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{57) Abstract: The present invention provides compositions and methods for inducing maturation of immature dendritic cells {DC)
and for priming those cells for inducing a type 1 immune response. The present invention aiso provides dendritie cell populations
usefu! for activating and for preparing T cells polarized towards production of type 1 cytokines and/or a type 1 response. Similarly,
activated, polarized T cell populations, and methods of making the same are provided, '
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Abstract: The present invention provides conpositions and nethods for

i nduci ng maturation of immature dendritic cells (DC) and for primng those
cells for inducing a type 1 i mmune response. The present invention al so
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type 1 response. SimTlarly, activated, polarized T celT populations, and
net hods, of nBking the sane are proyided. 6 March 2006 WO 03/022215

PCT/ Us@?ﬁ’ég%@m i%ﬂgﬁe@k%ﬁ@s FOR PRI M NG MONOCYTI C DENDR! TI C
CELLS AP fachobghibe Ssub-Re AdtGheRESPONSE BACKGROUND OF THE | NVENTION 5 Anti gen
presenting cells (APC) are inportant in eliciting an effective inmune
response. They not only present antigens to T cells with antigen-specific T
cell receptors, but also provide the signals necessary for T cel
activation. These signals remain inconpletely defined, but involve a
variety of cell surface nolecules as well as cytokines or growmh factors.
The factors necessary for the activation of naive or 10 unpolarized T cells
may -be different fromthose required for the re-activation of nmenory T
cells. The ability of APC to both present antigens and deliver signals for
T cell activation is comonly referred to as an accessory cell function.

Al t hough nonocytes and B cells have been shown to be conmpetent APC, their
antigen presenting capacities in vitro appear to be |[imted to the
re-activation of previously sensitized T cells. Hence, they are not 15
capable of directly activating functionally naive or unprined T cel

popul ations. Dendritic cells (DCs) are the professional antigen presenting
cells of the immune systemthat are believed to be capable of activating
both naive and nenory T <cells. Dendritic cells are increasingly prepared
ex vivo for use in imunotherapy, particularly the imunotherapy of

cancer. The preparation of dendritic cells with optiml 20

i mmunostinul atory properties requires an understandi ng and exploitation of
the biology of .these cells for ex vivo culture. Various protocols for the
culture of these cells have been '




described, wth various advantages ascribed.to each protod%pgnﬁﬁ%@ﬁt
protocol s include the use of serumfree nedia, and the enpl oynent of

mat uration conditions that inpart the desired i munostinulatory properties
to the cultured cells. 25 Maturation of dendritic cells is the process that
converts WEhi#023216 DCs, which are phenotypically sin | BET/U8028%20 Langer hans
cells, to mature, antigen presenting cells that can mgrate to the |ynph
nodes. This process results in the |oss of the powerful antigen uptake
capacity that characterizes the imuature dendritic cells, and in the up-
regul ati on of expression of co-stinulatory cell surface nol ecul es and
various cytokines. 30 Known maturation protocols are based on the in vivo
envi r onmentCOMPOSTITONS AND METHODS FORPHIMING MO CY2PIC

PCT/ US02/ 28620 encounter during or after exposure to antigens. The best
exanpl e of t hDENPRIGACCELLSANDSE CELESROR EHsdRESPONSEnedi a (MCM as
a cell culture nedium MM is generated in vitro by culturing nonocytes
and used as a source of maturation factors. The major conponents in MM
responsi ble for maturation are reported to be the (pro)inflammtory 5

cytokines Interleukin 1 -1 P r L 6 (1L-6) and tunor
necrosis factor al pha (?%éﬂmﬁngﬁ@#@ﬁﬁ@ct ors include
prost agl andi n E2 (Rﬁ@h,pre@éﬂtfﬁg délld@PC}/a’isﬁnilpmﬁmﬁlh Elahtn;gmnteﬂéﬁwéw P),

bacterial, |ipopol ysaccharide, (LPS), as S cobhact eri, conponent s
of mycobdB¥E P Fihgg neg |Hf?56“té§P$3ﬂ§\&T odlisnd |aP'E|%ﬁ‘itS§e°“£‘hT P! mature

 dendr Lt ! GoGflssodliishs ovﬂféﬂés&@’ékﬁ@ée&aﬂ‘]@r'ﬁHﬁf‘Je’tﬁrﬁfth?hé’sefs{gﬁﬂk 10 inmature

DCs. Ful ture express ["fevel s of MHC cl ass and cl ass |1
anti gens, reraatml ingbmfiletely deﬁc@lsbmtmmo @rvynembé@lllseéacelm@eculmelhasd CD86. These

Cha_nges tcix{égxn ﬁosirl%reé\gg f%:r??sa Cf‘he)f‘ac f‘ssgrg rtthe ac%xé on O%P#J% &Ct ivate T cells

because I'gen ace, as well as the

_magni IlDUdepcflarizh&T'EeId:sahaiy tatiffarait tﬁom tﬁ¢sg mallulrédmaﬂ@lﬁe-acttiwtmmﬂmﬁropmt s of the
costi nmul at culgé)ontheTcells In 15.addition,

mat ure D& CdprBethpesa Wmnﬁgsllvwwcg%ﬁﬁl ag¥alipy dj r ect
the T celdo um&%edmaaacae&sﬁﬁceﬁma&fam%wﬁﬁgnhaﬁ& e bd B Al (I L-10) and

Interleukin (1L-12) These cyt oKi nes have opposing effects on the
directi odnavﬁbebm@owndmb@@mpetﬁel APC dhgiroméigen fir¢senting cppasitics iri witio apsal ts in the

i nduction of.a. Th-2 t . respanse uct ults in a
e 1t yple Pl e BetvRRRET BEiopli s iR L ARG ohaehEl) o wher e a
20 cgqbsl ulcq:"abiemm@ﬂ Q&ﬁ@ﬁlﬁgefuhc&lodﬂﬁrllfaﬁé or Gifeithed T, cefl opuiativi®l e, i n cancer
| munot her apy, A e response results i.n the 1 nduction and

~differentiation ofoélgmﬁ fdﬁf Gs) prpipsselsesianal 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

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

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

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




(CTL), which are the effector armof the cellular inmune s@Maé‘f'hmPﬁis
effector armis nost effective in conbating tunor gromh. |IL-12 also

i nduces growth of natural killer (NK) cells, and has anti-angi ogenic
activity, both of which are effective anti-tunor 25 weapons. Thus, the use
of dendriW@es@elibs that produce IL-12 are in theory oprUTaEsot/s86sui ted for
use in immunostinulation. Certain dendritic cell maturation agents, such
as, for exanple, bacterial |ipopolysaccharide, bacterial CpG DNA, double
stranded RNA and CD40 |igand, have been reported to induce immature DC to
produce IL-12 and to prime imuature DC for a 30 Th-1 response. |In contrast,
anti - i nf leacouBtePatingRr 8fdt kQfosird @ antigens| Thébeslédample oP (s approaditlis the
corticosteriods inhibit IL-12 production, apd can, pri cells for a Th-2

r espons e usofgnqngeyip condionemnestiy @40 e 43@11/"!{%'59 Dediiph (Mnégc‘é BfelA%nhancenent
of 11-12 fpﬁz%mmaﬂmgmﬂ s lnhd G0 84 4 oulRof RARFtoh BRAKY, AhelMajgonbi ni ng

I nterferon ga wth certain dendritic cell maturation factors, such as
bact er i alcompquspts liyMEDM teapansible(ormsyturainn appeEport@de he thePrahieflaomaotiave a known

PRy syl tetan | heot BEcIBh rsfcalin S e My SRR 680y AlB4D Y Sct T on
it er  er QINBAMher ShaibRlon k1S REI O roskhsncRl B1 {POERY puspatahi ch i ncl udes

tyrosi ne ‘phosphorylation of the tyrosine residue at position 701 of Statl
prior t o vasointesting! aentiden (VIB), tbhcserial ipapolysapehipridn éLPBrasivellgs aynehsslenent  of
transcription of .interferon - responsi Very little is known,
however, gﬁ(i?&:ion%qtsg#ﬁycf’ﬁag%g&%’g%ﬁp %’3‘? c\ffg%ﬁicﬁﬁﬁﬁ&ngﬁ' nonocyt e-derived 10
dendritic cells. THully maifadunditicells difftoqialiativelgarinmadititively from t hese cel | s
has not been established. The attenuated boyj train bact eri um

bovi 49 ofmmpEs s é:r“h_hﬁ’ﬁat“f"tm HES lgl}efﬁ%}?d%&f? é@ssgé'&q éli’l\‘%i]gal met t e- Querin
(BCG), Nasidhfie hhdistathel Rodimiiry moleehiet BECPRY and CDSY) ETiR¥cAMRARs | NtTavesi cal
adm ni stratiton of |ive BCG has” proven 15 effective for the treatnent of

bl adder Dersesrthe capadityof thedemdritie edllsito aotivate T aels ecayse telrinereapesantiget  known.

The effegts. of BCG.adm ni st | . POSt ' y the
i nduct i ofi*P5¥Y ?ilhéﬁf’ ﬁ%ﬁ%ga%é%p%%é%%%g% 5@%&%&‘ ?eglratcg&aglﬁ% gg%l?gﬁ‘%g}r) cells.
The spectitiicourt@pts obthe Bedfinivtatdrh ndlacalepeamnthe Ticslld, hgyijké CD28.0kn t hat of a
general i zed.i nducer as dj uvant

. foi ne reactivity, ], as hayi.n n
funcd? onawl%@atﬁﬁégéﬁpéwﬂgﬁ?“%ﬁﬁ%ﬂfcﬁtﬂ Pl y‘\’gémmgéteﬂ‘fid'ir%f@ﬁga syst em
cell response. Two of these cytokines are Interleukin 10 (IL-10) and Interleukin (IL-12).

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.




BCG has al so been found to be a powerful maturation agent ?Marﬂb%%)rﬁitic
cells, with the ability to up-regulate the maturati on marker CD83. BCG can
al so up regulate MHC nol ecul es and the costinul atory nol ecul es CDBO and
CD86, concomtant wth a reduction in endocytic capacity. In addition,
BCG or BOEH@RIged 25 |i poarabi domannans, has been r e UH¥286&0 | ncr ease
cyt oki ne production, although contrary to results found with other DC

mat urati on agents the production of IL-12 was found to be specifically
inhibited. This latter property, the inhibition of IL-12 producti on,
reduces the attraction of using BCG for the maturation of dendritic cells
for imunot herapy Réceidly, Ghhanéentehf ¢PID-12 @kddustialibyidestritic Xt iax beenr esponse
(Th-1 response), is desired. 30 The use of BCG.in active i not her apy,
thus, hasreparisd byeembiniag intestcrongiamea withrertaip dendaibic celhpptyragon BROSThere |5 a

need, ho , 16 b dod s | QBeail tions
bt | nouEa B e o P L i DRy R 2006 w0
03/ 02221 5capacity tdS6@1c2 8B 2i0arsounts of Fard 3 dusing materatiete howeyat Thwsuhie sti mul ati on,

and that pri, t hose, dendr.itic cell t owards .a .t 1.(Th-1) inmune
r esporse l{f)ﬁ‘ egna%tﬁ? 64'!18‘108% )H’?fgl © cs\ﬁ\%é B@ﬂg%{oxg&“ﬁf—é OF THE
| NVENTI ONjgnalingiResth& RR ISt 1)y Hivdy ORhiBh Ritiud@styiosihé pbsplvidatiearaiasi tions for

i nducing Taturation of inmmature dendritic cells (DC), w th an agent that
si mul t andpesingrepdenat pesition 194 of Siathpaier lorits mipmiionyie thq nusleugmd)the and f or
primng t r d < Lol I oGk, jithesponse. I n
- one aspecepgﬁ@ e%rrgt °o'8£’{|?s°f‘3@’8@’%‘2‘38%%&%%&3@%8%?9&#&%&?%° gglr#dll'i tic cell
popul at i dmown,hotventr,rahoytsipvaldiangluctiompathweycie homan monasgteldsrivedhd cont acti ng
the 10 i ure dendritic cells with an effecti.ve concentrat,ion of BCG and
| nterler dimdstials” (ks et utitbp NRER arter o SeE T IS @Ot mt ur at i on
of the i gmblish&y dendritic cells to forma mature dendritic cell
popul ati on. The mature dendritic cell popul ation produces an_ increased

rati o of | nterl eukThs attonuatsd bewieg stainMycabmcieriun davis)okMycohastesisidri tic cel |
| at i ' g ; tion. Th
- popul ati P%ﬁos Ao %ﬁcﬂlc@m&fégbﬁéﬁ%gb%ﬂﬁt@%@gﬁ Bﬁ% élg?éeng&a ion. The

| mmat ur e endritic cel can be contact'e m ned antigen
~_prior to immuntethérayy. doomesexhinplg, intivesicaB@ininistiatidaNf livdaBEGHmetisverr ni ned anti gen

SO et T pafecnt SR Stbciigh i sen s BR i pRfend i 27 ' o™
- reconbi ndptkne®h! ThEARLRTEBOG Ahifdaligeie P@stﬂ@tbcﬂ td besadd@atedebyteTbr ane

preparation, a reconbinantly produced antigen, a peptide antigen (e.g., a
synt het i dndpetipmiofan immune response that attacks, for example, cancer ce Is. The specific role

of BCG in this response is thought to be that of a generalized inducer of immune
reactivity, as well as having an adjuvant function in the presentation of tumor antigens to
20  the immune system.
BCG has also been found to be a powerful maturation agent for dendritic
cells, with the ability to up-regulate the maturation marker CD83. BCG can 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



20 antigen), or an isolated antigen. In certain enbodi rrent%l,wafﬂ‘ezor%t hod can
optionally further include isolating nonocytic dendritic cell precursors;
and culturing the precursors in the presence of a differentiating agent to
forma population inmature dendritic cells. Suitable differentiating
agents i g0 02215 or exanple, GWCSF, Interleukin 4, a BOAiHEE620N of GM 25.
CSF and Interleukin 4, or Interleukin 13. The nonocytic dendritic cell
precursors can be isolated froma human subject. In a particul ar
enbodi ment, the mature dendritic cells produce a ratio of IL-12 to IL-10
of at least 1:1. In another aspect, a nethod for producing a mature
dendri ti Csuﬁﬁiaheouﬂ?Bkﬂvi’de'b%hd'ﬁrﬂﬁ@éﬁnﬂﬂéﬁon,ﬁh@ tHaEphashge Rhddtioeellncl udes
provi di ng immature dendritic 30 cells; and contacting the inmmture
dendr i t i clowartls styps  filtah isnpuse respansewiimstrone cpeiexisriooel T&PRBSECh 2006 WO
03/ 022215 PCT/ US02128620 Interferon gamma (I FNy) under culture conditions
suitable for maturation of the immture dendritic cells to forma mature
dendritic cell population. The resulting mature dendritic cell popul ation

produces a type | immune response. The inmmature dendritic cells can be
contacted with a predetBRﬂiﬁgﬂl‘@(ﬁﬁ%@EWWW@N during contacting wth

BCG a;}d | FNy. 'ﬂl%tp?ésglq(?ﬁ\?eﬁﬁadﬁ?v @ggﬂe%ﬁs £fo gumfcuﬁf s friAdRlng: @ tunor

speci fi ¢ anti gen, associa ant 1 gen, Iral antigen, a bacteri al
anti gen, rhamn‘mtlonmé[dusamtaahnmuca:lellaxﬁlc),svlth meagmtﬂlahanmltambuﬂy pepdessi ng an

antigen, .a cell sat ne arat recopbi nant pr oduced

antigen, bé“g P‘Eftg’“ﬁ"r‘l’fﬁua'éﬁf (ﬁegl °§ et °(§e Beé%tf?rc?é‘)an & Sgemiiés/ol at ed

anti gen. cyibxlct @8réspbite CIHGHEIaBROL § methb@ispdvided fergitodiRing@madniry f urt her

i nclude isSolati ng) nonocytic dendritic cell precursors; and culturing the
w

pr ecur sordendrgic g4} wég@hg@h@mgam@nms igneatre dendgtic ﬁﬂ@n‘tﬂ diegntagtingthene i mmat ur e
dendryint t f |
oo AR ! TonfitfSBenditic Bl SREGChAt g RAERCR anlt et girfifa SATD €

I nterl eul(]PNy)LMefHuﬂunmmﬁxmﬁns@mthbhdbﬂ thateratie of tigrimmatise dendatiecélséd at ed from a
human 15 subject. In a particular enbodi rre dendritic cells

| i th
- produce 501'?1’8?(1'(1@'“61‘15‘!@122311 BOP“’aE‘Q‘loTI}S"fma&F”ﬁ@élEfw &%’cﬂ?&’“ tign prpduces 1 | anot her
aspect . SOOI EMIACT W Bl 10 Bah i BifarBieQuidifid cell The COTPOSI ¢ ons
ude a

can'lncl Itic ce popul ations matured with an effective
concent r gopudation hotRGBactediwitk RE G and EFNsalirealoting memuhition.olke igmatyreit ur at i on; and

15 dendritic cells can be contacted with a predetermined antigen prior to or during contacting

-a

with BCG and IFNy. The predetermined antigen can be, for example, a tumor specific
antigen, a tumor associated antigen, a viral antigen, a bacterial antigen, tumor cells,
bacterial cells, recombinant cells expressing an antigen, a cell lysate, a membrane
preparation, a recombinantly produced antigen, a peptide antigen (e.g., a synthetic peptide
20 antigen), or an isolated antigen.
In certain embodiments, the method can optionally further include isolating
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 dendritic cells
produce a ratio of IL-12 to IL-10 of at least 1:1. |
In another aspect, a method for producing a mature dendritic cell
population is provided. The method generally includes providing immature dendritic

30 cells; and contacting the immature dendritic cells with an effective amount of BCG and




20 predeterm ned antigen. The dendritic cell population ca%h%W%Hﬁ%@ an

I ncreased ratio of Interleukin 12 (IL-12) to Interleukin 10 (I1L-10) than a
mature dendritic cell population contacted with BCG without 1FNy during
maturation. In certain enbodiments, the dendritic cell population can
produce MO@362245||-10 in a ratio of at |east about 1CRCE/USO2(2862 her

enbodi nents, the dendritic cell population can produce IL-12 to IL-10 in a
ratio of 25 at |east about 100:1 than a simlar immture dendritic cel

popul ation cultured in the presence of BCG wi thout |FNy during nmaturation.
I'n another aspect, an isolated, immture dendritic cell populationis

~provided. mﬂEH&oﬁgirhm@gpNI)amumumswﬂﬁﬁm S018bIY e nigdaontof thed@pgturé i ¢ cel | s,
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r econbi nan anti ., a synthetic

pepti de 4,amrt[:i|tgdm)nn 16r Thelmosarbrm Mdmuaeg@mcufk&sﬁmsalambﬁmehdmmdrl tic cells
can act ed si e usl with t eternned.a BCG and

I FNylf? or Sybjret- dB2jp. ngl ‘15’3’ 8 E‘Fé'lf‘w H?Pdf’ﬁ&°elﬁpé°d‘a‘ie@rW%%ngﬁ3Pgen prior
t o cont agt-ieraMeadt aRSdprand | FNy. I n certain enbodi ments, the nmethod can

further include isolati nt% monocytic dendritic cell precursors; and
culturing In still another aspect, composmons for activating T cells are prov1ded

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




the precursors in the presence of a differentiation agent ?Ma\rﬂb%%ogthe
formation of the 20 i mmature dendritic cells. Suitable differentiating
agents include, for exanple, GWCSF, Interleukin 4, a conbination of

GW CSF and Interleukin 4, or Interleukin 13. The nonocytic dendritic cell
pr ecur sor&ogeR2e5t i onal |y be isolated froma human subP@Us022862¢

particul ar enbodi nent, the inmature dendritic cells and T cells are

aut ol ogous to each other. 25 Isolated mature dendritic cells producing
nore Interleukin 12 (I1L-12) to Interleukin 10 (I1L-10) are al so provided.
The mature dendritic cells can be provided by maturation of inmmuature
dendri ti cpréRhdeSofBOGwRhGOTFPYnDRat0RHPH. | Bictgll pofubation v aptingadiyt r at i ons  of
BCG and | FNy under conditions suitable for the maturation 'R%?Tt Qﬁ dendritic
cel I's. A ipeldres mrpdatoraied prtisgl pndfox isolind; Togedle) sjchys npiye | d’a@fd tifetine
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can dit h@plagzedfard type i Ethel) response. Spiakle angigens melude, tarsyam WEh naive T 10

cells to |V I ieUgkioen of
Interfer g&&g@n@;&éé& IQZEN%;!)r Lgﬁﬁét%fa@gﬁﬂo?Qgglcalpggs\#ép?agﬁﬁglr&gg?#NFa) . The

act i vat edells, bastdrigl cells répombinaiteelds axpressingoan; antigenam telllysatena mealiraBe st i nul ati on
f totoxic T cell h i fic. ' ol ti
el udo, Bredptation affomblriRy SRt onkibh, RBEHIAE bitig?hd S emp gl peBlng ANt 1 oens

anti gen, adtigen), at ardisblatg@imtigen.bact eri al antigen, tunor cells, bacterial

cells, reconbinant_cells 15 expressing an antigen, a ce]l .lysate, a

menbrldne prepar at i B¢, mpaEdsABTtELS ?‘iﬁgﬁ%ﬁm%‘éﬁi Sl‘ﬁ'ﬁ‘f"i“‘é‘&ﬁ{yvﬁt Htide antigen

(e.g., a LLarlBeat | ' ' atedwintieden. The inmmature

dendri ti g%}:ﬁgﬂeﬁq@hcanﬂg%f Pgﬁa P]?I%g&)sﬁhﬁutsgﬂle%%@ky cont acteed with the
predetermined antigen prior to contacting with BCG and IFNy. In certain embodiments,

the method can further include isolating monocytic dendritic cell precursors; and culturing
the precursors in the presence of a differentiation agent to induce the formation of the
20  immature dendritic cells. Suitable differentiating agents include, for example, GM-CSF,
‘Interleukin 4, a combination of GM-CSF and Interleukin 4, or Interleukin 13. The
monocytic dendritic cell precursors can optionally be isolated from a human subject. Ina
particular embodiment, the immature dendritic cells and T cells are autologous to each
other. |
25 Isolated mature dendritic cells producing more Interleukin 12 (IL-12) to
Interleukin 10 (IL-10) are also provided. The mature dendritic cells can be provided by
maturation of immature dendritic cells with a composition comprising effective
concentrations of BCG and IFNy under conditions suitable for the maturation of the
dendritic cells. A predetermined 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




predeterm ned antigen, BCG and I FNy, or the i mmature dendr PMEREYs can be
contacted wth the predeterm ned antigen prior to contacting with BCG and
| FNy. 20 In certain enbodi nents, the nethod can further include isolating
nmonocyt o oseng i tic cell precursors fromthe ani mal ;pcgadogbduri ng the
precursors in the presence of a differentiating agent to formthe i mmature
dendritic cells. The differentiating agent can be, for exanple, GwW CSF,
Interleukin 4, a conbination of GWCSF and Interleukin 4, or Interleukin
13. 25 The immature dendritic cells and T cells can be autol ogous to the

ani mal n h | . Iy, r,e dendritic
cells ar%t *“ggllﬁgﬁ’ gﬁ #}gl\}és,?otr%gd:@%,rgt l@%ﬂ&%ﬁ’ﬁ{gﬁ% lggﬂ?%%%l or share
an MHC nrpilee immatire@edidritic Bell sipakdon@iused it fhe presnoabf BEO witkolt N, or can be
a non-human animal. 7 6 March 2006 WO 03/ 022215 PCTI 11502128620 DETAI LED
DESCRI PHHURg WEUpRPD.| NVENTI ON The present invention provides nethods for

i nduci ng maturati %oﬂéfembbc{ﬁﬁ&k%ﬁeﬂ{é@ﬁﬂbfohﬁﬁ Q*ﬂeﬁ(’ﬁpg)mﬁﬂﬁlert:@%s@ri m ng those

cells for an_antigen-specific cytotoxic response (Th-1 response).
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i mmat ur e "nonoc ritic ce ready exposed to antigen (e.g., in
vivap, ecei tb&m@@ﬂiﬂa&dﬂe@llu}tafacﬁﬁ@ddjydhd prdfuctiomiefiintedervmpiremaélFNy)at i on
conditions. The resulting dendritic cells are prined.to activate
and pol &rd/ordunpornserosls faﬁ‘éﬁéP‘dgNﬁa}ﬂB‘éa‘itWPﬁgchﬁ@@mE a‘i'?‘ﬂgtei e Meonse incl udes
product i Iy e ant) producti on of
nore | La%g1 F‘h ngyf(ﬁstugﬁﬁﬁ%fiﬁg 8)‘?? }:cg[rce(l:leF%rsggﬂgéseed pro lfgtl on of Th-1
cells, Sﬁxteﬂﬂmhnpgmﬂumlude,rfondxamplﬁlmumt sppeific mﬂlgemtaltmmae@clatpdrmr Necrosi s

Fact or TNF an al s be. u ate In c ast response is
char act é? %@fﬂxg%gg?c&?pabﬁgﬁtgﬁmqrfeg bagiera Iﬁ? S_tf)ecm&&o%ﬁi %n of Iom)re
1L- 19 t BRfedstap dantipen dieell lydite, afmehibzane kdparatiai) d rdcambinaitly prodticed i on of a CTL

response. In a relat ed aspect, caonpositions are provided cor,}Brl sing a
nat ur at @aigen, a peptide antigen (e.g., a synthetic peptide antigen), or an isolated antigen. The

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

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

25 The immature dendritic cells and T cells can be autologous to the animal,

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

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




20 agent for immature dendritic cells, such as nonocytic deNarsh 2Q06c ¢ |
precursors, which can also prine those dendritic cells for a type 1
response. Such mature, prined nonocytic dendritic cells can increase Mjor
Hi stoconpatibility Conplex (MHC) class-1 presentation of a predeterm ned
ant i gen, wo es/0222a5 pr edet er mi ned exogenous anti gen. MHC ROTARS2/18620pr esent at i on
of antigen is desired to induce differentiation of cytotoxic T |Iynphocytes
25 (CTL) and stinulation of antigen-specific CTL-nediated |ysis of target
~cells. Such conpositions include BCG and | FNy whi ch can be adm xed with a
cell population conprising immature dendritic cells, to mature the
immature dendritic ceETAILBDHHSCRIENONDE THE INVENTION the i nhi bition of

I L-12 induced by contact of the immture dendritic cells wifh BCG |mature
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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.




20 where they reside, particularly Iynphoid tissues such a@h@ﬁglg%ﬁeen,
bone marrow, |ynph nodes and thynus. Mnocytic dendritic cell precursors
al so can be isolated fromthe circulatory system Peripheral blood is a
readi |y accessi bl e source of nonocytic dendritic cell precursors.

Unbi | i calw@awod22es ood i s anot her source of nonocytic derdivisei/zsedel |
precursors. Monocytic dendritic cell precursors can be isolated froma
vari ety of 25 organisns in which an i mmune response can be elicited. Such
organi snms i nclude animals, for exanple, including humans, and non-hunan
animals, such as, primates, mammals (including dogs, cats, mce, and

rats), birds (i nplM%&gerggl;egﬁfﬁgﬁacyﬁ@&nmﬁéc@gpkemmﬁﬁm fsgaeci es thereof.
In certain enbodi nents, the nonocytic dendritic_cell I\E{gf‘ecursors and/ or 30
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for dendrititc celd greecursors and immature dendritic cells fromvarious

sour ces, pfeﬂEFW%iga“ $8¥od and bone marrow, are known in the art. For

exanpl e, dendriti @edfific elleat b divese pophldtionaf antigerderasniing cells duhdincan be
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opt i dhial PYASEMBHKeIs BB RERISeY el Bernay ey el naapt kel 38r ¢yt tor
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.precursoPs and rmmature dendritic cells optjonally can be
usually express CD11c, CD80, CD86, and are HLA-DR”, but are CD14".
In contrast, monocytic dendritic cell precursors (typically monocytes) are

usually CD14". Monocytic dendritic cell precursors can be obtained from any tissue

20  where they reside, particularly lymphoid tissues such as the spleen, bone marrow, lymph
nodes and thymus. Monocytic dendritic cell precursors also can be isolated 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

9




prepared in a closed, aseptic system As used herein, the ?B?ﬁ%lm%posed,
aseptic systent or "closed system refer to a systemin which exposure to
non-sterilize, anbient, or 20 circulating air or other non-sterile
conditions is mnimzed or elimnated. Cl osed systens for isolating
dendriti av@ed22pfecursors and i mature dendritic cel | sSECTHé5®28P0 y excl ude
density gradient centrifugation in open top tubes, open air transfer of
cells, culture of cells in tissue culture plates or unseal ed fl asks, and
the like. In a typical enbodinent, the closed systemallows aseptic
transfer of the dendritic cell precursors and immture 25 dendritic cells

from an iggitkiidlor ¢itd] r@ctib®) Aand/ @8 5iRd). Dendritkeal] ﬁ&blﬁsdrtmzmmhmw e vessel
wi t hout m&osure to non-sterile air. ILn certain ephod %}ngg nonocytic

dendri t i derdsitic cpiiseadsorcambesoblained; frnsy at A atched Realthh IMGaLIOFH o eyt e- bi ndi ng
substrat e“%’%ﬁ “?A?‘féﬁ@‘“d@“ﬁ%%‘%ﬁ Kﬁg&g% ceRBPinmalobBuiNn. 60/ 307,978, filed

July 25, 093- 002600US) t he di scl osure 30 of
which is incorporated by reference herein. For exanple, a popul ation of

| eukocyt , i<S) can be contacted with a
rmnocytuéti“'t'i*‘lr‘grF(SF"iﬂ@-et'I—Pc@‘éPJ aﬂgé@é?tg%lrﬁe?’ e Cals®) 06 o, 08/ 052515
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| ar ge sur area to volune ratio substrates_can be, for exanple, a
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Dendritic cell precursors and immature dendritic cells optionally can be

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

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




- majority of pores present in the substrate are smaller thaﬂb/t[aﬁ%h%%6ls to
mnimze entrapping cells in the substrate. Adherence of the nopnocytic
dendritic cell precursors to the substrate can optionally be enhanced by
addi ti on ofyglabmabiag nMedi a. Suitable binding nmedia include 20 nonocytic
dendritic cell precursor culture nedia (e.g., Al MVO RHNM/UVIBAH2 pDVvEM X
VI VO 15(r) and the like) supplenented, individually or in any conbination,
with for exanple, cytokines (e.g., G anul ocyte/ Macrophage Col ony
Stinmulating Factor (GWCSF), Interleukin 4 (IL-4),o0r Interleukin 13

(1L-13)), biood S ser.um (e. g., hupan seru such as aut ol ogous or
al | ogeni ¢ %dg?%gs%%a{g?mn&e&géﬁﬁgm g&é‘g&é’?sésé’r‘)ﬂ tad Withihe subsiralsy et 25 .
cations_(enGocythalendritio i reQlrsdFRENREIbNDCY1e Bapul Ao pRiiEHialPhdlie G el Nal al d
in the specjfic _adherence of nmpnocytic dendritic ce precursors to the

. C . .- » [T 4
subst r at e, Substraten, S}thes leslegytes (15%1%11&?%@‘ petential dendsitio c¢ll precudeong) extibic cel |
precursors;, ; ' odi ment s, ..t he bl.ood, plasma or
serum can B&e&ﬁ%ﬁgtﬁ%%g?%g{:tﬂo\%ﬁ Jél . i%@%g%?@{ﬁn FWP%%“EB P‘?ﬂj C&h be
aut ol ogouPresurshrsitebaprofgrutallyentithed be theamyfice of thaQubisahte.owi ng adher ence of

tic dendriti I . t h bstrate, th - adheri
oukoeyt os are sepavipesTRRR gk e et dorchanea lvgs purcoaea
“pr ecur sor /ts ulame aitie. SNBSS cah'bY, Hréxadbleca at€ S YildGusWikithate0 Separate
the non 11 6 March 2006 WO 03/ 022215 PCTI US02128620 adhering cells fromthe

conpl exes Suiighie Ratiysicsubstigtes frclude,fer expmplacelass particles plastiy partisldecglgsses and t he
conpl exes c6a% HaiabiAved gfa%-c%%& htgﬁt@gxfe fﬁﬁé@?ﬂﬁ%ﬂﬂ%&ggﬁdit@@é ioc ytes and

medi a decanted or drained. Alter e’ mxture entrifuged,
and t A8  proten sheerptien. chwtalie fibroys wubsrates inchdl ericrogpliRtikiobastagd decant ed or

drained f : | l.et ed. 5 conplexes. Isqlated dendritic cell precursors

can be 'cuﬁ%lr)é@&esx C\I}llb\%agg‘fg e%ﬂ%@e‘ﬁﬁaﬁuﬁ B'ﬁ’,suatﬁﬁﬁ‘\ﬁﬁ%&iod‘ﬁ “éﬁﬂﬁﬁ?f?d expansi on.
(As used heneiytic déndoiticdelibréciizbis U B d@BIWithdut sitbStahtBall ‘i’@dﬁ@liﬂ% flec cell
precursors, and other cells, refers to cel Fs that, by human hand,

g cells, .
exi sts ap&’?’?‘il;w?q?mﬁsaflh%?drce it pEtigHte Poffirews subsirate can be substertfally somot  a
pr oduct Oéqr&ﬁttb'-fa%ilitdtéé]bﬁ’&neé?nﬁﬁbéyﬁc éﬂdi’cheqfiirééﬁuéo& o‘%;dérg{rrfltigg?li;%@ In

sem -puritied form eor In a non-native envirTonment. Vi vo
di f f etent thasyhstmate.yfi“sbbtantially nel-persust silistrate fep shbsitid ihinhichak leagggecur sors, or

e or agoflor Bt et p % S4B e sl Eesbaherelh i whimee rrigoRBENt o can
be, for eehlsinlthe substtakedl ar growt h factors (e.g., cytokines
' ' Adherence of the monocytic dendritic cell precursors to the substrate can
optionally be enhanced by addition of binding media. Suitable binding media include
20  monocytic dendritic cell precursor culture media (e.g., AIM-V®, RPMI 1640, DMEM, X-
VIVO 15%, and the like) supplemented, individually or in any combination, with for
example, cytokines (e.g., Granulocyte/Macrophage Colony Stimulating Factor (GM-CSF),
Interleukin 4 (IL-4),or Interleukin 13 (IL-13)), blood plasma, serum (e.g., human serum,
such as autologous or allogenic sera), purified proteins, such as serum albumin, divalent
25 cations (e.g., calcium and/or magnesium ions) and other molecules that aid in the specific
adherence of monocytic dendritic cell precursors to the substrate, or that prevent
adherence of non-monocytic dendritic cell precursors to the substrate. In certain
embodiments, the blood plasma or serum can be heated-inactivated. The heat-inactivated
plasma can be autologous or heterologous to the 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-
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such as (GWCSF), Interleukin 4 (1L-4), Interleukin 13 (IL%MFh2008 or
conbi nations 15 thereof). In certain enbodi nents, the nonocytic dendritic
cells precursors are differentiated to form nonocyte-derived i mmature
dendritic cells. The dendritic cell precursors can be cultured and

di f f er entwaord2i1;m suitable culture conditions. SuitabP@/E0HERG cul ture
medi a i ncl ude ALMVS, RPM 1640, DVEM X-VIVO 15(r), and the like. The
tissue culture nedia can be supplenented with serum 20 am no acids,

vitam ns, cytokines, such as GW CSF and/or |L-4, divalent cations, and the
like, to pronote differentiation of the cells. In certain enbodi ments, the
dendri ti Gag@ink celRIfRMMHES @biBples. Ber exathiilelrteimixture biths eonsadterie nedi a. Such

-culture conditions can optionally exclude a ani -deri yved, products. A
t ypi cal dw@%ﬁ%@émpﬁakgﬁﬁa?%%lwﬂ/ﬁ S&E‘Ie"ﬂ‘g Wﬂ?@lfi}&gl“‘%ﬁ%‘*@r e mediumis
~about 50Q4 me{liﬁﬁ?agéfﬂﬁp?ﬁfne@%ﬁéﬁti@&ﬁ thd mikture Sar N @htrifiiged,a8d thepr ecur sors,
entrate 0

when differ a orminmmture dendritic cells, are_ phenotypically
similar tsopestatant comtegrangthe sow-adhering levkoaytes decaterion draipeddzam thepglisieds| |y are
CD14- _and CD‘9 |c , express low levels of CD86 and CD383, and are able to
capt ure <8MAFE antigens via specialized endocytosis. The immature
dendritic cells argolamsd dérdetié cellfpprcnsomcar e aitncbdies vivo &eldifferenti@®niat ure DC

| ose the ability to take. up antigen .and di splay up-reqgul ate essi on of
cost i mul dRagiosand/oLePRIHGE- ?@@8ﬁ%renaﬁﬂats‘i-%%’}aw&%%%°ﬁ§l% %gfé@% i cally,
mat ure D%‘gu ﬁﬁg&ﬁ&f@ Tl 8hd bRt Rbik, Rferdbeeltd BRSby e Hahd, @Kikts ggans t han
Immature dendriti ¢ cell's, and 12" 6 March 2006 WO 03/ 0222 / US02128620

5P
mat ur e ddiodrtheir wative Fivdronmentgand arethergforeiohp profug ofatws; Ifgljﬁ@é@ Is cagpg3+
CD86,,,and_CD14 . ter > | an. | Saaki ok A3Rich, &Nt i gen
~ densitfy SH'(SBHB“T@@(‘SW’%%\E% ﬁéed%ﬁ%%{rnlélgau gfhlagﬁe %‘%@ﬁlﬁ?ﬁlﬁg@gry nol ecul es
CD80 and y5bAffesdntistivgtthsicalytim@ves affufingdeanilsite cetlrpredugpozs, ortpiopdetims ohe

counterparts of the costj nmul ator) | ecul es, such as. . he T
cel | s. R/&?‘lﬁr}@"iaéﬁ%!’rdpf‘i’ gelRIPRUESOR rﬁeggc&?pn? W@%%ﬁ%’gﬁtl%%é‘%%}}tgépar ed
(i.e’, rRhiesiesifapsaniscagbd, RR ckamms, eeruldeneiiifidors @ld Tyiskinks ef f ecti ve

anounts Or concentrattons of BCG and | FNy. Effective ampunt s of BCG

typi cal | yuchem (GMfCSH ateglgukin 4 (B3): Istetlgikine  3,(Td ). #nd/pT qombBIRLYRS ¢ ssue
e B AT GBSl e o e o e

100- 1600 tissue Bacil'lus Cal nette-
Guerin ( B@Srentistedtd fori fricheuyte-detival immafurddlenidrdtic esllsAs used herein, BCG refers
to, whol e The dendritic cell precursors can be cultured and differentiated in suitable
culture conditions. Suitable tissue culture media include AIM-V® RPMI 1640, DMEM,
X-VIVO 15%, and the like. The tissue culture media can be supplemented with serum,

20  amino acids, vitamins, cytokines, such as GM-CSF and/or IL-4, divalent cations, and the
like, to promote differentiation of the cells. In certain embodiments, the dendritic cell
precursors can be cultured in the serum-free media. Such culture conditions can
optionally exclude any animal-derived products. A typical cytokine combination in a
typical dendritic cell culture medium is about 500 units/ml each of GM-CSF and IL-4.

25  Dendritic cell precursors, when differentiated to form immature dendritic cells, are
phenotypically similar to skin Langerhans cells. Immature dendritic cells typically are
CD14 and CD11c", express low levels of CD86 and CD83, and are able to capture soluble
antigens via specialized endocytosis.

The immature dendritic cells are matured to form mature dendritic cells.

30  Mature DC lose the ability to take up antigen and display up-regulated expression of

costimulatory cell surface molecules and various cytokines. Spe_ciﬁcally, mature DC

~ express higher levels of MHIC class I and II antigens than immature dendritic cells, and
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BCG as well as cell wall constituents, BCG derived |ipoar a%m%znorggns, and
ot her BCG conponents that are associated with induction of a type 2 inmune
response. BCGis optionally inactivated, such as heat-inactivated BCG
formalin-treated BCG and the |ike. 15 BCG increases expression of the
surface NéQ@0a22lon markers CDB3 and CDB86 on dendriti ®CFAISPH86Moncomi t ant
with inhibition of IL-12 production and the exclusion of antigens from
endocytosis. Wthout intending to be bound by any particular theory,
dendritic cell maturation by BCG al so has been characterized as invol ving
honot ypi ¢ aggregati on and the rel ease of tunor necrosis factor-a (TNFa).

(See, e. Gnaturé Qenlifitié PR fre gRbierally idenkifitd asheingCIse’, CTB3LATH &, dnil TIVIH .
i ncor porated herein by, riference.) Mat uring, the i re deg@réliti c cells
wi th | FNyOreater MKEC eppretriondeadsio aginsirass maptigsn depsity pp theddasyrfage, vlule o i i it s

producti ‘r?lg Sr%k’ulaltibﬁ @ﬁsﬁrﬂﬁﬁtﬁ%ﬁ&uf& eHshlaRd OBk Eeeng@Btthd Teelcel s for a type

1(Th-1) onse. e rmmuature DC are typically contacted with effective
amount s @ftivBam: sigel tnehigh teotnserpatsef thesastimmbaierymplesyisatsuchasidi?Ss . The

i mmat §re d?lgedfietﬂi c cells can be cultured and matured in suitable

mat ur at i S "&ut ¥UPe conditions. Suitable tissue culture nedia include
AlMV(r), RPM 164QatuidMehdritié-cells\dDtlepreskntamentidrecah bk preparbd(iei, ssue  cul ture

medi a can be pl enented . with am pno. acj.ds,. vi.tam ns yt oki nes, such as

GW CSF Mﬁﬁw onf2 t‘&_ﬂ&ﬁl“@ﬁ‘?{] : P%Hé",ccgﬂﬁmﬂ ﬁééecﬁY%I,‘d"P% %romote maturation

of the Cgbdcélgraﬁoﬁsoofﬁ;%ﬁf’a'mﬂw PHichte ﬁﬁé’dﬁksrb’ftHC@]"tﬁr?ﬁal fRAVapeRt t S/ M each
and |L-4. ce

of GWCS turation of dendritic s can be nonitored by
met hods Kotari0f ofu péremilliditdr of @ahé cubtureiraaka. iffectivesmpants b€y ttaueadly i n assays

famliar to the art, s fl. 13.6 March 2006 / 215

PCT/ 63021%%§em@$?% ﬁﬁ‘?‘}f@b @mﬁﬁtw&%‘?ﬁlﬁmﬂ}%%ﬁﬁ@s g%l%be.%[e'The cell's can
al'so be qRBi{ @S if B avitihQiaROT B, BEWE L APRed Rerbin, BOF rdfbrs BAwhdl&CS, or ot her
i mmune assay). In a DC Fopul ation matured according to the present

i nvent i oBCG as-well a5 eelbwall epnatitpengh BE Grdezived linognbidemannans, apd otherdhfie a type 1
(Th-1) r E ; Qs peig &L- 12/ 1L 5 10
from gr egﬁlgfoﬁﬁ%t#agéi%@%ﬁﬁ fﬂ%&ﬁ%ﬁ 8?9‘3’8%?9%'8? r%ﬁ)% t l?l’@:e [S)CS al so | ose
t he abi | optjonally inarivated, sachi ds eat-ilngtiyited BRYG,dommlinvicateh BEGnadstha hled. y zed by
upt ake assays fam|iar to one of. ordi nag% skill. in the (ﬁ:?ég ndritic cell
precdPsors, | rmatt?r HENTEeF FYRECSEER PLIC 31 Hipayration Bi & 1's, either
primed oepghRhokstic Yk coRbntiRaNGitCMRibiRN 6f HOP fe@icealaddahe Use at a | ater
date. Methods for cryopreservation are well-known in the art, See, for .
exanpl e, exgligion of antigens from endocytosis. Without intending to be bound by any particular
' theory, dendritic cell maturation by BCG also has been characterized as involving
homotypic aggregation and the release of tumor necrosis factor-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
. fora type 1 (Th-1) response.
The immature DC are typically contacted with effective amounts of BCG
25  and IFNy for about one hour to about 24 hours. The immature dendritic cells can be
cultured and matured in suitable maturation culture conditions. Suitable tissue culture
media include AIM-V®, RPMI 1640, DMEM, X-VIVO 15%, and the like. The tissue
culture media can be supplemented with amino acids, vitamins, cytokines, such as GM-
CSF and/or IL-4, divalent cations, and the like, to promote maturation of the cells. A
30 typical cytokine combination is about 500 units/ml each of GM-CSF and IL-4.
Maturation of dendritic cells can be monitored by methods known in the

- -art, Cell surface markers can be detected in assays familiar to the art, such as flow
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10 Patent 5,788,963 incorporated herein by reference in it%Meaﬁ?hlergPy.

Antigens The nmature, primed dendritic cells according to the present

i nvention can present antigen to T cells. Mature, primed dendritic cells
can be fornmed by contacting immature dendritic cells with a predeterm ned
antigen WNQ@#22287ior to or during maturation. 15 Al t e®P&IUSOHEIG20 | mmat ur e
dendritic cells that have already been contacted with antigen (e.g., 1in
vivo prior to isolation) can be contacted with a conposition conprising BCG
and IFNy to formmature dendritic cells primed for a type | (Th-1)
response. Suitable predeterm ned antigens can include any antigen for which
T-cel | agidméay, idkhuhshistehiembly, 88d efe kel Theoets canaisoiba alonitered for  exanpl e,
bacterial "anti gens, tunor, 20 specific or, tunor assqci a%lrﬁ antfégens (e.qg.,
whol e celdyipking gragkction (4.2 YERISA, FAGH stherimmue atsay) I, &R?BP Ok isi on
protel “S:mdtw?m& tGRE pheldént trvkifion, N1 TAkvel Urd KGR thealD-18M0velRf Ber  anti gen
or fragnment of an aﬁtlgeg, e.g., a peptide or pol ypeptide antigen. In
certai n peorhatel typai §Th-1 ) respansei Fenexamplepthe DICscaneagisF gatiopaf Iln imted to,

[ at Lt ) 1 : . t
Coa) 3 oriORRakerkfie el B poliol LB MnOE THEL, MARPEDES iifo RES M BBIBRROR 208 |
Cancer R také&ﬁ@é@ﬁy @&Wfb@iﬁ,ﬁ&higi\dnﬁ:@g m?jqegk b3|/ qbtakel asslags)famj;ljamrf}mlﬁzﬁ - :14

1995). h t . a bacterial, ce LJacter] sat e,
Ererrbr?an)e °F4%'e l‘rélﬂan bg\‘etp%%gl)g@?\%ﬁlcgu PIEQUISRr S Mg n%}t‘r‘?éfﬁssﬁ?ff@gtu%nom in the
art. The q.aRic 98N, SMer fnoP LARARA, Fith BitREMCRA bE B96iTRicRRA fdrnuse ftra even

chem cal ly synthesized. The reqonﬁi nant antigen can al so be eépe{essed on
the sur f dater dafe. Mdtheds for etyppressryption prgavelirknawn Bohg ah sYee, fopedEPle, Yot ebrat e or

ma Il an, ce , [ Ny J - : can be purified fromthe
|y21;f18_ %3&8%*Ze)rgcgﬁg%&‘ggﬁ%dggﬁg‘f;f%%ﬂg'ﬁﬁgg%@gbzo Antigen can al so be
present in a sanple froma subject. For exanple, a tissue sanple froma
hyperprolgi fﬁgg%tive or other condition in a subject can be used as a source

of anti gém ch a sanpl e can be obtained, for exanple, by biopsy or by
surgical resecti Orhe nfated peimed dendgidin cadknchralinsodheggessnt ipgeation a1 as an

| sol ated preparatio ernatively,. . nmbr an repar.af i of cells of a
‘subj ect @éqsgﬁyt}gegg{igﬁlsé&l{a%py?ﬁ%fg@ﬂgc ko)) °§ﬂ @)é(lantfi&{r}llgs al so can be
used-as afnamtd REMHHR ceBOVEIELpredetdied @itigeh Bitih pArad Bt dirihg diddeationent , a
prostate tunor cell |ysate recovered from surgical specinens can be used

as a I§ourAdtsmafivelyirhmeftire dendritie wolisshat have aluady beemgontacied yalantigen (e.g-,

in vivo prior to isolation) can be contacted with a composition comprising BCG and IFNy

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.

14




patient's own tunor, obtained at biopsy or at surgical reseMaI%ﬂOOgan be

used directly to 10 present antigen to dendritic cells or to provide a cell
| ysate for antigen presentation. Alternatively, a nenbrane preparation of
tunmor cells of a cancer patient can be used. The tunor cell can be

prost ati ¥OPUREISovari an, colon, brain, melanoma, or aPGI/GWHF62E ype of
tunor cell. Lysates and nenbrane preparation can be prepared fromisol ate
tumor cells by methods known in the art. 15 In another exenplary

enbodi ment, purified or sem-purified prostate specific nmenbrane antigen
(PSMA, . al so known as PSM antigen), which specifically reacts wth

monocl onal ant i bodynfigeh chn flsdhe presontliea sagsle &smarsubjgcmnFor(eSmpig,meral |y

Horoszewi ¢z et al., Prog. ‘ﬁjﬁln Bi o Reg 37:11 mgl}%g% U. S. Patent
No. 5, 1621ssissample Gonpalprmprolferative on glerponditipn.ing su jectican ba3psgd 4s 3 Assoc.,
Cancer Reguredgf dufibsh. Skt 8k éa.%%?%tmn%@@or?e& lﬁﬁymidﬁrs?ﬁr@fsu@”ttaﬁh are

i ncorporated by reference herein.) In yet anot exenplary enbodi nent, an
ant i genl atgwetmm @@cthmﬂnﬁge:tmbamed@s abysdle pieasiag ife a@ém@(’leu Leu Hs du

arm no Saci ey dmanipgicgriapfl of ADANELEY GO b B or Lo Ve )

an ant i gessiablishgbgeililnles disodan fe tided asmm amﬁgamrdomeesmfdmegmequence Al a Leu Phe

Asp |1 d S Val D NO 2 des d . PSM whi ch
coPr esgondg tgram &“gﬁ?“épﬁ?’gﬂ“g?fh’?e%al J?ité g’(’i‘f"gﬁ’% sat%?ﬁovﬁgh&é? Igs

anti gen. %wal Hediikrstan be 8RSl SaR%k of atigent Fd m@t@@&hmﬂeohﬂvanﬁﬁ an am no
acid residue sequence Xaa Leu (or Met) Xaa Xa aa Xaa_  Xaa Xaa Val (or

Leu) ( dediatenis ewn tymmy gbsained\ghlippsy s at spEgigabressstion, spbeseddrestly ¥ r esi due, can
be “Sl%d gﬁen%ﬂtaht fito %&h@n@&%@%ﬁ%@zd@% TRARS fd: B igeh predfe dnbi nding notif,

no aC| resi due anchor resi dues”,
I e u cin e akitémaawiy;e nﬂemhnahe iprephdlafieniof tlpadm celig cf a cBerpatientpan be GedyThe  al .

O N 2B oot 50 bt Bn B S,V B SREE S For 2°

Dat a Ana'tﬁiﬁér%e@ﬁjﬁ@afe&ﬁﬂ éihﬂraieq)réﬁmquemnﬁg epare® Gbmdsblatbtugor dellsj 1, K. et
al. (eds.), Tokyo University Press, pp. 1066-1077). Simlarly, peptides

resenbl i iy mstheds knqwa ipthsdrtng notifs can be used. Typically, immature

dendrjistic cells arlﬂaﬁ&h&&i&qpﬁ?%ﬂﬁe‘ﬂ Sﬁ{ﬁ?gdgjseﬁg:ﬁu ﬁeﬁop'r&:we and the

predeter m ned antigen un Ion co as descri bed
above. OspdcifitahdmbrartehaatigemBSMAcalstekoiwiitas BSMeintigeny, avhidhespeciiallg deavis t h t he
predeteer rr“1n %%jonoclonal antibody 7E11-C.5, can be used as antigen. (See generally Horoszewicz

et al., Prog. Clin. Biol, Res. 37:115-32 (1983), U.S. Patent No. 5,162,504; U.S. Patent No.

5,788,963; Feng et al., Proc. Am. Assoc. Cancer Res. 32:(Abs. 1418)238 (1991); the

20  disclosures of which are incorporated by reference herein.) In yet another exemplary

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

25  (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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antigen in a typical dendritic cell culture nmedia w thout ?ZM Gé)r?d | L-4,

or a maturation agent. Follow ng at |east about 10 mnutes to 2 days of
culture with the antigen, the antigen can be renoved and culture nedia
suppl emented with BCG and IFNy 10 can be added. Cytokines (e.g., GwWCSF
and | L-4)We@ai#02a3150 be added to the maturation nedia. MEHEW2464 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. Imrunol.

158: 4237-44 (1997); Doznorov and MIller, Cell Inmunol. 178:187-96 (1997);

I naba et al., JExp Med. 166:182-94 (1987); Macatonia et al., JExp Med.

169: 1255-1¢A (A9 8R)entsPsee,GenBalbatnArdlysid Comrfittee “Allel¢ Fregueoies”28ec80r 3- 20

1992); the di scl f which are. i y .reference herein.
The  esul €1 gHhi 614, (o FORTo SDIERIY Pecst apt Lok DT Or S B HRARER: od wi th 7
cells, s Qn@ﬁn%&hgﬁ{ﬂA{;ﬁhih%moﬁfsgﬁu,@use&r a subset of T cells, can be

Y

obt ai ned from various ‘nphoi d tissues for use as responder %el | s. Such
tissues include buTypiealyrimmapirgdanduticoslipere spitwedin the preienssdi BEC: and/ or

eri pher | opd. The cell,s can b - el i1 bt Lre..ae i 1 med
gendfih% i ?I’FEIQF‘JF‘E‘%%B“’Q&WS anligen PP‘%IBg‘g‘&ﬁfét"it‘ag‘%‘ﬁg'}nvggls’a%s%u#i‘??cé’gair cel |

subset. Tape@l lOptibk4liyf the ahinliredantriie cellzue beatiniiyedowish the predeteminmedgat | ve

sel ection, including but not limted, to t?ﬁﬁ ofP? ti bodies directed to
CD2, - CD3,antigs# in ghpicabdeadaiticee)! puliire media withoit ﬁa@g & %¥fth mature, prined
de”d”“%ﬁﬁ%éioﬁwaggrgufg@gﬁﬁ%%akt%out 185niRfte6 DiddN Gdulnpowakiteed T cells or T

| ynphocyt'es are used herein, the term "polarized' refers to T
cel | s t hahtigenpifieastigen gin Heeerndved aid dulthip neadizsupplomensedwitle BeGiare Fior

i nducing a type Th-1) res h,,met hods_ 1.xpj YA de

cont d& i ﬁ@np%%éf%réﬁglﬂ%%&?ﬁ G@ln @% ?@%ﬁ)ﬁa@d%enagﬁwet%a%@g%%re mat ur e,
primed dendid tiGh&B frontddie dbdiiaE LE1B whBREY ddnbrallg khdva: ia e dee (Srent acted with
a predetermned antigen during or prior to 30 rraturatiJoEmiTh i mmat ur e

dendri t i @enertihsStee) andNutgen,chiimnpmel 16434 -60 8935 Taoet gl-, “elT cells)
during ratld . 180 ] . hW ells) after
mat ur at {Tgﬁy'@#d%g?%{) h]g&gﬁ) %ﬁ]&gﬁﬁg% ?‘%’f I-c[n@gilor'?ié'gﬁﬂ?én lgg)hglaﬁaafype )1

r esponse.al TNExj Meditl 66: 826898 7); MackonB ek, MEO0E. WO: (25562 21988); De -

PCTI US02/ 28620 cel | s _qr mat ur.e hhiC.cells can .enrjched prior to

mat urlat i GHuUn ¢ “gd%ff" t*fg’ﬁ’,"""lgs'géﬁpgﬁg‘ghgggethgﬁ}sf’@ﬂgﬁf ‘?fg‘g"rﬁ%gr %opul ati on of

| ynphocy e mordQ byl efefcRtd Redih )9 Wi th the dendritic cells. In a specific

enbodi ment, "enriched or purified populations of CD4+ T cells, are contacted
g @i PrtRed d itk

Wi th.the dendriti cTheatsuliing Gmtuse depdgitic pells aredhensoringipatg itic cells
wth T c %lel s? sdcﬁ %gﬁa'ive 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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5 to the stinulation of specific T cells which mature into I:}{In‘e'tr(fhgzeor?6react|ve

CD4+ T cells or antigen-reactive CDB4T cells. In another aspect, nethods
are provided for re-stinulation of T cells in vitro, by culturing the
cells in the presence of mature dendritic cells primed toward inducing a
type | (THW@Y3/@28l | response. Such T cell optionally cHA/E82/2 ured on
feeder 10 cells. The mature, prined dendritic cells optionally can be
irradiated prior to contacting wth the T cells. Suitable culture
conditions can include one or nore cytokines (e.g., purified IL-2,
Concanaval in A-stinul ated spleen cell supernatant, or interleulcin 15 (IL-
15)) . I n ¥tk bométere AehdRilk 3k1s@an B enfickdd|prior ymadidtidn. dmad:ﬁtidnn’iﬁmtllsroandendri tic
cells, BCG |FNy and the predeterm ned, antigen,can S 0.pronot e
expansi onbesnriehed ffPHt*bIPqp“ﬁ@@ﬂlﬂ’fdmmmslm"%t%@g@f’%“ga‘ﬁ‘m ‘g%ﬂ @B@%ﬁ] T,
pol ari ze i IgHeslcdntactedt ro for
| ong per:jltl):l sB flice?frﬁohﬁﬂeﬁt gﬁcgﬁgﬂﬁkwﬁgﬁg???g@hgk? cell culture or T
cel I |i newitlinths dendeitic eﬂlsc@n-cbl@lrmgofmd’mrfamnﬁﬁ depduticqeliewith & cglls leads

formul ati on. w.th C er pply

activat ed® rbbecﬁ“ }aﬁ%oﬁs\ﬂgg{iﬁ cel{é wglégll re “It& ?ﬁé\/]p?émﬁ% ?ﬁ?%?g&?se‘?ﬂrjn use. 20 In
certain emgajm‘wscmtwlcm&t ed CD8+ or CD4+ T cells can be generated
according to the nethod of th sent g“l g T%’“@’ ?é. ¥1 mature, prined
‘dendritic cells uB’e@O?‘S“tjé‘i% ??{81’5’1‘(’( °§ Hipylen O TSRS, o T cel 1 s
are syngepgl, "B]ytcﬁ’ltlfnﬁ‘nﬁ L tthéﬁ?eseﬂ@%'o?ﬂlaﬁﬁ’@den&ﬁ& defls ﬂﬂnétﬂﬁwwdSt ered (e.g.
are obtained fromtHhe subject). Alternatively dendritic C?‘?JSS havi ng the
same HLA m&pirtztaﬁm? la@"htlt)é‘qehreémg@ SﬂébT;?PBﬁPtl@elﬂﬂ@étbeé fhrgsonisedst epared i n
vitro, usin n cerou ce mat ched
onortd'T ¥ CHEFRRE TR deRlE R oPtionallfbiiRle iftiaedd prl WRcAotlF o0 CAO
and Th- 1 \ﬁﬂi e T celds. @uﬂmﬂﬁﬁ clomdmmisrcxm mslude amwrwraﬁyttﬂmiebéegm

i mmunostinmul ation. In vi oAd é&r t|o of Cel Jla ol%In anot her

aspect ofP'-‘FIﬁédHn%o&ﬂ“F%’ﬁ"a Sé”’ﬁ?&‘%h%‘@?fn‘ftﬁ‘?t 05'“ "&‘L"rg n 30 of

mat ure, ﬁﬁﬁvﬂﬁ?&&tﬁﬁﬁl&tmﬁ%'ﬁfg byaa‘aalhxﬁbﬁﬁunmé aéﬂdﬁﬁ@lceTls @d:d;s;m?r a cell

popul atio containin to a subject in need

i Munost i aiidltm;jr@letcnﬁnedlamlgbﬂ capbp udedtto promotsexpansian ofithe 0“0:@11 mMmﬂzz 15

PCT/ US02/ 28620 can,i nc) ude both e opul ati ons
-- Cvated. porbletersphetith bt R TEfloRERCE Letfhe b DOF

and/ ob’ acti vat ed, n cer ai n enbodi nent s,

such et haglsumedinhers BF ®agp Q%d@bﬁtﬁhéuy]ﬁmoﬂiemgthﬁulﬂwﬁeﬂ‘hc‘iﬂrceltwlmm s or

i mmature dendritic cells d| fferentiating and matufr Ihos?l
or T cell line thus created can be stored, and if presérved (e.g., by formulation with a

cryopreservative and freezing) used to re-supply activated, polarized T cells at desired
intervals for long term use.

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 su‘nject) 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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cells in the presence of BCG |FNy and predeterm ned antig@Maf‘E}l%O&ﬁm a
mature dendritic 5 cell population prinmed towards Th-1 response. The
imuature dendritic cells can be contacted with antigen prior to or during
mat uration. Such mature, primed dendritic cells can be adm nistered

di rect |y WQO0H02Z4Hj ect in need of immunostinul ation. | rPE/YEYERYI

enbodi nent, the mature, prined dendritic cells can be contacted with

| ynphocytes froma subject to stinulate T cells within the | ynphocyte 10
popul ati on. The activated, polarized |ynphocytes, optionally followed by
cl onal expansion in cell culture of antigen-reactive CD4+ and/or CD8+ T
cel I s, - caanlisclude tothmiasire peichetl demiriticibgligwpulations eadlomdctivated, paarizeddl] ati on. I n
certain enpbodi ments,. activated, polarized.T cell.s ar t.0ol ogous to the
subj ect . Fol PR Res. TR e, it o e perfored by SinES 11 0 | e

reci pi ent g iticel Ereéﬁs&@uﬁnﬁmus adrifid-Kelif, diforeRin Dindaturvig ttiaels  of

determ ning the HLA hapl otype of a subject are known in the art. In a

rel at ed eveBoith thepresencerns BESH BNyt and peedpterningicmsigento fasmy asmagpre dendritisgeni ¢ to
t he recipi ent bject. For e, the dendrifi ] | e allogenic to
t he #ce?eﬁé’og'ﬁ%'obﬁmgﬁvﬁfcgﬁﬁﬁpmoﬁ?‘ ﬁ%%"‘?ﬁ%‘%s?%‘r‘f'%ﬁ‘ﬁﬁ%‘sﬁ}l? hapl ot ype.

The al | og@kiacted ®ith antiker plioté Gedukiyig matediion. $wh nadturk qeistied dasiritikicelhl | el e

(e.g., sharing_ at.|east one but not -al .20 VHC alleles). In a less typical
enbodi merfian b¢ pmipisieerd direetly de p pubjectingiged of IMMYNOSHRUIABER i ent  subj ect are al |

al | ogenei ¢ wi th regpgehiel embétitlef! thematuR/priféd ddndnt® dlls éAdst one conmmon
MHC allele in comobn. According to one enbodinent, the T cells are obtained

from t he ®atresed widlblyewhodytes fromd sybjeettiestimulate dcellgwithin theilynpheryte wer e

obt ai ped.  After i i ' [ ' he autol ogous T
cel | sﬂ)ar é’og'élﬁ‘iwﬁ'l‘ @%?cé@%tg@rﬁg %ggegt}éjg%@? h?%oé?o%é@ﬂgﬁlgﬁ%%{ﬁ%n&%mm an existing
i MMUne r ep@sse in dell cultt@ofindgentreasivt €D bumdlve CDETreele, earset, by i ntravenous
i nfusi on, 108-109 cel |l s/.m2 of body surface

for. exanple,. at doses, of abpu
ar ea (seea,dmé‘.‘ﬁ‘?“?‘i’;‘tRiach‘PJF"té‘l “"'&1? Pf,s‘“!?&qn@ﬁﬁ’@‘tlﬁ??t bogertaip mpedBENtS; e or por at ed

herei n by, figkar £hd T b arShudilogodfiollfe uspeat ed at desired intervals, for
exanpl e, monthly. Recipients can be 30 nonitored during and after T cell

i nfusi ons for any lmanetbercmbodimgnty the dendoifie ealssT cellacand the ragipiens subieRther
enbodj rent ndr i I r 1t h ] ' to the
pr esernt ir}ﬁgeetg‘?fag'}f l\ggﬁ (E%Ab E\?p%d%gﬁﬂ\r%g%? {%%1@?%&%51%&3&%%%? ﬂ%r 18 6

Mar ch 20Q0bjiPafd3hoRR ilthe £ Th WSEl2kE BHbtdirhérs, Iheedendrificdetis agl/a Tieetlgat ant i gen.
Such mat %Iggegi?:ltcl) tshe (r:e%ﬂ}ién?gu jech:E F%rr] g:i:a%'l%?e, %@%eﬂn%%%e Es ctarrll g(te allogenic to the
T cells and the recipient, which have the same MHC (HLA) haplotype. The allogenic
cells are typically matched for at least one MHC allele (e.g., sharing at least one but not all
20 MHC alleles). In a less typical embodiment, the dendritic cells, T cells and the recipient

subject are all allogeneic with respect to each other, but all have at least one common

MHC allele in common.
According to one embodiment, the T cells are obtained from the same
subject from which the immature dendritic cells were obtained. After maturation and
25  polarization in vitro, the autologous T cells are administered to the subject to provoke
and/or augment an existing immune response. For example, T cells can be administered,
by intravenous infusion, for example, at doses of about 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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antigen to T cells in vivo. EXAMPLES 5 The fol | ow ng exarrp? %ar%’rzéoogrovi ded
‘merely as illustrative of various aspects of the invention and shall not
be construed to limt the invention in any way. Exanple 1: Production of
IL-10 and IL-12 Under Different Maturation Conditions: 10 In this exanple,
cyt oki ne wo exfuzzis on was determ ned from popul ati ons of PCHUS#EMIE dendritic
cells that were contacted with the maturati on agents BCG and/or | FNy.

| mmat ure DCs were prepared by contacting peripheral blood nonocytes with
plastic in the presence of Opti MEMO nedia (G bco-BRL) supplenmented with 1%
human. pl asma. Unbound nonocytes were renoved by washing. The bound

nonocyt estis!tﬁrc@ntﬁiﬁin%ldrtﬁﬁetiaﬂtigeﬁ5S%h\{hé(@e 1806 carthkaup antighe ai presentdkat of 500 U
GW CSF and 500 U IL-4 per mlliliter for 6 days. In a first study,

i mmat ur e astgante TicelldaMive: were matured by addition of inactivated BCG The
cyt oki ne production of the resulting mature dendritic cells was

determ ned. |nactivated BCG was added at varying concentrations to i mmture
dendritic 20 cells in X-VIVO 15(r) nedia, followed by culturing for 24
hours at 37C. The dilution of BCG added per milliliter is specified in the
table, starting froma 4.1 x 10$ BXAMELESt ock. Oyt oki ne production was
deterrgi ned by ELI SA assay using anti bodi es agai nst the cytokine to be
detect'ed. Briefly, an antibody specific to the cytokine (e.g., IL-12 or
IL-10 is used to THedfbilowding xampies atcipnavided merddy ps Hugptiveele/anqde sol i d

face is then treated with | abel ed ot inst th
Syt ok ne F5-EL e EEN N ik Baf s SRR AP B AR AR RRE' O3 or”

antibody is typically labeled with enzynme to facilitate detection by

colorinetric assay. The re | ve. experi.nent are shown
bel ow i n Bxampled o Produgtion sl turation Conditipns

H IProduction f L K d — yt oki ne
prodygtion, is st éém?)% ki RS WasZdiem el &3 widdonPel/ US02/ 28620
Tabl Lejl(bl I L-10 andal?l‘ﬂQSZ P oag;::t? il%eﬁprby DC Matured with C(BB cyt oki ne No

immature dendritic cells that were contacted with the maturation agents BCG and/or [FNy.

Immature DCs were prepared by contacting peripheral blood monocytes with plastic in the
- presence of OptiMEM® media (Gibco-BRL) supplemented with 1% human plasma.
Unbound monocytes were removed by washing. The bound monocytes were cultured in
15 X-VIVO 15® media in the presence of 500 U GM-CSF and 500 U IL-4 per milliliter for 6
days.

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

20 cells in X-VIVO 15% media, followed by culturing for 24 hours at 37°C. The dilution of

-BCG added per milliliter is specified in the table, starting from a 4.1 x 10® cfu/ml stock.

* Cytokine production was determined by ELISA assay using antibodies against the
cytokine to be detected. Briefly, an antibody specific to the cytokine (e.g., IL-12 or IL-10
is used to capture the cytokine on a solid surface. The solid surface is then treated with a

25  second, labeled antibody against the cytokine to detect the presence of the captured

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

following Table 1. The amount of cytokine, or cytokine production, is stated as pg/ml.
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BCG BCG BOG BCG TNF(x + donor neasur edadded 1: 1001: 2501: 5001 M&3t11%1( 3

f act or

2| L-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
70/ | L- 100v@2m2733. 600. 60ndX0. 07 (" nd"

Tabl e 1,

production of cytokines IL-12,

The hi ghest 10 | evel s of

the results denpnstrate that the additi on of BCG can
or their

suggesting that the observed

p40 subu

nits),

| L-12 p35 production.
the ratio of the |evgl® afnl- &zﬂll%d{?&{anflﬁﬂd—mi@rddﬁmhmt han or equal to 1,

Il maturé dendritic cells in the presence of
BCG al one is I|ker to 15 polarlze naive T cells towards a Th-2 response.

i ndi cati

ng

that maturation of

I L-10,

means not det er nRCRARN0}28&TF erring to

of

IL-12 p40,

i ncrease were seen for
| ow- | eveI
relative to the | evel
In all condi t—@ﬁé except one, where BCGis

subuni ts,
relati ve and absolute | evels of cytokine production are donor-dependent.

I L-12 p40 and for
I L-12 p70 (conposed of p35 and
is due to a | ack of

i ncrease the
al t hough both the

| L-10,

present,

The effge attodiret ; [o]s ulllllg T i§0
determ re‘E’ hi B"gr PS f(i% fof t&w g .18h| € Zl%t pduct i on
was nedsured &?aﬂ'é cl S‘Fa 0 123 Tt ®s |1 LAY, evi dent
t hat addi-tion | =Ny agtox 1 oY ncnrnn n'F nraf ur-atli-en 26e < BCO
i ncr easad_£he Hrlr?rﬁ?@r [ on<hi | 1.3932 40 0t Houl 53 of | FNy
with BOG duri pid-Henddrhtiwh ihcradse 35'!22 [ 35 ndnr dduc®d onlanddeck eased
| L- 10 prlod2ictjlBAl0 As p 76Sulk . 120fe nat i%0of || L339 070 153 |- 1880 wais
i 'nvari all y2 gr gstdL- 10hpn<0lodipon 0e83di t]i of.3df [|FNylwi tjh 8008 jn <®die donors,
and 3 |IL-12p70 | 249 318 260 74 <5 <5
11L-12 p40 nd nd 12257 nd nd nd
3 IL-10 305 426 162 124 <5 70
p70/IL-10 0.82 0.75 1.60 0.60 nd <0.07
5
| (“nd” means not determined.)
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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

20




under certain conditions, the ratio of I1L-12 p70 to IL-10 %%aéﬁhc Ologn can be
I ncreased to greater than 100:1 by the addition of IFNY with BCG Thus,
these results surprisingly 20 6 March 2006 WD 03/ 022215 PCTI US02/ 28620
denonstrate that addition of IFNy with the maturati on agent BCG can

dr amat i caV093/022216r ease | L-12 p70 production. Table 2 |RCHUSO2RA§62¢ |- 12
Production by DC Matured with BCG and | FNy JFNy BCG 1: 100 BCG 1: 250 BCG

1: 500 BCG TNFa+l donorcyt oki neal one+ | FNy+ | FNy+ | FNy1: 1000 L-1 P +. +

| FNYI FN 21 L- 12 70<51223801848461521 11, -12 p40<5nd23751193628666nd

21 L- 10<547051039417995 70/1L-102. 601.572. 152. 585.48 3IL-12
p70212685&RA0 %234 2498 8dn SAIFNR with drenadtafdmnata B2 bbvdiramatically

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

det er m nel@erpasetintp P& prodysiGir egul ati on of I1L-10 by I FNI is Dose- Dependent :
10 In this exanple, the ability of IFNy in conmbination wwth BCGto
downregul ate I L-10 production in a popul ation of dendritic cells is
denonstrated. Inmmature dendritigapekl S were prepared as descri bed above.
The imuature dendritic cells were incubated alone, matured in the presence

of oneg of two congepynatl-22PrddlictBe®y DC Matured with BCG and IFNy

donor | cytokine | IFNy |BCG1:100 | BCG1:250 |BCG1:500f BCG | TNFatl
alone +IFNy + IFNy + IFNy 1:1000 ; L-1p+
+ IFNy IFNy
2 IL-12 p70 <5 1223 801 848 461 521
IL-12 p40 <5 nd 23751 . 19362 8666 nd
2 IL-10 <5 470 510 394 179 95
p70/IL-10 2.60 1.57 2.15 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
p70/11-10 | 1.50 27 22 18 >189 1.41
(“nd” means not determined.)
Example 2: Downregulation of IL-10 by IFNy is Dose-Dependent:
10 In this example, the ability of IFNy in combination with BCG to

downregulate IL-10 production in a population of dendritic cells is demonstrated.
Immature dendritic cells were prepared as described above. The immature dendritic cells
were incubated alone, matured in the presence of one of two concentrations of BCG
(1:1000 or 1:250 dilutions of the 4.1 x 10® cfi/ml stock), or exposed to IFNy alone in
15  concentrations ranging from 0 U to 1000 U per milliliter. IL-10 production by the
resulting dendritic cells was measured by ELISA (supra) using 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 ]FNy) produced no
detectable IL-10. In contrast, DC cultured in the presence of IFNy alone produced a small
20  amount of IL-10 (about 20-30 pg/ml). The amount of IL-10 produced was not dose
dependent over the range of 10 U to 1000 U of IFNy per milliliter.
In contrast, DCs produced by maturation in the presence BCG alone
produced significant amounts of IL-10: about 150 pg/ml or >250 pg/ml of IL-10 in the
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(1:1000 or 1:250 dilutions of the 4.1 x 108 efu/m stock),GMar%%)Oc())ged to

| FNy alone in 15 concentrations ranging fromO Uto 1000 U per mlliliter.
| L- 10 production by the resulting dendritic cells was neasured by ELISA
(supra) using a conmercially available antibody (e.g., from R& Systens,
M nneapolweos/ddis and reported in pg/m. In the controPCTUNERRF e DCs
cultured alone (without addition of BCG or |FNy) produced no detectable
IL-10. In contrast, DC cultured in the presence of |IFNy al one produced a
small 20 anount of [L-10 (about 20-30 pg/m ). The amount of 1L-10 produced
was not dose dependent over the range of 10 Uto 1000 U of |IFNy per

mililit ﬁire elcd oFR '1“10@65& 1:336%18 Hﬂﬁﬁ&%ﬂﬂﬁm@@twmwsmtwﬂythd)dmdmasfence BCG
al one odguce ficant anounts of |L-10: abo 0%&0%&9@8 m ,or >250 pg/m

of IL- 10 IFNY tohBC@ _t_iumg\ae@mnw@e rexpitesin downregnigion, OBI‘Ib%ence of a
1: 1000 t f
00 s Gk o e e e o

d in downregulation of IL-10
prOdUCtlqwilofprﬁucmt@meﬁdmmbomﬂﬁmpg/mwﬂ[, -Ds0 BN by @bau 29-3he presence of
the 1:1000 dilution of BCG 1L-10 productlon decr?ﬁfelc{)é[) mab ut 150

X iy

pg/ n Sof nnglmﬂeﬁ@(lloﬁ&MIFNm) JiopDCs pwtunesl 18 thepresencs JFNy). For

DCs cul t £Fes 5010
productl%&g&qg ?8&1‘0#10‘%10% e&’@ %9@0&2%’?7&/& Lﬁ% ? ECN%}))OM{O about 50
pg/ M of deleni? 1I(-16 POV IFNy) Thihw&mriﬁbhlmfmamedmsmﬂwtmsenda@@ in the
presence 0f BCG and |FNy was able to downregulate IL-10 productjon, and to

over cone BG@ambiFNy asas able toi demineegilats bl 0 produetiony ydie oYSFPH ?ﬂ?&rcﬂgl BCG
- al one. 10, Ex ePy IFN is Dose De endent: In
this exaﬁﬁﬁ“@f‘ﬂ&h‘gflgbll mﬁﬁﬂé@%@%ﬁ% %%raiéoéul ate IL-12 production was

denmongtrated. Immature dendritic cells were derived fromsix day nonocyte
cul tures gromn in the pre enc Vi CS ||l -4, as described above. The
i mat ur e BExampleds ' wo days with various

di lutions of BCG Ié"’tﬁe%ﬁ LN q?pg §6|Igr12 dductioh wAUS
concentrations of %ex%%) ture 1superna wer e te\gtred for the presence
of 1L-12 deﬁenﬂuyteELhﬁﬂamshmmlasel&m danived fow ¢ix day menpesteuitgresr om a

representative experine i_n,Fi Ror %ﬂ e, the
resul ts W&V ’&é‘?ﬂg?ﬁeﬁ‘é’c?qusp ‘?ﬁg% & d?ngléje s"ﬁlo:'?)‘ﬁ'%eﬁl (l)mll%ncr eas EVJr?gg anmount s
15 ftreated for an additional two days with various dilutions of BCG alone, or with BCGin

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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“~about 7

20 of BCG alone, a relatively |ow (<1000 pg/m) nean concenMr h|200r(1160f I L-12

p70 was produced by the mature DCs. The anmount of |L-12 production
decreased in.a dose dependent fashion as the anount of BCG increased. In
contrast, upon addition of IFNy (10 Um) with BCG (1:1000 dilution of the
stock), tW@OHMBUSt of IL-12 increased dramatically toPEHYWaREsAAt el y 5000
pg/ M. Upon addition of 100U/ of IFNy with BCG 25 (1:1000 dilution of the
stock), the anmount of IFNy increased to al nost 20,000 pg/m . Addition of

I FNy at 500 U'm or 1000U/ n wth BCG (1:1000 dilution of the stock)
resulted in IL-12 Ievel s of apprOX| mately 21,000 pg/m and 22,000 pg/m
respectlvﬁi fé gllsone appeared to antagoni ze |L-12

roducti on, rrat ur on of | tu “ resen and | F
gr amatical |y incr egktb’d eﬁfnpl?wnlfﬁwi?ﬁ%@ﬁcs’@‘fuf%dnmff? e’l\?ﬁ?@ﬁc%(?ﬁg 03/ 02%15
PCT 1U5021@§9§{3w§%@%h‘9aém@ réﬁﬁl:t%d %ﬁgemkéls@m cémembal frcelI's: In this

exanpl e, immature mat ure In the preSence of BCG and IFNy were shown to
sti mul at espedifidytoimfamnza A wmas gbyxclaml bgewulauag pmnhefﬁl ldectd monopudfeate¢lls | i ne

speci fJ e b el ood

rrgnon cl e@gM&Sla 26@%@? E%F R/ﬁ BR%H?’}IEVP% S%p influenza M
-peptide (NE)BHHVHMV‘D%E@MQJlen&h wlmS%Muﬂﬁf s)amﬂﬁdi‘lﬁsesunhpﬂeenﬁmm with 5%
human serum _These culture ndi t i ? giesul sel ﬁﬁ; ive e% i on of
those T defitdn selgtve sRpanson i et apesiienir e fotmees Micmeaiacs SR o

cul ture, d%gs c‘i’/cmuré LZOQTI/ﬁﬂ‘ﬁT 2 e m“L IPwiiB afdeadsiae cﬁlﬁlrésh%f&k'iﬁo\:lf BS. After

days o T cell lines were placed in
cyt oki ne-t6 ﬂé@mﬁmdtuwéucﬂ‘agliﬂmesmrﬂmcedm ¢xjelnesfeegnddiaoveright) s were t hen

co-cultured with i reDCs e, or wth
ﬁ]&tured wth B'%aagﬁ Spf\?yﬁcq'#éfsra% l{@Of ﬁgd\goélrrr\' s?’%@ggT cells to
DCS vas  Lvith DOsRatlred Qlith BCTElode or Wit BCé manibsdiviith BCG aidIFNyoThe#tiaour s.  The

DCs had been either directly |oaded or osm)t ically loaded with  influenza
M pept i dfantigen- aﬂcgﬁcwﬂsmﬁ/@ﬁwé Ipdhgdresllpandf¥at e CBRAd At 811Ce 11 asks and

15 Concenr A nE BRS hid YR LNNERY 1A bind QR Regedt i, col S Vi e

resuspended in a sna une o rosnotic ne wed by the
addi t i on influemsa quqindvoBmﬂy the lnunaﬁlmd)ﬁwerel\blarvpﬂgctfrd'eculmrmks #ddker aten

m nut,e i ncubati o | sh ext enS| di rect
ondi Sy Soptentd by hal Bt Fof mslic Iihe BE (16 wols EPenSLit o ol b ( 1
nedi a angoluthklo¥BypefosMotiP@Blis, d6llowed BPthe adﬂ'ﬁoil M@ﬁﬂ%lﬁlﬁfe ofinflaerizeaat 37C. The

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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20 cells were incubated for 2 hours at 37C to allow for an?%aé%h%orogcesm ng.

After co-culture of the T cells and DCs, the T cell response was neasured
by ELI SA quantitation of IFNy froma 100 pl sanple of culture supernatant.
The results indicate that, irrespective of the nethod of DC | oadi ng, DCs -
sti mul at exb esvo22218CG and | FNy are superior stinul at or PEITUSAN86Yen specific
T cells. T cells co-cultured with 25 inmature DC produced very little |IFNy
(<2,000 pg/m), while T cells co-cultured with DCs matured using BCG al one
were intermedi ate producers of IFNy (>5,000 pg/m). T cells co-cultured
with DCs matured using BCG and | FNy produced high levels of IFNy (>20, 000
pg/m forg 5cgéwvd@aﬂﬁﬂom1@r e Q5ecIRT O¢ll Réspéraes Dekrd: oaded di rectly )
Thus, DC mature CG and | FNy wer.e better st|m ators of antigen-
specific T cells, T?R!I'ét?éﬁ%i’éﬁﬁc @fkeyll‘fée linapet bemagyapg J-HY VR et #t h anti gen
23 6 Ivar ) ad}iqyale@eneratlon
“of Anti geR égem#ﬁﬁ%é%%eg&gggﬁ%%%S?t@%&@B@G% Il:'I\lt;?ﬁes specific to
keyhol e |mmnam bievntryigniteing 4 HP: vieead] to Biaretn. ethe Tosells endmatwied B¢ PBMC with DC

mat ured usin t or contr ol
pr ot eSns“&f & ﬁé“‘iﬁefh@%?(@@d %ﬁ%asgpp]'ﬁ\%emw 4%@%&“%@5&“& 5 were
provi ded Umegh, mrds ag/ﬁmms;}(avarymmaaﬁume ectRweetexpirided SkatgentiaskshB ser um
20 Um 1L-2, and 5 ng/ é‘% er 3to4d¥’ﬁ The .cel ]l s were
expanded 2§ BECPSERTYe Pegap °Vef a5 %}”%“CYB%E%?B‘ EHVAIA 28 ocur sor
frequenciéeéai}?e%aﬁ@%élﬁ' uft? btglﬁ@tlfflﬁﬁnJ)IPﬁU:res@&ih stfiaitevRApiaedBld 4 require

potent stimulation to ond, stinmulation was repeated 3 to 4 tinmes in
“i'nterval sime$ m]iﬁtetvelszﬂ(ljfa)'lé dayseQels were elloweddneasoyes ovBighidR cHokingr ght i n

cyt oki ne, medi @ ore re- stinmulation. A standard 3-day thym di ne
incoﬁbor&ﬁ?ﬁlﬁglﬁgggvrﬁé %b byed to test stinulated T cell lines for

KLH specific cell Apsmidmfdesrcaatyltmmdﬁe incodpatation désa}akdssenmyed toitestubat ed in
varying DC to T_cel | .0 . sed i dritic cells. T
cell propimgaigd T Gﬁu%% F@G‘ ‘5§IQ?B‘BH eratigR. g‘ma ﬁ"F‘gT(c ®Ccel I ul ar

_proliferafchtied lﬂ%ﬁqi W%%ﬂ?ﬂm@%ﬁﬁﬂlﬂiﬁ?ﬂé& mhi&hﬂ’r@@dhﬂﬂﬁ&ell@ Beéllrul ati on
were taken as evi ge anti gen- speciftic response, To control for

~antigen gmé&rdtxoolwmmureégacqm@ pemmutﬂ(CBMM §é‘ﬂﬂ1{1'|nﬁ‘fllf@féﬁifﬂ‘a°r A virus) was
al so. inclu t ass Y B e used to
“stimiPat &F °$ g‘é’f‘logcﬁ‘ﬁmég’ll‘ﬁ}{e%&?@fsg@ a‘lﬁgé\%\%gal%onm steglr:\t(fﬁn w (<5, 000 CPM).
- Thi's | owgpegiRlrespbnsp.r Db tdnrobfot anigebspedificity, a negative control antlgen (influenza

A virus) was also included in the assay.
When DCs matured by BCG alone were used to stimulate T cells, T cell
proliferation was consistently low (<5,000 CPM). This low level of proliferation was a
20 low whether the DCs were contacted with KLH or influenza A virus. A low level of
proliferation was also observed in response to incubation with immature DCs. No
significant difference was observed between the three groups of DCs used at 'reSponder to
stimulator ratios of 50:1, 25:1, or 12.5:1 (T cells to DCs). In contrast, dendritic cells |
matured with BCG and IFNy were used to stimulate the T cells, KLH-pulsed DCs induced
25  consistently higher T cell proliferation (approximately 10,000-33,000 CPM} than did
immature DCs or mature DCs pulsed with influenza A. For mature DCs pulsed with KLH
antigen, T cell proliferation increased in proportion to an increase in the responder to
stimulator ratio.
T cell effector function was also monitored by cytokine secretion. The
30 KLH specific T cells lines (generated as described above) were stimulated using DC
matured with either BCG alone or with BCG and IFNy. The stimulated T cell lines were

~ tested for cytokine production by intracellular ¢ytokine staining after the cells were non-
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20 | ow whether the DCs were contacted wth KLH or infl uenz%w(\"/hlzrogg. A | ow
| evel of proliferation was al so observed in response to incubation with
imature DCs. No significant difference was observed between the three
groups of DCs used at responder to stinmulator ratios of 50:1, 25:1, or
12.5:1 (TWe&8I32150 DCs). In contrast, dendritic cells PEHUER@H2 t h BCG and
| FNy were used to stinulate the T cells, KLH pul sed DCs induced 25
consistently higher T cell proliferation (approxi mately 10, 000-33, 000 CPM
than did immture DCs or mature DCs pul sed with influenza A For mature
DCs pulsed with KLH antigen, T cell proliferation increased in proportion
t o an i ncspecifiexlly stihileted Wilbm‘lﬁ:l—@l])fitaﬂtlbcdy (50uighnld and BMIAQ(S ng/ndp| Cytekfideect or
function was al so nonito by ¢ eretlon The KLH s eC|f|cT
cel I's |1 HRSOHEH Rrs el St ég’g‘vé? b 2 Paiienar apilthe ) Ve

mat ured Wokho &ide&%blBWc@h&@%GS%y\bﬂs&nm%ddﬁw intFdvellgAr Iy, HI-¢d T cell

lines were tested for c¥tok|ne production by intracellul ar cy&oklne

st ai ni ng Bf% er I Hi Thed) and Tipd P averegpot defectediim L cplisatipwlaigd tydpGomatyis
PCT/ USD2/ @%P@?Giﬁ@ﬁﬂgyt €r6ééu¥ sérkhl ﬁ#ﬁ@sﬂaﬁx’fb tBC(r?éan@gJoa&%&'}bv& 50 ng/n)

and P okin pro I on was asu a percentage of
cells pr ddtﬁsaf@lﬁy théﬁ%)mdl'HﬁF-aﬁkﬂ%)nhl coAtrast isignificant prepoutiaie 0EE cells| e

P & o™ Yiphipga it s AR Sy TEy oM o et BT BNl 5981 5t e by
- DCs mat urd TRFWG4598CE N alkhdWn stimdbrbd of 154 2 prodadtRe. Mhud6p stimmilatingd by BCG

al one produced Iow | evel s of IFNy (<10% and. TNF-a (<15% . In contrast,
si gni f i cafxellpwish BICsimatisedotitiBEE! ang IFNy then]) caliseate platizeicawardt atypetl wi t h | FNL

and FNy (approximately 3599 and TNFa (>45%. IFNy is a known
sti mﬁl gﬁﬁ)gffeﬂf’“i production. Thus, by stimulating T cells with DCs
matured with BCG and IFNy, the T ceIIs are polarized towards a type-1 10
(Th-1) response. Exanpl e 6: Inductlon of t he Th- 1 Cyt oki ne Tunor Necrosis
Fact or a Bxamplgy: Ind thechhahbyta ney Necrosis diactorg (ENB@E nat i on of BCG and

IFNy to uprgul at r a (TNFa) was
denonstr at ed. }fl%?ﬁaéﬁfeltw &ékﬁgﬁw{ugﬂ??ﬁ?%re ijéearl ved as

~descri begyp @Famet@wbeplr SHkind tuiBenecidsis SR1E & (PNF&Iviseninsiratdd: 4. The i mmature
DCs were cultured wth either BCG al one or in conbination with IFNy for

aboutl524 Brieflgdmsatimedendstic eellpwereslerivedras despratred abewei apd perwn ipdist gi Pl ug' m
Phar M ng%@scn‘é@&élﬁd@ﬁ 1 1P e §iGafufe DERREL cfurdd \FietPEBUSEE afo¥ik OKI NES

or in combination with IFNy for about 24 h. Subsequently, a protein transport inhibitor

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

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

25 TNFa.
_ Table 3
TNFa. Production by DCs Matured in the Presence of BCG With or Without INFy
Maturation Conditions % Positive Celis Mean Fluoresence Intensity
BCG 3.9 99
BCG + IFNy 315 192
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fromthe gol gi conplex, and the cells were incubated over n?% (.:h Og cells
were then 20 harvested, perneabilized and stained internal with a
fluorescently | abel antibody specific for TNFa or an isotype control

anti body using nethods well known in the art. The frequency of DCs

positive WonsEkEs and the fluorescence intensity of thRCTES0E236Her e

determ ned 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 WMatured
in the Presence of BCG Wth or Wthout INF1 Maturation Conditions% Positive

Cel | sMVeargahgRI7e BEieidn bhRedpside\A BRSTHOsseipied Attt 5192 25 6 March 2006 WO
03/ 022215 PCTI USC2128620 Exanpl e 7: .lnduction of S ai nst

Cel | - Associ at ed Ank‘ith‘éﬁ%amﬂlFﬁﬁ?%‘a@Sgg% pﬁé@"ﬁﬁ‘f%&ﬁﬂﬁﬁ?ﬂﬁﬁh f esence or BCG
and | FNy [ cpﬁg %@}ﬁﬂ leftulnoRspek @i i deA INFY MlcBicHAR Similar
tum)r-spea(‘:’yh Psgmtfgge ﬁ% r%rftg/abg%iegfg ogf%bl ar eI eve*s of antigen-specific
Cyt ot oXi Qivels o antipenppicidid cyotdNeity antampackdis DE's BE®red witleBCE alawgat ur e

dendritic cells rre i gol ated,as, set farth abave, and. cul in the

pr esefce lpmaturg gdendpiicge SWE‘-CAS.°13‘F‘F9@SE5€§§°‘§13$D8"? ﬂ@ﬁ“}tﬁrﬁ‘gg’&i{%ﬁlﬁﬁgﬁ Jflﬂer whol e
tunor  celdy (IOAIIL-4PTRYDOY Sebt thedl 16e@ Hithieitier whclemirhoraslls @SES)OVi r us
expressing elther green fluorescent _protein (G-P) or hhe M protein of

I nf | uenz @reviapsly infectadnittresompinant Adenoirivg expessing siher eregh HROTECEer BCG or BCG
1 comDl RalkR o) oP e WY profefifor!hfihed RIRRY THEDCYwdd Ratlfod A hithte®Xpr €551 On

tunor cel stinul ate an autol ogous M-specific T cell Iine.
Twent y- f Geith dithérBGES or BEE lin eomtHination with 8¥ya tTha tmadoadehBCy esGERoBNd run on a
standard IFNy ELISA. Only DCs | oaded with - ex SSi o%qtgaﬁr cells were

abl e 100 Jd]-sxaressian fumey cellsayepeused iptmptale apaptplagguy M ISPes! A% were
signific g SupHGiROvert Rir§estATRE Riton Wbty | mmat ur e
or BCG mﬁe&]ﬁdﬂg{@?@géail%%ﬁe 47 | nduct | %rn of esF{es ponse Agai nst
Cel | - Ass @1iIsA eOnkDisgeatiad ith M héxpeessiG@otdiot cadls sieFNpleRe Isemulate IFNy

release and DCs matured in BCG plus IFNy were significantly more potent at inducing

this response than either immature or BCG matured DCs.

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.
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illustrate, but not to limt, the scope 20 of the clained inventions.

Q her variants of the inventions will be readily apparent to those of
ordinary skill in the art and enconpassed by the appended clains. All
publications, patents, patent applications and other references cited
herein and are also incorporated by reference herein in their entirety. 26
6 March 2006 WHAT IS CLAIMED I'S: 1. A nethod for producing a mature

dendri t} I opul ation, conprising: providing imature dendritic cells;
and conmg—d;m&'ure dendritic cells with an effective anmount of BCG
and Interferon gamma (I FNy) under culture conditions suitable for

mat ur ati on of- theAlmﬁrtthJfoepereudg|a1ma:tu1teeieh$r1tid)ceﬂlq:roiﬁulanaiatdéf@ngﬁgdr| tic cell
popul ati on; aet% 4{:}3 dendritic cell population produces an

i ncreased r S33d) nterl eukin 10 than an i nmature
dendritic cenbdnte;wﬁ tl&tlhﬁ{httﬂ@'fdeﬁ?ﬂ ;ng
maturatjon, 2. A ngt hod f or produﬁggglﬂ#g?%#ggﬁaﬁ{r%l C ceglﬁnpopul ation,
conpr i sifRgteromgasymel (YY) vadsr aulbire eondfifidrissuitailé & namstagensEGE imGathe

|rrmatur n ef ctl e amount of BCG and Interferon
%Eﬁﬁ?gééﬂ tgf&rgﬁwkﬁr%‘g‘?ﬁmlfﬁ %%Fe for maturation of the

: i rmat ure denﬂﬁhfrelhlth‘e et Sddndrifi® bl ﬁoﬁi@étiéh%r&lﬁﬁgsr d’flhgregs%ldlratﬁ)o gyl ation;
wher ei re dendritic cell population produ i mmune

{
respon gﬁter §“k11TH torintertsakir 1 Qcthan an Mmegves dindritib eelhpdplnmlodemdéortta&ecﬁeiﬂh s

producgy@g .0 IL-10 of at |east about 1:1, at |east about
10: 1, or aﬁ?easf&urbdg}?%@%mi 4. A conposition for activating T cells,
conprising: a dendritic cell population nmatured with an effective

concentrati ?Zn of BCG and IFI\Q/ under suitable conditions for maturation;
and a predeter m HeEeddiferane W@mﬁwméemﬂandlcelﬂpopmmdn penptisiig:on produces

an increase%ng elh ngltﬂfawé&ﬁdgﬂ %}F (I L-12) to Interleukin 10 (IL- 10)

than a matu $n contacted with BOG
contacting the immature dendrmc cells with an effective amount 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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WIthOUt 1 FNy during maturation. 5. The conposition of clai mNEf'ICh\A%Oé)Pel n the

"dendritic cell population produces IL-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

i solated, immture dendritic cell population, conprising: isolated i mature
nmonocytic dendritic cells, and an effective concentration of BCG and |FNy
to induce maturation of the inmmture dendritic cells; wherein the resulting
mat ure dencﬁi ti cAnisbla@dphmntatuee demdeitit nelbporeiition, dinrising: 12) to Interleukin

10 (IL-10 h | at th

pr et(jet er m) H@‘E} té’t‘%{ i C re mgngé?fﬁ@ dlgg‘i?rF ‘iﬁ‘gﬁrﬁa&ﬁ]aBﬁf%&V&%%ﬁqc %%Sfflﬁgp

conpr 'a?id’lQN‘yWin@h@éijtuPaQﬂoh%fﬂ%mﬂi%u&%'ehdrﬂ%éll@'t' on of claim 8, wherein the
T cells are naive T cel . The conposition of claim®6, further

conpri sing wb&ntlattwebqlupgmmWedendhhc cAllnpotioat there Iptedeikin ﬂ]@ (IL-ER)ltb s,
conprising:,. iding inmmature dendritic cells; contacting the i muature
dendriﬂe@%@élf‘ﬁ@?%r?@'a predeterm ned antigen; contacting the inmture
dendritic cells with an effective concentration of BCG and |IFNy under
culture conditions suitable for maturation of the inmature dendritic cells
to form matlre dewdelpppulaéon of claipgd,dbrthercompysinge predetermingdpdiigan c cel | s
with naive T cells to forman activated T cells producing IFNy. 12. The
met hod of claiml1, 2 or 11, wherein the predeterm ned antigen is a tunor
speci fi c -arfl.i gerTheaell populaticsofilaiines] fariidr gempriginy isoitedDtélien, a bacteri al
antigen, tunor cells, Dbacterial cells, reconbinant cells expressing an
antigen, a cell lysate, a nenbrane preparation, a reconbinantly produced
~antigen, epti thod of claim
1 2%ar 11 P uher 2t RoRRRiorRr Gilnl & R R pa8 o ety TRALTE

si mul taneousl y with the predeternm ned antigen, BCG and |FNy or are

PNy 266 Whr o/ BS50BPGH 1% RECIAGE b opEring 3R DIIRGRERer

conpri si ng: |solat|ng nonocytic dendritic cell precursors; and

11. A method for producing T cells, comprising:
providing immature dendritic cells;
contacting the immature dendritic cells with a predetermined antigen;
contacting the immature dendritic cells with an effective concentration of
BCG and IFNy under culture conditions suitable for maturation of the immature dendritic
cells to form mature dendritic cells; and
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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cul turing the'precursors in the presence of a differe'ntiat?%argb Ol’(l)tG to form

the immture dendritic cells. 15. The nethod of claim 14, wherein the
differentiating agent is GWCSF, Interleukin 4, a conbination of Gw 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 method of claim1l, 2 or 11, wherein the immture dendritic cells
and T cel | $d.ar eThemeothod ofislaino 1 SamH 1ofunther cob@prisirgp| at ed mature dendritic
cells produgi nore Interl . eukin 12 (1L- 12) to Interleukin 10 (IL- 10)
pr epar ed bylsﬂﬁ*ﬁﬁ%%o%ﬁhﬁfdepmcﬁfﬂé’rﬁc FPePL cells with a conposition
conpri si ng @fifueigkkhepre@SRO I @bk pfaaalc@fof%ﬁf@aﬁiakiﬁgm sHideformanéli tions
suitable for the maturation of the dendritic cell's.” 19. The isol ated,

mat ur elngfaard daneridesalls. of claim 18, prepared by maturation of inmature
dendritic cells with a conposition further conprising a predeterm ned
antigen. 20. Isolated mature dendritic cells |loaded with a predeterm ned

antigen, thes demklintihod o€tlain p4,0oketéin thodifferehfifteid fpeki i8 GM-ASH,- 12) than
Interleukijn 10 (1L- 10). 21. The isolated mature dendritic cells of claim

(IL-.10).. 21, .
20, whidtelenkings acempiaion, gt GM-4OF apd duterloukin b of Insrleukin 132 t han 1L-10. 22
Activated T cells for use in a nethod for producing a type 1 inmune

response in an animal, conprising: admnistering the activated T cells to
t he ani mal Wher eThe mbihod of dhins 14 rvehepeio theardndeytia demdriticad]] accorsdisrage t o

anyone, of glainms, | | tq.17 wherein the 29 6 March 2006 activated T cells
produclég]ﬂi?ﬁf%?g}l@@%ﬁ%dech (IL- 12) to Interleukin 10 (I1L- 10). 23. The T
--cells of claim22, wherein the immture dendritic cells and T cells are
autol ogous to the animal. 24. The T cells of claim22, wherein the i mature
dendritic cElls Hmimatheépf daim & 2 e 1loydnicin the imhatuxe dendritic28lls AT T cel | s
of clai@%Z%quQSQggn %h J mmt ure dendritic cells and T cells have the
same ﬁ%ﬁ1 ?y%é’é% ki et%ﬁinal. 26. The T cells of claim?22, wherein the
animal is human. 30

18.  Isolated mature dendritic cells producing more Interleukin 12 (IL-12) to
Interleukin 10 (IL-10) prepared 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.

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 immature dendritic cells and 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 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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