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or decades, researchers have experimented with diverse compounds to increase

the immunogenicity of vaccines. Immunopotentiators, also known as adjuvants, of
vaccines are compositions of matter that facilitate a strong immune response to a vaccine.
30 In addition, the relatively weak immunogenicity of certain novel recombinant amigens has
required adjuvants to be more potent. Vaccine adjuvants have different modes of action,
affecting the immune response both quantiatively and qualitatively. Such modes of action
can be by mobilizing T cells, acting as depots and altering lymphocyte circulation so that
these cells remain localized in draining lymph nodes. They may also serve to focus antigen
35  atthe site of immunization, thereby allowing antigen specific T cells and B cells to interact
more efficiently with antigen-presenting cells. They may also stimulate proliferation and
differentiation of T cells and have effects on B cells, such as enhancing the production of
different Ig isotypes. Further, adjuvants may stimulate and affect the behavior of antigen-
presenting cells, particularly macrophages, rendering them more effective for presenting
40  antigen to T cells and B celis.
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or mobilize the numbers of intermediate cells in vivo, for example, in the patient's
peripheral blood, tissues or organs. While the invention relates to the generation of large
numbers of such downsiream and intermediate cells (e.g., myeloid cells, monocytic cells
35 and macrophages) from CD34+ cells using fit3-ligand, the focus is particularly on dendritic
cells. By increasing the quantity of the patient's dendritic cells, such cells may themselves
be used to present antigen to T cells. For example, the antigen may be one that already
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dendri t i c ng endnitic cells ex vivo, the collected anugen—presenung dendritic cells are used to

gcncmtc antigen-specific T cells from naive T cells that have been collected from a patient.
After the antigen has been adequately presented to the T cells generated, the antigen-specific
T celis can be administered to the patient.
The invention also provides a method of augmenting an immune response in a
patient that has an infectious disease wherein the method comprises the step of
35 administering an amount of flit3-ligand sufficient to increase the patent’s number of
dendritic cells.
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cel l unb can augng he i mune response to antigen in the host.
Anot her enbg'i??’h‘g'ﬁw iste "'Fhe invention is the isolation and use of such
i nternegpate cell types as antlgen pr esenting cells or the use
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vivo and can be generated by admxmstcnng ﬂt3-hgand Such enhancement in overall cell

number can augment the immune response 1o antigen in the host. Another embodiment of

the invention is the isolation and use of such intermediate cell types as antigen-presenting

cells or the use thereof as vaccine adjuvants. The invention, while particularly focused on

30  the embodiment conceming dendritic cells, is also applicable to myeloid, monocytic and
macrophage cell types.

As used herein, the term "flt3-ligand” refers to a genus of polypeptides that are

described in United States Patent No. 5,554,512, EP 0627487 A2 and in WO 94/28391,

all incorporated herein by reference. A human flt3-ligand cDNA was deposited with the

35  American Type Culture Collection, Rockville, Maryland, USA (ATCC) on August 6, 1993

and assigned accession number ATCC 69382. The deposit was made under the terms of

the Budapest Treaty. Fli3-ligand can be made according to the methods described in the
documents cited abave.
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30  or ATCC 39900), and which are biologically active in that they are capable of binding to a
GM-CSF receptor, transducing a biological signal initiated by binding GM-CSF receptor,
or cross-reacting with anti-GM-CSF antibodies. Amino acid sequences are disclosed, for
example in Anderson, et al., Proc. Natl. Acad. Sci., USA 82:6250 (1985). Commercially
available GM-CSF (sargramostim, Leukine®) is obtainable from Immunex Corp., Seartle,
35 WA). The term "GM-CSF" also includes analogs of the native human GM-CSF molecules
described in U.S. Patent Nos. 5,108,910, and 5,229,496 sufficient to reiwin biological
activity of native human GM-CSF. Exemplary analogs of GM-CSF include, for example,
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The term “immunogenicity” means relative effectiveness of an immunogen or
30 antigen to induce an immune response.
The term “substantially similar” means a variant amino acid sequence preferably that
is at least 80% identical 10 a native amino acid sequence, most preferably at least 90%
identical. The percent identity may be determined, for example, by comparing sequence
information using the GAP computer program, version 6.0 described by Devereux et al.
35  (Nucl. Acids Res. 12:387. 1984) and available from the University of Wisconsin Genetics
Computer Group (UWGCG). The GAP program uiilizes the alignment method of
Needleman and Wunsch (J. Mol. Biol. 48:443, 1970), as revised by Smith and Waterman
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encoded by g+ hematopoietic stem or progenitor cells from a population of cells. Methods and
materials for identifying and selecting such cell types are known. For example,

30 monoclonal antibodies can be used to bind to a marker protein or surface antigen protein

found on stem or progenitor cells. Such markers or cell surface antigens for hematopoietic

stem cells include CD34 and Thy-1. In one method, antibodies are fixed to a surface, for

example, glass beads, and contacted with a mixture of cells suspected of containing stem

cells. This permits the antibodies to bind and secure the stem cells to the glass beads.

35  Alternatively, the antibodies can be incubated with the cell mixmre and the resultng
combination contacted with a surface having an affinity for the antibody-cell complex.

Undesired cells and cell matter are removed providing a relatively pure population of stem
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Preferably, isolation is accomplished by an immunoaffinity column Immunoaffinity

columns can take any form, but usually comprise a packed bed reactor. The packed bed in

these bioreactors is preferably made of a porous material having a substantially uniform
coating of a substrate. The porous material, which provides a high surface area-to-volume

35 ratio, allows for the cell mixiure to flow over a large contact area while not impeding the
flow of cells out of the bed. Typical substrates include avidin and streptavidin, while other
conventional substrates can be used. The substrate should, either by its own properties, or




by reference. 25 | sol ati on of the hematopoietic stem or
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More specifically, the i invention provides for the use of an effective amount of flt3-

30 ligand to increase or mobilize dendritic cells in vivo, for example, in the patient's peripheral
blood or other tissue or organs, such as the spleen. By increasing the quantity of the
patient's dendritic cells, such cells may themselves be used to present antigen to T cells.

For example, the antigen may be one that already exists within the patient, such as a tumor
antigen, or a bacterial or viral antigen. Flt3-ligand may be used, therefore, to boost the

35 patient’s lymphocyte-mediated (e.g., T cell and B cell mediated) or myeloid-mediated
immune response to the already present antigens thus potentially enabling a more effective
antigen-presentation to the patient's T cells. Altemnatively, flt3-ligand may be administered
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CSF, TNF-[err], IL-3, IL-4.c-kit-ligand or GW CSF/IL-3 fusion proteins.
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t unmor - bear i ng gué’eéﬁﬁ‘?’op nm% chg'gétzhea &‘%‘H‘i pf dasils g@& ? HERr owt h
10 rate of hmecmtabxhraamnmmméemm thewdendrinis celle pxpre¢ss.ofdin this way.amgelonor
Ig( Opolrt I gn Qhellé W@ “Biredhed TR that 1hey r:6lab Fecdp M zpﬁxﬁﬁﬁﬂaﬁgﬂhﬁ? HEDH R H%L ahd ghlf .

anpl e is an | okine“in the
goneration orriik o plst BN CERL PERie i QeentP S i ey frih relilz e rea
Because 2 |a83ingyhe grafi G.6.. gvér@tfareeccamidrmma muasrolemcemqla:aqigmd, arids o
finds use i nhe graft acEpRiEd is RFprob&. swrfﬁhaéaéndafofhiﬁﬂgaﬂh ﬁf‘éh@ﬂoit b§§6ﬂ%r PHoPdans.
chnt ransf er g AR Slg %%%?d&er st T o e B Bl 5 bt s B @06 1 Y

can transfer s emc
dendritic ceﬂ"ﬁi’ewtbwsdd@wemcmﬁéty*erveboflﬁymfe cal | ed passenger cells and

such cells Fo theQrlth ahd t@luirb16f deaBdORAS, &1 Vabie§ 6P tefdWififand l281nke Hedia
Addi ti ongy | ym%&%@é&%h?ne AJW% HHOF of such media can be readily determined by a person
having ordinary skill in the art. Suitable growth media are solutions containing nutrients or

metabolic additives, and include those that are serum-depleted or serum-based.

Representative examples of growth media are RPMI, TC 199, Iscoves modified

Dulbecco’s medium (Iscove, et al,, F.J. Exp. Med., 147:923 (1978)), DMEM, Fischer's,

35  alpha medium, NCTC, F-10, Leibovitz's L-15, MEM and McCoy's. Particular examples

of nutrients that will be readily apparent to the skilled artisan include, serum albumin,

transferrin, lipids, cholesterol, a reducing agent such as 2-mercaptoethanol or

gand
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dendritic cells, and mature dendrltlc cells fromthe host may graft to the
) a | |t n to establish a tolerance
bet ween the graft and the host S|nce t he 20 i mmature dendritic cells from
t he host and donor tissue interact with T-cells fromthe "ot her

side."” Such interaction may include the deletion of T-cells that recognize
t he maj or WO912683 st gconpat ability conpl ex (MHC) that thePERPINIEE cel | s
express. In this way, the donor cells are "screened" so that they

fail to recognige and eact ag i nst._the, host r . Ver sus

host di seasM S’ (?Q'f"‘”ftec W‘&r@dsﬁ @t"ﬂéﬁ“‘?&l f'ng‘tg’t ﬁm f

recogni ze ammechagacuMy.mveswm mclpdescangpmfgy soqce.cvmmu)s

Thus, a nutg,aJ, &gr_ mg s, ahdt ¢ ﬁnce i's
err

|rrproved I Str |1 an 'ﬁlel os or no,

transpl ant af%ﬁ%é g% g rf&%e?‘!“ﬁﬁ“ @@‘gw{l such
host or SlonBwbl. No. wsmesmaﬁam twhemm @a varietyt ofesmmeﬁuamﬂt@rmwﬂi noeidiat fse
graft. aemmsucEafscxbhﬁe&nﬂwaﬁuﬁedh&ehtw&@fa%eedendritiC cells, a
variety of growth and ggﬂture an be use mﬁ;ioo#'he cog}go {tion
of such media cat®¥@¥ P °I">7"¥?e'["8?199§1%f0‘h5§f"’5 Snar y
skill in t hé®BRQ@).angpetiphierai bipodstem q@sl(aBae)eaxs@bnncwdmmgcaphm p@cedmm ents
or neram inCth@ @A {Sle¥ or epiMtbiL, HBbHD %tfahomoahﬁﬁ 83, NS.CLUBp. dﬁlda&sed or

nt Wt RPM
S50 Ot oy By BRI o B S St S o e
Med. , 147. oHgenioned®) Modél\¥H) aphesesiedevice GiaemonétishaBraintiee T MACT CouFhow,

tLﬁi POV! Itlz Ecdlteé&nds ammwt %‘:aﬁ nB%&erhﬂnaﬁvee&ﬁéH)t Wedly untél fof eRathpib,ent s
at wi e readi nt_ to arlsnlnu e

al burmi n, tﬁg'ff’a#)ga’hgnfmﬁnuﬁg E‘ﬁ% (yéf(g wg’i ‘Ee'dgﬁ’gh as
2- mer Capt oemmpd dn standard media and then centnfuged 10 xemove red ells and
\é\gl_? l7J/S é%i%emmphﬂs Celis located at the mterface l|>ctwecn the two phasbes (also ktnown in the art as

i 0 ero rate

 ucocort | oBF Pty el Ry pad fSamenbed ' BaSy, k| igocdGf are
par ti cul ar | gredarhiganglyanokeaniclergding 4 sabsauliad penios ref riyy clowioger 2w el sem

or other cegells. SYRORES A té?ﬁ Gélf‘slu@ &nSIEh YA din beAcoRtabes with WidtingRiebERESD3E! | S,
that act to varl.i ous. |nor%amc alts.

Particul ar PR °éﬁ§%’% ?Fad@ }Fr c%"é‘%g meﬁfb%e actips Braicd MG 2
vari et 2&bf & auffisicnt dmcciol Rligvarsubstanwich interd¢tion| between the dmcfﬁlp%dnor@s@nai

di scl Osuretdhrﬁxgbdls.?ixﬂﬁﬁ@CBm i}tiifgerhsfbnm(e §t%@élﬁﬂﬁtgce xcall nm?soﬂ:ﬂﬂ?alﬁr‘bheOf t he
ex vivo nethods o e | ent |.,.on erlphera eni r.cell,s

(PBPC) and S%F i Fn&ren o Sg‘gﬁs’lg °‘é§9‘é ‘B‘g qhg\erf Wer esi s
pr ocedur es mprqmmthnktlhﬁhaﬁdm&'@cammW@Olﬂnshmbc‘éw“élawdl@l ood,
vol . 83, NQ:oaiéd tRRds. 63@:@&&“&& are (W8P KdowBn &Ela\m s&BEQeam RBRE, I el

col | ect co ces for e Haenoneti cs
Mbdel VB0 4 eirg‘esi' 23? 3@(6 ﬁgﬂ“&'g‘ gy %) ég‘ S solytign I‘looﬂef’mvg
col l ecti onsu@pwiqo@melnéarzcyw@aneuycmmsedm the jand Srome ard-FDFMt i | |
f or exanpl anonoclonal AFIPédYXisingicohvenBofl XneRBUET The 1A QEllsCIbRARedGR thiS nfabhiE) / kg

patient arg ugeg,% 193 cBNFoId chd pRES: (e g, CRRRAIMAE TlbRe, R th S5 2N

then centri 0 renove re
in the vapor phase of liquid nitrogen. Ten percent dimethylsulfoxide can be used as a

30 cryoprotectant. After all collections from the donor have been made, the stem cells are
thawed and pooled. Aliquots containing stem cells, growth medium, such as McCoy's 5A
medium, 0.3% agar, and at least one of the expansion factors: recombinant human GM-
CSF, IL-3, recombinant human flt3-ligand, and recombinant human GM-CSF/IL-3 fusion
molecules (PIXY321) at concentrations of approximately 200 U/mlL, are cultured and

35  expanded at 37 °C in 5% CO; in fully humidified air for 14 days. Optionally, human IL-
la or IL-4 may be added to the cultures. The most preferred combination of expansion
factors comprises fit3-ligand plus either IL-3 or a GM-CSF/IL-3 fusion protein.
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15 neutrophils. Cells located at the interface between the two phases
"(al so known in the art as the buffy coat) are w thdrawn and
resuspended in HBSS. The suspended cells are predom nantly

nmononucl ear and a substantial portion of the cell mxture are early stem
cells. Theyhesissd Ng stem cel |l suspension then can be congasigd¥dep D

bi oti nyl ated anti - CD34 nonocl onal anti bodi es or other cell-binding
nmeans. The contacting period is maintained for 20 a suffici ent ti nme to

al l ow substanti @orlmwmﬁ&mawn&ﬁﬁ:m

o ;?°?;2§tﬁ%ﬂvgt'“&“@%ﬁour *&gﬁ}hﬁ% en"?ff%g‘ﬁ'%?ﬁ*%é@%eﬁ%%ﬁ#%“ i

brought i nt
The i sol at Immanmmqmmwm ﬁuﬁbieuﬂﬂ‘uemqk m&—E(n,Vhéﬂuie phthatd}Pat ed

Corl 25 3 RS 5, %%@%%@@%@@ pariRiel R, b

sol uti on t cadivpsscand/or caryigrso Suitible theirt fogmulgtions| gre deseribed in
rel eased frmmbwnbaadﬁnmaxcﬁrmaei,uﬁm 1980, Mwmklﬁﬂ@boa%ldﬂdﬁimMSi ng

rozen i anehepAfffiiont g ﬁ%ﬂé??ﬁ?@t%&% S PRI sl i {hen

st or ed metahiops, or ingprpPrajsd date pelymerig swammh V158 As Poheacetinacad rpply yco

di Inr:at hyltsul dciki Hedrogéls,bewusedl aroporittd iy tiposdines, taﬂik:meﬂiﬂsml nsﬁhhxccllcs, |
col l ections e awe
and pool ed. m%ﬁ'(%%t S coﬁltgépﬁlﬁ%gvsﬁags ”@ﬂw oﬁﬁ’ﬁg]néﬁl Sm suc‘ﬁ as h?Joy
5A neefepesitionsuilhinfipcacy the @twsm@aﬁs%tedﬁhl ity iseabiliy, rein of §hviva deleass:

r econbi nantaﬂmaala.fﬂwgvo clearanc€BFfit3tligadd. r econbi nant human fl[err] 3-1i gand,

2ggc;ﬁf?2ﬂ gﬁgt of Eﬂ%ﬁ'om crr@%: +’ln gff%%s&ﬁgdlyépmé??ﬁ é’g%ﬁéﬁ expanded at

37[ err ] B i n"Paventoryle ipcjudes, sv'eqwcwmnmwd infravenqys, inwrapmyscylar
human | L- injection) [of firifhsion techniqudnyTHeee aokfipshidons Wil typidally roeﬁtmnT&meeﬁaaﬁﬁc
preferred Cﬁﬂ%.lng%}” m%rhzgghggggﬂ&'ﬁ& §P n comanuGHthan%?f%Nesa%uL %&@17 gand

pl us either protei 633
PCT/ USO6/ 1598 material.  Such dospgss #19 ept5da PN CRIGERTAHORS tO@Incd N

f1[err]3-1igmmbsitians iney ¢y depeatiing upo masly fagrotsdincluding dietmmﬂedatsh.ophncu&ed to

prepar ezd’“%d%%&%h%h'ﬁc, frUJue%?'}E’&ﬁﬁ R - Prlelifnfriabyd doskd AR BE dE@fnif
conbined in a ure activ materla or wth ot
known act i v@""‘@"‘ ‘54‘%} 'a ‘f“hs r?Z(‘,jé’ﬁ&gF% T fu f"é"?ﬂq‘u‘é’ﬁt‘?

(e.qg., Tri spefomed acdoading lqohmaq:mpxbda)practzses Keepingr mmabmsde@mpgmn iff mindyr osal
benzyl al cogglcal d%@&g@?@i;?lb uﬁﬁ&ihﬁ# Hngé &omsa%x!rlbl'ol dZ pdrSquare meter BFABOHGA TG

and/ or carriers. e carrle their for ons e described in
Remi ngt on' sHPRET TRISEDT'EA A 88 E‘ﬁ?f’e%"sc THER 1non the ’°k/ﬁ‘&" ﬁ%?‘?s"ﬁf M. In
addi ti o2f meter tosaboix 30mgaget squoresngem contain fl[err] 3-1igand conpl exed

wi th polyethyl eng aahmseko &E’E&)\e the fonovm?gta&m RO gre p%waeaqerxm&a&%bmhp
pol ynmeri c conpounds suc acetl aci d H&gl yglycolic 10 acid

hydr ogel s, &peecm “?WWF’E‘E SRS I‘rfch‘éeS m croenul si ons, micelles,

uni | anel I ar or rruI tilanellar vesicles, erythrocyte ghosts or spher obl ast s.
Such conpositions will influegaes pRysical state, solubility,

tabil iy, t fi ' i r fi ' I f
Fiior Piigang. Y " CUEARMe o IR Stered
oD oL b bl Bkt Bty ARG DSl Ker, M S o

I ncl udes subcut aneous i
i ntraci st er fendritic cells ex vwo Cells having the CD34+ phenotypearexsolatcdasdescnbed above,

for example, first by generating a buffy coat of cells using a procedure described supra.
35 Cells from the buffy coat are then incubated with a CD34 specific monoclonal antibody.
The CD34+ cells which are selected then are cultured in McCoy's enhanced media with 20
ng/ml each of GM-CSF, IL-4, TNF-q, or 100 ng/ml flt3-ligand or c-kit ligand. The
culture is continued for approximately two weeks at 37 *Cin 10% COz in humid air. Cells
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injection, or infusion techniques. These conpositions will typically

i i r]3-ligand —alone or in
conbination with an effective anmount of any ot her active material .
Such dosages and desired drug concentrations contained in the

conp05|t|ons vary dependi ng upon many factors, includin he | nt ended
v{fily FEFeastg,

use, patl body wei ght and age, and route of ad

Prelim nary doses can be determ ned according to aninmal tests, and

t he scaling of dosa es for human adni n|§trat|on can be per f or med
according t qyc'& afBRressipps chhe sombination i g,

typi cal dosfgag- GSan.{-ennq '3NIF|-gaasmm)m amge s’emnﬁokbimm@m[ﬁerﬁxgxbpeof

?glrjlgreei ?L%e%ﬁ?‘oaboutsoﬁ%ﬁ%?ﬁﬂ er squaomi% ”Eaer to OS?SG

300 [ err] g Tpeted if afadditive 4¢-13-fold increase in abolupe og gmbers. Thisiqomelatsd peith ‘E‘he
f ol | owi 159 @WW witlDaithdeflt3tligand bruskit digandoarth ia34-fald expans:ommhcherrent S

and not toéghdﬂ&an&h@fﬁé‘i&%n@in&@ﬁn'lﬁmth% analysis of owed that
BEXAMPLE 1 tlono tjc | s
Thi's Exarrpl:iﬁ“ﬁgc?q % of thet Fells v MW% E érft‘? | ar ge
nunbers of expressingl€Diia intallfacter dombinativns\eaamined.| '!;‘hmaidnmg of ﬂé-ﬁiﬁd[

phenotype %@ﬁ&?@k&kﬁfbe@éféﬁi bé?f‘s%l ARDRE c.m:%m& . odlls 56,2
QoIS 0D Pdan thercpmbipapion gt o 1 foechingy be@@f’fﬁéﬁ‘sxsgﬁ

nonocl onal thmesﬁltxdycells inan MIIReex@ﬁdem the p@édceof/mﬂdiganﬂa ki digaredddid men ar e

i e PR iSRRG BT i Badge cond Bl sfasng neleies

culture is nued for approximtely two weeks at 37[err]C in 10% CJ err]
in humd air. Cells

WO 97/ 42633 X AMFP '

PCT/ US96/ 15990 1N o IFE De E@WM for CDla[err] and
HLA-DR[ err] expression. The conbi natron 0 I L-4 and

TNF-[err], resul ol r.eas
cells obtained a sdE)la?n\&) &Sérkbega?" %Ptf%rruésgngf?}‘;é hg {%Q ﬁg%ﬁmo?ﬁr?ﬁaggi gand
and c-kit (Brigag cell collegtiogyjii ey jbg @mﬂmmm@bﬂﬂ 913 incarage jthe nupber

abol ut @celcﬁrcuhﬁii@PBPC“ihd BBSGr disliadomedningprove PERC had aBscpmmm md h

ei ther flt3glipy 1c°'E g%ﬁ the! § 0 ods Jdﬂm@sé’h‘koﬁ °J>fdﬂ@<9€zlﬁﬁ Wg}-ﬁn& n
conbi nation. o and. Pheno i C.an Is of the
cel I's showdheykiog™. mun%@f'weéwoeoswga b\‘astuﬁgwem the paRes r_lmfé!%ﬂ n

CD86[ err], ofistdh cblls.5S0%er gfom}h&cw sueh as CSF-1eGMCSH, rcgm(liglmd,l G-CS¥, ERQ} or

conbi nati onjg._ ExR! f'q%%ié-mel I6Oﬂ59fg“? ﬁ"'§]ﬁ‘ Pgﬁlnpl e f@éqg iL-14, the

absol ut Li#nber o) err [ gan | ncreasectﬁt hose
cell's By 6115 SMEFRmictusive Ef@m-%df ForF @i and | eamiintiony dhcely dag
| i gand by likewisk dadofibiseiedo ialsequrate/ Sors imf concurrent tdvenbiresion t eith A-ligandn an

Lo i FOE PRI e U o Sl WL,
i ncr easi ng kngwn i, See, tor exampic Bishop et al., Blood, vol No 61 16
(1994). Briefly, PBPC and PBSC are collected using conventional devices, for example, a
30 Haemonetics Model V50 apheresis device (Haemonetics, Braintree, MA). Four-hour
collections are performed typically no more than five times weekly until approximately 6.5
x 108 mononuclear cells (MNC)/kg patient are collected. Aliquots of collected PBPC and
PBSC are assayed for granulocyte-macrophage colony-forming unit {CFU-GM) content by
diluting approximately 1:6 with Hank's balanced salt solution without calcium or
35 magnesium (HBSS) and layering over lymphocyte separation medium (Organon Teknika,
Durham, North Carolina). Following centrifugation, MNC at the interface are collected,
washed and resuspended in HBSS. One milliliter aliquots containing approximately
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attained.” 15 EXAMPLE 2

Use of Fl[err]3-L in Dendritic Cell Expansion Thi s Exanpl e
describes a nethod for using fl[err]3-ligand for dendritic cell expansion.
Prior to cell collection, it may be desirable to nobilize or increase the
nunbers of wO9tmwad3 cul ati ng PBPC and PBSC. Mbobilization casraedssese PBPC
and PBSC col | ection, and I s achi evabl e through the intravenous
administration of fl [err]3-ligand or sargranostim (Leuk| ne[err]

| mmunex Cor pimmmNcsmaafdemyhusmnaﬁx\nﬂma%hgaxpmw

Il ect g h CSF- CSF,
kit 11 gan M CIBOURE Reonbinaly “Q‘EWE@‘%&’?&&WW%’ o 7
IL-8, IL-9, ﬁ“!ﬂ“‘q‘& '1?_%9?2 p fully ocyair for 14 ays, Optiopallys At
f usi on prot mrrsm-csmcss:ammmr(m‘omn hay defaddei> B cultures. IW se
d t
i orr] o) | quttes Gk SRR sl WHGOR Uik * By THUDR chfBfiel i spreea s
col l ected u%‘ﬁ'ﬁm W&Eﬁ §2P Hemangf, 1141338 (1988). Alternatively, €5
gx arr]p: e, EiBﬁMmom'a Ican beBissuyed using the ED34]®D33310Wmlﬁlﬁ-zﬁétﬁod of Smnz]g é&%)
riefly, Bioéd) r &) or
exanpl g, a 30 d"d?Bj:}CNt%l %sﬁqmg 3?09@ SI S %&ggjﬁv&a lﬁ%i‘?l
Brai ntree, M. 58'?“"’“"3 cu B‘I"Féff’t ‘&raemﬂ wolled rase freesesi (e | 91')1?0 mor e
than i@ tiMed Meéllttyensan) thgppstaned ivathe vipdy. phase of liquidIfikregen] Temparoei ear

[ MNC) / t t
PRSC ar 6 o mﬁm"“a‘%ﬁ W%ﬁ%ﬁ**?gﬁh%gﬁ; fir a‘ﬁ?%?‘ Bliofe ﬁﬁ.ﬁf%f@?ﬂm
content by | O ngf Qp@%‘;ﬂ“ﬁ‘é‘!‘& gulmres agg E}‘HWF% mbe dhasvef teell
sol uti on w tcolestion aiscéanmeed 8Gh flidipasd icither( WBRS) sﬁrﬂéxtiaﬂyediﬂ A &tSihrrent
| h t
ynphocyte Wﬂhb@%t%ﬁ%ﬂ%c‘kﬁe?%ﬁt@@ﬁ}ﬁgén'SK?xnexpos rng Eii&nd\'%u Plil ve the d

vashed afa (SR aErepe ppicicnen th s eslsars mvsiﬁﬁe%@p&"sagmme

appr oxi mat e[pptient.

WD 97/ 12633

PCT/ US96/ 15990 300 000 I\/NC ' Coy S 5A rredl um 0. 3% agar,
200 U/ L reconbi nalise »’,: ifing Af hRie i Rés gran | L-3,
and 200 u/nl reconbi nant human ar e cultured at 37[err]C in 5%

Cqerr] in full ymﬁﬁwee#“é?hcs F‘dﬁel*ﬂi fonpsing B3k emaugment antj-mmok 3mmugeand
or G\ C26/ | Irespoiises irovivoroFesiid emsﬁhmBaamxdam@&c%ﬂqﬁb&q 1684 HArbreS -
e nor Y Geinioih el N IR0 GBI duChi bO LAl 67 27

scored usin I Nng m croscope
16: 358 (198%mm%ﬂﬁ§&@0emyd nuiglipe ventral Pemelblrm total cvalurpre oasimyedmeu ng

t he CD34/ CDS®rdshrromaB1012aind B 108t ineslarefof Bil0@Bfigialandthave been descrile@@fbviodsly, 77,

No. 2, pp 4Q%: 4 &h(élgdglkun . "l‘rﬂw&})he“l %3%9915 Wﬁaﬁtﬁr%’eﬁc&m

CFU- GI\/I gmt % Iﬁ%%{sgru tur eaoar e frozen in
Cryo- coma Bdthe lingmys induced bysebcataneays frmplantatingrof g1 pasyafin qU| d
nit rogen TeontgieingeHitmg of methylcholanthrene, and the B10.5 line was induced by chronic
exposure to ultraviolet radiation. The tumor cell lines were maintained in vitro in a-
modified MEM conwining 5% FBS, 2nM L-glutamine, 50U/ml penicillin and 50 pg/ml
streptomycin. Recombinant human flit3-L (10jg/injection) was administered on a daily
30  basis over a 19-day period (unless otherwise noted) by subcutaneous injection in a total
volume of 100 pl. Control mice were similarly injected with a similar volume of buffer
containing 100 ng MSA. Tumor growth rates were determined by plotting the tumor size
versus time after tumor challenge. Tumor size was calculated as the product of two
perpendicular diameters, measured by calipers, and is expressed as the mean tumor size of
35  only those mice bearing u tumor within a particular treatment group. The number of mice
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di met hyl'sul f oxi de can be used as a cryoprotectant. After all collections

fromthe patent have beepn nmade CELEGM containing cultures are thawed
and pool ed. The thawed cell collection is contacted with flt3-1igand
ei ther alone, sequentially or in concurrent conmbi nation with other

cyt oki nes bove. Such exposure to fl[err]3-ligand w i the 15
CFU-GMto ‘h r?g'ﬁ?ﬁ"‘?c cell lineage. The dendritic cells ar e%hﬁ?{ftsé%
intravenously to the pati ent. :
EXAMPLE 3 pearin I ‘EE%FL t' - Iad MTLINE
Responses g tumors Ph ‘éx‘h'é{' escrl §Qd or ugmhg? -L to
augment antmemanﬁnﬁwmﬁ low, Ferral e C57BL/10J (510)

m ce (The Jacksmleel,ﬂk)dma&icdfqﬁhﬁbnofsxxdlﬁdﬁ)emﬁjwnmh

IlgE reg(rj]er IT;: |nj%ﬁ§&on |n a maZﬁle ne ven Wp%%ﬁl% %W‘?ﬁum of

50[err] I3 3R &n MSA-weatedmice (P n
and have bee;oo@leaﬁﬁg F&dup er:tmtsi)y The observation Mﬂﬁhaetofaummt‘grbmh ih. fi3-

| mmunol ., 2 83”‘ ? ) ]E! g ¥ Hl%n
fibrosar con%yﬁ %%(wgghq?ﬁgﬁ%géd‘ﬁby subcu neous |rrp nsttatl 5n 5°
parrafin peWF%@"’"smdd’f'ﬁsa‘i ty eguced s MSnireated mmice fmean HOR1 0. 5
li ne was : nsimadvebk(S@bftQ&mﬁrchaﬁcangeMﬁQSﬂFﬂi l‘?bmui[ zl?as/aled» ebnﬁrﬁddd fa;is()(glm byrhe
tunor c Y EFﬁgntalne invitroin [err nmodi fi ed MEM
cont ai nﬁing E%gxﬁé )gl utam ne, 50U m penicillin and 50 [err]g/m
streptonyci n. Reconbi nant human flt3-L (10[err]g/injection) was

adm nistered on a daily 30 basi s ov@ABLEN9- day period (unless otherw se
not ed) by subcut aneous Rinpmaomant/i ﬁthbt(lmmbsueofoxBxpeumnmf 100 [err]l.
Control _mice were sinilarly injectdymarSizeémmi)ni | ar vol ume of buffer

cont ai nlsng 100 ng MSA. Tunor growth rat es vere determ ned by pI ott| ng t he

tunor size[~ Weeks Pé5t SUS MSATConRtId] €
cal cul at ed} as Tumsorpr oqud0Gniz/daywp

cal i pers, _gmgﬁiﬂgﬁmssed as the
bearing a funor O thinn a paPticul

nea<ured by
onIv tho;_mce

14 MO 9T I263%5

PCT/ US96/ 1j5920. heari - ged for

each treatjrent &rou 4t thd? of an expefi nment-are 4hown in

the data below 3 - 98 From he datﬁl S a corrpBDatl oth of six

di fferent xper:ﬁents mekiﬁp—(—uﬁ ¢ e treated

with fl[erj]3-1igand MBA. ~ Conp eg_ressmn ed in
|

Q.
19 of 50 ff[err}3-

ggdnd t A8t ed fri ce l6chpar¢d to & of 30 in &BA-treated
m ce (p<

Tumor size was sharply retarded with fit3-ligand compared to the control. Therefore, the
data show that fit3-ligand is an important cytokine in the augmentation of the immune
response against foreign antigens, and in particular against cancer.

20

15



.0.0001 using Fishers Exact Test). The observation that the rate of tunor

gromh in fl[err] 3- wmjlﬂmnm d mce (nean tunor size in
t unor - bearing mce at I" ng chal | enge was 60 +/- 8
mierr]) was S|gn|f|cantl rbdu’te ared to MBA-treated mce (nmean tunor
size at waeéshiasst -t unor chal | enge was 185 +1- 17 mmi er r pgri9%s/134950
confirmed (p.0001 by 10 Anal ysi s of Variance).
Fi brosarcoma +/- Fl[err]3-L Conposite of Six Experinents :
Tunmor Size (mjerr]) 15 Weeks Post MSA Control Standard Error
Fl[err]3-L Standard Error Tunor (100ng/ day)
(10[ err]gl day)mm!sdﬂmﬂbﬁal | enge 1 25

2.2 2 62
10.56 1. A%mbodforaugtmnunggmgimmemsponsemaaanmtmngthemﬂg

14. 5 of administering an amount of flt3-ligand to the patient suf§cient to generate an increg®

16. 8 _ in the n@fber of the patient's derflirific cells.  Tunor size was sharply
retarded with fl[err]3-1igand conpared to the control. Therefore, the

data show that fl[err]3-ligand is an inportant cytokine in the augnentation
of the immune2. A mehgiascerdingae elsim 1. Snuheg pomprisingthe stepafiadministering onel ar

ilg ai nst cancesr méft of the molecules selected from the group consisting of GM-CSF, IL-4, TNF-
PCT/ US96/ 1. 59989]1 i cGIg"?’hgand and fusions of GM-CSF and IL-3.
3. A method for augmenting an immune response in a patient having an infectious
disease, comprising the step of administering of administering fit3-ligand in an amount
sufficient to generate an increase in the number of the patient’s dendritic celis.

4, A method according to claim 3, further comprising the stép of administering one
or more of the molecules selected from the group consisting of GM-CSF, IL-4, TNF-
a, IL-3, ¢-kit ligand, and fusions of GM-CSF and IL-3.

5. A method according to claim 3, wherein the infectious disease is HIV.

6. A method for augmenting an immune response in a patient having a cancerous
or neoplastic disease. comprising the step of administering flt3-ligand in an amount
sufficient to generate an increase in the number of the patient's dendritic cells.

7. A method according to claim 6, further comprising the step of administering one
or more of the molecules selected from the group consisting of GM-CSF, IL-4, TNF-
a, IL-3, c-kit ligand, and fusions of GM-CSF and IL-3.

8. A preparation of dendritic cells having at least two cell surface markers selected
from the group consisting of CD1a, HLA-DR and CD86, produced by contacting
hematopoietic stem or progenitor cells with fit3-ligand.

9. A dendritic cell preparation according to claim 8 produced further by contacting
the hematopoietic stem or progenitor cells with a molecule selected from the group
consisting of GM-CSF, IL-4, TNF-q, IL-3, c-kit ligand, and fusions of GM-CSF and
IL-3.
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VWhat is clined is: . A nmet hod for augnenting an i nmune response

_L.n_a_pa.t_l_e.n.t__c.om.r. ~of—adi-hi-st-8r-Rg—an—arpunt—of —
fl[err]3-ligand to mﬂﬂﬂﬂﬂmmml m‘cl ent to generate an i ncrease in
t he nunber of the patleﬁt § dendritic cell : A met hod accordi ng

to claim onngser conprising the step of adm ni sterl n%\#@ﬁs’w{”@ nor e
4

of the noleculés selected fromthe group consisting of TNF-

a, IL-3, c-kit ligand, and fusions of GWCSF and |L-3. ) A et hod
for augnenting an i mMmune response in a patient having an inf ectlous

di sease, conprising the step of adm n| stering of adm nistering

fl[err]3-lig | se in the
nunber of the atwn&%%gxrﬁaﬁs%n? ﬁh%d&ﬂm%m ording to
claim3, further Wm@mm@@smoammmeﬂsngmmhmdmm nmore of
Ehe ]rm: Ecgl esmﬁaink Eﬁfﬁﬂeﬁtﬁ@g&gﬁ?&w&c@ 436, of IGMCSF I L-4, TNF-A
err c-kit n u %ﬁ
nmet hod accor di ng t %&5 mq‘m%‘&ﬁﬁ%{lﬁ‘ec 1”%?:‘! mwﬁﬁ‘g
6. A et howanSfseting thedardritiqreells withmgare anceding arantigensspocifir pentideia i ng a
??Fcer]ousl OIor (B)aﬂw»\aﬁéthed&dﬁﬁawlfsft&WSkmpi'daﬁhshﬂgeﬁ;fanadm nisteri ng
err]3-ligand i | S I-Ci 1. nerate an increase in the
nunber of the pat @W@gﬁgﬁ‘ raflflgcé"%gﬁsgslﬁég%{'gcﬁ%‘ A nmet hod according to
claim6. further conprising the step of adm nistering one or nore of

the nol ecul est kel es dedliritic 66D popalagowaidoritizo Slaind g0 Whertiktsiepita) of thedprockhd—-

a, IL-3, c-ki

preparation o@"‘hée'%gg’%?% cg#ﬁhﬁ'ﬁ\?ﬁe %Ltog?\{tﬁ%%gerﬁgf rl:hanﬁﬁcclls "égé‘”‘ ec"‘@ers

sel ect ed sejectoehfrome thg eamp copsigtingal GMEISFCB4, THNE& @@%chmé, angt oduced
by cont act i ngfusions of GRRCOPanEI-8. Stem or progenitor cells with
fl[err]3-1igand. 9. .Adendritic cell preparation according to
claim 8 produced further by cont acting t he hemat gpoi etic stem or
progeni tor cel3ds wh msthod ehiidng @W@éé‘e@r‘ﬁmﬁ%‘%%&?a dendrigggell st i ng of
GW CSF, | L- 4, linkhfe doripriking bhntating sichthemz @psietic moimg@her@ﬂs%ﬁs: and

| L- 3. ligand.

13. A method of preparing un antigen-presenting dendritic cell population
comprising the steps of:

(a) contacting hematopoietic stem or progenitor cells with flit3-ligand in an
amount sufficient to generate a dendritic cell population;

(b) either (i} exposing the dendritic cells to an antigen-specific peptide or (ii)
transfecting the dendritic cells with a gene encoding an antigen-specific peptide;

(c) allowing the dendritic cells to process and express the antigen: and

(d) purifying the antigen-expressing dendritic cells.

14. A method according to claim 13, wherein step (a) further comprises contacting
the hematopoietic stem or progenitor cells with a molecule selected from the group
consisting of GM-C3F, TL-4, TNF-a, IL-3, c-kit ligand, and fusions of GM-CSF and
IL-3.

15. A method of preparing antigen-specific T cells comprising the steps of:

(a) contacting hematopoietic stem or progenitor cells with flt3-ligand in an
amount sufficient to generate a dendritic cell population;

17



WO 97/ 12633 PCT/ U896/ 15 m‘ An anti gen- expressing dendritic
Lell—popuationr—prod ‘\‘ ss—of {a)—contacting—.

henat opoi etic stemo r cells with fl[err]3- Ilgand in an

anount sufficient to gener ate a dendritic cell popul ation; (b)
either (i) w¥d g the dendritic cells to an antigen- speg, odlfs i de or
(i) trans eh?l ng the dendritic cells with a gene encog{.ng an%0

anti gen-specific peptide; (c) allowing the dendritic cells to
process and express the antigen; and (d) purifying the

anti ggn eXltOV essi ng @pﬂd&t@)&p&a{gl:ﬁedenmn?éﬁsmuﬁndm%wm oP@pul ation
according to r conprises
contacti ng thghﬁk%%pm 811'& %Iel%agﬂgﬁnge W&%ﬁ&%m Bép:dégecul e
sel ected fromthe FWQWM@?M@C@MS@@WMWWM@ c-kit
ligand. and f ugdpawirg 15 dcadfitieals td-présent the antigén to T delREt hod of dri vi ng

hemat opoi etic stemor progenitor cells to adendritic cell l'i neage
conprising contacting such hematopoi etic stemor progenitor cells with
frlerr]3- 16. garfy method of eghancing aymamseal’s fimpung msponge 4m & vaccine antigen,

anti gen- pr eser&onwsi@lgmrstefpwaaﬁhhzs@ to2dulc® Fnammal &0 Hirnintdgesic afRdumt ofike Of

I an | amouneeanr Rl ' ROl SRR pfin %#&éﬂg‘d aydopient 957

(b) either (i )“é%b@%?%@°@ﬂ@‘@éﬁﬂﬂ$?%v@é¥‘%ﬂ%n -an anti gen-specific peptide

or (ii) transfecting the dendritic cells with a gene encodi ng an

anti gen-speci f pe ) ndritic ce lls
process and exffess‘&)%%g%eﬁ?juv"@hco"é"ﬁ'&mg m%cu%sepe‘%ﬁéggﬂgf ??W’gc‘fnﬁ'é g 8 !

anti gen- expr e%klh’gg@émﬁﬂﬁrltﬂd@bl |'s. A net hod according to claim
13, wherein step (a) further corrprl ses cont acti ng t he hemat opoi etic
stem or proge r sel d omth oy

consi sting of & CSﬁ% tﬁO&MfJ’ f g:[a.ﬁ F%Fg‘ﬁnaehoghd %ﬂ% of
GM CSF and m@e""s ﬂt“wd to the hest frogp awow SHFBPIERIGO dRFrease heapader ol T
cel | s conpri sidepdritdvcedt. eps of : (a) contacting hematopoietic stem
or progenitor cells with fl[err]3-ligand in an anount sufficient to
generate a dendritic cell population;

17 19. A dendritic ¢efl expansion media comprising an effective amount of flt3-ligand

and a cytokine selected from the group consisting of IL-3, IL-4, GM-CSF, TNF, C-Kit
ligand and GM-CSF/IL-3 fusion proteins,
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to an antigen-specific peptide or (ii) transfecting the dendrw

cells with a gene encoding an anti gen-specific peptide;

g
allowing the dendritic cel'ls to process and express the anti c';“-s-;
“

(d) allowing t ndritic I I es ento y .
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