1 é%c c%gﬁlﬁfaﬁ% gg&é‘%@%act erial cell,
bact er i alAlleymtivaly, a nmamtivana pecphmatiomaitmdnoels of awehdetpatient opg be wsedoiTheany ot her
source known in the art.. The antige an be .expressed or produced
reconbin ?f?‘i’rf?ﬂfi‘fnq’é’\?é?ftmé‘ﬁ’el}’r?% BYW&)?F?P’E[B?PZ’B?}?‘H ROt af"g@g‘ﬁ{)&ﬁ%ﬁ antigen can
al so be exRdress chysals iddanshbrhiGRepafation f@Ye pephled fBmUsalatbti@ioeeéls, 30 yeast,
I nsect, vertebrate or manmalian cells), can be present in a |ysate, or can

be puri f ib¥anetiodsknowadn thggdt e. 14 6 March 2006 WO 03/ 022215 PCT/ US02/ 28620
Antiggn can also blﬂa{?ﬂﬁ&%iaémﬂi{lﬁ%ﬁ@dmle&,&fn?i@aﬁrs%HPJgﬁnglied_p'r:&Eat@xa”p' e, a

ti ssué sanple from a hyperpro rative 'or other c tiron 1n a subject can
be used apeciic membrare anfigear{PSMAnalscBuoivnas B3Mpintgany rwhitch spxtifidally deacts or

exanpl e, hy biopsy,or.b cal .resectiaqn. ch an aniigen can be used
ce a1 yo auth mpnodiodas inaly TEDEE 5 an bt 58 gt crtienn W e QL HORS AN o e
pr epar at i), Phogt EVik Bisl R, SLDI5E32t(1483),17.5. FutehfN6 .5, 162 F0UANE) Patédt NN

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 (SEQID NO:2) (designated PSM-P2), which corresponds to amino acid residues 711-719

| of PSMA, can be used as antigen.
 Ina 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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established cell lines also can be used as an antigen or S%Maé%h%%antigen.

In an exenpl ary enbodi nent, a prostate tunor cell |ysate recovered from
surgi cal specinens can be used as a source of antigen. For exanple, a
sanple of a cancer patient's own tunor, obtained at biopsy or at surgical
resecti oo 6?28 used directly to 10 present antigen PE/EROAERE i c cells or
to provide a cell lysate for antigen presentation. Alternatively, a
menbrane preparation of tunor cells of a cancer patient can be used. The
tumor cell can be prostatic, lung, ovarian, colon, brain, nelanoma, or any
other type of tunor cell. Lysates and nenbrane preparation can be prepared
from i solmtg-A2 pafen@ice SCentiyl Datd AnudysidCronmitien “Alre Brequendits”) Secaomot her

| hod , T : A i £ i fi nb
ot ben (R Kapal ook Uplirsin pregop, 1065 FD e sl HPRES L ot et

monoc! ongksblih ot il bindiby otifidlh Rusiged as_antigen. (See general |y
Horoszewicz et al., Prog. in. Biol. Res. 37:115-32 (1983@3 U. S. Patent

No. 5,162, 504; U, STypheallpimmabire depdrigsetisare cplitred ithepresengsiod 8CGam  Assoc.

Cancer_ R 32: (Abs., 1418)238 (1991) . th ' e, whi ch are

i ncor por 2‘?@&’1 a'?ﬁ/'&"? B’Fﬂ?@ﬂ“&@ﬁﬁ?@gﬁp “r %uﬁta§l§t?ll aﬁ‘%%t nzcr%h&eiﬁgﬁrfb%éirg %fn%eunbodi ment, an
ant i geni GLB@RRIOBnAIBY e gnhitGredBnditic aelisda bsadinigedseifuinprddteminedu His G u
Thr Asp Ser Al a Val aédSE .1 D NO.1) (gCﬁSi g{;ata‘§¥l P&(}}n whi ch corresponds to
am no aciastigeadn atwicalidendritireeboyiiaire msdia WA LRMLSF A 698 Alternati vel y,
an anti geplyG..s: L.d ' ' F-Xey) epldiRuBeawapaR Al a Leu Phe
Asp Ile éﬁ%&&g%dr?&%%t 3%@*‘ %é%a%eﬁb%ml\llg%@ﬁ%%gg i girqat ed PSM P2), which

cor r es ponstigdnpthe antiyen eani td rerevied ambcultt-neis supplepaned with BCOand Y as

antigen. In a partjcul ar enbqdi t n,ant i.geni | ' an am no
aci d 10 e%h"ea‘ﬁ@ &8"%5‘533&8{'@%#]%%4) el g%e &g?@é@%a al{;gVaI (or
Leu) ( des)@mnaigshods BtcbaRotinglaideitieaels WiraesgmerllpRiowanin e ac(ker esi due, can
be used as antigen. This 30 peptide resenbles the HLA- AD201 pi nding notif,
i.e., a (genatiiStendand Nuttnan, Ji frmuioh §6Qi331460 Glggﬁ)dt@ﬁaﬁﬁmwe or residues",
| euci ne ) ' [ ' i 2 . et al.,
Cancer sﬂ?gé??%ﬁg%gg&ﬁgﬁ‘%%}mﬁ@%@g{‘%é(Ifggmbgtg ﬁsgge'g %&frﬁt i gen for 15
ga {var Zh %@Qﬁaxﬁm@m?&mWmm&mmw?ﬂ@tzswgl%%b@ﬁ 'CeEtra![

a Anal ysj s e Cj. es. ection..6 3, Tsuji, K e
al . (]éds.‘%;FIJ%SE?M%?’QOJQ%@E@@HE@’%é@glff}'fef)qfo“%i‘crlﬁ Grly, J|oept i des
resenbl i ngq ¢d hlréfeRinBten@n yot i f s can be used. Typically, immture

dendritic cells are cultured in the presence of BCG 5 IFN&’, I,‘lLd t he
predet ermi ned ant i Herreaulting matine, primicd dendritie ealls are thenorinsubasd descri bed

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 sub_set. 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, CD8, 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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above. Optionally, the imuature dendritic cells can be- adn‘n5 %%Chvx%qoﬁ t he
predetermned antigen in a typical dendritic cell culture nedia wthout

GW CSF and IL-4, or a maturation agent. Followi ng at | east about 10 m nutes
to 2 days of culture with the antigen, the antigen can be renoved and

cul ture MEAIDPM22UPpl enented with BCG and | FNy 10 can DRCTAHE¥ERS2Cyt oki nes
(e.g., GMCSF and IL-4) can also be added to the nmaturation nedia. Methods
for contacting dendritic cells with are generally known in the art. (See
generally Steel and Nutman, J. Inmunol. 160: 351-60 (1998); Tao et al., J.

| munol . 158:4237-44 (1997); Doznorov and MIler, Cell Immunol. 178:187-96
(1997); | ambar ituredendritid BYR oMbk entibled p8idr R/mdtdradot) In MidiédnpTicellsanal ., JExp
Med. 169:1255-64 (1989); De 15 Bruijn et al., Eur. J. | nol . .22:3013-20
(1992) ; tbreengirhed ifiom a populgtionpfiLgpphepyes RrigE &%&W&?W‘i}s}@ gg@?ﬁ%"é *herein.)
The resul i - ol ! Lk ; heRelQrs eynterded Wwith T
cells, su%ﬁ%g%@a%@d%{é %h%&gﬁ¢Fg®@§13g§?3%‘gg4 g? c‘_l' cells, can be

obt ai ned Witloties dendriticisells| Cophltiringof mewess pimed dpodritigcetlewibAdgeds leads| s.  such
tissues inglude but e net.limte Wik nd/ or
perip ratl"%Eﬁ Sgg’b‘.gﬁ?%gfs@gﬁlﬁg‘ 8%%%1 “%'écq‘cn%a?%%?'}t%g'{e@%\?\nﬁaﬁ et u{g(,j&ﬁ%?l?rred
dendriti carﬁgéd.@ao'meeugfxeals]' cell population or as a purified T cell

subset. T cell purification can he achiey by positiv negative

‘sel ection, includi Hpnether %@ct:lnr%oaweP{O&deﬁf%f%%tﬁﬂ‘a?ﬂ"gﬁf’rfﬁg‘r&%‘@s directed to

Ch2, C03, ,:f54, cﬁ%mgmeﬂm thd f@enBWf RRRTEGhlML EISHihed toividd Mat ure, prined
, an

2 vitro, . .
dendritic cel P’s I gen-reactive, 25 or activated, polarized T cells or T

| ynmphocytisducinge tppech(THe) T ool ragpasge. ek Tivell pptionally ¢an be gulfused ondgedef et ers to T
cell s, t hat ..praduce high l.eve I e : ' ' or

T nductthg SEy B HReydilscd BT Bls ohboafl o8 SBABAIHRF g,

cont acti ngith MEWicelle Sutishieliltureconditions cam inbluBGRAean chordFdyyokings (agpar e mat ur e,
prinmed dendritic cells. The | ture dendritic cell. an. ontacted with
a predet d?“ﬁ*ﬁﬁ‘éﬂf%rﬁqnﬁaé‘ﬁ”l‘&ﬁ’ﬂﬁnqﬁﬁc‘%P%P c‘%l %Wﬂﬁ@ﬁé‘ﬁ?@%ﬂ'ﬁﬁé “nmat ur e
dendr i t1 0155217} 536 shuBRn e T o) bl Jf il Géndtitic o] BEG,TFNGe! | 5)

during ma atron, or co-cultured”w T ce s.(e.?., naive T cells) after
mat ur at i camd therpdedpterminedantiizert ¢ae beleseditd promoteaixpansion of tha direll pepudationpe 1

response. The immature depdritic. 16 .6. hy, 2

PCTI US02/ 28620 cel 1&3“;"&s aﬁﬁgea'rsa“&%a?’?’ﬁg@rrg"&‘ f@%g%(\)r?qb%%/el%%i%cﬁed prior to
mat ur at i Qainthied®Adizkd BPlong pefds 6f thadby figiodie ié-sthimilatfono MhaT pelpailatd on of

| ynphocytes prior to contacting with the dendritic, cells. éln a specific

enbodi nerr T ceh finghasicrestedan be stagd 79 ifi preseryad (e bydamnufatiop Wit 2y, o cont act ed
arbodi HIA iy . _ A re 2
won T odroanlrfieBfd bbbl bt SR Yo AT SROWERIR L€ PB 2

st nmu cific cells which mature
i nto ant iigervak éadéigeem(@¥é+ T cel | s or
20 Tn 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, inciuding 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 2 subject in need of immunostimulation. Such cell populations
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antigen-reactive CD84T cells. In another aspect, nethods a?@daﬁ?ho%/qoged for
re-stinmulation of T cells in vitro, by culturing the cells in the presence
of mature dendritic cells primed toward inducing a type I(Th-1) T cell
response. Such T cell optionally can be cultured on feeder 10 cells. The
mature, PYPA¥BZHEndritic cells optionally can be irradiHE&¥#H6Wr to
contacting with the T cells. Suitable culture conditions can include one
or nore cytokines (e.g., purified IL-2, Concanavalin A-stinulated spl een
cell supernatant, or interleulcin 15 (IL- 15)). In vitro re-stimulation of
T cells by addition of immture dendritic cells, BCG |FNy and the

pr edet er niandsthale bothemnae, prined dagidtit celiyopuiatiens end/amstivatedypoledred T cel |

popul ations. 15 A stable.antjgen-specifig, ,polari.zed.T cell.culture or T
cel | IineSCdRP @“’“ﬁaﬁ‘ﬁ%ﬁ‘ﬁ%‘a{’q%ﬂnmﬁt)f“lﬁ’hﬂ?ﬁ""figﬂﬁ pﬁ’é%%lgygl? fe by periodic
re-sti mul &nlb cell PRedrséiS bf infribindrt! B&hdrifdd cells, eifdrentiaify dndusetitingakicsel can be
stored, and if preserved (e.g., by fornulation with a cryopreservative and

f r eezi ng) cells indhe preseacesad BSIG, TNt 4nd aredetermingdaanfigendo forgien mafurgdenfsdicr ed
interval s f.or _lqng. t.ermuse In certain | {yated CD8+ or
s P oertiopuideheflevafis 78 ehabd Tt PR SRR FelsRteb b e ent

| nvent i onconikytpd with ktigenpiisti€or dukingBdtuetdion.r Sidhanaere|primed dediritio cgflsner at e t he
antigen-reactive,, polarized T cells are syngeneic._t.o the subject to which
they ar e_%%%ﬂ’ﬁ@ﬁf@l@ﬁ@dﬂé‘ﬁ’@?@‘“&?@@ %H%‘-‘Hml“}aﬂﬂli"t he subj ect).

Al ternatively,  depditbihic embodiMediand Mot rinal ®nbilish laptsbype as the

I nt ended recipient subject can be 25 prepared in vitro using non-cancerous

cel | s (e.agntactedwithalympbodytes fomaraubisctith simptate Reells widhn the lymphecdpeci fi ¢

errbodip[rent nti gen- [ . i ' Eﬁﬂg: 1 cells, are
expanded ploﬁul\g/llm[nf' gﬂgg&@%%g;@g%gﬁ %@ﬁ’f“ge¥§é%?‘%%§§h I altﬁl})n. In vivo
Admi ni st rexpansion &f ce@ellur@ofuntigén-remsivé CDahatdlve CDSS feels, ofn ehe i nvent i on,
nmet hods are provjded for adm nistratipn

30 of mature, .prinmed dendritic
cel I's or dminisferedig 2 spbipetin nes oqimppnpgiimylation. g‘b‘ff’m‘ﬂ} PERER®  cont ai ni ng

such cel 'a%ﬁvaftéa,%ﬁ“ted?%11sia?em oaétoitﬁer@w%étt.i mul ation. Such cell
popul ations 17 Mar ch 2006 WO 03/ 022215 PCT/ US02/ 28620 can i ncl ude both

mature, prined denimhether ebpdimentothe deridsitie cellsdT enllscand therecipientsubiesti zed T
cel | pul ations. .l | ogj . rmed by
bt i T3 P e RCBE AT hbGTIRC el 81 actehi TRROREA, B E0BEP} &'
di f f er entsykjedt ag kaown ethesirt, g atrélasdembolithentithe dendrigio @lemeifordfceBOBe | FNy and
predeterm ned antigen .to forma mature dendrjtic,5 cell, population primned
towar ds PHogenjcde s freipient rbiqchier G’F@%HXS@P’E‘{‘EICGE'FSI@E%\T’IH%E'EC Ehe acted with
anti gen By def add@hd¥ecipicht, WHicHRIVATRY dafE MERS GHIL APaloBypeP ThéBbgatgadri tic cells

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 10%-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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can be admnistered directly to a subject in need of irrrrun%g/{ai“flrlu%og?i on. In
‘a rel ated enbodi nent, the mature, prined dendritic cells can be contacted
with |ynphocytes froma subject to stinulate T cells within the | ynphocyte
10 popul ation. The activated, polarized | ynphocytes, optionally followed by
clonal ewpaemmzzmsin cell culture of antigen-reactive OBIFUMNEOYY CD8+ T
cells, can be ‘admnistered to a subject in need of inmmunostimnmulation. In
certain enbodi nents, activated, polarized T cells are autol ogous to the
subj ect. In another enbodinent, the dendritic cells, T cells, and the

reci pient subject 15 have the sanme MHC (HLA) hapl otype. Met hods of

det er m niRgLetchfaibilnd ahapétahtiga. ShchanattrebélRhn tkeuk adigen and frésentdnat. | n a

rel ated enmbodi ment ” the dendritic cells and/or T cells are allogenic to
the reci pﬁnézﬂnt%@l‘}f-‘lkdt'."wﬂor exanple, the dendritic cells can be allogenic to
the T cells and the recipient, which have the same MHC (HLA) hapl ot ype.
The allogenic cells are typically matched for at | east one VMHC allele
(e.g., sharing at |east one but- not all 20 MHC alleles). In a |less typical
enbodi nent, the dendritic cells, T cells and the recipient subject are all
al l ogeneic with respect to each FFAMPLESt al|l have at |east one common
WMHC ald el e in comon. According to one enbodinent, the T cells are obtained
from the same subject fromwhich the i mature dendritic cells were

obtai ned. After mefherfallawing exathples Brepodvaded naerely as illusttative of vafipws aut ol ogous T

| dm nj st dto,th bj ect t t i sti
e r GSRCREES MR A AT B8 R B S BRRnth ARRETT, T 20

i nfusion, for exanple, at doses of about 108-109 cells/n2 of body surface
area (see, e.g., Ridell et a . i ncorporated

herei n ‘byExpapled o RE 11040 2 H OPEYSt erval s, for
exa IOe, nont hly. opillakichs ber T cel |

(o)

. 1R5E Bl cRindifoRiSi SPRAS dEcRlindd o
i nfusi'ons for any evidenc o? adverse effects. According to another
enbodi nehmathenddndriticcceBethhtoveracantastid withtheBoEuration agemts\BEcandfaailfy-t o t he

present inventi can be inpjected.directly . .nt.o a tuno 3 18 6

Mar ch 2068mpsr %Y???Sepgﬁg HagBRAP ‘?rrglstﬁ%c’dd%?ﬂoﬁﬁﬁﬁ ‘E{iéhgl tgﬁlggﬂté anti gen.
Such mat ut&e e bt GpedEMCaKid [GiRDIERIY Ruphéidhtcd AN 1% hahan plasnagen to T cells
in vivo. li’EEX?A\I\/PLESPS The folzlﬂ(?wi ng 1:(elf()_arrpl es are provided nerely.as

i I'1 ust r atUnbeungfmongeytesuere sapded by washinge Thesmd morogias Warepultuiggin pe
construed: LRhi B bkl 6 hOYRELLOSY 508 1AEM-§1 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.
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Exarrple 1: Production of IL-10 and IL-12 Under Different I\féM
cyt oki ne production was determ ned from
i mmature dendritic cells that were contacted with the

Condi ti ons:
popul ati ons of

10 In this exanple,

mat ur ati on agents BCG and/ or

cont act i WO p¥02eYher al

nonocytes were renoved by washi ng. The bound nonocytes were cultured in

| FNy.

20006
Ion

| mmature DCs were prepared by
bl ood nonocytes with plastic in RIRUSPREZEENCe Of
Opti MEMO nedi a (G bco-BRL) suppl enmented with 1% human pl asna. Unbound

15

X-VIVO 150 nedia in the presence of 500 U GW CSF and 500 U I L-4 per

mlliliter for 6 days.
mat ured by addition of
resulting mature dendritic cells was

In a first study,

at varying concentrations to inmat

nedi a,

added per

m |

cfu/mM stock.

liliter

fol l owed by Cmfltotbﬁlaﬁgli%dé’éhoh@g

i's specified int

eterrn'ned. I
ndritic 20 cells in X-VIVO 15(r)

e tabl e,

R RibtuRaGrith e di | uti on of
starting froma 4.1 x 10%

I mmature dendritic cells were
I nacti vated BCG The cytoki ne production of the

nacti vat ed BCG was added

BCG

Q/tokl ne product i on was determ ned by ELI SA assay u: usi ng

ant i bodies tHAst LII to be EL, Bri [: ID d
speci fi g ‘f%"%hé’ n g ’ ‘B‘fi)(& 12 ? CGS ﬁo cﬂng&re t%e
cytoking on a dSJI’ CE TP} 86 face ?dso hzln edtg ith a 25
second, ;dzi—‘ﬁum RSt m'*n'“ dgteet—the—presence of the
Cap'-t ure Zy'r rHep70The iﬁnf‘gpd 3.49|3f| I‘nri\23pc f\/nBi%,L_L D enzynme to
facilitqte detBelamd by ndollorinétrilc 3832y [ Thd resul®k q and
represent aki velleMper i prefb.5arle d20wn |bel % i | t A38 flol | 1. The
anount qf gyt pikione,10of o)k n@.33r oquctliddn, [i s bt atjed<®@3 pg/ rM0.0119 6 March
2006 WO[03302PE1E 361] USAg/ 2862318 Tall e 2601 L-|10 7and | L-42 P|odutti op by DC
Mat ured (Wi Th oK1 ngg Nof BGhe BCG B3asPBCEH Thi( X |+ dgnor freasidr edadded
1:1001: 2 Hol OO0 3885|426 162 124 <5 70

p70/IL-10 0.82 0.75 1.60 0.60 nd <0.07

5

10

15

20

(“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

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

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
p70. In particular, addition of IFNy with BCG during maturation increased 1L-12 p35
production and decreased IL-10 production. As a result, the ratio of IL-12p70 to IL-10

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

under certain conditions, the ratic 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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factor 21L-12 70<5393239335<5<5 | L-12 40ndnd2852ndndnd
21 L-1076. 51206700338153380 270/ 1 L-10<0. 060. 330. 341<0. 03<0.01 3IL-12
7024931826074<5<5 | L-12 40ndnd12257ndndnd 31 L-10305426162124<570
means not determned.) Referring to
Tabl e 1, W0@3422¥6|l ts denonstrate that the addition of BAWARA8629 ncr ease t he

70/1L-100.820. 751. 600. 60ndX0. 07 (" nd"

production of cytokines IL-12,

I L-10,

or their

subuni ts,

6 March 2006

al t hough both the

rel ative and absolute | evel s of cytokine production are donor-dependent.

The hi ghest 10 | evel s of
suggesting that the observed

i ncrease were seen for
| ow 1| evel

of

I L-12 p40 and for
I L-12 p70 (conposed of p35 and

I L-10,

p40 subungdntonstrdiecthatad¥idon 6f IFNe whth e marbrafidn dhgnt BOAD cani dvamhatieallyo a | ack of
| L-12 p35, production. |
t he rati oingreasefler1f g{Qpradystion.| . 12 p70 to IL-10 is less than or equal to 1,

i ndi cati

ng

In all

that maturati on of

condi ti ons,

except one,

where BCG i s

present,

I mmature dendritic cells in the presence of

BCG alone is likely to 15 polarize naive T cells towards a Th-2 response.

The effects of

i ntroduci ng | FNY 4pelen simlar conditions were al so

determ ned and are presented in the follow ng Table 2. Cytokine production

was

that addition of

npasured as geRtdntPEd2 2RA¥&ion B9 DEMatited Wil BSG kn@IlNy2, it is evident

IFNy in the presence of a maturation agent (e.g., BCQ

increased the production of IL- 12 20 p70. In particular, addition of IFNy

W th BCG-gtr-tngn T WRES Vo WA ki i d ged
| L- 10 prjotiet o .‘W ul t}%(? ﬂﬁgatgl%éf R?TB% .oﬁﬁggo Gﬁ@(ﬁ@
invariably greater than82don™ X ¢ ifon L=, BCG. Ihq sd n%ﬁlrgohcrs,
and under ceftain cofditiods, the ratio of 11-12 p70 t o IEN 0 I E®eti on
can be i|nc2eab@12p70 gr et er] t HAA3100: 1 881 thé ack#idti oh of6) ENY wPih BCG
Thus, tHese regidie p4Glr prd silngl wd20 6 MA3ZSH 200619362 03| 0286665 nd
PCTI US02/ 28620 demons{r ate tthat4#ddi {i onsi®f | FNy 384t h | he 1t urlat i%n agent
BCG can |{dramal we@il-yo |1 ncredse .60 12| p70.pr odyct i2ons.  Tabl 2,58 5.48
3 IL-12p70 | 212 6858 5380 2934 949 231
IL-12 p40 <5 nd 48351 nd 16164 25645
3 IL-10 141 254 241 157 <5 163
p70ML-10 | 1.50 27 22 18 >189 1.41

10

15

20

(“nd” means not determined.)

Example 2: Downregulation of IL-10 by IFNy is Dose-Dependent:
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® cfi/ml stock), or exposed to IFNy alone in
concentrations ranging from 0 U to 1000 U per milliliter. IL-10 production by the

resulting dendritic cells was measured by ELISA (supra) using 2 commercially available
antibody (e.g., from R&D Systems, Minneapolis, MN) and reported in pg/mi. 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

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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I L-10 and IL-12 Production by DC Matured with BCG and IFNN65£K§“§88 1:100
BCG 1: 250 BCG 1: 500 BCG TNFa+l donor cyt oki neal one+ | FNy+ | FNy+ | FNy1: 1000
L-1 P +. + IFNYIFN 2l L-12 70<51223801848461521 11,-12
p40<5nd23751193628666nd 2| L- 10<547051039417995 70/1L-102. 601. 572. 152. 585. 48
3l L-12 pHR1AGRE853802934949231 | L-12 40<5nd48351nd16 IBNZ8H2/38620

31 L-10141254241157<5163 p70/1L-101.50272218>1891. 41 ("nd" neans not

determ ned.) Exanple 2: Downregulation of IL-10 by IFN is Dose-Dependent:
10 In this exanple, the ability of IFNy in conmbination with BCGto
downregul ate |1L-10 production in a population of dendritic cells is

denmonst r gl &fyce of FTRDOY & ldﬁo%lufdilﬁhdﬁ%lfuﬁ BEG etoﬂa" ﬁﬂﬁdcﬁdel?.SAdtbﬁmwﬂJed above.
The i nmat'ure dendritic cel wer e i ncubat ed  al| on$%33 ured. in the presence

of one ofIFNth B@ﬁdmgaemﬁgatwn rgsalted ip downrggpiggionp BIOfYRUOB A of the 4.1
X 108 efy @?mm&& SO B2 Putly! ?ed]LEh%g?és&%oT&elﬁO@@ﬁﬁtﬁféﬁbﬁBC@ns rangi ng

fromO U 56"1 per |I|ter roduction by the resultlng
dendri ti qrLo@lprédud@sh dm&ss&ﬂ ﬁdmtayo&usospg/mumal)o (us {ENy) to dont@r ¥ al | v

avai |l abl e ti body : R&D
"1 par et il 10 900 LN, rRRDEGH SIS 16 Qe rurseer 2t Bid DRSS ai £ on- of
BCG or lio\é(é,ll_ﬁ@%gcf gnorﬁodec gfs%&) ggrﬁgia&t H‘O% Il)f![LCmHé ?ﬁﬁv) bt ured in the

presence uce anount o 10 (about 20-30

PY/ i) . TRANRITRUIO Il’)f)OU—]FNQ) mmdmadaﬁmwmmdasmcmmmmwver the range
of 10 U t0 1000 U of |FNy per mlliliter. In contrast, %ﬁ roduced by ’

mat ur at i BCG and IFRy prag shde edopaseulpis ik 10ﬁFl§BEFl9@da'§1|t@Hqu‘i‘ At s of
| _l L-10: ab lagion oqu/IWprgJuctlo%ﬁgdu%&f IW B@(TS alope 10 in the 21

10
Example 3: Upregulation of IL-12 by IFNy is Dose Dependent:

In this example, the ability of IFNy to upregulate IL-12 production was
demonstrated. Immature dendritic cells were derived from six day monocyte cultures
grown in the presence of GM-CSF and IL-4, as described above. The immature DC were

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/m] with BCG (1:1000 dilution of the stock)
resulted in TL-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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concentr at

6 March 2006 WO 03/ 022215 PCTI US02128620 presence of a 1: 100 %2%0250 1ol d
dilution of the BCG stock, respectively. Addition of |IFNy to BCG during DC
mat uration resulted in downregul ation of I1L-10 production in a

dose- dependent manner. For DCs cultured in the presence of the 1:1000

di | ution V¥ 0H2&15 | - 10 production decreased from abouRCHEW2ZEKIMN of |1L-10
(no IFNy) to about 20-30 5 pg/m of IL-10 (1000 U JFNy). For DCs cul tured
in the presence of the 1:250 dilution of BCG |IL-10 production decreased
from about 270 pg/m of IL-10 (no IFNy) to about 50 pg/m of IL-10 (1000 U
| FNy) . Thus, maturation of immture DCs in the presence of BCG and |FNy

was abl e ExamplednrSipuilaioe of Antiden Spepificck-tells; and to overcone the apparent
stimulation of IL-10 production in ed by, .BCG al one. Ex le 3: Ure
ulation of IL-12 bt“ tp,g;ﬁangﬁwg@a. qﬁﬁﬁ’éﬂ‘féa W&‘%tpﬁeisgncg gﬁgpean&lm ability of
IFNy to Wér@%mtt@stérlﬂﬂtgWM%Eﬁ&fby"ﬁﬁgcrﬂ@@&ﬁ@Trcéﬂs?(;&TEémlﬁ{eure dendritic

cells were derived fromsix day nonocyte cultures grown in the presence of
G\t CSF armpedific 1 infhmnzhol wes generatel by éicubkitiog peniphenal o@anewsnuclaas cellseat ed for an

addi tion AM ard pus, di Luti ons, af . QWi BCG in
conbi rat ?@ﬁ%f‘ﬂfﬁPiﬁhgmﬁﬁ%gH@’P‘iﬁ‘ ﬁ%‘"%?”ﬁ#ﬁ?‘%ﬁ ureFQTjggrt#@)t ants were
tested faqoBhia AIM-98as@R safpldnhented withG % Yurkrn sSénn SHye cultsredemiitionsed above.
The results_froma representative per | tnt a{n?l sho in.&i‘ e, 1. For
each cul tresul in selpstiyearpprsion b Sed'lé{;éﬁﬁ?qq P’h‘_h? Benzg At pept: '&&gcﬁanse to

| ncreasi rzﬁysamul 8, 2049mPiL - Bid PAARE-B5 WEkalded 93 the biltirds= WHPatiogf 771 ) nean

P
on of IL- 12mp70 was produced by the mature DCs. The amount of
| L- 12 pr doikdaysnf cidtoresths gccell lings vebosplaced dpeviekine-frgeameddianyvepighthe anpunt of

BCG ipcreased. In ﬁ?{‘aﬁ@&a&gﬁ@o"f‘gﬁﬂ%&é tﬁ%} (%c-(fulltFtll?g( ﬂéﬁrﬂm%ﬁféﬁ) y’\/l th BCG

(1:1000 dilution o e anou 0 I NCrease dramatically

t 0 appr oXyifEDE tathRdViABOT alotdperwidOOIC inanrddfwithdCH and WNy) Fhyradbt h BCG 25
(1:1000 dilution of the stock), the ampunt of |FNy increased_to al nost

20, 000 pcf pntigen-gpegificiTosellnto DGwesdil. Sithg TigeHs ansk DGpBae/ebalidah 386G (1: 1000

di lution t S od. b I ; Q{inmately 21, 000
pg/ m ancfglj 225 hgﬁré‘ gggiréps Pé@%ﬁ%%nlﬁ@%ﬁl@&ﬁ* Ir?%gel?nq?r\é%&mgh ﬁg%gh BCG al one

appear ed itftnersatMbpeitide. Biiefly2thp irmdatotei RO wererhatvasted from culfuré flasks ande DCs in t he

presence of BOG and | EhY ot AL LGBl Yodi e SESSH weks ropekfePhadugh on- 22 ©
' volume of hyperosmotic media, followed by the addition of an equal volume of influenza
M1 peptide in PBS. After a ten minute 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 toading, DCs stimulated with BCG and
IFNy are superior stimulators of antigen specific T cells. T cells co-cultured with
25  immature DC produced very little [FNy (<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-ioaded DCs or >25,000 pg/ml for DCs loaded directly.)
Thus, DC matured with BCG and TFNy were better stimulators of antigen-

30 specific T cells, independent of the method of loading the DC with antigen.
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WO 03/ 022215 PCT1US02128620 Exanpl e 4: Stimulation of AntiG¥FSE%ri c

T-cells: In this exanple, immture DC nmatured in the presence of BCG and

| FNy were shown to stimulate I FNy production by antigen-specific T cells.
A Tcell line specific to influenza A was generated by incubating '
peri pher &0 @/eezeds nononucl ear cells 5 (PBMC) at 2 x 106PCEIS0E78G20 with 5
pg/ M of influenza ML peptide (G LGVFTL; SEQID NO3) in AIMV(r) nedia
suppl emented with 5% hunan serum These culture conditions result in

sel ective expansion of those T cells specific for the influenza ML pepti de:
After 2 days of culture, 20 Um 1L-2 and 5 ng/m 1L-15 were added to the

cul tur es. gpfri e 5:000NbvolGenk@tidifo e§peifictTuCe] Réspensds ipelrto: | i nes wer e

pl aced i n cytokine-free nmedi.a overnight. 10 The antj fn_SpeCift%‘fF T cells
were then co-cul t uF el lines speeifntorkgyiolpimgpet hﬁﬁ"?‘ﬁ’%ﬁ% WHESHFH BCG al one,
or with itiRGd i @g%n dhERY eiteR BOGRbE BCGRRd BNy, &I Tosdeeci fic T
cells to%@é@@f&t% cgﬁﬂlgs giré%elDCs were incubated at 37C for 24
hours. ThethKIsH bamntvelgmoteint #terl 0diT eadhtd PO ratial cthedr cells pastmataied YU oaded with

i nfl uenza M _peptide, Br.i t he. | e omcul ture
f1ask aﬁﬁrﬁlggﬂg?ﬁfcfgeﬁ? psdia 'vfélﬁet%ﬁ n@é‘i{?@%& orﬁ’g“sd?rrlgltE )lﬁg%fa@gld??\g, t he

cel I's wengml Bs29R€Hdshl I 15) esergi3lto 4\daysuMhe oélisiwepeexpandad toclargediilasks, f ol | owed
by the addition of an equal vyolunme of influenza .M .Beti e in.,PBS. After a
ten mi nueknecesalaBreseihe ool PrerurspRIfauenRX 1o 2 GtfAt gﬁ‘?"’é ety For

di rect | gadfGy i d, StirAlat@shidds rapehted B td  X- VI VO
15(r) rreglééaihgaégﬁw%E?rsgﬁlirgpyl\ﬁﬂtgggtﬁiﬁggpﬁg %HS,’ and incu_ba?t_jgd for 1 hour at

- 37C.  Theti®s inshtewvalaof &0 fordd dhyst &l were 2llonsirte regover premightin cyigkifer ant i gen

pr ocessi E‘r’g' é\é.t e %q_-_c&ll Lyr e of the T cells and DCs, the T cell response
was rreastret 'Bseﬁlgﬁraﬂ%ﬁ}itation of IFNy froma 100 pl sanple of culture
supernatant. The rgegidas 3-daydhyesitiae intadporation assgyewdsiemplaykd totestmet hod of DC

| oadi ng, DCs stinul at th BQG ) , \ ' timul at f
oot oo aieulae 1 ool Bass fos KEF-gnepic cRbprolieraipBoS it REbS ST e Do pr oduced
very i tﬁﬂcﬁbdééﬁBl\il}{ Cg; I g%oﬁ%eﬂﬁtbs M&ﬁ@ﬁpﬂéﬁd'iﬁnﬁ&r@dﬁnﬂﬂﬂi@iﬂw T bell DCs

mat ured usin ne were internedi ate producers of |FNy (>5,000 pg/ni).
T cel | spolifarationwae thegsiited ap@unspermingte(CPNG. Ecltylarmieliferaiionnpoduced hi gh

 levels of LF >20..000 . Lcal Ly DS @ken>25, 000 pg/
“for PW&H‘&%“&%?’&@W@.W p“%ﬁ({ysse {0%&’“%2“%15 {gg[%\}\n&kt%ﬁk%@ and | F”q were better
~stimul at ghegifieirespbiist. JEHconBOl fopatigt spedificie), b aegatinelemembiatipenc(influbezamet hod of

| oadi ng the DC with_ ant iP(g_en. 23 6 March 2006 WO 03/ 022215 PCTI US02/ 28620
Exanpl e §:vims) waswlso cachidedin tha@seay- Anti gen Specific T Cell Res onses in

vitro: 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 ¢ytokine staining after the cells were non-
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T cell lines specific to keyhole |inpet henocyanin (KLH) V\%Mear%heznogrﬁat ed by

stinmulating PBMC with DC matured using either BCG or BCG and I FNy, and

| oaded with KLH or control proteins at a 10:1 T cell to DCratio. The T
cells and matured DC 5 were provided fresh nedia (AIMV(r) nedia

suppl enerWed@34R228 5% human AB serum 20 U nl 1L-2, anBCEUSM3R86R0 | |- 15)
every 3 to 4 days. The cells were expanded to | arger flasks, as necessary.
Because the overall precursor frequency to a certain antigen was |ow, and
because naive cells require potent stinulation to respond, stinulation was
repeated 3 to 4 tinmes in intervals of 10 to 21 days. Cells were allowed to
recover ospedificalip stimiulated with ians-CDBQnfiboete (50extimal) bef BVIA. (6 aghtl). Mptekineon. A

standard 3-day thym di ne incorporati assay. was | 0 .o test

St ar GRS VAR B TR B P RaY g § TETar SRTRE AS Tt ot ed T
cel |'s wergw th tdelRoksle pérBentae <0 8%P6T safpitd 6als prodaédddstravelilar(L t4; Iult,sed
immature dendritic cells. cell proliferation was neasured as _counts per

mnute ( dbw or el dLarang llail D mesreaniot dicctediin Telirsymptateddry 3Fs B36i nes, in
response it BEGIHA BNy?'T CALS Sah @R b BCS RIS BUG ke BRlced RAE 11 C
resporise. 1o control for antigen specificity, a negatiVve control antigen
(i nf | uenZeavelsf Vel 0%pandalNE o i(R4)d &dcontrast, signifesrtypropaiéms BCE cellst ur ed by

| . i gul. i f
cons: st oriylaE P RCudtaabiR Ty wRG podue® gy GhBbolnBledl 498,05° 5
- 1 'ow whet hgg TNIPG (F433)VEF 19y 18 @khewh SEnMAtbf LD Brodidtion TRES b stithllating A | ow

| evel of proliferation was al so observed in response to incubation with
i mmat ur ¢ Dels wite DCs inghiréd widinBCEi and Eémthe Tuoalls b polanzed toRardiatiibe-he t hree
g'roupl? Ofﬂ&)gf used at responder to stinulator ratios of 50:1, 25:1, or
12.5: 9 (FIEIE¥OPF Dos) . In contrast, dendritic cells matured with BCG and
| FNy were used to stinulate the T cells, KLH pul sed DCs induced 25
consistently higher T cell proliferation (appraox 10, 000- 33, 000 CPM
than did Jg 61 Inducion of thepdy L Cptokine Tumerdiegragisdiactone (TNFe)a A For mat ure
DCs pul sed with KLH i ferati HaleYe d in proportion
l&ﬁlgﬁto ;gpgﬁﬁ;ﬁg@ﬁ ef fector

MO i
to an increase in I%g{'

»

Alygwy

{ _ I 1 r p
| e b o B ElsR po
~ functi on ypRgylak 8 (HFR0N dyadkisk thiotodeiis RRtof RITRFNPRas det®nstifedKLH specific T
cells lines (generated as described above) were stinulated using DC

mat urléd VRriefly, twre adsitd esHe were darivad apdiscied abgyqyand prewngnitheul ated T cel |
| i nes wer i-e . i | Nty acel. ki ne
| e bG8 £ o1 S A 0 Dl i B
PCT/ US02/02S63Rbipesn withcENy Yorubowrah at Sdbseiichtlyd aiprot&Raanspoit ddbitof 50 ng/ m )
and PMA (5 n%/ n},) . Cytokine )
. (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 Iabel antibody specific

for TNFo or an isotype control antibody using methods well known in the art. The

frequency of DCs positive for TNFo. 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 Celis Mean Fluoresence Intensity
BCG 3.9 99
BCG + IFNy 315 192
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. .6 March 2006
producti on was neasured as a percentage of cells producing a particular

cytokine. A very lowto undetectable percentage (<< 5% of sanpled cells
produced intracellular IL-2, IL-4, IL-5 or IL-10. IL-5 and IL-10 were not
detected in T cells stinmulated by DCs matured 5 with BCG and IFNy. T Cells
sti mul at a0 b22Xs mat ured by BCG al one produced | ow |ROGIHUEF624 FNy (<109
and TNF-a (<15% . In contrast, significant proportions of T cells
stinmulated with DCs matured with I FN1 and BCG produced | FNy (approxi mately
3599 and TNFa (>45% . IFNy is a known stimulator of IL-12 production.
Thus, by stinmulating T cells with DCs matured with BCG and IFNy, the T
cel | s ar epp@pR!7: Bfldction WAResponsetApaimstiCelliAssécidted Antigenponse. Exanpl e 6:

| nduction of the Th-1 Cytokine Tunmor, Necrosis F r NEa): In this
exanpl e the abilitipthf °’Eqﬂ“§’lfb]8§§)mﬁ‘é!¥qdé‘hl\l&8pr°ﬁ§ée gﬁlg&ﬁg’ﬁf@ﬁg\ﬁweegul ate the
t -1 Ki . L Sy f 15

ype- L cy eﬁn\gr{és;&%te& Wil ASEhARAR)y HSHePunRr SR )T WA INBEARAS dnd kidlar

Briefly, ure s"were derived as descri bed above and prown
in the pewsaTestigeh-siaicSktoanitity bs domphted to PEamatueddith BEGalapal t ured with

ei t her_ BCG al on Qr i comhinatjon with.IFNy for abo 24 bsequent |y,
a protei rimffra&ﬁ%%afi?“q Sl BpEegRole |SE}}Q‘@WH?%H£ME‘§&3 Pr"m%eg‘“‘% ded to bl ock
the transpaldsrhdihg. PhODES 8erelidndbido@with bitipmwhble tgndrgello@sp9ex, and t he

cell's were incubated overnight. The cells were fhen 20_harvested,
per meabi Ipreviashyinfeciedavitfrecomlingoh adengyiun expresirg e grrer {OPEKER ant i body
spect T1¢ prdilth (GRERe Be M proRfl ol feaR A Qhrus2 il BRAWy e SnBred®k AQster vel | known

inthe afty frequen positive for TNFa and the fluorescence
i nt ensi t ywiflf eith&rB @bl BCG4 eombdetion with BNy ThE A@Rrdeesied BCs of FEbPe 3) .

Mat uration of the DCs wiith BCG in the presence of. I FNy. found to enhance
t he 'c@pach‘?xR.fﬁss@h@“Btﬁelkdveﬁ?‘@&@l@éupﬂk‘%ﬂ?-%m&@M?Wﬁi MTabl e 3 TNFa
Product i A ' BRORRE RurOlot G Wl dh farkictlionsy | N1

Mat ur at i gr%egﬁ/n |t|1(¥%§%lg%slﬁuﬁs&g&cg sl\/égan Flsltjoresence I ntensity BCG3. 999
BCG+l FNy FLISA 90nmD s 1bdied WitR M0Bex@s€181 QaDPddls RET BCR sthasae IENanpl e 7:

| nducti on of Response Agai nst Cel|-Assocjated Anti en: In.thi.s exanple DCs
mat ur.ed i@eﬁnmﬁs&@#&@gm%@@h&rﬁm R SigRticantlyJuorp RtERt At UGB o i cit a

of ant i oI pttb ARt b RE Bl BEG mt I BC Y [ “Mat urod with BOG al one.
15 : '
| 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.




5 Inmmature dendritic cells were isolated as set forth abov6e1veIatarr1c %Ouﬁtured in

the presence of GWCSF and IL-4. The DCs were then | oaded with either

whol e tunor cells (A549) previously infected with reconbi nant adenovirus
expressing either green fluorescent protein (GFP) or the M protein of

I nfl uenze A virus. The DCs were matured 24 h later wth either BCG or BCG
in conbination with IFNy. The tunor | oaded DCs or GFP or 10 M -expression

tunmor cells were used to stinulate an autol ogous M-specific T cell line.

Twent y- I teI cell culture supernatants were harvested and run on a
st andar 8 D ly DCs | oaded with M -expression tunor cells were
able to stinulate IF rel ease and DCs matured in BCG plus I FNy were

si gni ficant!¥ noré mshahior atoducidg aimguretdehdriticeciqgRpalatibaltofiphRg: | Mature
or BCG nmat ur . 15 Tabl e 4.1 nducti.on of Response Agai nst

Cel | - Associ ﬁﬁ%lwﬁaﬁg‘a Bdrtie G685 #89ndi ti onsl FNy Rel ease Nonel0, 379
BCGL5, 114 BGBntactifig HeGmBieurd dendHtRMeAY §iB%a ' 4o

il ust\r}glt e, but not tolimt, the sc":eope1 Zorégﬂfe&'?vﬁ%uglf%%él%ﬁa&gnti ons.

a her \aksriemnsgasame FENy huasst pbse vhnditids suizade fof nempaenss he ihhasge of

or di nar I: i art_an neo ssed by the appended clains. All

publ i ca(%lﬁngﬁ{sl%L%iasﬁ%%@a%%%‘?f?mgﬁ&%g?? Q198hd ot her references cited
“herein and awlereih$ie mhtieddparias 88l Bobulelah, Bhidad eif entirety. 26
6 March 2006 WHAT | S CLAI MED | S: | bl ﬁﬁ%ﬁ@%@ﬁ%ﬁﬁ%&;’%ture

dendr i tTErIERsin 19 dp interiqubin 1 Lbaman inmgture dandriticcelpiputasiotmet cenabtéd wizh cel | s; -
and CO'E@@%%&‘@FI{I Mg a%‘ﬁ‘,[ﬁ?} ﬁlendrl tic cells with an effective anount of BCG

and Interferon anm ‘under culture conditions suitable for
maturation of the immature dendritic cells to forma mature dendritic cell
popul ation; wherein the mature dendritic cell popul ation produces an
increased ratio df meihed don producinglPmatire dendritie ekl popilatidhacompridimgrat ur e

dendritic cgldy L j I acted with BCG and I FNy during
mat uration. %24\/1%?%9%@1%{&%‘%%}8@%3&% ﬁ%‘_fa_ mature dendritic cell popul ation,
conpri si ng: copnctirigthe gninated dendride Bells Wikl arc 8dSive &38unt of BCG and

Interferon gamma (IFNy) under culture conditions suitable for maturation of the immature

dendritic cells to form a mature dendritic cell population;

wherein the mature dendritic cell population produces a type 1 immune response.

3. The method of claim 2, wherein the mature dendritic cells produce a ratio of

IL-12 to IL-10 of at least about 1:1, at least about 10:1, or at Ieast about 100:1.

4. A composition for activating T cells, comprising;

a dendritic cell population matured with an effective concentration of BCG and IFNy
under suitable conditions for maturation; and

a predetermined antigen;

wherein the dendritic cell population produces 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.

5. The composition of claim 4, wherein the dendritic cell population produces

IL-12 to IL~10 in a ratio of at least about 10:1, preferably at least about 100:1.
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contacting the immture dendritic cells with an effective %%aﬁ%l}zogp BCG and
‘Interferon gamma (I FNy) under culture conditions suitable for maturati on of
the immature dendritic cells to forma mature dendritic cell popul ation;
wherein the mature dendritic cell population produces a type 1 inmune
response. 3. The nethod of claim2, wherein the mature dendritic cells
produce a ratio of |1L-12 to IL-10 of at |east about 1:1, at |east about
10: 1, or at6.| easAn sblatad, idDatire dendAitic oethpopuation, ¢omprésing:vating T cel | s,

conprising:. a dendritic cell population mature ith an eff.ect]

concentrat i lﬁ‘ﬂat(?& I%Eéuéﬁﬁmpﬁ@w%%ﬁ%‘@c %"Dﬁ’ta&ﬂlag e%&#&f eﬁOBﬁ?%ﬁﬂ&?n ﬂ’g]}tiﬁpat i on;
and a [aeRl & HaednantdRa s e lWBRUARNGNLL 1 ¢ cel | popul ation produces
an increased ratio of Interleukin 12 (IL-12) to Interleukin 10 (IL- 10)

t han a nmat uwkereierhl iesilting mlature dgndridicicells prodv@otes Inietl enkBCE (Ri-12)dait | FNy
durin r.at'? . .5, The conposition of claim4, wherein the dendritic

cel l g&@eﬁlﬁ%h B[ré uces I1L-12 to IL-10 in a ratio of at |east about 10:1,
preferably at |east about 100:1. 27 6 March 2006 6. An isolated, immture
dendritic cell population, conprising: isolated imature nonocytic
dendritic ckll s, Therrgll appdptieced cleimch deshar campoping f pedeteramgdaptgen: o i nduce
maturation of the i mmture dendritic cells; wherein the resulting nature
dendritic cells produce nore Interleukin 12 (IL- 12) to Interleukin 10
(I'L-10). 7.8.The Teldell populkitdr oficlgifn & [fadtier Gombtsihf &olt@TPeéls. ng a

predeterm ned antigen. 8. The cell population of claim®6, further
conprising isolated T cells. 9. The cell population of claim8, wherein the

conpri 51 ng TS0l vyl prpRatsn ool ey, SRR P B e R T R el <

conprising: providing imuature dendritic cells; contacting the i mmature

dendritic cells with a predeterm ne ntigen;., contaciing the i mmture
Gondritic 91 S Ueimaatlios SheirdnboErAS: Rt cing IO EEIRE RNy under
culture conditions suitable for maturation of the immture dendritic cells
to formmature dendritic cells; and contacting the mature dendritic cells
wi th nai ve 1T. celA methodffor producing Ticelds, edmPrisingl | s producing | FNy. 12. The

nmet hod of cl ai mp%évigingrimr%%m%gx{d%]ﬁ@c%lse; predeterm ned antigen is a tunor

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

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

cells producing IFNy.

12. The method of claim 1, 2 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 membrane

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

13.  The method of claim 1, 2 or 11, wherein the immature dendritic cells are
contacted simultaneously with the predetermined antigen, BCG and IFNy or are contacted

with the predetermined antigen prior to contacting with BCG and IFNy.
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specific antigen, a tunor associ ated antigen, a viral'anti%gﬁ¥c%9qggcterial
antigen, tunor cells, bacterial cells, reconbinant cells expressing an
antigen, a cell lysate, a nenbrane preparation, a reconbinantly produced
antigen, a peptide antigen, or an isolated antigen. 13. The nmethod of claim
1, 2 or 11, wherein the imuature dendritic cells are contacted

sinmul taneously with the predeterm ned antigen, BCG and | FNy or are
contacted Wt h Thempthedef elaim h2cbrdnt fugther gmppising contacting wi th BCG and

| FNy. 28 6 Na{ﬁh 2006 14.. T e.rretnhod of claim1,2 or 11, further
conpri si ng: SORERE BOPRGHrSTBAIS CUPLRHTSOLS @%el | precursors; and cul turing

t he precur s@ilring tﬁer;ﬁe@fraﬁgnmeEfes@nc@io%aif%}&ﬁtﬁ&ihgg afleforiQhé or m t he
imature dendritrc cells. 15. The nmethod of claim 15, wherein the

di ff er emptyrd dpgdateerllsis GV CSF, Interleukin 4, a conbination of G CSF
and Interleukin 4, or Interleukin 13. 16. The nethod of claim 14, wherein
the nonocytic dendritic cell precursors are isolated froma human subject.

17. The meth§id oThemedhod bf cldind 14, hihervih elicadiffeichtatingapenyie GMIUBH, ti c cel |'s
and T _cells, are autologous to each other. 18. |solated nature dendritic
cel | s Intestsykinfy 2 spmeinatioe pf GMrfcSH ang Iytprleuking, ardnterlggkdn | 2ukin 10 (1L- 10)
prepared by maturation of immature dendritic cells with a conposition
conprising effective concentrations of BCG and | FNy under conditions

sui t abl e f ol6.t heThamtthpdpf dainoi 4, tvwterde fiormonaytie demdritit@ell preeuisomlang ed,
mature. depdritic.cells . of claim18, prepared by maturation of immature
dendri‘tgglé egéiol%awn[“ﬁnﬁ‘lbé%osi tion further conprising a predeternined
-~antigen. 20. Isolated mature dendritic cells |oaded with a predeterm ned
antigen, the dendritic cells producing nore Interleukin 12 (IL- 12) than
I nt erl euki nlA0 (Themetbypd obdlainThe ¢rsidl, athergimihe imaatiwe dendritic celd 4nsl Bf ¢l ai m
20, Wneelilei n ef hq coel I se%il%q,ﬁtljce at least 10-fold nore IL-12 than IL-10. 22.
Act i vated F PP & e a method for producing a type 1 i mmune
response 1in an animal, conprising: admnistering the activated T cells to

the animal wherein the T cells are produced by a nethod according to
anyone of cl&i nslsplatedmpnture dgpdsitis gells prodpging myse Ererdegan 32 (flobdde T cel | s

Pr oducg Y fin! I@t(ﬁf-ll We&ré@b§' Iaturdtfon dfQmbdihGE aEMHHR s fhtha o%gx?pbsition
- comprising effective concentrations of BCG and IFNy under conditions suitable for the

maturation of the dendritic cells.

19.  The isolated, mature dendritic cells of claim 18, prepared by maturation of

immature dendritic cells with a composition further comprising a predetermined antigen.

20.  Isolated mature dendritic cells loaded with a predetermined antigen, the
dendritic cells producing more Interleukin 12 (IL-12) than Interleukin 10 (IL-10).

21.  The isolated mature dendritic cells of claim 20, wherein the cells produce at
least 10-fold more IL-12 than IL-10.

22.  Activated T cells for use in a method for producing a type 1 immune response
in an animal, comprising:
administering the activated T cells to the animal wherein the T cells are produced by a

method according to anyone of claims 11 to 17 wherein the
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23. The T cells of claim?22, wherein the inmmature dendriti gh/(I:aerF}fzo%nd T

cells are autologous to the animal. 24. The T cells of claim 22, wherein
the immature dendritic cells and T cells are allogenic to the animl. 25.
The T cells of claim 22, wherein the immture dendritic cells and T cells
have the sanme MHC hapl otype as the animal. 26. The T cells of claim 22,
wherein the animal is human. 30 6 March 2006 WD 03/ 022215 PCT/ US02/ 28620
SEQUENCE L | &Tivhied I1dlls pialutdimest InRirletikiarl2@iH Rxte, Inferleukin BOGTH] O)Var ni x L.
<120> COVPOSI TI ONS AND METHODS FOR PRI M NG MONOCYTI C DENDRI TIC CELLS AND T
CELLS FOR TH 1 RESPONSE <130> 20093-29- 1PC <140> PCT/ US02/ <141>

2002- 09- 06 53150>TROT 34Ty SH&Shim LS hhe Bk Wlnffurs 4605 csils i Paligkd n Ver .
2.1 <210> 1 <211> 9 <212> PRT <213> Hono saplens <400> 1 Leu Leu H's G n
Thr Aspidegoyste thegnimal. 5 <210> 2 <211> 9 <212> PRT <213> Honp sapi ens
<400> 2 Ala Leu Phe Asp Ile Qu Ser Lys Val

24. The T cells of claim 22, wherein the immature dendritic cells and T cells are

allogenic to the animal.

25.  The T cells of claim 22, wherein the immature dendritic cells and T cells have
the same MHC haplotype as the animal.

26. The T cells of claim 22, wherein the animal is human.
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