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25 Despite the recent advances in characterization of dendritic cells, very little is
known regarding dendritic cell specific receptors or molecules. There are numerous
dendritic cell-associated molecules that are shared with other myeloid and non-myeloid
cells, however, very limited reagents are available which are specific to dendritic cells.
Reagents, in particular antibodies, which react specifically or preferentially with

30 dendritic cells have great potential as targeting agents to induce potent immune
responses to tumor or infectious disease antigens. These cell-specific targeting agents
could also be engineered to deliver toxins to eliminate potent APCs (e.g., dendritic cells)

in bone marrow and organ transplantations or other autoimmune disorders.
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-2 Accordingly, dendritic cell-specific binding agents woul d be of great
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measured by SDS-PAGE and comprising the amino acid sequence shown in SEQ ID

NO:7. Another specific antibody of the present invention is human monoclonal
25 antibody E21 which binds to the human dendritic cell E21 antigen having an
approximate molecular weight of 36-40 kD as measured by SDS-PAGE.

Isolated human antibodies of the invention encompass various antibody isotypes,
such as IgG1, IgG2, 1gG3, IgG4, IgM, IgAl, IgA2, IgAsec, IgD, and IgE. Typically,
they include IgG1 (e.g., IgG1x) and IgM isotypes. The antibodies can be full-length

30 (e.g.,anlIgGl or IgG4 antibody) or can include only an antigen-binding portion (e.g., a
Fab, F(ab"),, Fv or a single chain Fv fragment). In one embodiment, the human
antibodies are recombinant human antibodies. In another embodiment, the human
antibodies are produced by a hybridoma which includes a B cell obtained from a
transgenic non-human animal, e.g., a transgenic mouse, having a genome comprising a

35 human heavy chain transgene and a human light chain transgene fused to an
immortalized cell.



WO 03/ 040169 PCT/ US02/ 36036 -3 Particular human anti bodi es of the

i nvention include those produced by hybridomas referred to herein as A3,
A5, A23, wod3/0a889 B9, Bll, B33, B47, C8, Cl0, C20, C28, pCxaISofZ3036 C35,
El , E8, E10, E18, E20, E21, E24, 10F7, 28-6, 24-3, 25-14, 17-6, 19-2 and
19-4. 5 In another enbodi nent, human ant3bodi es of the present invention
are characterized by specific binding to human dendritic cells and one or
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speci f ifﬁ? | la}ﬁtig(i)c{-l gs tOIQ ar%?g%grﬂlrgdlr(fg Iggrltlloﬁs of theR¥ention. Accordingly, recombinant
expression vectors which include the antibody-encoding nucleic acids of the invention,
and host cells transfected with such vectors, are also encompassed by the invention, as
are methods of making the antibodies of the invention by culturing these host cells.
In yet another aspect, the invention provides isolated B-cells from a transgenic
25 non-human animal, e.g., a transgenic mouse, which are capable of expressing various
isotypes (e.g., IgG, IgA and/or IgM) of human monoclonal antibodies that specifically
bind to dendritic cells. Preferably, the isolated B cells are obtained from a transgenic
non-human animal, e.g., a transgenic mouse, which has been immunized with a purified
or enriched preparation of dendritic cells. Preferably, the transgenic non-human animal,
30 e.g., atransgenic mouse, has a genome comprising a human heavy chain transgene and a
human light chain transgene. The isolated B-cells are then immortalized to provide a
source (e.g., a hybridoma) of human monoclonal antibodies to dendritic cells.
Accordingly, the present invention also provides a hybridoma capable of
producing human monoclonal antibodies that specifically bind to dendritic cells. In one
35 embodiment, the hybridoma includes a B cell obtained from a transgenic non-human

animal, e.g., a transgenic mouse, having a genome comprising a human heavy chain



35 enbodi nrent, the hybridoma includes a B cell obtained froma transgenic
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splenic B cells) of the animal are then obtained and fused Wlth myeloma cells to form
immortal, hybridoma cells that secrete human monoclonal antibodies against dendritic

25 cells.

Isolated anti-dendritic cell human monoclonal antibodies of the invention, or
antigen binding portions thereof, can be derivatized or linked to another functional
molecule, e.g., another peptide or protein (e.g., another antibody, antibody fragment, a
tumor ligand or an antigen), forming a molecular conjugate (immunoconjugate). For

30 example, an antibody or antigen-binding portion of the invention can be functionally
linked (e.g., by chemical coupling, genetic fusion, noncovalent association or otherwise)
to one or more antigens, such as a tumor antigen, autoantigen or pathogenic antigen, to
form a vaccine conjugate for enhancing dendritic cell-mediated immune responses.
Human anti-dendritic cell antibodies of the invention also can be linked to other

35 therapeutic agents, such as cytotoxic drugs, enzymatically active toxins, radioisotopes,
and small molecules, such as immunomodulatory (e.g., anti-inflammatory) compounds

and anti-cancer drugs.



form a vacci ne conjugate for enhancing dendritic cell-nediated inmune
responses. Human anti-dendritic cell antibodies of the invention also can
be |i nkedwDm®3p#thesr 35 t herapeutic agents, such as cyt ot oxiPCTASOZY36036
enzymatically active toxins, radioisotopes, and small nolecules, such as

i mmunonodul atory (e.g., anti-inflammatory) conmpounds and anti-cancer
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antigen, a mlcroblal antigen, or a viral ant1gen) in a subject, by administering to the
subject a vaccine conjugate of the invention in an amount sufficient to induce or
25 enhance the immune response. Such immune responses include, for example, those
mediated by T cells that bind to the antigen presented by the dendritic cell as a
component of an MHC-I or MHC-II complex. Accordingly, the invention further
provides a method for immunizing a subject by administering to the subject an effective
amount of a vaccine conjugate as described above.
30 The present invention further provides bispecific and multispecific molecules
comprising at least one human anti-dendritic cell antibody of the invention (or fragment
thereof) and a second binding specificity for an antigen on a target cell or a pathogen. A
target cell is a cell whose elimination would be beneficial to the host, e.g., a tumor cell,
a microbial pathogen, or a virus or virus-infected cell. Suitable target antigens include,
35 for example, tumor-associated antigens, pathogenic antigens, autoantigens and Fc

receptors (e.g., FcyR or FcaR).
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25 cell. The method can be employed in culture, e.g. in vitro or ex vivo (e.g., cultures

comprising dendritic cells and effector cells). For example, a sample containing
dendritic cells and effector cells can be cultured in vitro, and combined with an antibody
of the invention, or an antigen-binding portion thereof (or a bispecific or multispecific
molecule of the invention). Alternatively, the method can be performed in a subject,

30 e.g.,as part of an in vivo (e.g., therapeutic or prophylactic) protocol.

For in vivo methods, the antibody, or antigen-binding portion thereof (or a
bispecific or multispecific molecule of the invention), can be administered to a human
subject suffering from a dendritic cell-mediated disease. These diseases include, for
example, autoimmune disease, inflammatory disease, and graft versus host disease.

35 Exemplary autoimmune diseases that can be treated (e.g., ameliorated) or prevented
using the methods and compositions of the invention include, but are not limited to
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25  Brief Description of the Drawings

Figure 1 shows the reactivity of human monoclonal antibodies B11, C20 and
E21 with dendritic cells and hematopoietic cell lines U937, CEM, THP-1 and L540, as
assessed by flow cytometry. Binding was measured by mean fluorescence intensity.
30
Figure 2 shows the dose-dependent binding of human monoclonal antibodies
B11, C20 and E21 to dendritic cells, as assessed by flow cytometry. Binding was

measured by mean fluorescence intensity.

35 Figure 3 shows the dose-dependent reactivity of human monoclonal antibody
B11 with CD34+ stem cell-derived dendritic cells, as assessed by flow cytometry.
Binding was measured by mean fluorescence intensity.



E21 with dendritic cells and hematopoietic cell lines W37, CEM THP-1 and
L540, as assessed by flow cytonetry. Binding was neasured by nean

fl uor escewoasiomiiensity. 30 Figure 2 shows the dose-depenaemtusbr/saang of
human nonocl onal antibodies B 11, C20 and E21 to dendritic cells, as
assessed by flow cytonetry. Binding was 8-reasured by nean fl uorescence
intensity. 35 Figure 3 shows the dose-dependent reactivity of human

nonocl onal antibody B 11 with CD34+ stemcell-derived dendritic cells, as

assessed by flow cytonetry. Binding was neasured by nmean fluorescence
intensity. WO 0B/gie#6bowcheliboling an-1gofmcienabaniibody Bl Lith denshtiigi ng of

human monoekna lkiag B dedsd 6PRGIdidmaiel | 5 and mcrophages, as

assessed b | ow cyt ry. 5 Figure 5 shows t'he binding of human
nmonocl onal antibody Bl11l to THP-1 induced to differentiate into a dendritic
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the B 1 S@lﬁgreg&ﬁgé [Iﬂ&{sNéy,\hl ch was created by linking the VL (SEQID NO 1
and 2) and VH ( 3 and 4) domai ns of human nonocl onal 20 anti body

B 11. Figure 10 shows a bi ndi ng conpari son between whol e hunan nonocl onal
anti body B 11 am!gd;éatzhb&s fic@nEnt MtedhalBatidn dOhdeactihibhéctornat ktthodaB Iteasur ed

by FACS a re | ows the percent of FITC dextran
internaliz Yl‘%‘?fi ’3&5’ C(’filﬁa?"i‘gr%%e Etlﬂ%g: Figure 12 shows that conjugation of
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Fi gure 13 $hiiges alone, pvrepesirediey stinau éféﬁf’r@ﬁ%h‘éﬁtﬁﬁmérﬁpﬁ‘é 15dj 1l %equences of
the wvariable light (VL) and vari abl e heavy (VL) chains of antibody B 11.

35 Figure 14 s h%?ure 9”%8\;\75 theplg?lsgéf'cxl/ construc(t %%h was cree%z:d g{) ﬁ%ﬁ'ng gnea\/]f usion

(SEQ ID NO:1 and 2) and Vg (SEQ ID NO: 3 and 4) domains of human monoclonal
20 antibody B11.

Figure 10 shows a binding comparison between whole human monoclonal
antibody B11 and F(ab’)2 fragments of B11 to dendritic cells, as measured by FACS

analysis.

25 Figure 11 shows the percent of FITC-dextran internalization by dendritic cells.

Figure 12 shows that conjugation of antigen to B11 enhances antigen
presentation, as 10 to 100-fold lower amounts of antibody B11-conjugated tetanus
toxoid are required to achieve the same level of T cell stimulation as with tetanus toxoid

30 alone.

Figure 13 shows the nucleotide and corresponding amino acid sequences of the
variable light (VL) and variable heavy (VL) chains of antibody B11.

35 Figure 14 shows a map of plasmid MM V4 (SEQ ID NO:8) encoding a fusion
protein (molecular conjugate) containing antibody B11 linked to Pmel-17 antigen.



protein (nol ecul ar conjugate) containing antibody Bl11l |linked to Prel-17
antigen. WO 03/040169 PCT/US02/ 36036 -9 Figure 15 shows binding of the B
11- Pnel - IWOrmoloensd ar conjugate to dendritic cells, as as®eyasd2/bin3é | ow
cytonetry. Binding was detected with goat anti-human 1gG (Fc specific). 5
Figure 16 shows binding of the Bll-Pnel-917 nol ecul ar conjugate to dendritic
cells, as assessed by flow cytonetry. Binding was detected with rabbit
anti-Prel-17 sera followed by goat anti-rabbit 1gG 10 Detail ed
Description of the Invention The present invention provides novel .
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multispecific molecules, vaccine conjugates, immunotoxins and pharmaceutical
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25  hybridomas for making such monoclonal antibodies. Methods of using the antibodies of
the invention to detect a dendritic cells or a related cell type expressing a dendritic cell
antigen, or to inhibit growth, differentiation and/or activity of a dendritic cell, either in
vitro or in vivo, are also encompassed by the invention.
In order that the present invention may be more readily understood, certain terms
30 are first defined. Additional definitions are set forth throughout the detailed description.
The term “dendritic cell” as used herein, includes immature and mature dendritic
cells and related myeloid progenitor cells that are capable of differentiating into
dendritic cells, or related antigen presenting cells (e.g., monocytes and macrophages) in
that they express antigens in common with dendritic cells. As used herein, the term
35 “related” includes a cell that is derived from a common progenitor cell or cell lineage.
In a preferred embodiment, binding of an antibody of the invention to a dendritic cell
inhibits the growth of dendritic cells. In another preferred embodiment, binding of an



In a preferred enbodi ment, binding of an anti body of the invention to a
dendritic cell inhibits the growh of dendritic cells. In another

pr ef er r edwermbodiinent , bi ndi ng of an WO 03/ 040169 PCT/ US02/,860362/36030

anti body of the invention to dendritic cells nediates an effect on
dendritic cell growth and/or function-b§-targeting nolecules or cells with
defined functions (e g., tunor cells, effector cells, mcrobial pathogens)
to dendriti II ' of the
i nvention @}C)[lboﬁ 1tn Ventcoél %,Iar@%dgﬁ{ltigﬂé Hl%ﬁfa eesp#ll%?f a n‘gefﬁldﬁﬁ ?ﬂf é@%t I body
by the dendmrd/es ﬁclnctedn by tegaiimgandlequbtsor C@lﬂﬁa\?\’ttbdnﬁﬂ@rﬁmm (e.g.etumay cels,a

gl ycopr ot ef.ff. ARl srhgg%@al o3 bne) (9 e BRI L) 1n R B éh%dirﬁéht' bidlitag (L)

chai ns inter-connecte onds.  _Each . heavy chain tltg conpri sed
F

of a heavyot#biHibedy PﬁﬁleemY%@loéﬁo%QW%\‘FP&U&FW@%WFI& IZPFGRHRD VH) and a
heavy chai Bntfeasthdthe HegirRR-cellne heavy chain constant region is 10

d of th d ht ch d
of o | Tight. chafss Wil PEie tedEAb A BRY a5t B FETP e BEOR AT BN and o
l'i ght chai two heavyt(El)ichaiag mditwollight (L )pdzimsHaterconmrsted by disdfiderbonds.cBagr i sed
of one domlAy oiin J%gmpygéda&da ¥y SR PO R B! qasﬁrga% tefl HRdiVALige ViRt 0

reglons of ypervaril a ter ermni ng reglons
(CDR), inter¥ponsdd hmvshclleelgc@m@nt yegionar erhswéy q@n@:m@m@ﬁlonﬂér med

fr arrev\olrok Eﬁﬁf;ﬁ% defidee domBARNCMI @19l a¥i CES. GOPRARAHCIREN kQBﬁﬁﬂS% and

f our arr

fromamno-termnus to ca m
foll ovm ng Bgﬂéﬁhalmlab teprgion rev@éﬁerp@s ’é\?% B&d angﬁilgbfaq}}agm e regions
of the heamsmmdegldng hrh@hgitro\,ﬁalﬁcwﬁmm régibn Biongpridedraf ohet doatain, @ler @d s Wit h

of the | mkbaRbYErRRoR catfohBR: fbaluadbgbyr e MR PR A R s T
cells of t h@rnpllemmelmydetennmmggeglomf (@R p intewspérsyd Wahdegutm thdtrags motgrponent
(G a) ofs p&lsgh%asae ﬁfggemﬁmgmﬁggﬁq bogﬂem gﬁarm@% &e@wghherel N

portion an an’tl tion' s use

refers to &RRsomndde wgr@ﬁgﬂ WW‘HW@H&EW PW&?W‘E@E@WS%@@ ability to
ﬁ pec Ib fi Ca|2|fdﬂoW1ﬁ§ o%déraFRélnCD@tﬁnFRE (ﬁ])M@R@;@]DH?rFm ”?h&%ﬂbl{etrggigﬁﬁbﬂ) blt
as een he. an en-nl un 1.0 0 an, ant 1,00 an e
per f or med ﬁ%fﬂf %ht Fping Cf"l’f?‘ln 3 gﬂ’ﬂr’ot ayin %?M%égn it %Pné‘%ﬁ

fragnents emswma@m:b off thér autiiod s heuynnediaatthegandllng nd thegmpombglobtilimfo an
anti bo fg of
e Hﬂ&iglgsue% %@@éﬁg&m&m usaceEE 3p %éﬁ?ﬁme AO0ARDL £AD BabSLAR
f ragment c@n@meéirﬁbcmwnﬁaﬁqu)agfﬁlmﬂI@SSI wasaplepent Sli’ﬁ'@m fide bridge at the
30 hinge regi oniTheirdrh "atiEh- Bfnﬁﬁ@%}u&f?rb?'aﬁtahﬁgocgf (o BighpWtaafiBodsHl domai ns;

(iv) a Fv frag nt consisting o he VL and VH |ns ofg_lsmle armof
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25 shown that the antigen-binding function of an antibody can be performed by fragments

of a full-length antibody. Examples of binding fragments encompassed within the term
"antigen-binding portion" of an antibody include (i) a Fab fragment, a monovalent
fragment consisting of the VL, VH, CL and CH1 domains; (ii) a F(ab'), fragment, a
bivalent fragment comprising two Fab fragments linked by a disulfide bridge at the

30 hinge region; (iii) a Fd fragment consisting of the VH and CH1 domains; (iv) a Fv
fragment consisting of the VL and VH domains of a single arm of an antibody, (v) a
dAb fragment (Ward et al., (1989) Nature 341:544-546), which consists of a VH
domain; and (vi) an isolated complementarity determining region (CDR). Furthermore,
although the two domains of the Fv fragment, VL and VH, are coded for by separate

35 genes, they can be joined, using recombinant methods, by a synthetic linker that enables
them to be made as a single protein chain in which the VL and VH regions pair to form
monovalent molecules (known as single chain Fv (scFv); see e.g., Bird et al. (1988)
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As used herein, the term "heteroantibodies" refers to two or more antibodies,
antibody binding fragments (e.g., Fab), derivatives therefrom, or antigen binding regions
linked together, at least two of which have different specificities. These different
specificities include a binding specificity for a dendritic cell, and a binding specificity

30 for an Fc receptor on an effector cell, or an antigen or epitope on a target cell, e.g., a
tumor cell.

The term "human antibody", as used herein, is intended to include antibodies
having variable and constant regions derived from human germline immunoglobulin
sequences. The human antibodies of the invention may include amino acid residues not

35 encoded by human germline immunoglobulin sequences (e.g., mutations introduced by
random or site-specific mutagenesis in vitro or by somatic mutation in vivo). However,

the term "human antibody", as used herein, is not intended to include antibodies in
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for human Ig sequences is used, in vivo somatic mutagenesis) and thus the amino acid
25 sequences of the VH and VL regions of the recombinant antibodies are sequences that,
while derived from and related to human germline VH and VL sequences, may not
naturally exist within the human antibody germline repertoire in vivo.
As used herein, a "heterologous antibody" is defined in relation to the transgenic
non-human organism producing such an antibody. This term refers to an antibody
30 having an amino acid sequence or an encoding nucleic acid sequence corresponding to
that found in an organism not consisting of the transgenic non-human animal, and
generally from a species other than that of the transgenic non-human animal.
As used herein, a "heterohybrid antibody" refers to an antibody having a light
and heavy chains of different organismal origins. For example, an antibody having a
35 human heavy chain associated with a murine light chain is a heterohybrid antibody.
Examples of heterohybrid antibodies include chimeric and humanized antibodies,

discussed supra.
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an anti genand " an antibody specific for an antigen" are used interchangeably herein with the term

25 "an antibody which binds specifically to an antigen".

As used herein, the term “high affinity” for an IgG antibody refers to a binding
affinity of at least about 10'M7%, preferably at least about 10°M™”, more preferably at
least about 101, 10MM, 102M™! or greater, e.g., up t010°M™! or greater. However,
“high affinity” binding can vary for other antibody isotypes. For example, “high

30 affinity” binding for an IgM isotype refers to a binding affinity of at least about 1 x
10'M™.
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deleted and the replacement constant region (e.g., v, €, etc.). As there is no specific site
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As used herein, "glycosylation pattern" is defined as the pattern of carbohydrate
units that are covalently attached to a protein, more specifically to an immunoglobulin
protein. A glycosylation pattern of a heterologous antibody can be characterized as
being substantially similar to glycosylation patterns which occur naturally on antibodies

30 produced by the species of the nonhuman transgenic animal, when one of ordinary skill
in the art would recognize the glycosylation pattern of the heterologous antibody as
being more similar to said pattern of glycosylation in the species of the nonhuman
transgenic animal than to the species from which the CH genes of the transgene were
derived.

35 The term "naturally-occurring" as used herein as applied to an object refers to the
fact that an object can be found in nature. For example, a polypeptide or polynucleotide
sequence that is present in an organism (including viruses) that can be isolated from a
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For nucl ei ®MNi ds, the term "substantial honol ogy" indicates that two
nucl ei c For nucleic acids, the term "substantial homology" indicates that two nucleic
acids, or designated sequences thereof, when optimally aligned and compared, are
identical, with appropriate nucleotide insertions or deletions, in at least about 80% of the
25 nucleotides, usually at least about 90% to 95%, and more preferably at least about 98%
to 99.5% of the nucleotides. Alternatively, substantial homology exists when the
segments will hybridize under selective hybridization conditions, to the complement of
the strand.
The percent identity between two sequences is a function of the number of
30 identical positions shared by the sequences (i.e., % homology = # of identical
positions/total # of positions x 100), taking into account the number of gaps, and the
length of each gap, which need to be introduced for optimal alignment of the two
sequences. The comparison of sequences and determination of percent identity between
two sequences can be accomplished using a mathematical algorithm, as described in the
35 non-limiting examples below.
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i nvent i on. XBIAST pragrasisceisar thewrdlgngthe o sirinaming a¢id seauiensg| AST
program  s@ghBlozordio MEpHtERHdleculed drohOial@itdna ModtAfk biped AUeAREests for
comparison purposes, Gapped BLAST can be utilized as described in Altschul et al.,
(1997) Nucleic Acids Res. 25(17):3389-3402. When utilizing BLAST and Gapped
25 BLAST programs, the default parameters of the respective programs (e.g., XBLAST
and NBLAST) can be used. See http://www.ncbi.nlm.nih.gov.
The nucleic acids may be present in whole cells, in a cell lysate, or in a partially
purified or substantially pure form. A nucleic acid is "isolated" or "rendered
substantially pure" when purified away from other cellular components or other
30 contaminants, e.g., other cellular nucleic acids or proteins, by standard techniques,
including alkaline/SDS treatment, CsCl banding, column chromatography, agarose gel
electrophoresis and others well known in the art. See, F. Ausubel, et al., ed. Current
Protocols in Molecular Biology, Greene Publishing and Wiley Interscience, New York
(1987).
35 The nucleic acid compositions of the present invention, while often in a native

sequence (except for modified restriction sites and the like), from either cDNA, genomic

or mixtures may be mutated, thereof in accordance with standard techniques to provide



honol ogous to the protein nolecules of the invention. To obtain gapped
alignnents for conparison purposes, Gapped BLAST can be utilized as
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When utilizing BLAST and Gapped 25 BLAST prograns, the default paraneters
of the respective prograns (e.g., XBLASI7-and NBLAST) can be used. See
http://wwmv ncbi . nl mnih.gov. The nucleic acids may be present in whole
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One type offitroduce g g g p P
mammalian vectors). Other vectors (e.g., non-episomal mammalian vectors) can be
25 integrated into the genome of a host cell upon introduction into the host cell, and thereby
are replicated along with the host genome. Moreover, certain vectors are capable of
directing the expression of genes to which they are operatively linked. Such vectors are
referred to herein as "recombinant expression vectors" (or simply, "expression vectors").
In general, expression vectors of utility in recombinant DNA techniques are often in the
30 form of plasmids. In the present specification, "plasmid" and "vector" may be used
interchangeably as the plasmid is the most commonly used form of vector. However,
the invention is intended to include such other forms of expression vectors, such as viral
vectors (e.g., replication defective retroviruses, adenoviruses and adeno-associated
viruses), which serve equivalent functions.
35 The term "recombinant host cell" (or simply "host cell"), as used herein, is
intended to refer to a cell into which a recombinant expression vector has been
introduced. It should be understood that such terms are intended to refer not only to the



vector is a "plasmd", which refers to a circul ar double stranded DNA | oop
into which 20 additional DNA segnents may be |igated. Another type of
vector iswe mis@Eb vector, wherein additional DNA segnment $CRa}s0b8608¢ gat ed
into the viral genome. Certain vectors are capable of autononous
replication in a host cell into which th&y are introduced (e.g., bacterial
vectors having a bacterial origin of replication and epi somal manmalian

vectors). - eni j . e 25
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detail in the fdheeigiened anmakysicanior prepappg pyRIidospsds thadpneAsEBodi es t o
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anti body méishedot egil keogn, in theears t Busiar phrinsoria i, cnuéle myglbma delkahdn

t echni gye %Si(%%oépogg u@g%%@ﬂsgmil%omwre 256: 495 (1975) also can be used.
[ cedl hybr [

Al t hough soma I di zat1on procedures are preferred, other
t echni ques for piaatedsrrry erpbrstimenta human mesesional anblodiessliespted agaigst viral or
oncogeni ¢ ddmirficaRfé AeRhe@Rdking taERIRCHIRTarI S REGLEHAMnAR I iMMunsy St em
For prepar IS}rf]sgt’emh ¥£c{1érc‘lcﬁanr? t%elnﬁoésg (saysr{grgl.l li’?lesSe)‘[rsatn(sagne’:lnic mice, referred to herein as
“HuMADb” mice, contain a human immunoglobulin gene miniloci that encodes
25 unrearranged human heavy (n and y) and « light chain immunoglobulin sequences,
together with targeted mutations that inactivate the endogenous p and « chain loci
(Lonberg, N. et al. (1994) Nature 368(6474): 856-859). Accordingly, the mice exhibit
reduced expression of mouse IgM or k, and in response to immunization, the introduced
human heavy and light chain transgenes undergo class switching and somatic mutation
30 to generate high affinity human IgGk monoclonal (Lonberg, N. et al. (1994), supra;
reviewed in Lonberg, N. (1994) Handbook of Experimental Pharmacology 113:49-101;
Lonberg, N. and Huszar, D. (1995) Intern. Rev. Immunol. Vol. 13: 65-93, and Harding,
F. and Lonberg, N. (1995) Ann. N.Y. Acad. Sci 764:536-546). The preparation of
HuMab mice is described in detail Section II below and in Taylor, L. er al. (1992)
35  Nucleic Acids Research 20:6287-6295; Chen, J. et al. (1993) International Immunology
5: 647-656; Tuaillon et al. (1993) Proc. Natl. Acad. Sci USA 90:3720-3724; Choi et al.

(1993) Nature Genetics 4:117-123; Chen, J. et al. (1993) EMBO J. 12: 821-830;



Hybri doma production in nurine systens is a well-established procedure.

| mruni zation protocols and techniques for isolation of imunized

spl enocytwe oBo#0164 usi on are well known in the art. Fusi onPpamisnes®3q e. g. ,
murine nyeloma cells) and 20 fusion procedures are also well known. In a
preferred enbodi ment, human nonocl onal -afti bodi es directed agai nst
dendritic cells are generated using transgenic mce carrying parts of the
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which are W@P%Wapﬂgﬁ?ﬁglﬁ'at %&W%&%@?@%‘E‘Waﬁ(’m using a purified or enric

preparation of dendritic cells do not result in antibodies, mice can also be immunized
25  with a dendritic cell lysate to promote immune responses.

Cumulative experience with various antigens has shown that the HuMAb
transgenic mice respond best when initially immunized intraperitoneally (IP) with
antigen in complete Freund's adjuvant, followed by every other week IP immunizations
(up to a total of 6) with antigen in incomplete Freund's adjuvant. The immune response

30 can be monitored over the course of the immunization protocol with plasma samples
being obtained by retroorbital bleeds. The plasma can be screened, for example by
ELISA or flow cytometry (as described below), and mice with sufficient titers of anti-
dendritic cell human immunoglobulin can be used for fusions. Mice can be boosted
intravenously with antigen 3 days before sacrifice and removal of the spleen. It is

35 expected that 2-3 fusions for each antigen may need to be performed. Several mice will
be immunized for each antigen. For example, a total of twelve HuMAb mice of the
HC07 and HCO012 strains can be immunized.



their entity. 15 HuMab | mruni zati ons To generate fully human nonocl onal
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or enrichwo opioepes ati on of dendritic cells, as described Poy/usonb®sg, N. et
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Characterization of Binding of Human Monoclonal Antibodies to Dendritic Cells
To characterize binding of human monoclonal dendritic cell antibodies of the
invention, hybridomas can be screened, for example, for positive reactivy with dendritic

25 cells by flow cytometry.

Briefly, dendritic cells are harvested and washed, then added to 96 well plates
and incubated with dilutions of hybridoma supernatants (or monoclonal antibodies in
PBS containing 0.1% Tween 80 and 20% mouse serum) at 4°C for 1 hour. The plates
are then washed, and further incubated with secondary antibodies (e.g. FITC or PE-

30 labeled anti-human IgG) for 1 hour at 4°C. After washing the cells are fixed with 1%
paraformaldehyde, and analyzed. The samples can be analyzed by FACScan instrument
using light and side scatter properties to gate on single cells. An alternative assay using
fluorescence microscopy may be used (in addition to or instead of) the flow cytometry
assay. Cells can be stained exactly as described above and examined by fluorescence

35 microscopy. This method allows visualization of individual cells, but may have
diminished sensitivity depending on the density of the antigen.
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Anti-dendritic cell human IgGs can be further tested for reactivity with dendritic
cells by western blotting. Briefly, cell extracts from dendritic cells can be prepared and
subjected to sodium dodecyl sulfate (SDS) polyacrylamide gel electrophoresis. After
electrophoresis, the separated antigens will be transferred to nitrocellulose membranes,

30 blocked with 20% mouse serum, and probed with the monoclonal antibodies to be
tested. Human IgG binding can be detected using anti-human IgG alkaline phosphatase

and developed with BCIP/NBT substrate tablets (Sigma Chem. Co., St. Louis, MO).
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3.) binding to a unique epitope on dendritic cells (to eliminate the possibility that
monoclonal antibodies with complimentary activities when used in combination would
compete for binding to the same epitope);

4.) opsonization of dendritic cells;

5.) mediation of growth inhibition, phagocytosis and/or killing of dendritic cells
in the presence of human effector cells;

6.) internalization after binding to dendritic cells;

7.) binding to dendritic cells in situ (e.g., in human tissues);

8.) activation of dendritic cells (e.g., induce cytokine release, expression of
immunomodulatory surface molecules (e.g.,CD80 (B7.1), CD86 (B7.2), CD40, and
CD54 (ICAM));

9.) binding to the human mannose receptor on dendritic cells; and

10.) binding to a dendritic cell antigen which is conserved among primates.
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mice, have been immunized with a purified or enriched preparation of dendritic cells

and/or a dendritic cell lysate. Preferably, the transgenic non-human animals, e.g., the
transgenic mice, are capable of producing multiple isotypes of human monoclonal
antibodies to dendritic cells (e.g., IgG, IgA and/or IgE) by undergoing V-D-J
recombination and isotype switching. Isotype switching may occur by, e.g., classical or
non-classical isotype switching.

The design of a transgenic non-human animal that responds to foreign antigen
stimulation with a heterologous antibody repertoire, requires that the heterologous
immunoglobulin transgenes contain within the transgenic animal function correctly
throughout the pathway of B-cell development. In a preferred embodiment, correct

5 function of a heterologous heavy chain transgene includes isotype switching.
Accordingly, the transgenes of the invention are constructed so as to produce isotype
switching and one or more of the following: (1) high level and cell-type specific
expression, (2) functional gene rearrangement, (3) activation of and response to allelic
exclusion, (4) expression of a sufficient primary repertoire, (5) signal transduction, (6)

10 somatic hypermutation, and (7) domination of the transgene antibody locus during the
immune response.
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sequences similar to those that occur naturally in the mouse heavy chain locus, as

presumably the mouse switch sequences are optimized to function with the mouse

25 switch recombinase enzyme system, whereas the human switch sequences are not.
Switch sequences may be isolated and cloned by conventional cloning methods, or may
be synthesized de novo from overlapping synthetic oligonucleotides designed on the
basis of published sequence information relating to immunoglobulin switch region
sequences (Mills et al., Nucl. Acids Res. 15:7305-7316 (1991); Sideras et al., Intl.

30 Immunol. 1:631-642 (1989), which are incorporated herein by reference).
For each of the foregoing transgenic animals, functionally rearranged heterologous
heavy and light chain immunoglobulin transgenes are found in a significant fraction of
the B-cells of the transgenic animal (at least 10 percent).

The transgenes used to generate the transgenic animals of the invention include a

35 heavy chain transgene comprising DNA encoding at least one variable gene segment,
one diversity gene segment, one joining gene segment and at least one constant region
gene segment. The immunoglobulin light chain transgene comprises DNA encoding at
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synthetic regulatory sequences are not homologous to a functional DNA sequence that is
25 known to occur naturally in the genomes of mammals. Synthetic regulatory sequences
are designed according to consensus rules, such as, for example, those specifying the
permissible sequences of a splice-acceptor site or a promoter/enhancer motif. For
example, a minilocus comprises a portion of the genomic immunoglobulin locus having
at least one internal (i.e., not at a terminus of the portion) deletion of a non-essential
30 DNA portion (e.g., intervening sequence; intron or portion thereof) as compared to the
naturally-occurring germline Ig locus.

In a preferred embodiment of the invention, the transgenic animal used to
generate human antibodies to dendritic cells contains at least one, typically 2-10, and
sometimes 25-50 or more copies of the transgene described in Example 12 of WO

35 98/24884 (e.g., pHC1 or pHC2) bred with an animal containing a single copy of a light
chain transgene described in Examples 5, 6, 8, or 14 of WO 98/24884, and the offspring
bred with the Jy deleted animal described in Example 10 of WO 98/24884, the contents
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production with a significant repertoire, ideally substantially similar to that of a native
25 mouse. Thus, for example, in embodiments where the endogenous Ig genes have been
inactivated, the total immunoglobulin levels will range from about 0.1 to 10 mg/ml of
serum, preferably 0.5 to 5 mg/ml, ideally at least about 1.0 mg/ml. When a transgene
capable of effecting a switch to IgG from IgM has been introduced into the transgenic
mouse, the adult mouse ratio of serum IgG to IgM is preferably about 10:1. The IgG to
30 IgM ratio will be much lower in the immature mouse. In general, greater than about
10%, preferably 40 to 80% of the spleen and lymph node B cells express exclusively
human IgG protein.
The repertoire will ideally approximate that shown in a non-transgenic mouse,
usually at least about 10% as high, preferably 25 to 50% or more. Generally, at least
35 about a thousand different immunoglobulins (ideally IgG), preferably 10* to 108 or
more, will be produced, depending primarily on the number of different V, J and D
regions introduced into the mouse genome. These immunoglobulins will typically
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25 immunoglobulins can be referred to as being substantially identical to a polypeptide
sequence encoded by a human Vi, or Vy gene segment and a human Ji, or Ji, segment,
even though other non-germline sequences may be present as a result of somatic
mutation and differential V-J and V-D-J recombination joints. With respect to such
human sequence antibodies, the variable regions of each chain are typically at least 80

30 percent encoded by human germline V, J, and, in the case of heavy chains, D, gene
segments; frequently at least 85 percent of the variable regions are encoded by human
germline sequences present on the transgene; often 90 or 95 percent or more of the
variable region sequences are encoded by human germline sequences present on the
transgene. However, since non-germline sequences are introduced by somatic mutation

35 and VJ and VDJ joining, the human sequence antibodies will frequently have some
variable region sequences (and less frequently constant region sequences) which are not

encoded by human V, D, or J gene segments as found in the human transgene(s) in the
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25 a human sequence heavy chain composed of a (1) a heavy chain variable region
having a polypeptide sequence which is substantially identical to a polypeptide sequence
encoded by a human Vg gene segment, optionally a D region, and a human Jy segment,
and (2) a constant region having a polypeptide sequence which is substantially identical
to a polypeptide sequence encoded by a human Cy gene segment.
30 The development of high affinity human monoclonal antibodies against dendritic
cells is facilitated by a method for expanding the repertoire of human variable region
gene segments in a transgenic mouse having a genome comprising an integrated human
immunoglobulin transgene, said method comprising introducing into the genome a V
gene transgene comprising V region gene segments which are not present in said
35 integrated human immunoglobulin transgene. Often, the V region transgene is a yeast
artificial chromosome comprising a portion of a human Vy or Vy, (Vi) gene segment
array, as may naturally occur in a human genome or as may be spliced together



vari abl e regi on sequences (and |l ess frequently constant regi on sequences)
whi ch are not encoded by human V, D, or J gene segnents as found in the
human trawegenelis) in the WO 03/ 040169 PCT/ US02/ 36036 - 2@Cgarsat/sqess of t he
m ce. Typically, such non-germine sequences (or individual nucleotide
positions) will cluster in or near CDRs2%er in regions where somatic

nmut ati ons are known to cl uster The hunan sequence antibodi es whi ch bind
to the prede dant 0 t h t hat
humen ant i g Oéfx%tre’rlly comtf1 St éneﬁﬁ'o hwﬁl gntel r{ 1881Wdé§ &PO% érngéﬁﬁgﬁg@\/ g%ﬂg

y2B, or y3ypegmehts ‘Bf,tnmat lsasqﬁwoemloragf\monm N gestgsd:gna@twreaﬁ@tampd ot

Such isoty f r m)re
somti o Mt ont W’“ﬁw gﬁﬂﬁﬁ%ﬂ%%?g%#%%?% A A

wi t hin aboa@peﬂelrereéeanaweén the TROYSESHPHESEF alafmmﬁn@glol?&&mﬁham on and

?el ect Ib an @6m§§1§1ag{a&aﬁ&blaﬁég:l&e&qu&{b%%@f:édeatﬂy%We bkbg&&%ﬁgﬁleﬁt%réﬁﬁﬂmar y
or supbseq antli gen Cchal ] e S uman_seqguenc

Lo bod catEby ke dih bERattind LR Esior dectiied of theJRiopante tapbesner BY TRAR Ok s | y
at | east 5the Y@de?otoire ekpagionméthiodiragsgeninmiceshaliig @t lebst,5 distthcs ¥ngenesres 5 X

1010 M1 10, e $eA03d M1 0hi Q! €RLEEing APRLOGHOASARE bl of el NYGAL koD

perta| ns to rom SUC Ich enerate
hybri domas genpsegswintsguislbraroniimodonmh & g apicibegtinesangthe hkb) these ngﬁntﬂ gh

af finityy (?n@ he Igfaﬁfgd%'i Iﬂag}% selettiveddy dMedtl vy Qe dRitihdr hietifddhs aSailabi® thé N
anot her enp |rren thé invention, thesé hybridomas are used to generate
a conpositi éﬁ’f?ﬁ’l%llgfl o5gedn | mrunogl obulin having an affinity constant

(Ka) of | aL : eaStOrﬁ:eXheLﬁSuéMéggrmﬁﬂé hdy edh Bggidesrel iotdo?taﬁilﬁil Fignctivh@neA® S ?i ?1)

i mmunogl obuyl i.n conpri ses: uman .se cha osed o a
| ght ohar ayiie FRERRSRER V skemAnt e it SRR bR b R ERT T

subst ant i alttagsgedenonteiningtthe dapdCygvep séghecnss thedraiecandequoggated aad bredan VL
gene Seﬁ”eonxﬁto%ﬂ%r %Wﬁ%‘&ckégkoﬁ%”ﬁ@ﬁdl@ﬂ %%R)uﬁ‘ds' alfé?é t}fégﬁh&mnﬁ Aant region

havi ng a pol ypept sequénce whic tanti tlca to a
pol ypeptudéas@a@éﬁéear@ﬁwoﬁ@am@wr&pﬁmwsae Wea@engmha% VISZ & hunan

sequence he@fateNainthinds MRASRHe OIS YurR tiBRAWA CHRivIng & e;qiah@ecrvgl on

s RS S e o Jobk SRR PPy o
regi on, andudtiplehamad iy segygends). AéthdugiPjelaredaotrin asrﬁélgCaranb@amemg;uah
ol VB SERSELSFer Bl IRl GO0y el B co
affinity h@ndqumcmqum f%@uﬁoe@magwenhcat@@n@l watst,@uclt%qqu@nqes may
faci i tat edpRynAlyRBRAvEOsy SRABhSHed (&. %p%sttl@dtfo‘ﬁ BeshURM pasdehbia

regi on ene se nents In a‘transgeni c_nmuse genone conprising an
i n? egr at gd g rophoresis or other suit %iae method) after rep\flcanon In'yeast in no ?ong g

(

necessary (i.e., prior to introduction into a mouse ES cell or mouse prozygote). Methods
25  of propagating the trait of human sequence immunoglobulin expression, include
breeding a transgenic mouse having the human Ig transgene(s), and optionally also
having a functional YAC having an expanded V segment repertoire. Both Vi and Vi,
gene segments may be present on the YAC. The transgenic mouse may be bred into any
background desired by the practitioner, including backgrounds harboring other human
30 transgenes, including human Ig transgenes and/or transgenes encoding other human
lymphocyte proteins. The invention also provides a high affinity human sequence
immunoglobulin produced by a transgenic mouse having an expanded V region
repertoire YAC transgene. Although the foregoing describes a preferred embodiment of
the transgenic animal of the invention, other embodiments are contemplated which have

35 been classified in four categories:



i mmunogl obulin transgene, said nmethod conprising introducing into the
genone a V gene transgene conprising V region gene segnents which are not
present iWO0%3i0¢h18b i ntegrated human i munogl obul i n transg@ec®/USC/3@Bq t he V
region transgene is a yeast artificial chronmpbsonme conprising a portion of
a human VH or VL (VK) gene segnent arrdg9,--as nmay naturally occur in a
human genone or as may be spliced toget her V\D 03/ 040169 PCT/ US02/ 36036 -29
separately by rel\cgnbl nant matlho S %efroréj K

omtted V gene ?mﬁl?éﬁ"%t?mﬂ%ga@}“w PUAA 68 gene
segnment s alimrmmng]a)bulemltrmgeme YAC. In this var| at| on it is possible to
make a transgeni SXPan

wherein the m)ugte: ngr}ég&@é@ﬂ’éb‘rf]seﬁ?ﬁ%{ﬂog%M{aﬁr&ﬁ%gﬁfgﬁgy conpr?ésrlpdr?llé gﬂrl abl e
regi on seqw@mogm@l@e@amge@,v regi on gene segnent present on the V region
transgene and aiff TRAQRICHAIEDnPInihD SedtaiB Advy hRd &Y 8RR arrBbelTid Hﬁ of

the V repertoire expanS| on nethod, transgenrc mce having at Ieast

di stinct VigBHEeslopylin fransgenss ay ed: as can nice contai ni ng at | east about‘
24 V genes or n‘(ITVeTraﬁ@gﬁilc\ém@@@%oﬁﬁgﬁﬂglteﬁrrﬁﬂgedbﬁaﬂod&ﬁMaﬁﬁﬂgkdaigh( e.g.,
pseudogenes_and t@g |I§?I§ t hese segments 10 may be retained or may be

sel ecti veI gf‘)’?ﬁ?{ nant nethods available to the skilled
artisan, if des|Oﬁhese©atcgom¢sa)fnmmsgngemhﬁlermsfetreénr@ngf p@&rettetis)a&:ont ain
a functjoonghyg VIS 197 SR AR B0 NER HABRRHLOL &1 AR Rha) | ¥

not present I n transgene contadl nin

segments, thaee b@eem linoe%ﬂﬁl %‘égﬁ h@@agmoea regaerbEaten fL(ES ofher éneél@crﬁé rané ﬁé{ Pdll

backgr ounds[vivitgdrél teRtAdSRakES ReEhaiRhes Rdve nbteh kabeted WEandAvbt e an

expanded V nmen rtoire 1s bred into a nouse germine having a
di fferent ﬁ@f?g?? ‘F‘i)bSE glgeﬁ"g@ﬁlé‘smﬂm ti pl e functional YACs having an expanded V

segnent repertoire may be bred into a germine to work wwth a human Ig

transgene (g Lélh ”ﬁéﬁioﬁéc%i%%%ﬂ%ﬁ)&nﬂo e%'ﬁrfu ”ed to herein as

YAC transgéfie A ’ 3 O ]genorre may
subst ant i aI ly | énkfety@aﬁler s@hgélméofthgmna@n, mc}oeqkﬁm gdipgto

aut ononous deaMidcals ahﬂgaﬁ%alngm@%%@m% HERdkrivARddN kg e T emoved

by genetic engi ngeri ng restriction digestjon and edfl |d gel
el ect r ophor*BSYEr C%?IH‘EWOE%P CabBe aﬁ‘é‘%ﬁ‘bﬁﬂpu ?=tpé‘Pte‘|néf’6lan§‘:§ QEJA"‘S ‘f‘fée% st>in no

| onger ne@ﬁaﬁabcydy( hntﬂ;ody raigatent & dthérlaAndY to@andrte@ tﬁspmifﬁﬂ)rﬁ&lﬁqieblfmr
manogiCob e s pHEL SRR o asaARE PRl ) A% drblslher tERRL SRR G ne
human | g trt%rgst@mtep@ Foamlamwlej tbﬂhunman@hndldsmlthegnaeﬁtmamfmgmenwAc havi ng
an expandedydfe cﬁBﬁaﬁ%P! d(@%o'%g\éhlelﬁ{bglbé@ug g%’g%nétﬁgﬁ% hs may be

present on tﬁi'ue YAC. T en| C e may nto any " background

desi red by POROVBIeRESSPFiatiaYy Or QThAMiR) ﬁ@om@%@m aptabashss: ARiR9dKer human
fragments, peptides (e.g., ligands, such as a tumor ligand) or binding mimetics which

25 bind to a pathogen or cell other than a dendritic cell, such as a tumor cell, so that the
pathogen or cell is targeted to dendritic cells.
Accordingly, the present invention includes bispecific and multispecific
molecules comprising at least one first binding specificity for dendritic cells and a
second binding specificity for a second target epitope. In a preferred embodiment of the
30 invention, the second target epitope is an antigen on a target cell, e.g. a tumor cell
antigen, a microbial antigen, a viral antigen or an autoantigen. These bispecific and
multispecific molecules target dendritic cells to target cells such that the dendritic cells
can modulate an immune response against such a target cell or target cell antigen.
In another embodiment of the invention, the second target epitope is an Fc receptor, e.g.,
35 human FcyRI (CD64) or a human Fca receptor (CD89). Therefore, the invention
includes bispecific and multispecific molecules capable of binding both to FcyR, FcaR
or FceR expressing effector cells (e.g., monocytes, macrophages or polymorphonuclear
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In one embodiment, the bispecific and multispecific molecules of the invention
comprise as a binding specificity at least one antibody, or an antibody fragment thereof,
including, e.g., an Fab, Fab', F(ab')y, Fv, or a single chain Fv. The antibody may also be
a light chain or heavy chain dimer, or any minimal fragment thereof suchasaFv or a

25  single chain construct as described in Ladner et al. U.S. Patent No. 4,946,778, issued
August 7, 1990, the contents of which is expressly incorporated by reference.

In another embodiment, bispecific and multispecific molecules of the invention
comprise a binding specificity for an antigen on a target cell, e.g. a tumor cell antigen, a
microbial antigen, a viral antigen or an autoantigen, and a second binding specificity for

30 dendritic cells.

In another embodiment bispecific and multispecific molecules of the invention
comprise a binding specificity for an FcaR or an FcyR present on the surface of an
effector cell, and a second binding specificity for dendritic cells. The binding specificity
for an Fc receptor can be provided, for example, by another monoclonal antibody,

35 including another human antibody. For example, the antibody can bind to an Fey
receptor, preferably at a site which is not blocked by human immunoglobulin G (IgG).
As used herein, the term "IgG receptor” refers to any of the eight y-chain genes located
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expr essiél (e:rcr)lra \%1? ts 1ce3¥ra¥1§r£gﬂqgrme isoforms of 55 to 110 kDa. FcaRI (CD89) is

constitutively expressed on monocytes/macrophages, eosinophilic and neutrophilic

granulocytes, but not on non-effector cell populations. FcaRI has medium affinity (~ 5
x 107 M) for both IgA1 and IgA2, which is increased upon exposure to cytokines such
as G-CSF or GM-CSF (Morton, H.C. et al. (1996) Critical Reviews in Immunology

30 16:423-440). Four FcaRI-specific monoclonal antibodies, identified as A3, A59, A62
and A77, which bind FcaRI outside the IgA ligand binding domain, have been
described (Monteiro, R.C. et al., 1992, J. Immunol. 148:1764).

FcaRI and FeyRI are preferred trigger receptors for use in the invention because

they are (1) expressed primarily on immune effector cells, e.g., monocytes, PMNs,

35 macrophages and dendritic cells; (2) expressed at high levels (e.g., 5,000-100,000 per
cell); (3) mediators of cytotoxic activities (e.g., ADCC, phagocytosis); (4) mediate
enhanced antigen presentation of antigens, including self-antigens, targeted to them.
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antigen or a target cell.

25 "Target cell" means any undesirable cell in a subject (e.g., a human or animal)
that can be targeted by a composition (e.g., a human monoclonal antibody, a bispecific
or a multispecific molecule) of the invention. In one embodiment, the target cell is a
dendritic cell. In other embodiments, a target cell includes a tumor cell, a microbial
pathogen, a virus, or a virus infected cell.

30 While human monoclonal antibodies are preferred, other antibodies which can be
employed in the bispecific or multispecific molecules of the invention are murine,
chimeric and humanized monoclonal antibodies.

Chimeric mouse-human monoclonal antibodies (i.e., chimeric antibodies) can be
produced by recombinant DNA techniques known in the art. For example, a gene

35 encoding the Fc constant region of a murine (or other species) monoclonal antibody
molecule is digested with restriction enzymes to remove the region encoding the murine
Fc, and the equivalent portion of a gene encoding a human Fc¢ constant region is
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25 portion of a non-human CDR or only some of the CDRs may be replaced with non-
human CDRs. It is only necessary to replace the number of CDRs required for binding
of the humanized antibody to the Fc receptor.

An antibody can be humanized by any method, which is capable of replacing at

least a portion of a CDR of a human antibody with a CDR derived from a non-human

30 antibody. Winter describes a method which may be used to prepare the humanized
antibodies of the present invention (UK Patent Application GB 2188638A, filed on
March 26, 1987), the contents of which is expressly incorporated by reference. The
human CDRs may be replaced with non-human CDRs using oligonucleotide site-
directed mutagenesis as described in International Application WO 94/10332 entitled,

35 Humanized Antibodies to Fc Receptors for Immunoglobulin G on Human Mononuclear

Phagocytes.
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25 the examples provided herein. For example, each binding specificity of the bispecific
and multispecific molecule can be generated separately and then conjugated to one
another. When the binding specificities are proteins or peptides, a variety of coupling or
cross-linking agents can be used for covalent conjugation. Examples of cross-linking
agents include protein A, carbodiimide, N-succinimidyl-S-acetyl-thioacetate (SATA),

30 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB), o-phenylenedimaleimide (0PDM), N-
succinimidyl-3-(2-pyridyldithio)propionate (SPDP), and sulfosuccinimidyl 4-(N-
maleimidomethyl) cyclohaxane-1-carboxylate (sulfo-SMCC) (see e.g., Karpovsky et al.
(1984) J. Exp. Med. 160:1686; Liu, MA et al. (1985) Proc. Natl. Acad. Sci. USA
82:8648). Other methods include those described by Paulus (Behring Ins. Mitt. (1985)

35 No. 78, 118-132); Brennan et al. (Science (1985) 229:81-83), and Glennie et al. (J.
Immunol. (1987) 139: 2367-2375). Preferred conjugating agents are SATA and sulfo-
SMCC, both available from Pierce Chemical Co. (Rockford, IL). (
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particular interest by employing a labeled reagent (e.g., an antibody) specific for the

complex of interest. For example, the FcR-antibody complexes can be detected using

25 e.g.,an enzyme-linked antibody or antibody fragment which recognizes and specifically
binds to the antibody-FcR complexes. Alternatively, the complexes can be detected
using any of a variety of other immunoassays. For example, the antibody can be
radioactively labeled and used in a radioimmunoassay (RIA) (see, for example,
Weintraub, B., Principles of Radioimmunoassays, Seventh Training Course on

30 Radioligand Assay Techniques, The Endocrine Society, March, 1986, which is
incorporated by reference herein). The radioactive isotope can be detected by such

means as the use of a y counter or a scintillation counter or by autoradiography.

IV. Antibody Vaccine Conjugates/Immunotoxins

35 In another aspect, the present invention provides a variety of therapeutic
conjugates which include one or more human anti-dendritic cell antibodies (or fragments
thereof) linked to a second agent. Particular agents which can be linked to the
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30 Techniques for conjugating such therapeutic moieties to antibodies are well
known, see, e.g., Arnon et al., "Monoclonal Antibodies For Immunotargeting Of Drugs
In Cancer Therapy", in Monoclonal Antibodies And Cancer Therapy, Reisfeld et al.
(eds.), pp. 243-56 (Alan R. Liss, Inc. 1985); Hellstrom et al., "Antibodies For Drug
Delivery", in Controlled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 623-53

35 (Marcel Dekker, Inc. 1987); Thorpe, "Antibody Carriers Of Cytotoxic Agents In Cancer
Therapy: A Review", in Monoclonal Antibodies '84: Biological And Clinical
Applications, Pinchera et al. (eds.), pp. 475-506 (1985); "Analysis, Results, And Future
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constructs, or in sequence with the variable light and heavy chains (Vi and Vi) in single
25  chain fusion constructs (ScFv constructs). Alternatively, the antigen can be fused to the
antibody light chain instead of the antibody heavy chain.

Chemically constructed antibody-antigen conjugates can be made using a variety
of well known and readily available cross-linking reagents. These cross-linking
reagents can be homofunctional or heterofunctional compounds, such as SPDP, SATA,

30 SMCC, DTNB, that form covalent linkages with different reactive amino acid or
carbohydrate side chains on the anti-dendritic antibody and selected antigen.

Any antigen that can be cloned and expressed or purified can be selected for use
in the antibody-antigen vaccine conjugates of the present invention. Techniques for
obtaining such antigens are well-known in the art. For example, tumor-associated

35 antigens can be directly purified from cancer cells and identified by physiochemical
techniques such as tandem mass spectrometry. Alternatively, tumor-specific T-cell
clones can be tested against antigen-negative cells that have acquired antigen by being
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anti-dendritic antibody construct. For example, a MAGE antigen can be combined with

25  other antigens such as melanin A, tyrosinase, and gp100 along with adjuvants such as
GM-CSF or IL-12, and fused to an anti-dendritic antibody construct, e.g., B11.

Other suitable antigens include viral antigens for the prevention or treatment of
viral diseases. Examples of viral antigens include, but are not limited to, HIV-1 gag,
HIV-1 env, HIV-1 nef, HBV core, FAS, HSV-1, HSV-2, p17, ORF2 and ORF3

30 antigens. In another preferred embodiment, the selected antigen is a melanoma-specific
antigen including, but not limited to, gp100 or Pmel17. In another preferred
embodiment, the selected antigen is a prostate-specific cancer antigen, for example,
PSMA. In yet another embodiment, the selected antigen is a bacterial antigen including,
but not limited to, Toxoplasma gondii or Treponema pallidum. The antibody-bacterial

35 antigen conjugates of the invention can be in the treatment or prevention of various
bacterial diseases such as Anthrax, Botulism, Tetanus, Chlamydia, Cholera, Diptheria,
Lyme Disease, Syphilis and Tuberculosis.
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immunosuppressants), and can be administered alone or in combination with other
therapies, such as radiation.
In one embodiment, human anti-dendritic cell monoclonal antibodies having
complementary activities are used in combination, e.g., as a pharmaceutical
30 composition, comprising two or more human anti-dendritic monoclonal antibodies. For
example, a human monoclonal antibody that mediates highly effective killing of
dendritic cells in the presence of effector cells can be combined with another human
monoclonal antibody that inhibits the growth of dendritic cells. In another embodiment,
a human monoclonal antibody that is rapidly internalized by dendritic cells can be
35 combined with another human monoclonal antibody that induces antigen presenting cell -

activities of dendritic cells, e.g., release of immunostimulatory cytokines.
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aromatic sulfonic acids and the like. Base addition salts include those derived from

25 alkaline earth metals, such as sodium, potassium, magnesium, calcium and the like, as
well as from nontoxic organic amines, such as N,N'-dibenzylethylenediamine, N-
methylglucamine, chloroprocaine, choline, diethanolamine, ethylenediamine, procaine
and the like.

A composition of the present invention can be administered by a variety of

30 methods known in the art. As will be appreciated by the skilled artisan, the route and/or
mode of administration will vary depending upon the desired results. The active
compounds can be prepared with carriers that will protect the compound against rapid
release, such as a controlled release formulation, including implants, transdermal
patches, and microencapsulated delivery systems. Biodegradable, biocompatible

35 polymers can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid,
collagen, polyorthoesters, and polylactic acid. Many methods for the preparation of
such formulations are patented or generally known to those skilled in the art. See, e.g.,
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of the required particle size in the case of dispersion and by the use of surfactants. In

25 many cases, it will be preferable to include isotonic agents, for example, sugars,
polyalcohols such as mannitol, sorbitol, or sodium chloride in the composition.
Prolonged absorption of the injectable compositions can be brought about by including
in the composition an agent that delays absorption, for example, monostearate salts and
gelatin.

30 Sterile injectable solutions can be prepared by incorporating the active
compound in the required amount in an appropriate solvent with one or a combination of
ingredients enumerated above, as required, followed by sterilization microfiltration.
Generally, dispersions are prepared by incorporating the active compound into a sterile
vehicle that contains a basic dispersion medium and the required other ingredients from

35 those enumerated above. In the case of sterile powders for the preparation of sterile

injectable solutions, the preferred methods of preparation are vacuum drying and freeze-
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25  and/or parenteral administration. The formulations may conveniently be presented in

unit dosage form and may be prepared by any methods known in the art of pharmacy.

The amount of active ingredient which can be combined with a carrier material to
produce a single dosage form will vary depending upon the subject being treated, and
the particular mode of administration. The amount of active ingredient which can be

30 combined with a carrier material to produce a single dosage form will generally be that
amount of the composition which produces a therapeutic effect. Generally, out of one
hundred per cent, this amount will range from about 0.01 per cent to about ninety-nine
percent of active ingredient, preferably from about 0.1 per cent to about 70 per cent,
most preferably from about 1 per cent to about 30 per cent.

35 Formulations of the present invention which are suitable for vaginal
administration also include pessaries, tampons, creams, gels, pastes, foams or spray
formulations containing such carriers as are known in the art to be appropriate. Dosage
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chlorobutanol, phenol sorbic acid, and the like. It may also be desirable to include

isotonic agents, such as sugars, sodium chloride, and the like into the compositions. In

25 addition, proJonged absorption of the injectable pharmaceutical form may be brought

about by the inclusion of agents which delay absorption such as aluminum monostearate

and gelatin.

When the compounds of the present invention are administered as
pharmaceuticals, to humans and animals, they can be given alone or as a pharmaceutical

30 composition containing, for example, 0.01 to 99.5% (more preferably, 0.1 to 90%) of
active ingredient in combination with a pharmaceutically acceptable carrier.

Regardless of the route of administration selected, the compounds of the present
invention, which may be used in a suitable hydrated form, and/or the pharmaceutical
compositions of the present invention, are formulated into pharmaceutically acceptable

35 dosage forms by conventional methods known to those of skill in the art.
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possible for a compound of the present invention to be administered alone, it is
preferable to administer the compound as a pharmaceutical formulation (composition).

Therapeutic compositions can be administered with medical devices known in

the art. For example, in a preferred embodiment, a therapeutic composition of the

30 invention can be administered with a needleless hypodermic injection device, such as
the devices disclosed in U.S. Patent Nos. 5,399,163; 5,383,851; 5,312,335; 5,064,413;
4,941,880; 4,790,824; or 4,596,556. Examples of well-known implants and modules
useful in the present invention include: U.S. Patent No. 4,487,603, which discloses an
implantable micro-infusion pump for dispensing medication at a controlled rate;

35 U.S. Patent No. 4,486,194, which discloses a therapeutic device for administering
medicants through the skin; U.S. Patent No. 4,447,233, which discloses a medication
infusion pump for delivering medication at a precise infusion rate; U.S. Patent
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one embodiment of the invention, the therapeutic compounds of the invention are

formulated in liposomes; in a more preferred embodiment, the liposomes include a

25 targeting moiety. In a most preferred embodiment, the therapeutic compounds in the
liposomes are delivered by bolus injection to a site proximal to the tumor or infection.
The composition must be fluid to the extent that easy syringability exists. It must be
stable under the conditions of manufacture and storage and must be preserved against
the contaminating action of microorganisms such as bacteria and fungi.

30 A "therapeutically effective dosage" preferably modulates dendritic cell growth
and/or activity by at least about 20%, more preferably by at least about 40%, even more
preferably by at least about 60%, and still more preferably by at least about 80% relative
to untreated subjects. The ability of a compound to modulate dendritic cell growth
and/or activity can be evaluated in an animal model system predictive of efficacy in

35 antigen presentation and/or immunomodulation.
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VI. Uses and Methods of the Invention
The compositions (e.g., human monoclonal antibodies to dendritic cells and

derivatives/conjugates thereof) of the present invention have i vitro and in vivo
diagnostic and therapeutic utilities.

30 For example, these molecules can be administered to cells in culture, e.g. in vifro
or ex vivo, or in a subject, e.g., in vivo, to treat, prevent or diagnose a variety of
disorders. As used herein, the term "subject" is intended to include human and non-
human animals. The term "non-human animals" of the invention includes all
vertebrates, e.g., mammals and non-mammals, such as non-human primates, sheep, dog,

35 cow, chickens, amphibians, reptiles, etc.
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include a donor and donee are different individual from the same species), the host immune

25  system is likely to mount an immune response to foreign antigens in the transplant (host-
versus-graft disease) leading to destruction of the transplanted tissue. CD8+ cells,
CD4+ cells and monocytes are all involved in the rejection of transplant tissues. The
therapeutic agents of the present invention are useful to inhibit dendritic cell mediated
alloantigen-induced immune responses in the donee thereby preventing such cells from

30 participating in the destruction of the transplanted tissue or organ.

Graft Versus Host Disease

A related use for the therapeutic agents of the present invention is in modulating
the immune response involved in "graft versus host" disease (GVHD). GVHD is a
35 potentially fatal disease that occurs when immunologically competent cells are
transferred to an allogeneic recipient. In this situation, the donor's immunocompetent
cells may attack tissues in the recipient. Tissues of the skin, gut epithelia and liver are
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25 one binding specificity for a component on the surface of a dendritic cell linked to an

antigen, wherein binding of the complex to the dendritic cell mediates internalization of
the molecular complex, and, for example, enhances processing and presentation of the
antigen.
In another aspect, human antibodies specific for dendritic cells can be used to

30 directly target whole cells, e.g., a tumor cell, an effector cell or a microbial pathogen, to
dendritic cells. Anti-dendritic cell antibodies or antigen binding fragments thereof can
be directly expressed on the surface of a cell, for example, by transfection or
transduction of a cell with a vector containing nucleic acid sequences encoding a human
dendritic cell-specific antibody of the invention. Alternatively, anti-dendritic cell

35 antibodies, or antigen binding fragments thereof, can be bound to a cell or a pathogen by
the use of chemical linkers, or lipid tags, or other related methods. Cells with surface-

anchored anti-dendritic cell antibodies, or an antigen binding fragments thereof, may be



assim | able edible carrier. 25 VI. Uses and Met hods of the Invention The
conpositions (e.g., human nonocl onal antibodies to dendritic cells and
deri vat i wee/ogomjlogat es t hereof) of the present invention ReT&son36emsé ro and
in vivo diagnostic and therapeutic utilities. 30 For exanple, these

nol ecul es can be adm nistered to cells-f-culture, e.g. in vitro or ex
vivo, or in a subject, e.g., in vivo, to treat, prevent or diagnose a

e e O B A S S o B0 2,

i nventi on pathbgetes all vertebrates, e.g., manmmmul s and non- nannals such as
non- human prim tiles,
R L P D S U
ant i bodi es resensgdpipathogerss taxinsy @@ksebfraéltlga%@xamms\ﬁzf p@%logw@é@r which{&iat or

di agnosg a@igeltiy a roga{lﬂlay bé ﬁarﬁ&hlhﬂyra@lafalt 1Rl FAeREEhs fof whithltherb @ at ed
di seases. I n one e di rent’  pref er{1 }1 nlgﬂl mal s |n | ude a hunman
QHC8g 1Yrviyc

patient ha¢PHERE B tive adcie, OFgal BARHeR o ¥aictes afcipRg

di sease. Fean@aifiétely dffeetlv@thadélrQMe lmnraip@mh ttlinoiesl toHIVD Eleparere(, B, &

i nventi on n.bhe used . to t a th ap a i mmune

system _or Coniistd: HeyPen QErdarv Pl iyt e PR B ey

aberrant oPsewdonentie derugimme act i vi ty associ ated wi th i mmunonodul ati on by

dendri tjc cells. I sorders
fioC AL ERURC o TG AUBLAE, Afs rpeefdcaam; gééiﬁg

t hat nay beneflt anti-d r|t|c cells of
t he i nvent memequirs) b therineantian eambe mitiahlyjtested f%l?lft‘in%ﬂ wtigity aysesipted vithhpet es

nel litus, W@@ehas b@dﬂi"gﬁé{s!tﬁ,us@ﬁhﬂirél PUSengiE, a;ompé\@tﬁbﬁm‘tﬁe ﬂivéﬁt@cﬁﬁcan' upus
erythenato iter's aves di sease.

b e o B s e AP Oeic AR BBt oh asam e isspbed FiTe PATEEE i on

of dendri t belo&el NMoreedien tiedaquivitg efithadd moleofileain wigbedny atdenst orbieffoctoer

exanpl ! rit | c

ol 1 an by AAaEEA O A AR I iR EoBINT N IRT BN sSBR6

ver sus hos®Prefoeda e, assapingiop klentorrs] lavediatied @&OCM§@d y&@lﬁlﬁ%@k@ms been
a consi der abhg Jqmprovenent in the efficiency of 20 surgl cal techniques for
transpl anting tissues and organs such a Ki ver,. _heart | ung,
pancreas and bo eﬁ@FHBWUOP%& P%@?6@ﬂnﬁﬁﬁ§é@§ﬂbﬁﬁ6“§Foblen1|s t he
| ack of satdlsdude) of ﬁleagﬁefﬁt@nﬁl@sfe addﬁtltﬁ‘lal‘l@tﬂhﬂylm ferdpyl @dalmgaosmof fendrieici pi ent
to the a#%);glng ,lct% Tia’cﬁq8 %exﬁ%r afc%l -QGréate aﬁgases Fok é’%ila}n%%eﬂl a%l lgno%{on%f gans

are tr

antibodies, the multispecific or b1spec1ﬁc molecules can be used, for example, to elicit
in vivo or in vitro one or more of the following biological activities: to opsonize a
dendritic cell; to mediate phagocytosis or cytolysis of a dendritic cell in the presence of
human effector cells; to inhibit the growth of a dendritic cell; to be internalized by a

25 dendritic cell; or to target an antigen to a dendritic cell.

Methods of administering the compositions (e.g., human antibodies,
multispecific and bispecific molecules) of the invention are known in the art. Suitable
dosages of the molecules used will depend on the age and weight of the subject and the
particular drug used. The molecules can be coupled to radionuclides, such as bbby, Ny,

30 1%°Rh, etc., as described in Goldenberg, D.M. et al. (1981) Cancer Res. 41: 4354-4360,
and in EP 0365 997. The compositions (e.g., human antibodies, multispecific and
bispecific molecules) of the invention can also be coupled to immunomodulatory agents.

Target-specific effector cells, e.g., effector cells linked to compositions (e.g.,
human antibodies, multispecific and bispecific molecules) of the invention can also be

35 used as therapeutic agents. Effector cells for targeting can be human leukocytes such as
macrophages, neutrophils or monocytes. Other cells include eosinophils, natural killer
cells and other IgG- or IgA-receptor bearing cells. If desired, effector cells can be
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and T cells tha e antigen as a onent o
antibodies, multispecific and b1spec1ﬁc molecules of the 1nvent10n can used 1n

conjunction with immunomodulatory therapy, e.g., immunstimulation, to enhance an

25  immune response against a target cell or a target antigen. A dendritic cell targeted
therapy can be combined with other forms of immunotherapy such as cytokine treatment
(e.g. interferons, TNFa, GM-CSF, G-CSF, IL-2).

Bispecific and multispecific molecules of the invention can also be used to
modulate dendritic cell activities, e.g., antigen processing and presentation, as well as to

30 modulate the level of a cognate antigen on a dendritic cell, such as by capping and
elimination of receptors on the cell surface.

The compositions (e.g., human antibodies, multispecific and bispecific
molecules) of the invention which have complement binding sites, such as portions from '
IgGl, -2, or -3 or IgM which bind complement, can also be used in the presence of

35 complement. In one embodiment, ex vivo treatment of a population of cells comprising
target cells with a binding agent of the invention and appropriate effector cells can be ’

supplemented by the addition of complement or serum containing complement.
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the invention can also be used to nediate dendritic cell-targeted
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can be detected. Thus, the invention provides methods for localizing ex vivo or in vitro

dendritic cells. The detectable label can be, e.g., a radioisotope, a fluorescent

25 compound, an enzyme, or an enzyme co-factor.

In one embodiment, the invention provides methods for detecting the presence of
dendritic cells or a dendritic cell antigen in a sample, or r}leasuring the amount of
dendritic cells or a dendritic cell antigen, comprising contacting the sample, and a
control sample, with a human monoclonal antibody, or an antigen binding portion

30 thereof, which specifically binds to dendritic cells or a dendritic cell antigen, under
conditions that allow for formation of a complex between the antibody or portion thereof
and dendritic cells or a dendritic cell antigen. The formation of a complex is then
detected, wherein a difference complex formation between the sample compared to the
control sample is indicative the presence of dendritic cells or a dendritic cell antigen in

35 the sample.
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agai nst the target cell or a target 10 antigen, by, e.g., antigen
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targeted cells. For exanple, anti-dendritic cell therapy using the
conpositions (e.g., human antibodies, 15 nultispecific and bispecific

nol ecul es) of the invention and/or effector cells arnmed with
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P3X63-Ag8.653 myeloma cells (deposited with the ATCC under designation ATCC
CRL 1580 nonsecreting mouse myeloma cells) and PEG. Hybridomas were selected by
25 growth in HAT containing media. After hybridomas grew out (about 10-14 days) each
well containing hybridomas was screened for the production of human IgG using an
anti-human IgG ELISA.
Positive hybridomas were screened for and selected based on the following
properties: (1) production of human IgG antibodies, and (2) binding to dendritic cells.
30 The hybridomas secreting human IgG were tested for reactivity with various
types of blood cells by flow cytometry. Dendritic cells were prepared from adherent
mononuclear cells by culturing for 5-7 days in media supplemented with GM-CSF and
IL-4. Granulocytes (PMN), monocytes and lymphocytes were obtained from
heparanized whole blood. The cells were incubated with hybridoma supernatants from
35 IgG-positive clones at 4°C. Binding was detected with a FITC-labeled goat anti-human

IgG(Fc) probe. The cell associated fluorescence was determined by analysis using a

FACScalibur instrument.



I n other enbodi nents, the subject can be additionally treated with an agent
that nodul ates, e.g., enhances or inhibits, imune cell activity and/or

t he expreweiosm4msd 15 activity of Fc(err) or Fc(err) receptPerdiSobgeosor
exanple, treating the subject with a cytokine. Preferred cytokines for
adm ni stration during treatnent with tds nultispecific nolecule include of
granul ocyte col ony-stinulating factor (G CSF), granul ocyte- macrophage
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dendritic cells or a dendritic cell antigen in a sanple, or neasuring the
amount of dendritic cells or a dendritic cell antigen, conprising
contacting the sanple, and a control sanple, with a hunman nonocl onal

anti body, or an antigen binding portion 30 thereof, which specifically
binds to dendritic cells or a dendritic cell antigen, under conditions
that allow for formation of a conplex between the anti body or portion
thereof and dendritic cells or a dendritic cell antigen. The fornation of
a conplex is then detected, wherein a difference conplex formation between
the sanple conpared to the <control sanple is indicative the presence of
dendritic cells or a dendritic cell antigen in 35 the sanple. W 03/040169
PCT/ US02/ 36036 -53 In still another enbodi nent, the invention provides a
nmet hod for detecting the presence or quantifying the anount of dendritic
cells in vivo or in vitro. The method conprises (i) admnistering to a
subj ect a conposition (e.g., a multi- or bispecific nolecule) of the
invention or a fragnent thereof, conjugated to a detectable marker; (ii) 5
exposi ng the subject to a neans for detecting said detectable narker to
identify areas containing dendritic cells. Also within the scope of the
invention are kits conprising the conpositions (e.g., human anti bodi es,
mul tispecific and bispecific nolecules) of the invention and instructions
for use. The kit can further contain a | east one additional reagent, such
as a 10 cytokine or conplenent, or one or nore additional human anti bodies
of the invention (e.g., a human anti body having a conpl enentary activity
whi ch binds to an epitope on



dendritic cells distinct fromthe first human anti body).
illustrated by the foll owi ng exanpl es which
limting. The contents of all PCirgisn®3c0and al
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i njections| of hupan dendrific cells enulsified in Freund' s Adjuvant.
Briefly, dendditic cells ywere prépared ds fdtlols. Hdman peripheral bl ood
nononucl ear cell$ (PBMCs) [were obtained [by density gradient centrifugation
of whol e b] 0dd of Leukopak|pl atel®t aphdresis pfeparations| Mnocytes were
i sol ated by adherance to t]ssue culture fjlasks 1b for two hpurs, and then
differentijpt823into dendritic cel s by i fcubat i op Wi tH-2 ng/mM GW CSF and
10 ng/m IL-4 T njmacrophageé serumfree ngdia (G bco) for 5 o 9 days.
Cell's for | niY2hi zati ons were usedtfresh gqr storefl frogen at|-80C. Mce were
i mmuni zed every 2-3 weeks. [FinalTy, an rntravenoyis rnjection of dendritic
cells in phmsyhgte buffer&d sal ive (PBS)| was pefformed pripr to
spl enect ony. The[Spleens TjOﬁ]ZU‘respond|ng m ce|were harvested and
di spersed | nB9 singl e/cell$. To generate |hybsi dofras preduci hg
anti-dendrfTic celT anti bog¢lies, splenocyijles frommce w th| plasma
cont ai ni ng| aBti-gendritic ¢ell ant/ibodieg were flused-with P3X63-Ag8. 653
nyel oma cel TS (deposited W{th the ATCC under designation Al CRL 1580
nonsecr etingBd®use nyel omajcel | s)+/and PEG Hybri gdomastmere pel ected by 25
growth in [ containi ng medi a. After nyfridomas|grew out (pbout 10-14
days) each| B&j 1 |containi ng hybrigomas wdas sigreehed for the| production of
human |1 gG [gStng an___anti-numan 1 gG ECTSAT Positiye hybridomps were screened
for and se| eciged| based on fhe fold4/owi ng |properties: {/1) prpduction of
human 1 gG Fntibo'ies, and{2) binding to jdendrit{tT celts. 0 The
hybri domas| seegeti ng human|| gG wefe testdgd figr reactivity wth various

C20 - +/- +- ++

C28 - +/- - +/-

C29 - +/- +/- ++

C30 - - - +/-

C35 - +/- - ++

E1l - +/- - +

E8 - + + ++

E10 - + + +++

E18 - + + ++

E20 - + ++ +/- +++

E21 +/- ++ +/- -

E24 - +/- - +-




types of blood cells by flow cytonetry. Dendritic cells were prepared from
nmononucl ear cells by culturing for 5-7 days in nedia suppl enent ed
wi th GVt G8b oatneb164 L- 4. Granul ocytes (PMN), nonocytes and IPgrfiisov$tss wer e
obtained from heparani zed whol e bl ood. The cells were incubated with

hybri doma supernatants from 35 | gG post+f7ve clones at 4C. Bi ndi ng was

adher ent

detected with a FITC | abel ed goat anti-human |1g& Fc) probe. The cell
associ at edr ftuorgscence wags determ ned by anal yS{sS using a | FACScal i bur
i nstrunment| 19&70B/ 040169 PLCT/ US02{/36036 |-55+Several hybridpmas that were
screened produceghumam tgBI(err) antibodi es that denonstrpated reactivity
with dendrftiggcells as assessed by flow|cytenetry (e+g., AB, A5, A23,
A24, A33, B9, Bif, B33, B4y, C8, CI0, Cz(0, CZ8, {29, C30, CB5, El, E8, EIQ
E18, E20, E2l43ER4, 10F7, P8-6, 24-3, 25-{14,.17-6, 1942 and|19-4), as shown
i n Tabl e 1——5tetow—Sonme pf—the fromam antibodies denonstrajed very high
and preferentijal reactivity with dendritijc cells|as cegpared to other bl ood
cell types—Wo03+046169PETUS62/ 36636 =56 TABLE +—Humam Monocl onal
Anti bodi es| w4 h Reactivity|to Dendritic Cells H\Eman MAb Lypphocytes
Monocyt es PWMNs—DBenrtrt+t+e—CetHts—AS =+ =+ =—+FPAS—==—F/- A23 - + -
+/ - A24 - ++]79-|_-2+|- A33 - +1- - +/- B9 +/-| +++ + $++ - #1- -|+++ Bll. B33 -
+ - - 4 - P4 H—+H—H1—C8——+ = ChO—=+=1+=—+C20 3 +/- +/- ++
C28 - +/- | fdgq €29 -4+/- H - ++ C30 - -| - +/- €35 - H/ - -|++
Key: - no binding detected
+/- weak/equivocal binding
+ low/significant binding
5 ++ high binding
+++ extremely high binding
Example 2  Characterization of Human Monoclonal Antibodies Against
10 Dendritic Cells
L Binding specificity of purified human anti-dendritic cell antibodies to dendritic
cells
15 Several hybridomas that secreted human IgG antibodies with specificity for
dendritic cells were subcloned and expanded for purification. Monoclonal antibodies
were isolated from supernatants of hybridoma cultures grown in spinner flasks in a
humidified incubator containing 5% CO2. Antibodies were purified by chromatography
on a Protein A-agarose column according to the manufacturer’s specifications (Pierce,
20  Rockford IL).
_ The purified human antibodies were then tested for reactivity with dendritic
cells and cell lines representing various other hematopoetic cell types using flow
cytometry. Briefly, dendritic cells were prepared from adherent mononuclear cells by
éulturing for 5-7 days in media supplemented with GM-CSF and IL-4, as described
25 above. The U937, CEM, THP-1 and L540 cell lines were cultured in media

supplemented with 10% fetal bovine serum. The cells were harvested, washed, and

incubated with saturating concentrations of human monoclonal antibodies B11, C20,



El - +4/- -+ E8 - + + ++ E10 - + + +++ E18 - + + ++ E20 + ++ +/- +++
E21 +1- ++ +/- +++ E24 - +/- - +/ WD 03/040169 PCT/ US02/ 36036 -57 10F7 -
+/ - + ++ WD83M040t69- + ++ 24-3 + - - ++ 25-14 - + - ++ 1PCEH/USOH3603¢+ 19-2
- - -+ 19-4 + - - + Key: - no binding detected +/ - weak/equivocal
binding + |ow significant binding 5 +3high binding +++ extrenely high
bi ndi ng Exanpl e 2 Characterization of Hunan Mnocl onal Anti bodi es Agai nst

10 Dendritig, Cells 1. B dendriti
cel I ant 1 bl e Bodengyiia cronag fRohal 6 B %‘Eﬁgé@#@?@m"%c?& ed
hunan 1 gG blmﬂmgcwhscdsteuxedi’oyipah@rflnmhayom piith addh§rlab¢led geatlagtivmansubel oned
and eXpand%}(ﬁﬁrR{%f Il%tui‘ 4°d Tlf%%eﬁ@%rea\pés'hg@qb&a Wl’t’l’?f% i sol ated from

super nat an ona cultures grown I n sp |nner fl as S i um di fi ed
i ncubat or p@nﬁoanmldﬁlgydm/a@o@ll a@ﬁ@qlﬁégﬂé@re@si@%e Vs g H?HSHMCS Uphy on

?Pf’;?ggB“ {Z’B&%h%@klﬁ@éﬂ)mt@%@ﬁ%ﬂﬂq:én Quehigofaty, act urer' s specifications

ord urifie en tested
for reactivity tSIP’PWéHIﬁ%lgPTe 1, huglap moyQ OBQIQ%B?%'%h fgﬁwggeéﬁ\gf SWSfy\r}gr i ous
ot Ihler henatedaet icell< eMbndso}@@s atighotty (tQOqundypmMaﬂy to Bendyfticycellsg endipisoi ¢
cell's were ,prepar dh I } for 5-7
days in oo bipEl e iR A yRARC RS Rfe SRE b8 s ORI S TIRLEL > 1
U937, CEM afd4he Hodghiinf Slwtnpbeina dell fias Lz eSmmlatrlys burnam m@@aq:lanal antibody
10  E21 bound preferentially to dendritic cells, but also reacted at a low level with L540
cells and THP-1 cells. These data demonstrate that human monoclonal antibodies B11,
C20 and E21 recognize different antigens, and that they preferentially bind to dendritic

cells compared to other cells of hematopoetic lineage.

15 1L Dose-dependent binding of purified human anti-dendritic cell antibodies to

dendritic cells

The dose-dependent reactivity of purified human anti-dendritic cell monoclonal
antibodies B11, C20, and E21 with dendritic cells was examined by flow cytometry.

20 Dendritic cells were prepared from adherent mononuclear cells as described
above. The cells were harvested and incubated with varying concentrations of the
monoclonal antibodies B11, C20, E21 or an isotype control at 4°C. Antibody binding
was detected with a FITC-labeled goat anti-human IgG(Fc) probe, and cell associated
fluorescence was determined using a FACScalibur instrument with CellQuest software.

25 Each monoclonal antibody demonstrated dose-dependent binding to dendritic
cells as compared to an isotype matched control IgG antibody, as shown in Figure 2.
These data demonstrate that the purified human monoclonal antibodies B11, C20 and E2
bind in a concentration-dependent manner to dendritic cells. The varying intensity of
binding between the anti-dendritic cell antibodies indicates that they recognize unique

30 molecules or epitopes on the dendritic cells.

1. Binding of human antibody B11 to CD34+ stem cell-derived dendritic cells

- Due to their availability, dendritic cells differentiated from circulating blood
35 monocytes are the most commonly used type of dendritic cell for both research and
clinical applications. However, dendritic cells derived from progenitor stem cells also

can be used and may more accurately represent dendritic cells in human tissues.



suppl emented with 10% fetal bovine serum The cells were harvested, washed,
and incubated with saturating concentrations of human nonocl onal

ant i bodi e’0B304016C20, WO 03/ 040169 PCT/ US02/ 36036 -58 E2PCorusan3dosotype
control (human 1gGl) at 4C with shaking for 1 hour. Antibody binding was
detected by further incubation with a-BP9FC-|abel ed goat anti-human |g& Fc)
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bl ood 35 nonocytes are the nost commonly used type of dendritic cell for

both reseaygh apg,fhi bt fithaPRitibb8f Bl 2AS mablRPEYRS andl@ditivicelicel | s deri ved

from progenitor—stentcerrs also

The ability of human anti-dendritic cell monoclonal antibody B11 to bind to
25 macrophages compared dendritic cells was assessed by flow cytometry.
Dendritic cells were prepared from adherent mononuclear cells as described
above. Macrophages were prepared from adherent mononuclear cells by culturing for 5-
7 days with M-CSF. The cells were harvested and incubated with 10 ug/ml of
monoclonal antibody B11 or an isotype control antibody at 4°C. Human antibody
30 binding was detected with a FITC-labeled goat anti-human IgG(Fc) probe. The cell
associated fluorescence was determined by analysis using a FACScalibur instrument
with CellQuest software.
The results are shown in Figure 4 and demonstrate that human antibody B11
binds to macrophages to a lesser extent than to dendritic cells. Thus, the B11 target
35 antigen is also expressed on macrophages, although the level of expression is lower than
that observed on dendritic cells. The reactivity of monoclonal antibody B11 with
macrophages is not surprising due to the similarity between dendritic cells and



can be used and may nore accurately represent dendritic cells in human
ti ssues. WO 03/040169 PCT/ US02/ 36036 -59 Accordingly, in the foll ow ng
study, deworspimecel | s differentiated from CD34+ progeni PeI/uset/s@3emer e
eval uated for reactivity with human nonocl onal antibody B 11 by flow
cytonmetry. Purified nonoclonal antibodyOB 11 was extensively dialyzed
against 0.3 M5 sodium carbonate buffer, pH 9.5, for labeling with
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VI.  Binding of human antibody B11 to macaque dendritic cells

25 The animal (monkey) model of cynomolgus macaques can provide relevant

information regarding the clinical application of antibodies, provided that the target

I

antigen is conserved among primates. Accordingly, the cross-reactivity of human
monoclonal antibody B11 with dendritic cells from cynomolgus monkey was evaluated
by flow cytometry.

30 Fresh cynomolgus blood was obtained from Sierra Biomedicals, and dendritic
cells were prepared from adherent mononuclear cells by culturing with GM-CSF and IL-
4. Dendritic cells were incubated with 10 pg/ml of monoclonal antibody B11-FITC or
an isotype control antibody (human IgG-FITC) at 4°C. The cell associated fluorescence
was determined by analysis using a FACScalibur instrument.

35 As shown in Figure 6, human monoclonal antibody B11 binds to dendritic cells
derived from cynomolgus macaques, suggesting that the B11 target antigen is conserved

in primates.
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The minimal binding of B11 to mononuclear cells in the spleen and progenitor cells of

the bone marrow may represent binding to immature dendritic cells. Human antibody
25 B11 did not cross-react with other cell types or tissues in the samples tested, further

demonstrating the specificity of this antibody for dendritic cells and, to a lesser extent,

macrophages.
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paracortical dendritic cells 2-3+, medullary sinus dendritic

cells/macrophages 1-2+, other elements negative.

Brain: Meningeal/peritheleal dendritic cells 3-4+, all other
elements negative.

[14

Testis: Interstitial dendritic cells 3-4+, all other elements
negative.

113

Pancreas: Interstitial dendritic cells 3-4+, all other elements
negative.

Heart: Interstitial dendritic cells 3-4+, all other elements

negative.

19

Small intestine: Interstitial dendritic cells 3-4+, Lamina propria
dendritic cells/macrophages 2-3+, Peyers patch dendritic
cells/macrophages 2-3+, other elements negative.

13

Bone Marrow: Interstitial dendritic cells 3-4+, Hematopoetic
progenitors 2+, other elements negative.

(19

Lung: Interstitial dendritic cells 3-4+, Alveolar macrophages 3-
4+, other elements negative.

IgG1-FITC (2 pg/ml)

All tested tissues: All elements negative.

1o
§f éfllhfo(?h A “&QH&&&? Enoﬁ?xgl%c?ea!r Beﬁ;' € b

h
ng

204 P Mg Sp iy o1 B

[ h

Wer e

ng

ese



" Liver: Interstitial dendritic cells 2+, Kupffer cells 2+, all other

el ements negative. Breast: Dernal/subcutaneous/interstitial dendritic cells

3-4+, alwooshercel| ements negative. Spleen: Interstitial aemdiSorsa@3cel|s

3-4+, Reticulotendothelial <cells lining cords of Billiroth 2+, occasi onal

nononucl ear cells in marginal zone 2+63rare to occasional nononucl ear

gel ljs. ![p PA:_|S/fgI I4i cl es 2+, other el errent S negative. Kidney: Interstitial
endritic.cells + ot.her ele
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medul l ary sinus dendritic cells/mcrophages 1-2+, other elenents negative.

Brai n: Meningeal /peritheleal dendritic cells 3 4+, all, oth el enent s
negative. Vidkt i Bindingtafisingle ¢hain Keeier) fragments of human %ﬂﬁé&iﬂiﬁbm s
negati ve. Rapgfi€adis. | nterstitial dendritic cells 3- 4+, all other elenments
negative. Heart—tnterstitial dendritic cells 3-4+, all other elenents

negative. Small intestine: Interstitial dendritic cells 3-4+ Lam na
propria dendr |Thecregawlﬁj/dm@ﬁwaguﬁﬂ@fragmeﬁtegfémmapammhcmmwmbo@ B11

cel |/ mor ophanes: i iy g3l BIRALR 1SRNy Mo e | nterstitial

dendr! tic % 1L))ro enl el ement s
negat i ve Lung: TherB &t §c]F‘t vas ccw@m!crtcd v lisking $hesVu (SEQUR d¥p-4 andgd pshMages 3-

4+, ot g n@%e \%ﬂ%@gﬁ&gg@f Elln-zliﬁ:n(o%ogl/oﬁﬁl)anﬂbbd}lBﬂ gokhbwash Esgurd\ |

el emen reactivity

PCT/ USQO2/ 36 1y
st udi es we?- eEQBrfi@l‘mﬁtné@F w@re%ﬁomr&s 11}3@@6%’?%‘? r%%?%%gggﬁsgﬁsg} ederi ck,
MD st udy# ddMafifle céﬂd UsinBPERG 28fibadieg| Bendhisic RelfvwéBSdionbated agtebitls of hurman

anti body Bl1 t
y Sckv f%r onenﬁour at 4% ernI vtvés%ec? ge%ore incubation with anti-EFG-FITC probe for
1 hour at 4°C. The samples were analyzed using FACS analysis.

15 The results of the FACS analysis demonstrated that the B11 ScFv fragment of
human monoclonal antibody B11 bound to human dendritic cells. Accordingly, the
ScFv can be used as a vaccine or as an immunotoxin by linking the ScFv to a selected

antigen or toxin, respectively.

20 IX. Binding of F(ab’)2 fragments of human antibody B11 to human dendritic cells

The reactivity of F(ab’)2 fragments of human monoclonal antibody B11 with
dendritic cells from human tissues was evaluated by flow cytometry. These experiments
were also designed to evaluate whether the Fc portion of human antibody B11 is
significantly involved in the binding of B11 to dendritic cells.

25 F(ab’)2 fragments were prepared by digestion of purified B11 mAb with pepsin_
under standard conditions. The F(ab’)2 fragments were purified by protein L
chromatography. Dendritic cells, prepared fresh from human monocytes by culture in
GM-CSF and IL-4, were incubated with whole antibody or F(ab’)2 antibody fragments
for 1 hour at 4°C. The cells were washed before incubation with anti-human IgG-

30 F(ab’)2-PE probe for 1 hour at 4°C. The cells were washed again prior to analysis using
a FACScalibur instrument and Cellquest software.

As shown in Figure 10, the results of the FACS analysis demonstrated that whole
human monoclonal antibody B11 and F(ab’)2 fragments of B11 bound to dendritic cells
with similar kinetics, indicating that the Fc portion of the whole monoclonal antibody

35 does not contribute significantly to binding of B11 to dendritic cells.



The reactivity of a single chain Fv fragnent of human nonocl onal anti body B
11 with dendritic cells fromhuman tissues was eval uated by fl ow
cytomet r ywoTh®4Bed1l ScFv was constructed by |inking the VPCTRSEQ/d3NO 1 and
2) and VH 10 (SEQ ID NGO 3 and 4) domai ns of human nonocl onal antibody B
11 as shown in Figure 9. EGF sequenceshdmere incor porated in order to
detect the binding of the ScFv to dendritic cells using anti-EFG
antibodies. Dendritic cells were incubated with Bl11- ScFv for one hour at
4C, then washed before incubation with anti-EFG FI TC probe for 1 hour at
4C. The sdiplmpleder eChagdcterimition iofi BHADS zehAnfigew. 15 The results of the
FACS anal ysis denonstrated that the B 11 ScFv fragnment of human nonocl onal
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desi gned to_ eval uat Fe portion of human antibody B 11 is
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Following immunoprecipitation as described above, the B11 target antigen was

subjected to N-terminal amino acid sequencing to determine homology with known
25 proteins.

Cell lysates were prepared from dendritic cells and allowed to incubate with
monoclonal antibody B11 at 4°C. Antibody-antigen complexes were captured with anti-
human IgG-agarose, and separated by SDS polyacrylamide gel electrophoresis. Proteins
from the gel were transferred to nitrocellulose and the band corresponding to the

30 monoclonal antibody B11 target antigen was eluted for N-terminal amino acid
sequencing. The N-terminal sequencing and data base search were conducted at
Midwest Analytical, Inc. (St. Louis, MO).

Sequencing of the N-terminal 15 amino acid residues of the monoclonal antibody

B11 target antigen revealed protein sequence homology with the human macrophage

35, mannose receptor, as follows:



10 nonocl onal antibody Bl1l or an isotype control 1gG antibody at 4C.

Ant i body-antigen conpl exes were captured with anti-human |1 gG agarose, and
separ at edwby38DB869 pol yacryl am de gel el ectrophoresis. A band/usors@3pondi ng
to a nol ecul ar wei ght of approxinmately 180 kil odaltons was evident in
anti body B 11 i mmunoprecipitates from4i6fo- di fferent preparations of 15
dendritic cell lysates, but not in the control sanple. Accordingly, these
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protel %0  molecule on dendritic cells recognized by human monoclonal antibody B11 is the

macrophage mannose receptor.

{

III. B11 inhibits FITC-dextran uptake by dendritic cells

The following experiment was designed to test whether antibody B11 blocks the
25 mannose receptor and thus can be used, for example, to prevent or inhibit interaction of
pathogens with the mannose receptor (e.g., cellular infection).

Dendritic cells were incubated with FITC-Dextran (500 pg/ml) and either
isotype control human IgG or B11 HuMAb (25 pg/ml) for 30 minutes at the
temperatures indicated in Figure 11. Dextran molecules are known to be specifically

30 internalized by dendritic cells through the mannose receptor (F. Sallusto et. al. J. Exp.
Med. 1995, 185:389-400). Labelled (FITC)-dextran uptake was determined by FACS
analysis (i.e., fluorescence intensity of the dendritic cells samples using a FACScalibur
instrument). The percent of FITC-dextran uptake was set at 100% at 37°C and 0% at
4°C.



of approximately 150-180 kD. This protein was blotten onto a PVDF nenbrane
and sent to Mdwest Analytical, Inc. for mcrosequencing. The N-term nal
m cr osequeoaBgisesul ts of the nonocl onal anti body B 11 t ®CyatSo2/id3@nt i gen
reveal ed the follow ng protein sequence: LLDIR QFLIY LEDTK RCVDA (SEQ ID
NG 7). This sequence agai n matched that66of the human nmacr ophage mannose
receptor (GenBank Accession # NP_002429) with 100%identity over 20 am no
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antibody internalization was calculated by the following formula:

=

% Internalization= (mean fluorescence intensity of sample - mean fluorescence
intensity of acid washed 4°C control )/ (mean fluorescence intensity of PBS
25 washed 4°C control - mean fluorescence intensity of acid washed 4°C control)

The results, shown in Figure 7, demonstrate that human monoclonal antibody
B11 is efficiently internalized after binding to dendritic cells. This unexpected property
of human anti-dendritic cell monoclonal antibody B11 indicates that the antibody can be

30 used to deliver agents, such as antigens and toxins, intracellularly to dendritic cells.

35



with cold PBS to stop the reaction, father washed with 0.1% PBA, pH 2.5 to
strip surface bound anti body fromthe cells. The renmaining fluorescence is
ant i body BOD304Hd C t hat has been internalized. Control ceCraSeEs®36
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antigens of toxins i antigen presenting cells. Consistent with the FACS
dat a, .

III. Enhanced antigen presentation by dendritic cells following targeted antigen

delivery with human monoclonal antibody B11

25
In order to determine whether human monoclonal antibody B11 can be used to
enhance the processing and presentation of antigens by dendritic cells, the antibody was
conjugated to the tetanus toxoid (TT) antigen using the chemical cross-linking reagent
SMCC.
30 Dendritic cells were prepared from adherent mononuclear cells as described

above, with the exception that cells were cultured in Teflon containers. Dendritic cells
were harvested and replated in 96 well microtiter plates at 5000 cells per well in
macrophage serum-free medium with 10% fetal calf serum. Monoclonal antibody B11
conjugated to tetanus toxoid or tetanus toxoid alone was added at various concentrations

35  to the dendritic cells. Autologous tetanus toxoid-specifc T cells generated by incubation
of mononuclear cells with tetanus tokoid followed by IL-2 were added to each well



the internalization was evident within 15 mnutes, and nearly conplete
within one hour. [I11. Enhanced antigen presentation by dendritic cells
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(Fi gure 12pddiionn$ exaseamos of mov Wg%tiidr@t significantly giesithe enhancedpmtigen

antigen t Opl%sélr&at BB 12T BRjubhfedetoWindBhfinteraction of B11-TT with FeyRII is
not required for this activity.
Overall, the results of these studies, shown in Figures 8 and 12, indicate that 10

25 to 100-fold lower amounts of antibody B11-conjugated tetanus toxoid are required to
achieve the level of T cell stimulation compared with tetanus toxoid alone. In addition,
the absolute degree of T cell stimulation as shown in Figure 8 was 2-fold greater when
tetanus toxoid was targeted to dendritic cells with antibody B11. Thus, data demonstrate
that an antigen can be conjugated to human monoclonal antibody B11 and that the

30 antibody targeted antigen is processed and presented more efficiently than non-targeted

antigen, leading to enhanced antigen-specific T cell responses.
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20 efficient antigen presentation as neasured by antigen-specific T cell
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epi der mal uﬂglIEE'Qalelﬂn%dﬂr_i‘:bﬂt!g}i Cglp ﬁcflé(l)c& I@I ﬁOﬁ. uﬁﬂﬂ%ﬁlﬁl é';il %.\é{cf%nﬁal HReARRRc! onal

Ab E21 bo :
desi gned tellkest the reactivity of human anti body E21 to dermal and

epi dermal dendritic cells by inmmnohistochenistry analysis of frozen : skin
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epi der mal  skin with E21.
Frozen sections of human skin were stained with FITC-E21 or FITC-hulgG
20  control, and detected using rabbit anti-FITC probe.
The results of the immunohistochemistry analysis demonstrate that human

"antibody E21 reacts with both dermal dendritic cells/macrophages and epidermal

dendritic cells (Langerhan cells) in human skin sections.

25 1. Binding of human antibody E21 to macaque dendritic cells

The animal (monkey) model of cynomolgus macaques can provide relevant
information regarding the clinical application of antibodies, provided that the target
antigen is conserved among primates. Accordingly, the cross-reactivity of human
monoclonal antibody E21 with dendritic cells from cynomolgus monkey was evaluated

30 by flow cytometry.

Cynomolgus monocytes were differentiated into dendritic cells with GM-CSF
and IL-4 treatment, and tested for E21 binding by flow cytometry. The dendritic cells
were incubated with E21 for 1 hour at 4°C, then washed before incubation with anti-



dendritic cells (Langerhan cells) in human skin sections. 25 I11l. Binding
of human anti body E21 to nacaque dendritic cells The ani mal (nonkey) nodel
of cynonowg@us/omaeaques can provide relevant information Pegarsd/sg3¢ he
clinical application of antibodies, provided that the target antigen is
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cytonetry
Y 20 " confirmed that the transformed CHO cells specifically expressed the B11-Pmel-17

molecular conjugate as evidenced by the appropriate size and composition of the fusion

product.

II. Binding Analysis of B11-Pmel-17 Molecular Conjugate
25 The ability of B11-Pmel-17 molecular conjugate to bind to dendritic cells was

assessed by flow cytometry.
Dendritic cells were prepared from adherent mononuclear cells as described

above. Macrophages were prepared from adherent mononuclear cells by culturing for 5-
7 days with M-CSF. The cells were harvested and incubated with 10 pg/ml of

30 monoclonal antibody B11 or an isotype control antibody at 4°C. Human antibody
binding was detected with a FITC-labeled goat anti-human IgG(Fc) probe. The cell
associated fluorescence was determined by analysis using a FACScalibur instrument
with CellQuest software.

Dendritic cells were incubated at 4°C with 20ug/mL of the B11-Pmel17

35 molecular conjugate or a negative control. Binding to the mannose receptor by the B11

portion of the conjugate was detected with goat anti-human IgG (Fc specific) conjugated



Dendritic cells were prepared from adherent nononucl ear cells as described
above. Macrophages were prepared from adherent nononucl ear cells by
cul turi ngwbas/o®16¥ days with M CSF. The cells were harvested/usnz3doncubat ed
with 10 g/m of 30 nonocl onal antibody Bll or an isotype control antibody
at 4C. Human antibody binding was det-édt-ed with a FI TC-| abel ed goat
anti-human | gG Fc) probe. The cell associated fluorescence was determ ned
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anti-Prmel-17 sera, followed by goat anti-rabbit 19gG conjugated to
phycoerythrin. The results, shown in Figures 15-16, respectively,
dermnstraté cZat t he Bl1l- Prrel -17 nol ecul ar conjugate 5 binds to dendritic
celIs and &P?e®¥Plely targets the Pmel-17 antigen to such cells.
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speci fiygal | y T e g;%h&ﬁér hi¥Gan HORBE 0N GREBYEFIS Gl RRGRIAK i dendritic
cells. I'n additi human nonocl onal ntlbod f|C|entIy
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internali ZWWB@HHW&WBE‘IE’@P? EeCeRI O ﬁf:‘&ggllsarkliaggﬁ Rymang ng and
bresent at | gionglonle asibddy DEisbSﬁmhhﬂ]W&ﬂteﬁﬂh@ﬁi byjnddandajrmiclcbb&jy.n@@tﬂlabc%ds to a
di fferent aq en t han Bcf]ér Jt gt?cné%liltl c cells. The E21 anti body
al so cross®He& PEOWS(IW% S %108 d(ilrerl ved from cynom)l us macaques
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y

anti bo se results support the_conclusiogn t ful

nonocl| onal frartaypeenolas nygagyesi(me Yésséﬁgeﬁtlﬁgéhﬂtﬁ??ﬁ% Hibiegy s me%%nt s,
conj ugat espaiered hsd efekdfbre ;ﬂehasyé Revaht@iaal modsa fotfarthaattvelopméntrofithe

di agnosi s anch treatnment of dendritic cell related disorders. Equivalents
25 Those sBIH9°8¥% in the art will recogni ze, or be able to ascertain_ using
no nore than r?BhéSenESlmsp&ppomuhbabmabms;orrmaythe(ﬁuﬂwhmm wopdcletabariodiasi ¢

enbodi RNt 3¢ {?IE p%%@m! 1ﬂ¥&ﬂfo'n?ﬂ1clud1ng fragments, conjugates and bispecific molecules
thereof, can be used are for the diagnosis and treatment of dendritic cell related

disorders.

Equivalents

25 Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents of the specific embodiments of the invention

described herein. Such equivalents are intended to be encompassed by the following

claims.



descri bed herein. Such equivalents are intended to be enconpassed by the
followng clainms. WO 03/040169 PCT/US02/ 36036 -72- We claim 1. A

nol ecul arwoanjoeget e conpri sing a human nonocl onal anti bodpCrhesn2/biosels t o
dendritic cells linked to a nel anoma associ ated antigen. 5 2. The nol ecul ar
conjugate of claim 1, wherein the nel aidra associated antigen is selected
fromthe group consisting of G100 and Pnel-17. 3. A nol ecul ar conjugate
conprisin%gg human nonocl onal antibody that binds to 10 dendritic cells

|l i nked to ﬂ?@%tate associ ated antigen. 4. The nol ecul ar conjugate of
claim3, wherein the prostate associated antigen is selected fromthe
group consi sti ] anGeddvuba bendsfto any of
t he preceding 2€%§%§Eﬁaﬁ§?g?ﬁ§?$EP%§ﬁ|%%§§%1§B§g%?§%s aﬁﬂgntibody f ragnent
or a single chdemdritivtdellsdipkedsto a‘Fﬁ@W%éﬁP%{?’teg@H}l%te of any of the
precedigng clains, wherein the dendritic cells are human dendritic cells.

20 7. The nvol ecul ar .conjugat e of f the.preceding clair tn the
anti body 2econprihg @léc%rqo%gétepégﬁ%ﬂqsgﬁ‘g&rg eﬁ‘eg 9 easa(?c(rl)r%%d %ﬁg]%ﬁgi ng of
a heavy chain g¥aste@Blogn the gireup wasiptingsofGpi0endfma-1dci d sequence shown in
SEQID NG 2, a light chain variable region conprising the am no acid
sequence shown in SEQ 25 ID NO 4, and conservative sequence nuodifications
thereof. 8. The\ nolealdr aonjogat comapusieg a hngpae mopreloppleaBBeddhe ARG wher ei n

the a”{d body ;&‘éﬁﬁeﬁﬁé@e‘ilﬁ‘i‘m}é@d{ BsthR QR84 Aficed from the group

consi st1 ng of avy chain variable region encoded by the nucleotide
sequence shown in SEQ ID NO 1, a 30 light chain variable region encoded by

the nucleqtide ﬁfé%@&ﬁaﬁ&@%\&aﬁbﬁﬁ@nl@whh@iﬁtheqﬁclstﬂeamciuaﬂian’égeneiquence
nodi fi cati ons there 9, e

f. nol ecul ar .y f any of the preceding
cl ai s, encodec?e}8§ltealfl@m ﬂﬁ@r%‘&?oﬁélsﬁ%ﬁ%ﬁgg ag‘%%\%/\'ngd ‘?‘n SEQ ID NO 8. 35 10.
The nol ecul ar conjugate of any of the preceding clains, conprising the

ani no , acid seayence SN baPahPol e bre @R AARIARBRThAH0AP036 - 73

comprises an antibody fragment or a single chain antibody.

6. The molecular conjugate of any of the preceding claims, wherein the dendritic

cells are human dendritic cells.

20
7. The molecular conjugate of any of the preceding claims, wherein the antibody
comprises a variable region selected from the group consisting of a heavy chain
variable region comprising the amino acid sequence shown in SEQ ID NO:2,a
light chain variable region comprising the amino acid sequence shown in SEQ
25 ID NO:4, and conservative sequence modifications thereof.

8. The molecular conjugate of any of the preceding claims, wherein the antibody
comprises a variable region selected from the group consisting of a heavy chain
variable region encoded by the nucleotide sequence shown in SEQ ID NO:1, a
30 light chain variable region encoded by the nucleotide sequence shown in SEQ ID

NO:3, and conservative sequence modifications thereof.

9. The molecular conjugate of any of the preceding claims, encoded by the
nucleotide sequence shown in SEQ ID NO:8.
35
10.  The molecular conjugate of any of the preceding claims, comprising the amino
acid sequence shown in SEQ ID NO:9.



11. A conposition conprising a nolecular conjugate of any of the preceding
clains and a pharnmaceutically acceptable carrier. 5 12. The conposition of
cl aim 11, wbwslase conpri sing an adjuvant. 13. A nethod of Prariger/saege an
antigen to a dendritic cell conprising contacting the cell with a

nmol ecul ar conjugate according to any of 7Bhe preceding clains. 10 14. A

nmet hod of i1 nducing or enhancing an i nmune response agai nst an antigen in a
subj ect conprising adm nistering to the subject a nol ecul ar conjugate

accordi ng Ho any of the preceding clains. 15. The nethod of claim 14,
wherei n t héli m%%omB%@%ﬁ% asipglegylas eqry ugateel anyof de prieeding ¢lgias as a
conponent of an alvitigpha@iiacMrieally acpiab@adLrierl6. A nethod of inmmunizing a
subj ect conprising adm nistering to the subject a nolecular conjugate
according to any of the preceding clains. 20 17. The method of claim 16,
wher ei n 5t hé2nol ddelcampositipugtleini $1,dditheti cohptrisihgian adjuvagnount sufficient to
i nduce cytokine release by dendritic cells.

13. A method of targeting an antigen to a dendritic cell comprising contacting the

cell with a molecular conjugate according to any of the preceding claims.

10 14. A method of inducing or enhancing an immune response against an antigen in a
subject comprising administering to the subject a molecular conjugate according

to any of the preceding claims.

15. The method of claim 14, wherein the immune response comprises presentation

15 of the antigen as a component of an MHC-I or MHC-II conjugate.

16. A method of immunizing a subject comprising administering to the subject a
molecular conjugate according to any of the preceding claims.

20 17.  The method of claim 16, wherein the molecular conjugate is administered in an

amount sufficient to induce cytokine release by dendritic cells.



