(19)

DANMARK (19 DK/EP 2185586 T3

(12) Oversaettelse af
europaeisk patentskrift

Patent-og
Varamaerkestyrelsen

Int.Cl.: A 61 K 39/00 (2006.01) C 07 K 16/28 (2006.01)
Overseettelsen bekendtgjort den: 2016-01-18

Dato for Den Europaeiske Patentmyndigheds
bekendigorelse om meddelelse af patentet: 2015-10-14

Europaeisk ansagning nr.: 08776024.5

Europaeisk indleveringsdag: 2008-07-21

Den europaeiske ansggnings publiceringsdag: 2010-05-19

International ansggning nr.: GB2008002504

Internationalt publikationsnr.: WO2009013484

Prioritet: 2007-07-20 US 929999 P 2008-03-19 GB 0805159

Designerede stater: AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV MC
MT NL NO PL PT RO SE SI SK TR

Patenthaver: Cancer Research Technology Limited, Angel Building , 407 St John Street, London, EC1V 4AD,
Storbritannien

Opfinder: Sancho-Madrid, David, 44 Lincolns Inn Fields, London, Storbritannien
Schulz, Oliver, 44 Lincolns Inn Fields, London, Storbritannien

Rogers, Neil Charles, 44 Lincolns Inn Fields, London, Storbritannien

Reis E Sousa, Caetano, 44 Lincolns Inn Fields, London, Storbritannien
Pennington, Daniel, 4 Newark Street, London E1 2AT, Storbritannien

Joffre, Olivier Pierre, 44 Lincolns Inn Fields, London, Storbritannien

Fuldmeaegtig i Danmark: Zacco Denmark A/S, Arne Jacobsens Allé 15, 2300 Kebenhavn S, Danmark

Benaevnelse: IMMUNMODULATION VIA C-TYPE-LECTIN

Fremdragne publikationer:

WO-A-01/55163

WO-A-03/054152

CAMINSCHI IRINA ET AL: "The dendritic cell subtype-restricted C-type lectin Clec9A is a target for vaccine
enhancement.” BLOOD 15 OCT 2008, vol. 112, no. 8, 15 October 2008 (2008-10-15), pages 3264-3273,
XP002503156 ISSN: 1528-0020

HUYSAMEN CRISTAL ET AL: "CLEC9A is a novel activation C-type lectin-like receptor expressed on BDCA3(+)
dendritic cells and a subset of monocytes” JOURNAL OF BIOLOGICAL CHEMISTRY, vol. 283, no. 24, June 2008
(2008-06), pages 16693-16701, XP002503157 ISSN: 0021-9258

CLARK H F ET AL: "THE SECRETED PROTEIN DISCOVERY INITIATIVE (SPDI), A LARGE-SCALE EFFORT TO
IDENTIFY NOVEL HUMAN SECRETED AND TRANSMEMBRANE PROTEINS: A BIOINFORMATICS
ASSESSMENT" GENOME RESEARCH, COLD SPRING HARBOR LABORATORY PRESS, WOODBURY, NY, US,
vol. 13, 1 January 2003 (2003-01-01), pages 2265-2270, XP001189293 ISSN: 1088-9051 & DATABASE UniProt
[Online] 5 July 2004 (2004-07-05), "RecName: Full=C-type lectin domain family 9 member A;" retrieved from EBI

Fortsattes ...



DK/EP 2185586 T3

accession no. UNIPROT:Q6UXN8 Database accession no. Q6BUXN8

WEIS W I ET AL: "THE C-TYPE LECTIN SUPERFAMILY IN THE IMMUNE SYSTEM" IMMUNOLOGICAL REVIEWS,
MUNKSGAARD, vol. 163, 1 January 1998 (1998-01-01), pages 19-34, XP001024357 ISSN: 0105-2896

SOBANOV Y ET AL: "A NOVEL CLUSTER OF LECTIN-LIKE RECEPTOR GENES EXPRESSED IN MONOCYTIC,
DENDRITIC AND ENDOTHELIAL CELLS MAPS CLOSE TO THE NK RECEPTOR GENES IN THE HUMAN NK
GENE COMPLEX" EUROPEAN JOURNAL OF IMMUNOLOGY, WILEY -V C H VERLAG GMBH & CO. KGAA, DE,
vol. 31, no. 12, 1 December 2001 (2001-12-01), pages 3493-3503, XP001132015 ISSN: 0014-2980

CARTER ROBERT W ET AL: "Preferential induction of CD4+ T cell responses through in vivo targeting of
antigen to dendritic cell-associated C-type lectin-1." JOURNAL OF IMMUNOLOGY (BALTIMORE, MD. : 1950) 15
AUG 2006, vol. 177, no. 4, 15 August 2006 (2006-08-15), pages 2276-2284, XP002503158 ISSN: 0022-1767



DK/EP 2185586 T3
DESCRIPTION

Field of the Invention

[0001] The invention relates to the regulation of the immune system, and in particular to the use of molecules having affinity for
the CLEC9a molecule to prime and inhibit immune responses to target antigens.

Background to the Invention

[0002] The immune system is able to detect the presence of infectious agents, and trigger a response against them, without
destroying self tissues. This phenomenon is not trivial, given the enormous molecular diversity of pathogens, and their high
replication and mutation rates. Multi-cellular organisms have been challenged over the course of evolution to develop several
distinct immune-recognition systems, namely the 'innate' and 'adaptive’ immune systems.

[0003] The evolutionarily ancient innate immune system detects the presence and nature of infection, provides the first line of
host defence, and controls the initiation and determination of the effector class of the adaptive immune system.

[0004] Dendritic cells (DC) play an essential role in linking innate immunity and antigen-specific adaptive responses. To initiate
an immune response, DC are primed (inter alia) by pathogen-associated molecular patterns (PAMP) expressed by pathogens.
Then DC orchestrate development of the adaptive immune response, much more specialized and driven by antigen-specific T-
and B-cells.

[0005] The antigen recognition and uptake functions of DC against pathogens are mediated by pattern recognition receptors
(PRR) that discriminate among the PAMPs. These PRR expressed by DC include the Toll-like receptors (TLR) 1 n addition, DC
express another class of receptors, the C-type lectins, some of which may function as PRRs 2'4, and/or mediate intercellular

communication ©8. Within the C-type lectins, there is a group of type Il proteins with a single extracellular C-type lectin domain
(CTLD) that are structurally and evolutionary closely related, and clustered in the NK gene complex (NKC). Although these
receptors lack a calcium binding site and a typical carbohydrate recognition domain, they may still be able to bind carbohydrates,

as shown for Dectin-1 9. Some of these receptors (CD94/NKG2, NKG2D) interact with MHC-| or related molecules and either
inhibit or activate NK and T cell cytotoxicity as a result of the balance between inhibitory and activating signals. However, for most
of NK lectin receptors their binding specificity and relevance in NK or DC function is not known. Thus, C type lectins expressed on
DC may act to recognise microbes, but may also regulate the communication of DC with other cells by recognizing specific cellular
counterstructures.

[0006] The ontogeny and/ or microenvironment in which DC are positioned may result in the expression of distinct combinations
of surface receptors by DC. For example, phenotypic criteria alone allow the classification of mouse lymph node DCs into six main

subpopulationsm. Of these, conventional non-plasmacytoid DC in lymphoid tissues are traditionally sub-divided into CD8a- and
CD8a™ subpopulations. It has been argued that different DC subsets may be involved in specific recognition of certain pathogens

and/or regulate different immune responses, e.g. Th1 or Th2 (immunity) or regulatory T cells (tolerance)”. However, the
phenotype and functional behavior of DCs is also significantly conditioned by external activating stimuli, denoting significant
plasticity. As a first approach to understanding the differences between DC subsets, DC subpopulations were isolated and their

properties in vitro were assessed: in mouse, CD8a™ and CD8a" subsets of spleen DC differ in their ability to make IL-12 in
vitro12.13. However, the differential IL-12 production in vitro was also determined by the pattern recognition, demonstrating
functional flexibility of different DC subsets'. As a second approach, DC subsets were isolated, antigen-pulsed, and then re-

infused in vivo. CD8a* and CD8a" subsets differentially primed Th1 and Th2 responses in vivo15.18 immune therapy is feasible if
we can determine molecules that are selectively expressed in a particular DC subset. These molecules can then be targeted to
alter the function of this subset of DCs.

Summary of the Invention

[0007] The inventors have found that CLEC9a is preferentially expressed on the subset of dendritic cells that express CD8 in
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mice, and so are designated CD8* dendritic cells. This is an important cell type because it is believed to be capable of processing
antigens derived from outside the cell and presenting them to T cells via MHC class | molecules. This is in contrast to most
antigen presenting cells, which present extracellularly-derived antigens via MHC class Il molecules. Consequently, this mechanism
of antigen presentation is sometimes referred to as "cross-presentation”. These cells therefore play an important role in the
generation and stimulation of cytotoxic T cell (CTL) responses, which are an essential part of the immune response against
intracellular pathogens (e.g. viruses) and cancers.

[0008] This finding opens up a number of applications. For example, it enables antigens to be specifically targeted to dendritic
cells capable of cross-presentation.

[0009] In a first aspect, the invention provides a composition comprising a peptide antigen, wherein the antigen is covalently
coupled to an antibody or functional fragment thereof having affinity for CLEC9a, and wherein said composition optionally further
comprises a pharmaceutically acceptable carrier.

[0010] The invention further provides such a composition for use in a method of medical treatment, e.g. for use in stimulating an
immune response against the antigen or for use in inducing tolerance towards the antigen.

[0011] The invention further provides the use of such a composition in the preparation of a medicament for stimulating an
immune response against the antigen or for use in inducing tolerance towards the antigen.

[0012] The invention further provides a method for targeting an antigen to an antigen presenting cell, comprising contacting the
antigen presenting cell in vitro with such a composition, wherein the antigen presenting cell expresses CLEC9a.

[0013] Throughout this specification, the term "binding agent" is used as an alternative term for an antibody or functional
fragment thereof having affinity for Clec9a.

[0014] The antigen presenting cell will typically be a dendritic cell, and preferably is capable of cross-presenting extracellular
antigen via MHC class | molecules. By "extracellular” is meant that the antigen has been taken up by the cell from its extracellular
environment, typically by endocytosis or phagocytosis.

[0015] Therapeutic methods which employ compositions of the invention may comprise a single administration, or a sequence of
two or more administrations separated by suitably-determined intervals of time. For example, the method may comprise a priming
step (i.e. a first administration) followed by one or more boosting steps (a subsequent administration or administrations). For
example, a first administration and second administration may be separated by one or more days, one or more weeks, or one or
more months, preferably between two weeks and one month. Subsequent administrations may be provided after one or more
weeks or months.

[0016] Immune responses stimulated via CLEC9a targeting involve proliferation of T cells, which may be CTL or helper T cells.
Antigen presenting cells (and in particular dendritic cells) expressing CLEC9a can induce proliferation of both CD8+ T cells and
CD4+ T cells, and may stimulate proliferation of both types of T cell in any given immune response.

[0017] Under certain conditions, it is believed that they are capable of stimulating regulatory T cell (Treg) proliferation. Treg cells
are characterised by the expression of the Foxp3 (Forkhead box p3) transcription factor. Most Treg cells are CD4+ and CD25+,
and can be regarded as a subset of helper T cells, although a small population may be CD8+. Thus the immune response may
comprise proliferation of Treg cells in response to the antigen. The composition may be administered with an adjuvant which
promotes proliferation of Treg cells.

[0018] Insofar as compositions of the invention stimulate proliferation and differentiation of Treg cells in response to a specific
antigen, they can be considered to act by stimulating an immune response. However, given that Treg cells may be capable of
modulating the response of other cells of the immune system against an antigen in other ways, e.g. inhibiting or suppressing their
activity, the effect on the immune system as a whole may be to modulate (e.g. suppress or inhibit) the response against that
antigen. Thus the methods involving compositions of the invention can equally be referred to as methods of modulating (e.g.
inhibiting or suppressing) an immune response against an antigen.

[0019] In practice, then, the compositions of the invention may be used therapeutically or prophylactically to inhibit or suppress
an undesirable immune response against a particular antigen, even in a subject with pre-existing immunity or an on-going immune
response to that antigen. This may be particularly useful (for example) in the treatment of autoimmune disease.
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[0020] Under certain conditions, it may also be possible to tolerise a subject against a particular antigen by targeting the antigen
to an antigen presenting cell expressing CLEC9a. The compositions may thus be employed in methods for inducing tolerance in a
subject towards an antigen, wherein the composition is administered in the absence of an adjuvant.

[0021] Tolerance in this context typically involves depletion of immune cells which would otherwise be capable of responding to
that antigen, or inducing a lasting reduction in responsiveness to an antigen in such immune cells.

[0022] Typically the subject is vertebrate, preferably a mammal. The subject may be a human, other primate, or a domestic,
laboratory or livestock animal, such as a mouse, rat, guinea pig, lagomorph (e.g. rabbit), cat, dog, pig, cow, horse, sheep or goat.

[0023] In any aspect of the invention, the composition may be a pharmaceutical composition, e.g. a vaccine, containing the
antigen and its associated antibody in combination with a pharmaceutically acceptable carrier. It may be formulated for any
suitable route of administration, including but not limited to intravenous, intramuscular, intraperitoneal, nasal, subcutaneous,
intradermal, etc..

[0024] CD8a* dendritic cells may be implicated in at least Th1, Th2, and Th17-type immune responses. Thus the methods of the
invention may be applied to stimulation of various types of immune response against any antigen. However these cells are
believed to be particularly important in the generation of CTL responses, so the immune response to be stimulated is preferably a
CTL response. It may be desirable to determine production and/or proliferation of CTLs, which are typically T cells expressing
CD8 and are capable of cytotoxic activity against cells displaying their cognate antigen in the context of MHC class | molecules.

[0025] Nevertheless, targeting of antigen to CLEC9a+ dendritic cells can result in proliferation of helper T cells as well as, or
instead of, CTLs. Thus it may be desirable additionally or alternatively to determine production and/or proliferation of helper T
cells. The helper T cells may be CD4+ T cells, and may be of Th1, Th2, Th17 or Treg type. They may also include other types of
Treg cells which do not express CD4, e.g. CD8+ Treg cells.

[0026] It will therefore be understood that the methods and compositions described herein may be used for the prophylaxs
and/or treatment of any condition in which it is desirable to induce a CTL response, such as cancer, or infection by an intracellular
parasite or pathogen, such as a viral infection.

[0027] It may be desirable also to administer further immunostimulatory agents in order to achieve maximal CTL stimulation and
proliferation, and/or stimulation and proliferation of other T cell types. These may include agents capable of activating dendritic
cells and stimulating their ability to promote T cell activation. Such an agent may be referred to as an adjuvant. The adjuvant may
comprise an agonist for CD40 (such as soluble CD40 ligand, or an agonist antibody specific for CD40), an agonist of CD28,
CD27 or OX40 (e.g. an agonist antibody specific for one of those molecules), a CTLA-4 antagonist (e.g. a blocking antibody
specific for CTIA-4), and/or a Toll-like receptor (TLR) agonist, and/or any other agent capable of inducing dendritic cell activation.
A TLR agonist is a substance which activates a Toll-like receptor. Preferably, the TLR agonist is an activator of TLR3, TLR4,

TLR5, TLR7 or TLR9. A suitable TLR agonist is MPL (monophosphoryl lipid A), which binds TLR4. Other TLR agonists which may
be used are LTA (lipoteichoic acid, which binds TLR2; Poly I:C (polyinosine-polycytidylic acid), which binds TLR3; flagellin, which
binds TLR5; imiquimod or polyU RNA (1-(2-methylpropyl)-1H-imidazo(4,5-c)quinolin-4-amine), which binds TLR7 and CpG (DNA
CpG motifs), which binds TLR9; or any other component which binds to and activates a TLR. For more details, see Reis e Sousa,
Toll-like receptors and dendritic cells. Seminars in Immunology 16:27, 2004 . Adjuvants which may not work via TLRs include 5'
triphosphate RNA, poly I:C, and B-glucans such as curdlan (8-1,3-glucan). Pro-inflammatory cytokines such as TNF-a or IL-1 may
also be used as adjuvants.

[0028] Binding agents which have CLEC9a agonist activity (e.g. are capable of cross-linking CLEC9a on the surface of dendritic
cells, discussed in more detail below) may also be capable of activating dendritic cells. Such agonist binding agents may therefore
be considered adjuvants in their own right. Thus, when such a binding agent is used, it may not be necessary to administer a
further adjuvant such as those described above (although it may still be desirable to do so). Binding agents capable of acting as
CLEC9a agonists are discussed in more detail below.

[0029] Without wishing to be bound by theory, it is believed that the nature of the adjuvant used may affect the type of response
obtained. Antigen presenting cells expressing CLEC9a can stimulate both CD4+ T cells and CD8+ T cells, and the nature of the
CD4+ response in particular may be affected by the adjuvant used. For example, use of poly I:C appears to favour generation of
a Th1-type CD4+ response. Curdlan appears to stimulate a Th17-type CD4+ response
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[0030] Certain adjuvants promote stimulation of Treg cells. These include retinoic acid, and in particular all-trans retinoic acid
(ATRA), also known as trenitoin. Thus, when the immune response to be stimulated is a Treg response (which may in practice
suppress responses of other components of the immune system against a particular antigen) it may be appropriate to use a Treg-
promoting adjuvant. It may also be possible to stimulate Treg cell stimulation without administration of an adjuvant.

[0031] The compositions of the invention may be administered with or formulated for administration with the adjuvant, either
sequentially or simultaneously, in the same or separate compositions. Thus the compositions of the invention may, but need not,
comprise an adjuvant.

[0032] Without wishing to be bound by theory, and as explained above, it is believed that administration of the antigen in the
absence of an adjuvant may result in the development of tolerance to the antigen. That is to say, the immune system is induced
not to respond to future administrations of the same antigen. This may (but need not) involve the generation of Treg cells which
are capable of active suppression of the response. Thus further administrations of an antigen to a subject who has been tolerised
to that antigen should result in a lesser immune response than in a subject who is naive for that antigen (i.e. whose immune
system has not previously been exposed to the antigen). The magnitude of the immune response may be assessed by any
appropriate criteria, such as appearance of inflammation, swelling, cell proliferation (e.g. of Th1, Th2 or Th17 CD4+ T cells, or
CTLs) or inflammatory cytokine production (e.g. IL-1, IL-4, IL-12, IFN-gamma, TNF-alpha). In certain embodiments, the tolerised
individual will display substantially no immune response to that antigen.

[0033] In the above-described compositions and methods, the antigen is covalently coupled to the binding agent. For example,
the binding agent may be coupled to the antigen via a suitable coupling reagent. The skilled person is well aware of suitable
methods and reagents which may be used for such coupling reactions.

[0034] Alternatively, the antigen and binding agent may be part of the same peptide chain, i.e. they may be expressed as a
fusion protein. The fusion protein may contain a linker sequence between the antigen and binding agent.

[0035] The binding agent is an antibody against CLEC9a or a functional fragment thereof. Thus the binding agent comprises an
antibody binding site specific for CLEC9a. The binding agent may be polyvalent as described in more detail below.

[0036] The antigen is a peptide antigen. The term "peptide" refers to the nature of the antigen, i.e. that it is formed from amino
acids linked by peptide bonds, and should not be taken to imply any particular size or length. Typically the peptide antigen will be
at least 8 amino acids in length, and may be up to 30 amino acids in length, up to 50 amino acids in length, up to 100 amino
acids, up to 200 amino acids, or even longer and may have residues coupled to the amino acids, such as glycon chains. For
example, it may be 25 to 35 amino acids in length.

[0037] Without wishing to be bound by any particular theory, the peptide antigen should be capable of binding to a MHC class |I
or MHC Class | molecule, or should be capable of being processed within an antigen-presenting cell (such as a dendritic cell) to
give rise to one or more peptides capable of binding to a MHC class Il molecule or MHC Class I. It has recently been suggested
that short epitope peptides of around 8 amino acids in length may induce less sustained CTL reactivity than longer peptides (e.g.
around 30 amino acids in length) (21). MHC class | molecules typically bind peptides of 8 or 9 amino acids in length, while MHC
class Il molecules can bind peptides from 8 amino acids up to 20 amino acids, up 30 amino acids, or even longer.

[0038] The antigen may be any protein or fragment thereof against which it is desirable to raise an immune response, in
particular a CTL response, but also a Th17 response or a Treg response. These may include antigens associated with,
expressed by, displayed on, or secreted by cells against which it is desirable to stimulate a CTL response, including cancer cells
and cells containing intracellular pathogens or parasites. For example, the antigen may be, or may comprise, an epitope peptide
from a protein expressed by an intracellular pathogen or parasite (such as a viral protein) or from a protein expressed by a
cancer or tumour cell. Thus the antigen may be a tumour-specific antigen. The term "tumour-specific" antigen should not be
interpreted as being restricted to antigens from solid tumours, but to encompass antigens expressed specifically by any
cancerous, transformed or malignant cell.

[0039] It may be particularly desirable to raise a Treg response against an antigen to which the subject exhibits, or is at risk of
developing, an undesirable immune response. For example, it may be a self antigen against which an immune response occurs in
an autoimmune disease. Examples of autoimmune diseases in which specific antigens have been identified as potentially
pathogenically significant include multiple sclerosis (myelin basic protein), insulin-dependent diabetes mellitus (glutamic acid
decarboxylase), insulin-resistant diabetes mellitus (insulin receptor), coeliac disease (gliadin), bullous pemphigoid (collagen type
XVIl), auto-immune haemolytic anaemia (Rh protein), auto-immune thrombocytopenia (Gpllb/llla), myaesthenia gravis
(acetylcholine receptor), Graves' disease (thyroid-stimulating hormone receptor), glomerulonephritis, such as Goodpasture's
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disease (alpha3(IV)NC1 collagen), and pernicious anaemia (intrinsic factor). Alternatively the target antigen may be an
exogenous antigen which stimulates a response which also causes damage to host tissues. For example, acute rheumatic fever is
caused by an antibody response to a Streptococcal antigen which cross-reacts with a cardiac muscle cell antigen. Thus these
antigens, or particular fragments or epitopes thereof may be suitable antigens for use in the present invention.

[0040] Depletion of Treg cells or impairment of Treg cell function has been shown to result in autoimmune disease in murine
models. Disease caused in test animals include arthritis (e.g. rheumatoid arthritis), inflammatory bowel disease, gastritis,
pernicious anaemia, thyroiditis, insulitis, diabetes, sialoadenitis, adrenalitis, autoimmune orchitis/oophoritis, glomerulonephritis,
chronic obstructive pulmonary disease and experimental autoimmune encephalitis and multiple sclerosis.

[0041] Induction of a regulatory T cell type 1 response has also been shown to reduce the development of atherosclerosis in
murine models (Mallat Z. et al. Circulation 108:1232-7, 2003).

[0042] Treg activity has also been shown to be significant in the rate at which allografts are rejected. Depletion of Treg cells or
impairment of function accelerates the rate of rejection, while infusion of test animals with syngeneic lymphocytes enriched in Treg
cells has been shown to prolong graft survival.

[0043] The compositions of the present invention may therefore find use in the treatment of any of these conditions.

[0044] The finding that the CLEC9a molecule is a marker for a specific subset of dendritic cells also makes it a suitable
therapeutic target for downregulation of undesirable immune responses.

[0045] In a further aspect, the invention provides:

(i) a nucleic acid which is capable of hybridising to mMRNA or DNA encoding CLEC9a and which is antisense RNA or DNA, siRNA or
a ribozyme, or (ii) an antibody or functional fragment thereof having affinity for CLEC9a which comprises a toxin molecule capable
of killing a cell or an enzyme capable of converting a non-toxic molecule into a toxic molecule, for use in a method of medical
treatment, e.g. for use in the inhibition of an immune response.

[0046] Thus an antibody or functional fragment thereof having affinity for CLEC9a may comprise an effector moiety which acts to
kill targeted cells. For example, it may comprise a toxin molecule capable of killing the cell. This mechanism may be particularly
effective, as the inventors have shown that antibodies binding CLEC9a can be endocytosed by dendritic cells, so a conjugated
toxin molecule would have a high probability of being taken up into the cell.

[0047] Alternatively the effector moiety may be an enzyme capable of converting a non-toxic molecule into a toxic molecule in the
vicinity of the cell.

[0048] Such nucleic acids, and antibodies or functional fragments thereof, may be particularly useful in the treatment of
autoimmune diseases. Some autoimmune diseases are characterised by unusually high levels of cell death and it is believed that
immune responses against self antigens associated with these cells may contribute to the pathogenesis of these conditions. Such
agents may inhibit or prevent stimulation of immune responses against these antigens.

[0049] Antibodies can conveniently be expressed in scFv form. If necessary, an antibody can be encoded as a fusion protein
with the antigen, or with an effector moiety as described above. An example of a DNA vaccination approach is described in
Nchinda et al., J. Clin. Invest. 118(4), 1427-36, 2008.

[0050] The nucleic acid typically comprises a coding region encoding the binding agent, optionally in conjunction with any
desired fusion partner, in operable linkage with transcriptional and translational regulatory sequences to ensure appropriate
expression and secretion of the protein from cells which take up the nucleic acid. Such sequences include (but need not be
limited to) transcriptional initiation sequences (e.g. promoter and enhancer), transcriptional termination sequences, appropriate
splicing signals, translational initiation and termination sequences, and a signal peptide to enable secretion.

[0051] The subject to be treated may be suffering from an inflammatory or autoimmune condition, especially a condition
characterised by undesirable CTL activity, and/or a condition characterised by high levels of cell death. Such conditions include:

e autoimmune diseases, including rheumatoid arthritis and other types of chronic or acute arthritis or arthropathies with an
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immune component, systemic lupus erythematosus (which is known to involve particularly high levels of cell death),
scleroderma, Sjogren syndrome, autoimmune (particularly Type |) diabetes, thyroiditis, and other organ-specific immune
diseases, including psoriasis;

¢ neurologic diseases, including multiple sclerosis, myasthenia gravis, and other neurologic immune-mediated diseases. Also
included are gastrointestinal diseases, including Crohn's disease, colitis, celiac disease and hepatitis;

e cardiovascular diseases, which are now recognised to have a significant immune-mediated component, including
atherosclerosis, cardiomyopathy, rheumatic fever, endocarditis, vasculitis, and other immune-mediated cardiovascular
diseases;

¢ immune-mediated respiratory diseases, including emphysema, respiratory airways infections, and other immune-mediated
respiratory diseases;

e allergic processes and hypersensitivity reactions (type |, Il, lll, and 1V), including asthma, rhinitis, and other immune-
mediated hypersensitivity reactions;

e transplant or graft rejection and graft versus host disease, as occurs during or subsequent to, for example, organ
transplant, tissue graft, blood transfusion, bone marrow transplant;

¢ immunopathological responses to infectious agents, including septic shock syndromes;

e degenerative processes, such as neurodegenerative processes, that implicate immune competent cells such as microglia.

[0052] The inventors have also found that CLEC9a agonists are capable of activating dendritic cells, and may therefore be
useful in stimulating immune function.

[0053] Without wishing to be bound by theory, it is believed that binding agents having more than two binding sites (i.e. antibody
binding sites) specific for CLEC9a may be particularly effective agonists of CLEC9a activity, probably because they can cross-link
or cause association or multimerisation of CLEC9a on a cell surface. Binding agents may be referred to as "bivalent" if they
possess two such binding sites or "polyvalent" if they possess more than two such binding sites. Therefore the binding agent is
preferably polyvalent, and may comprise at least three, four, five, ten or even more binding sites. Such binding agents may
comprise a plurality of binding sites immobilised in or on a particle, such as a bead (e.g. of latex), a liposome or vesicle, or any
other suitable particle. Thus the binding sites may be immobilised on or in a particulate solid phase. Alternatively a polyvalent
binding agent may simply comprise more than two binding sites covalently linked or otherwise associated with one another. For
example, whole antibodies or functional fragments thereof (see below) may be associated as fusion proteins and/or by chemical
cross-linking. The skilled person is well aware of suitable techniques for preparing such polyvalent binding agents. When the
methods are performed in vitro, binding agents (such as antibodies against Clec9a) immobilised on a surface of the culture vessel
can be used as agonists; in this case the coated surface of the culture vessel may itself be considered a polyvalent binding
agent.

[0054] As already described, the methods and compositions described may be particularly useful for the prophylaxis and/or
treatment of any condition in which it is desirable to induce a CTL response, such as cancer, or infection by an intracellular
parasite or pathogen, such as a viral infection.

[0055] The methods and compositions described may also used for the prophylaxis and/or treatment of any condition in which it
is desirable to induce a Treg response, e.g. a condition involving an undesirable or inappropriate immune response against a
particular condition, such as an autoimmune disease.

[0056] A further immunostimulatory agent or adjuvant as described above may also be administered in association with the
agonist and optionally the antigen. Thus the adjuvant may comprise, for example, a CD40 agonist or a TLR agonist. The nature
of the adjuvant may be selected depending on the nature of the desired immune response. Thus, for example, if a Th17-type
CD4 T cell response or a Treg response is desirable, the adjuvant may be selected accordingly.

[0057] Identification of CLEC9a as a marker for a subset of dendritic cells provides means for identification and isolation of such
cells from biological samples.

[0058] Thus, in a further aspect, the invention provides a method of isolating an antigen presenting cell from a sample,
comprising contacting the sample with a binding agent (i.e. an antibody or functional fragment thereof) having affinity for CLEC9a
and isolating one or more cells to which the binding agent is bound. The binding agent may be immobilised on a solid support
(such as a magnetic bead) in order to facilitate isolation.

[0059] As will be clear from the discussion above, the antigen presenting cell is typically a dendritic cell, and may be capable of
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cross-presenting extra-cellular antigen via MHC class | molecules.

[0060] In order to confirm that the cells identified by the binding agent for CLEC9a are dendritic cells, or to enrich a sample for
dendritic cells before contacting the cells with the binding agent for CLEC9a, the method may comprise the step of contacting the
sample with a second binding agent having affinity for a dendritic cell marker and determining binding of the second binding agent
to one or more cells. The two binding agents may be contacted with the cells simultaneously or sequentially, and in any order. In
some embodiments, only those cells to which both the first and second binding agents bind are identified or isolated.

[0061] The dendritic cell marker may be a pan-dendritic cell marker such as CD11, especially CD11c (in mice).

[0062] For samples of human dendritic cells, the dendritic cell marker may be HLA-DR. It may be desirable to confirm that the
cells are lineage-negative, i.e. they do not express CD3, CD14, CD19 or CD56.

[0063] For samples of human cells, it may be desirable to confirm that the cells identified by the binding agent for CLEC9a also
express BDCA-3 (also known as CD141 or thrombomodulin). The method may therefore comprise the step of contacting the
sample with a further binding agent having affinity for BDCA-3 and determining binding of the further binding agent to one or
more cells, and/or isolating cells to which the further binding agent binds. The binding agents for CLEC9a and BDCA-3 may be
contacted with the cells simultaneously or sequentially, and in any order. In some embodiments, only those cells to which both
binding agents bind are identified or isolated.

[0064] Additionally or alternatively, it may be desirable to enrich the sample for the desired cell type by negative selection for one
or more unwanted cell types. The unwanted cell types may comprise other subgroups of dendritic cells such as plasmacytoid
dendritic cells (pDCs), which may be excluded by negative selection for CD123 or Ly6C. Negative selection may be performed
before, simultaneously with, or after selection for cells expressing CLEC9a. Negative selection may be performed for CD3, CD14,
CD19, and/or CD56.

[0065] It may also be desirable to determine the level of CLEC9a expression on the cells. This may make it possible only to
select cells which express a desired level of CLEC9a, e.g. a higher level of CLEC9a than another population of cells which
expresses CLEC9a at a detectable level. For example, without wishing to be bound by theory, it is believed that the subset of DCs
which expresses CD8 (or is equivalent to that subset in humans) expresses a higher level of CLEC9a than pDCs. It may therefore
be possible to select CD8 DCs or their equivalents by only selecting those cells which express CLEC9a above a certain threshold
level.

[0066] The binding agents may be labelled to facilitate detection and/or isolation of the cells, e.g. with a label capable of emitting
a detectable signal (such as a fluorescent or radioactive label) or with an affinity tag capable of being specifically bound by a
binding partner. Examples of affinity tags and binding partners include epitopes and cognate antigens, positively charged
peptides (e.g. poly-His) and metal (e.g. nickel) ions, avidin/streptavidin and biotin, carbohydrates and lectins, etc. The skilled
person will be able to design a suitable system depending on their specific requirements.

[0067] Identification or isolation of the cells may involve contacting the sample with one or more detecting agents capable of
binding to the first and/or second binding agent. The detecting agent may itself be labelled as described above.

[0068] To facilitate isolation or detection, the binding or detecting agent may be immobilised on a solid support.

[0069] The cells isolated by these methods may be used for various purposes, including in vitro study and ex vivo therapy. For
example, isolated cells may be pulsed with a desired antigen in vitro. The cells may then be administered to a subject in order to
stimulate an immune response against the antigen.

[0070] Thus, the invention further provides a method of stimulating an immune response against a peptide antigen comprising
providing an antigen presenting cell or population thereof isolated by a method as described above, and contacting said cell or
population of cells in vitro with said antigen.

[0071] Preferably, the antigen presenting cells present said antigen or a fragment thereof in the context of MHC class |
molecules.

[0072] Following said contacting step, the cell or population of cells may be administered to a subject. Preferably the cells are re-
administered to the subject from whom they were derived.
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[0073] The cell or population of cells may also be contacted with an adjuvant, as described above. Contacting may take place in
vitro, for example at or approximately at the same time as contacting with the antigen, or at or after administration to the recipient
subject. Contact with the adjuvant may stimulate the capacity of the cell or population of cells to activate or promote proliferation
of T cells in response to the antigen. The adjuvant may be administered simultaneously with the cells, or sequentially, in the same
or different compositions. The immunostimulatory adjuvant may be, for example, a CD40 agonist or a TLR agonist. The nature of
the adjuvant may be selected depending on the nature of the desired immune response. Thus, for example, if a Th17-type CD4 T
cell response or a Treg response is desirable, the adjuvant may be selected accordingly.

[0074] A primed antigen presenting cell or population thereof may therefore be obtained by the methods described above. By
"primed" is meant that the cell has been contacted with an antigen, is presenting that antigen or an epitope thereof in the context
of MHC molecules, preferably MHC | molecules, and is capable of activating or stimulating T cells to proliferate and differentiate
into effector cells in response thereto.

[0075] A primed antigen presenting cell or population thereof, obtained by the methods described above, may be used in a
method of medical treatment, and especially in a method of stimulating the immune response against a target antigen. A primed
antigen presenting cell or population thereof, obtained by the methods described above, may be used in the preparation of a
medicament for the stimulation of an immune response against a target antigen.

[0076] Alternatively the primed cells may be contacted with T cells in vitro in order to generate T cells (particularly CTLs, but also
CD4+ T cells, including Th17 and Treg cells) specific for the antigen. Thus, following said contacting step, the method may
comprise contacting said antigen presenting cells with a population of cells comprising one or more T cells. The T cells in the
population may be allowed to expand in culture in order to increase the number or proportion of T cells in the population which
are specific for the antigen. The T cells may then be administered to a subject. Optionally the T cells are separated from other
cells in the population before administration.

[0077] The population of cells may also be contacted with an adjuvant, for example at substantially the same time as they are
contacted with the primed antigen presenting cells.

[0078] Preferably, the T cells and antigen presenting cells are autologous, i.e. they are derived from the same subject, or from
genetically identical subjects.

[0079] The T cells may be re-administered to the subject from whom they (or their progenitors) were derived.

[0080] Again, an adjuvant may be administered with the T cells, when they are administered to the subject. The adjuvant may be
a CD40 agonist (such as an antibody specific for CD40) or a TLR agonist. The adjuvant may be administered simultaneously with
the T cells or sequentially, in the same or different compositions.

[0081] The methods of the invention may be used to provide an isolated population of human dendritic cells expressing CLEC9a.
The population may contain at least 5, at least 10, at least 100, at least 1000 or at least 10,000 dendritic cells. Preferably at least
50%, at least 60%, at least 70%, at least 80%, at least 90%, or at least 95% of the dendritic cells within the population express

CLEC9a. For this purpose, dendritic cells are considered to be lineage-negative, HLA-DR* cells. Lineage-negative cells do not
express CD3, CD14, CD19 or CD56.

[0082] The isolated population may be comprised within a sample comprising other cell types, as long as the required proportion
of dendritic cells within the sample expresses CLEC9a. Thus the sample may comprise lymphocytes (for example T cells, and
especially CTLs), or other types of antigen presenting cells which are not dendritic cells.

[0083] The dendritic cells expressing CLEC9a will typically be BDCA-3+. They may also be CD123-, CD34-, CD16- and
CD11b/c".

[0084] In all of the above-described aspects, the antigen may be any antigen against which it is desirable to stimulate an immune
response, particularly a CTL response, a Th17-type response or a Treg response. For example, the antigen may be an antigen
expressed by an intracellular pathogen or parasite, or may be expressed by a cancer cell, as described elsewhere in this
specification. Alternatively it may be an antigen against which an undesirable or inappropriate response takes place (e.g. in an
autoimmune disease) and against which it is desired to stimulate a Treg response.

[0085] The surprising finding that CLEC9a binds to a ligand found on or in mammalian cells, rather than infectious agents, also
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makes available assays for the identification of the ligand.

[0086] A method of screening for a physiological ligand for CLEC9a may comprise contacting a target substance comprising the
extracellular domain of CLEC9a or a portion thereof sufficient to bind CLEC9a ligand with a test substance which is a component
of a mammalian cell, and determining binding of the target substance to the test substance.

[0087] Binding may indicate that the test substance is a (or the) physiological ligand for CLEC9a.
[0088] Where binding occurs, the method may further comprise the step of identifying the test substance.

[0089] It is believed that the ligand for CLEC9a is constitutively expressed in some or all healthy mammalian cells but is not
accessible for interaction with CLEC9a while the cell remains healthy. Certain types of cell damage or cell death (especially when
immunogenic, such as primary or secondary necrosis) cause the ligand to be exposed in such a way that it becomes accessible
for interaction with CLEC9a on dendritic cells.

[0090] Thus, the test substance may be an intracellular component of a mammalian cell (e.g. a healthy mammalian cell, not
infected by an intracellular parasite or pathogen). It may comprise or consist of a protein, carbohydrate, lipid or nucleic acid. It
may comprise more than one of these components, for example it may be a glycosylated protein comprising carbohydrate and
lipid components, a lipid-anchored protein comprising lipid and protein (and optionally also carbohydrate) components, or a
glycolipid comprising lipid and carbohydrate components.

[0091] It will be understood that the test substance may not comprise the entire molecule or substance which would be present in
the mammalian cell under physiological conditions, but may comprise a portion thereof which is sufficient to interact with CLEC9a.
For example the test substance may comprise an isolated domain, or even a peptide (e.g. of 5 to 10 amino acids, up to 20 amino
acids, up to 50 amino acids, or up to 100 amino acids) from a cellular protein.

[0092] Typically the test substance will be from the same mammalian species as the CLEC9a (or portion thereof) which is
present in the target substance.

[0093] The method may comprise the step of contacting the target substance with a sample (e.g. a liquid sample, such as an
aqueous sample) comprising the test substance.

[0094] The target substance may be provided in solution (e.g. in an aqueous solution) or may be immobilised on a solid support.
The sample may comprise permeabilised mammalian cells. By "permeabilised" is meant that the plasma membrane has become
permeable by diffusion to entities which would not normally be able to cross the plasma membrane (without being actively taken
up by the cell). Dyes such as propidium iodide and TO-PRO3, to which the plasma membrane is not permeable under normal
conditions, are conventionally used to test plasma membrane integrity/permeability. Thus the plasma membrane may be
permeable to such substances. For example, it may be permeable to substances having a molecular weight of above 500Da,
above 1kDa, above 10kD, above 50kDa, above 100kDa, or even higher. The term "permeabilised" is used here to refer to cells
which substantially retain their cellular architecture (apart from the increased permeability of the plasma membrane, and
potentially other membranes within the cell) such that individual cells can still be distinguished (e.g. by microscopy). The terms
"lysate", "extract" or "homogenate" may be used for preparations in which the architecture of the cell is disrupted to such an
extent that individual cells can no longer be distinguished or are no longer present.

[0095] The permeabilised cells may be necrotic. Necrosis may be primary or secondary necrosis. Primary necrosis may be
induced experimentally by (for example) irradiation (e.g. with ionising radiation such as UV light), serum deprivation, at least one
freeze/thaw cycle, or by treatment with necrosis-inducing chemicals such as anthracyclines (such as doxorubicin and
daunorubicin) and anthracenediones (such as mitoxantrone). Secondary necrosis occurs when cells induced to enter apoptosis
are not phagocytosed by neighbouring cells and the plasma membrane subsequently becomes disrupted.

[0096] Alternatively, healthy cells may be directly permeabilised with an agent which disrupts or forms pores in the plasma
membrane. Suitable permeabilising agents include pore-forming agents such as saponins, (e.g. beta-escin), which precipitate
cholesterol, thus removing it from the membrane and increasing its permeability, various bacterial toxins such as cytolysins (e.g.
streptolysin-O from Staphylococcus aureus) and alpha-toxin from Staphylococcus aureus and detergents such as Triton X-100,
Brij-96, Tween, etc..

[0097] Optionally, the cells may be fixed, either before or after permeabilisation. Fixation before permeabilisation may be
preferred to reduce the chance that the ligand will be lost from the cell (e.g. by diffusion) following permeabilisation. Fixation can
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be performed with an organic solvent such as acetone, methanol, ethanol or mixtures thereof (which generally remove lipids and
dehydrates the cell, while precipitating the proteins on the cellular architecture) and/or with a cross-linking reagent such as
formaldehyde (e.g. as formalin) or paraformaldehyde (which cross-link cellular components such as proteins etc via free reactive
groups present on those cellular components, such as amino groups).

[0098] Where the sample comprises permeabilised cells, the method may comprise the step of determining the subcellular
location at which binding of the target substance takes place, by detection of the target substance.

[0099] Detection may be direct or indirect. For example the target substance may comprise a label, and the method may
comprise the step of determining the subcellular location of the label. Alternatively the method may comprise the further step of
contacting the target substance with a detection agent, which may be a binding agent capable of binding to the target substance.
The detection agent may itself comprise a label. Detection may be achieved by any suitable technique, such as microscopy, e.g.
confocal microscopy. For example, the label may be fluorescent.

[0100] Alternatively, the sample may be, or may comprise, a cell lysate, extract or a subcellular fraction of a mammalian cell. For
example, it may comprise a whole cell lysate, or a subcellular fraction which is not exposed to the external environment in an intact
healthy cell. For example, the sample may comprise an isolated cytoplasmic fraction, an isolated nuclear fraction, an isolated
endoplasmic reticulum fraction, an isolated Golgi fraction, or an isolated mitochondrial fraction. "Isolated" in this context means
separated from at least one other normal component of the intact cell (such as the plasma membrane). Subcellular organelles in
such fractions, such as nuclei or mitochondria, may be intact or disrupted.

[0101] Following a positive binding reaction with a first sample, the first sample may be further fractionated to provide a second
sample which lacks one or more components present in the first sample. The method may then be repeated. This may assist in
identification of a test substance which binds to the target substance. This process may be repeated as often as desired, using
progressively smaller fractions.

[0102] Additionally or alternatively the method may comprise the step of isolating a complex comprising the target substance and
the test substance. This may be achieved by isolating a solid support (e.g. a bead) to which the target substance is bound.
Alternatively a binding agent may be employed which is capable of binding to the target substance. the binding agent may be
immobilised on a solid support. The target substance may comprise a member of a specific binding pair and the binding agent
may comprise the second member of the specific binding pair. For example, the binding agent may be an antibody specific for the
target substance. Alternatively, one of the binding agent and target substance may comprise an avidin/streptavidin moiety while
the other comprises a biotin moiety.

[0103] The term "specific binding pair" is used to describe a pair of molecules comprising a specific binding member (sbm) and a
binding partner (bp) therefor which have particular specificity for each other and which in normal conditions bind to each other in
preference to binding to other molecules. Examples of specific binding pairs are antibodies and their cognate epitopes/antigens,
ligands (such as hormones, etc.) and receptors, avidin/streptavidin and biotin, lectins and carbohydrates, and complementary
nucleotide sequences.

[0104] To facilitate isolation, a single binding agent may be polyvalent, i.e. capable of binding simultaneously to more than one
target substance. If the target substance is also polyvalent (i.e. capable of binding simultaneously to more than one binding agent
of the same type) a cross-linked complex may be formed.

[0105] The skilled person will be well aware of suitable techniques, such as immunoprecipitation techniques, which may be
employed.

[0106] For example, the target substance may be a soluble molecule comprising or consisting of the CLEC9a extracellular
domain associated with (e.g. conjugated to or in a fusion protein with) an avidin monomer. The avidin monomers will tend to
associate into tetramers, providing a binding agent comprising four CLEC9a domains and four avidin subunits. This construct may
thus form a complex with a test substance in an assay as described here, which can then be isolated by contact with biotin, which
may be present on a solid support such as a bead.

[0107] Alternatively the test substance may be immobilised on a solid support, such as a membrane, microtitre plate, or

microarray chip. The support may be contacted with the target substance, and the location of any bound target substance
determined.
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[0108] It may be desirable to test a plurality of samples (e.g. different cellular fractions) suspected of containing a ligand for
CLEC9a to see whether any of them do in fact contain a substance capable of binding to the target substance. Additionally or
alternatively, it may be desirable to test a plurality of known substances (e.g. proteins) to see whether any of them is capable of
binding to the target substance.

[0109] Thus a single solid support may comprise only one sample or test substance, or it may carry a plurality of samples or test
substances each at a defined location on the support.

[0110] Depending on the format of the assay, the method may comprise the step of identification of the particular support on
which a positive binding reaction takes place, or of the location on a support at which a positive binding reaction takes place. This
may therefore reveal the nature of the sample which contains the test substance responsible for the positive reaction, or it may
directly reveal the identity of the test substance.

[0111] Alternatively it may be possible to isolate a complex of the test substance and the target substance from the solid support
and carry out further analysis to identify the test substance.

[0112] Whatever the format of the assay, where the test substance is a protein, it may be possible to use proteomic techniques
to identify the test substance. This will typically combine mass spectroscopy and database interrogation. The test substance (or a
complex of test and target substances) may be subjected to digestion with one or more proteases with known target cleavage
sequences to yield peptides with known N- or C-terminal residues (depending on the particular protease used). The resulting
peptides are then subjected to mass spectroscopy (e.g. MALDI-TOF) to determine their molecular weights. Suitable protein
sequence databases can then be interrogated to identify proteins capable of giving rise to such peptides.

[0113] Alternatively the test substance may be displayed on the surface of a cell or virus. For example, a phage display
technique may be used to display test substances or fragments thereof on the surface of a bacteriophage. Alternatively a cell
may be engineered to display the test substance on its surface. Alternatively an interaction between the test substance and target
substance may take place within a cell or a cell free expression system and may induce a detectable reaction such as expression
of a reporter gene. An example of such a system is the yeast two-hybrid system, but the skilled person will be aware of other
systems which rely on "bait-prey" interaction between two proteins to drive expression of a reporter gene. Such formats may be
used to screen a population of nucleic acid molecules (e.g. a cDNA library) in order to identify a nucleic acid molecule which
encodes a substance which can bind the target substance (if present), where a protein encoded by the nucleic acid is expressed
in the cell or cell-free expression system. In such formats, the method may comprise the step of isolating (e.g. cloning) a nucleic
acid responsible for a positive result, and determining the identity of the protein encoded by the nucleic acid.

[0114] Where the test substance is not a protein, other analytical techniques may be employed.

[0115] The invention will now be described in more detail, by way of example and not limitation, by reference to the
accompanying drawings and examples.

Description of the Drawings

[0116]
Figure 1 shows cDNA and amino acid sequences for the human CLEC9a protein.
Figure 2 shows cDNA and amino acid sequences for the mouse CLEC9a protein.

Figure 3 shows detection of mouse CLEC9a protein expressed in human Phoenix cells. Western blot using anti-CLEC9a on full
lysates from Phoenix cells expressing CLEC9a (FNX-C9) or parental cells (FNX) in reducing (R) and non-reducing (NR)
conditions.

Figure 4 shows distribution of mouse CLECO9a transcripts in spleen DC and in vitro cultured BMDC. mRNA from subsets of spleen
DC or from purified subsets of GMCSF or FIt3L-BMDC were subjected to RT-PCR using CLEC9a specific primers (upper lanes) or
B-actin primers (lower lanes) as indicated under Methods.

Figure 5 illustrates the CD3¢-NKRP1-CLEC9a chimera generated in this work, showing the domains presents in the chimeric
molecule with the extracellular domain of CLEC9a, the transmembrane domain from NKRP1 and the cytoplasmic domain from
CD3¢.
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Figure 6 shows expression of CLEC9a in primary cells. Splenocytes were stained with biotin anti-CLEC9a (thick line, 10 mg/ml) or
biotin-rat IgG1 (thin line, isotype control) followed by streptavidin-PE (1:1000) and counterstained with CD11c, CD4, CD8 or Ly6C.
Histograms show the staining for CD11c negative cells vs CD11c positive cells, which are then further analyzed in the CD4/CD8
subsets of conventional DCs or in the Ly6C+ subset corresponding to pDC.

Figure 7 is a Western blot showing Syk pull-down with CLEC9a cytoplasmic peptide. A biotinylated peptide corresponding to
CLEC9a cytoplasmic domain or a Dectin-1 control was used to pull down recombinant Syk as indicated in Methods.

Figure 8 shows kinase activation with anti-CLEC9a. LK cells expressing CLEC9a were activated for the indicated times with plated
antibodies and then were lysed and subjected to SDS-PAGE and WB with anti-P-Syk or anti-P-Erk antibodies to detect activation
of these pathways. Protein controls with anti-Syk or anti-Erk indicate the total kinase.

Figure 9 shows the induction of cytokines by anti-CLEC9a hybridomas. LK cells expressing CLEC9a (105 cells/well) were cultured
with the indicated hybridomas before collecting the supernatants and test for IL-2.

Figure 10 shows that plated anti-CLEC9a induces NFAT activity through the WT tail of CLEC9a in the presence of Syk and
dependent on the presence of Y7. B3Z expressing CLEC9a-CD3( (o), or B3Z-Syk expressing CLEC9a-WT (v) or CLEC9a-Y7F
(A). NFAT activity is measured as indicated under Methods. The X axis shows the concentration of anti-CLEC9a antibodies (pug/ml)
used to coat the plates.

Figure 11 shows that anti-Clec9a antibodies immobilised on plastic induce production of IL12-23 p40 protein in FIt3L BMDC. FIt3L
BMDC were incubated on plates coated with anti-CLEC9a mAb and supernatants after overnight culture were analyzed for IL12-
23 p40.

Figure 12 shows targeting of CD11c+CD8+ in vivo using anti-CLEC9a-S1 mAb. 81 conjugated anti-CLEC9a or isotype control
mAb (5 ug)were injected i.v. and the splenocytes processed the following day as indicated under Methods. A and B. CD11¢c
positive and negative splenocytes were cultured for four days with CFSE-labelled OT-I cells. A. CFSE profiles of OT-I cells in the

presence of 25x103 targeted CD11c- or CD11c+ splenocytes. B. Left panel: absolute number of OT-I cells per well. Right panel:
IFN-y production in the supernatants of expanded OT-I cells.

C and D. CD11c+ splenocytes in S1-anti-CLECY9a targeted mice were sorted as CD11¢c+B220-CD8+ (CD8+ DC), CD11c+B220-
CD4+ (CD4+ DC) and CD11c+B220-CD4-CD8- (DN DC) and cultured three days with CFSE labelled OT-I cells. C. CFSE profiles

of OT-I cells in the presence of 25x103 targeted CD8+, DN, CD4+ DC. D. Left panel: absolute number of OT-I cells per well. Right
panel: IFN-y production in supernatants at the end of the culture.

Figure 13 shows induction of CTL immunity by targeting using anti-CLEC9a mAb. A: S1 conjugated anti-CLEC9a or isotype
control mAb were injected s.c. together or not with anti-CD40 as indicated under Methods. Five days later target cells (congenic
CD45.1) loaded with 20nM (0.03 pM CFSE), 200nM (0.3 pM CFSE) of SIINFEKL or not loaded with peptide (3 uM CFSE) were i.v.
injected. Results are expressed as arithmetic mean +SEM of % specific lysis of the high dose of peptide in the in vivo killing assay
(n=5, p<0.001 of DEC205 and CLEC9a groups compared to control. One way ANOVA). B: Results of a similar experiment using
S2 conjugated to isotype control or anti-CLEC9a, administered with or without anti-CD40.

Fig. 14 shows the therapeutic effect of anti-CLEC9a + anti-CD40 in the treatment of B16 melanoma. A. time course of a tumor

therapy experiment using B16-OVA-GFP melanoma cells. Tumor cells (2x1 05) were i.v. injected at day 0, treatment of Ab-S1+anti-
CD40 performed at day 6, and lungs extracted and tumors counted at day 18. B. Tumor counts in each mouse in one
representative experiment are shown. The reduction in tumor burden is significant (p<0.001, one way ANOVA) with anti-CLEC9a
or anti-DEC205 plus anti-CD40.

Figure 15 shows that human CLEC9a expression is restricted to BDCA-3+ blood DC. (A) Human PBMC were stained with anti-
hCLEC9a (8F9) or an isotype-matched control antibody (mouse IgG2a) and counterstained for various blood leukocyte markers.
Histograms show CLEC9a staining on T cells, B cells, monocytes, NK cells, lineage-negative HLA-DR- cells and lineage-negative
HLA-DR+ cells. Number indicates the percentage of hCLEC9a+ cells in the latter fraction. (B) PBMC from (A) were gated on
lineage-negative HLA-DR+ cells. Dot plots show staining with anti-CLEC9a or isotype-matched control mAb against various blood
DC subset markers. Numbers represent % cells in each quadrant. Specific staining is seen only on BDCA-3+ DC. One
representative experiment out of four.

Figure 16 shows immunotherapy of B16 melanoma via targeting of tumor antigens to CLEC-9a. (A) Tumor therapy experiments
were carried out as depicted (upper left) using peptides encompassing known epitopes of melanocyte differentiation endogenous
antigens ("Endo": gp100, TRP-1 and TRP-2) covalently coupled to anti-CLEC9a or to an isotype-matched control antibody. Poly
I:C + anti-CD40 was used as adjuvant. Left lower panel shows representative pictures of lungs from mice treated as indicated.
Right panel shows quantification of lung tumors in each mouse. Data are pooled from two independent experiments (n=9
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mice/group) and each point represents one mouse. (B) Splenocytes from individual mice in (A) were restimulated in vitro with the
melanocyte differentiation antigen peptides used for immunization (10 pM). IFN-y levels after 2 d of culture are shown. Data
pooled from two independent experiments (n= 9 mice/group). p values were calculated using the Mann Whitney U test. (C)
Experiments were carried out as in Figure 16 except that the vaccine was given one day prior to infusion of B16 cells. Data show
the number of lung tumors per mouse. Data are pooled from two independent experiments (n=7 mice/group) and each point
represents one mouse. p values were calculated using the Mann Whitney U test.

Figure 17 shows that CLEC9A binds a ligand on dying/dead cells. (A) Basal activation of BWZ- mouse and human CLEC9A(

reporter correlates with number of dead TO-PRO3™ cells. BWZ cells expressing a reporter for NFAT coupled to LacZ and stably
expressing a chimeric molecule with the extracellular domain from mouse or human CLECY9A or control Dectin-1 and the
intracellular tail from CD3¢ were generated for screening for natural ligands of CLEC9A. Different cell concentrations were allowed
to grow for two days, showing different degrees of overgrowth and increase of dead cells in the culture tracked by TO-PRO 3
staining. The same amount of living BWZ cells was then plated in fresh medium and, after overnight culture, NFAT activity in BWZ
cells was measured in a colorimetric assay as indicated in Methods.

(B) UVC-treated dead cells expose a ligand for CLEC9A. Live MEFs (Ctrl) or MEFs treated with UVC and left 24h to induce cell
death were cultured with BWZ NFAT reporter cells expressing the chimeric mouse CLEC9A-¢, human CLEC9A-{, and Dectin-1-,
Where indicated, monovalent Fab fragments of control (p21) or anti-mCLEC9A (1F6) or anti-hCLEC9A (8F9) were added to the
culture. NFAT activity in BWZ cells was measured as in (A).

(C) Dose response in UV-treated cells. LK cells were exposed to different doses of UVC as indicated in Methods and left 24 h to
induce cell death before culturing with BWZ cells expressing mCLEC9A-{ chimera or control BWZ. NFAT activity in BWZ cells was
measured as in (A).

(D) The recombinant soluble C-Type Lectin Domain (rsCTLD) of CLEC9A selectively recognizes a molecule exposed by TO-

PRO3* dead cells. PE-tetramers of the rsCTLD of CLEC9A or Dectin-1 (as a control) were used for staining of UV irradiated
immortalized MEF (dot plots). Histograms show staining of zymosan, positive for Dectin-1 rsCTLD.

(E) Different death-inducing treatments trigger BWZ-CLEC9AC reporter cells. BWZ-CLEC9A( cells were cultured overnight alone
(Ctrl) or with LK cells untreated (LK) or treated with UVC (UV), mitoxantrone (Mtx), serum deprivation (SD), osmotic shock (OS) or

freeze and thaw (FT). BWZ reporter activity (left y axis) and to-pro 3* and CLEC9A rsCTLD™ frequency in LK cells when starting
the co-culture (right y axis) are depicted.

(F) Staining of dead MEFs using PE-tetramers of CLEC9A rsCTLD. MEFs were treated with UV and left 24 h or treated with
osmotic shock (OS) before staining.

(A) - (F) one representative experiment shown of at least three performed.

Figure 18 shows that CLEC9A is involved in cross-priming to dying cells by CD8a* DC in vitro.

(A), (B) Blockade of CLEC9A results in impaired cross-priming of OT-I cells to dead cell associated antigen. (A) OT-I OVA-specific
T cells were cultured with CD8a-like FIt3L BMDC stimulated with OVA-loaded dead bm1 splenocytes in the presence or absence
of anti-CLEC9A Fab (1F6) or control Fab (p21). Three days later, proliferation (absolute numbers of OT-I cells), IL-2 and IFNy
production (% production relative to untreated control) were measured. One representative experiment out of six is shown. (B)
The average IL-2 and IFNy production for the six independent experiments performed is shown as % production by untreated
control for anti-CLEC9A Fab (1F6) or control Fab (p21).

©) CLEC9A™ and WT CD8a-like FIt3L BMDC have the same ability to capture dying cell material. WT or CLEC9A™ CD8a-like
FIt3L BMDC were incubated for 2h with PKH26-labelled and UVC-treated bm1 splenocytes at different ratios. Binding (4 °C) and
binding+uptake (37 °C) were then quantified by flow cytometry for each type of DC.

(D) Impaired expansion and differentiation to effector OT-I cells after incubation with CLECYA™ FIt3L BMDC stimulated with OVA-

expressing or OVA-loaded bm1 dead cells. CLEC9A™ FIt3L BMDC were cultured with UVC-treated OVA-loaded bm1 splenocytes
or WWC-treated OVA-expressing bm1 MEFs. OVA-specific OT-I T cells were then added and, after 3 days of co-culture, absolute
numbers of OT-I cells (left panel) or IFN-y (right panel) were measured. Results show the average + SEM of two mice per group.
One representative experiment out of three performed is shown.

(E) Impaired differentiation of OT-I cells after incubation with CLEC9A™ FIt3L BMDC stimulated with OVA-expressing UV-dead
bm1 MEFs as in (D). One representative mouse per group out of four analyzed using the same assay is shown.

13



DK/EP 2185586 T3

Figure 19 shows that CLEC9A senses immunogenic cell death to promote crosspriming in vivo.

(A), (B) Blockade of CLEC9A reduces crosspriming to dead cell associated antigen in vivo. Mice untreated or treated with anti-
CLEC9A(1F6, 400 pg/mouse) or isotype control (rat IgG1) were immunised with i.v. with 0.75x108 UV-irradiated bm1 MEFs
expressing a truncated OVA-GFP fusion protein. Six days later H2KP-ovA peptide tetramer positive cells (A) and IFNy production

in response to SINFEKL ex vivo (B) were measured as readout for induction of CD8* T cell effector response arising from the
endogenous repertoire. Individual mice and average for one representative experiment (out of three) is shown.

(C) - (E) CLEC9A deficiency reduces crosspriming to dead cell associated antigen in vivo. CLEC9a-/- mice or control littermates
were immunised as in (A). The frequency of OVA-specific endogenous CD8+ T cells (C-D) was quantified as in (A). (C) each dot
represents an individual mouse pooled from six independent experiments and normalized as indicated under Methods. (D) the

average of tetramer-positive cells is represented in each litter for CLEC9a™ and CLEC9a™ mice. (E) IFNy production in response
to SIINFEKL ex vivo was measured as in (B). Individual mice and average for one representative experiment (out of three) is
shown.

Figure 20 shows that ligand for CLEC9a is exposed following fixation/permeabilization.

LK cells were fixed with 2% formaldehyde or 2% paraformaldehyde, and permeabilized or not with Tween (0.5%) and Tx100
(0.5%). Cells were extensively washed and percentage of permeable cells quantified using To-pro 3. Fixed or fixed-permeabilized
cells were co-cultured with BWZ NFAT reporter cells expressing the chimeric mouse CLAC9a-CD3¢ or control and NFAT activity
measured.

Figure 21 shows that dead cells signal through CLEC9a wt cytoplasmic tail.

LK cells were exposed to different doses of UVC as indicated in Methods and left 24 h to induce cell death before culturing with
B3Z cells stably transfected with CLEC9a wt or CLEC9a with the Tyr7 mutated to Phe (Y7F) and co-expressing or not Syk. NFAT
activity in B3Z cells was measured as described under Methods.

Figure 22. Both Fab monovalent and full bivalent anti-CLEC9a antibodies block dead cell signals through CLEC9a.

LK cells treated with UVC and left 24h to induce cell death were cultured with B3Z cells stably transfected with CLEC9a wt or
CLECY9a with the Tyr7 mutated to Phe (Y7F) and co-expressing Syk or B3Z-Dectin-1-¢ as control. Where indicated, monovalent
Fab fragments of control (p21) or anti-CLEC9a (1F6) or full bivalent antibodies, including isotype controls (rat IgG1, rat IgG2a)
and anti-mCLEC9a (1F6, 397, 7H11) were added to the culture. NFAT activity in B3Z cells was measured as described under
Methods.

Figure 23 shows proliferation of OVA-specific OT-Il CD4 T cells in response to anti-CLEC9a-OVA323-339. Naive CFSE labelled
OT-Il CD4 T cells were transferred i.v. into C57BL/6 mice. One day later OVA323-339 peptide was inoculated s.c. in the paw
either conjugated to anti-CLEC9a or to isotype control antibody. Spleen and draining lymph nodes were collected three to four
days later and in vivo proliferation of OT-II cells was tracked following CFSE dilution. Absolute numbers of OT-Il cells are shown,
normalized between samples.

Figure 24 shows that addition of adjuvant during the targeting in vivo induces a strong Th1 response. Targeting in vivo in the
presence or absence of adjuvant (OT-Il system). Mice were treated as in Figure 23. Upper panel: Absolute humber of OVA-
specific CD4 T cells (after normalization). Lower panels: IFN-y production in the OT-Il CD4 T cells population expressed as
percentage (left) or absolute number (right, after normalization). The effects on proliferation and differentiation observed in the
presence of poly I:C are not restricted to this adjuvant. Curdlan has a similar effect.

Figure 25 shows that the CD4 T cell response can be modulated by the type of adjuvant/immunomodulator co-injected with the
targeting reagent. Targeting /in vivo in the presence or absence of adjuvant. OT-Il system was performed as in Figure 24. Upper
panels: IL-17 production in the OT-Il CD4 T cells population expressed as percentage (left) or absolute number (right, after
normalization). Curdlan, a Dectin-1 agonist, acted as a strong adjuvant for Th17 polarization when administered with the targeted
antigen.

Figure 26 shows that targeting in the absence of adjuvant leads to antigen-specific tolerance. Naive OVA-specific DO.11.10 CD4
T cells were transferred into BALB/c mice. One day later, anti-CLEC9a-OVA 323-339 was inoculated s.c. in the paw with or
without adjuvant (poly I:C). At different time-points after immunisation, the size of the splenic DO.11.10 compartment was
determined by flow cytometry using the KJ.126 clonotypic antibody. Results are expressed as absolute number of OVA-specific

KJ.126 cells (after normalization) or as percentage of KJ.126* cells among the CD4 T cell compartment.

At day 20, half of the mice were challenged s.c. with OVA in Complete Freund's Adjuvant. 5 days later, the DO.11.10 response
was monitored by flow cytometry. In mice injected only with PBS at day 0, the remaining DO.11.10 cells are still responsive as
shown by their strong proliferative responses after rechallenge. A stronger response was detected in mice previously injected with

14



DK/EP 2185586 T3

anti-CLEC9a + adjuvant, showing that this first immunization probably led to the generation of memory cells. In contrast, no
response was detected in mice firstly immunized with anti-CLEC9a alone, showing that the remaining cells were tolerant for the
antigen

Detailed Description of the Invention

CLEC9a

[0117] CLECY9a is a C-type lectin expressed on dendritic cells. As used in this specification, the term CLEC9a is intended to
embrace the human protein (nucleic acid and protein sequences as shown in Figure 1), the murine protein (nucleic acid and
protein sequences shown in Figure 2), their homologues (especially orthologues) in other species, and variants and derivatives
thereof which retain CLEC9a activity. Such variants and derivatives preferably have at least about 30% sequence identity, more
preferably at least about 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% or 95% sequence identity to the
human protein sequence shown in Figure 1, or at least about 35% identity, more preferably at least about 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90% or 95% identity to the extracellular domain of the human protein sequence shown in
Figure 1.

[0118] In particular, conservative substitutions in the CLEC9a sequence (as compared to the reference sequences) may be
particularly well tolerated, without substantial effect on function.

[0119] A conservative substitution may be defined as a substitution within an amino acid class and/or a substitution that scores
positive in the BLOSUM62 matrix.

[0120] According to one classification, the amino acid classes are acidic, basic, uncharged polar and nonpolar, wherein acidic
amino acids are Asp and Glu; basic amino acids are Arg, Lys and His; uncharged polar amino acids are Asn, GIn, Ser, Thr and
Tyr; and non-polar amino acids are Ala, Gly, Val, Leu, lle, Pro, Phe, Met, Trp and Cys.

[0121] According to another classification, the amino acid classes are small hydrophilic, acid/acid amide/hydrophilic, basic, small
hydrophobic and aromatic, wherein small hydrophilic amino acids are Ser, Thr, Pro, Ala and Gly; acid/acidamide/hydrophilic amino
acids are Asn, Asp, Glu and GIn; basic amino acids are His, Arg and Lys; small hydrophobic amino acids are Met, lle, Leu and
Val; and aromatic amino acids are Phe, Tyr and Trp

[0122] Substitutions which score positive in the BLOSUM62 matrix are as follows:

Original CiS T {P {A {G {N D {E Q H {R K M il L V F Y w

Residue

Substitution §- ITA {S §{- {S {- {SD {N {DQ {ER {NY{Q {EQ {IL (ML {MI iMI {YW{HF {FY
N H E {K K K {R VvV Vv \) L w

[0123] Percent (%) amino acid sequence identity with respect to a reference sequence is defined as the percentage of amino
acid residues in a candidate sequence that are identical with the amino acid residues in the reference sequence, after aligning
the sequences and introducing gaps, if necessary, to achieve the maximum percent sequence identity, and not considering any
conservative substitutions as part of the sequence identity. % identity values may be determined by WU-BLAST-2 ( Altschul et al.,
Methods in Enzymology, 266:460-480 (1996)). WU-BLAST-2 uses several search parameters, most of which are set to the default
values. The adjustable parameters are set with the following values: overlap span = 1, overlap fraction = 0.125, word threshold
(T) = 11. A% amino acid sequence identity value is determined by the number of matching identical residues as determined by
WU-BLAST-2, divided by the total number of residues of the reference sequence (gaps introduced by WU-BLAST-2 into the
reference sequence to maximize the alignment score being ignored), multiplied by 100.

[0124] A CLEC9a agonist is an agent capable of inducing CLEC9a activity, typically by binding to its extracellular domain (ECD)
and inducing intracellular signalling via its intracellular domain. Signalling may involve one or more of binding of Syk to the
intracellular domain, phosphorylation (and hence activation) of Syk, and/or phosphorylation of Erk and/ or activation of NFAT. An
illustrative assay is described in the Examples, using B3Z cells transfected with Clec9a and Syk. The skilled person will
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understand that a chimeric protein having the extracellular domain of Clec9a and an intracellular domain derived from a different
protein may also be used to assay for Clec9a agonist activity. The transmembrane domain may be from Clec9a, the same protein
as the intracellular domain, or from another protein. An example is the CD3{-NKRP1-CLEC?9a illustrated in Figure 5 and described
in more detail in the Examples.

[0125] A nucleic acid which is capable of hybridising to mRNA or DNA encoding CLEC9a and which is antisense RNA or DNA,
siRNA or a ribozyme, is an agent capable of inhibiting or blocking CLEC9a function by preventing its normal expression.

[0126] Antibodies and functional fragments thereof can be regarded as "binding agents", and can conveniently be expressed in
scFv form. If necessary, an antibody can be encoded as a fusion protein with the antigen, or with an effector moiety as described
above. An example of a DNA vaccination approach is described in Nchinda et al., J. Clin. Invest. 118(4), 1427-36, 2008.

[0127] The encoding nucleic acid typically comprises a coding region encoding the binding agent, optionally in conjunction with
any desired fusion partner, in operable linkage with transcriptional and translational regulatory sequences to ensure appropriate
expression and secretion of the protein from cells which take up the nucleic acid. Such sequences include (but need not be
limited to) transcriptional initiation sequences (e.g. promoter and enhancer), transcriptional termination sequences, appropriate
splicing signals, translational initiation and termination sequences, and a signal peptide to enable secretion.

CLEC9a ligand

[0128] The present inventors have found that CLEC9a recognises a ligand displayed by certain types of dead and dying
mammalian cells. In particular, certain types of cell death appear to trigger display of the ligand. This is a surprising finding
because many known members of the C-type lectin family (including Dectin-1, which is the most closely related protein to
CLEC9a) are receptors for pathogen-associated molecular patterns, and so recognise structures displayed by pathogens, rather
than self molecules.

[0129] It is well recognised that certain mechanisms of self cell death are capable of triggering an immune response. These may
be regarded as immunogenic cell death. It has been proposed that death by apoptosis (which normally does not result in rupture
of the plasma membrane and release of the intracellular contents) is non-immunogenic, while death by other mechanisms such as
necrosis (which do involve rupture of the plasma membrane and release of the cell contents) is immunogenic. However, the
physiological situation appears to be rather more complex than this. For example, apoptotic cells in vivo are normally absorbed
(phagocytosed) by neighbouring cells such as macrophages before the process of cell death is complete. However, if the cells
are not phagocytosed, so-called secondary necrosis may occur, in which the plasma membrane may be disrupted and cellular
contents released. Cell death of this nature may be immunogenic, despite being apoptotic at least in part.

[0130] Immunogenic cell death may play a role in the onset, development or persistence of autoimmune disease. This is
reviewed, for example, by Vioritto et al (Clin Immunol 122(2), 125-134 (2007)), Tesniere et al (Curr Op Immunol 21, 1-8 (2008))
and Kim et al (Immunity 27, 321-333 (2007))

[0131] Dendritic cells may play a role in induction of any immune response caused by immunogenic cell death, by taking up
cellular debris from the dead or dying cells (or even absorbing the entire cell) and presenting processed fragments to T cells.

[0132] The present inventors have now found that CLEC9a is capable of binding to a ligand displayed by dead or dying cells,
and that CLEC9a signalling may be triggered by this interaction.

[0133] It is also believed that the ligand is not synthesised de novo during the process of cell death. Rather, it may be
constitutively expressed by some or all mammalian cells but is not accessible for interaction with CLEC9a while the cell remains
healthy. Certain types of cell death result in exposure of the ligand and/or release of the ligand from the cell, in a form capable of
interacting with CLEC9a. This may involve disruption of the plasma membrane.

[0134] Experimentally, exposure of the ligand can be caused by treatments such as irradiation (e.g. with ionising radiation such
as UV light), serum deprivation, at least one freeze/thaw cycle, or by treatment with chemotherapeutic agents such as
anthracyclines (such as doxorubicin and daunorubicin) and anthracenediones (such as mitoxantrone). However death by osmotic

shock appears not to expose the ligand.

[0135] Thus, without wishing to be bound by any particular theory, it is believed that CLEC9a may be involved in generation of
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the immune response caused by immunogenic cell death. The interaction between CLEC9a and its ligand can be inhibited by
CLEC9a antagonists. These include binding agents capable of binding to (the extracellular domain of) CLEC9a. Other examples
include competitors for CLEC9a binding sites on the ligand, such as soluble agents comprising the extracellular domain of
CLEC9Ya or a portion thereof (e.g. at least 20 amino acids, at least 50 amino acids, at least 100 amino acids, at least 150 amino
acids, or at least 200 amino acids of the extracellular domain) which is capable of binding to CLEC9a ligand.

[0136] Antagonists capable of inhibiting binding between CLEC9a and its ligand will be capable of inhibiting CLEC9a signalling
when contacted with suitable dead or dying cells (e.g. UV-irradiated mammalian cells) or a lysate, extract or fraction thereof
capable of inducing CLEC9a signalling. Any suitable test system may be used to assess this capacity. For example, in dendritic
cells expressing CLEC9a, CLEC9a signalling may be assessed by determining phosphorylation of Syk kinase. Alternatively an
artificial reporter system may be used comprising the CLEC9a extracellular domain functionally linked to a reporter system such
as the CD3zeta chimera described in the examples.

Binding agents

[0137] Binding agents are antibodies against CLEC9a and functional fragments thereof.

[0138] The binding agent preferably has a binding affinity (affinity constant) for CLEC9a, particularly for the CLEC9a ECD, of at
least 105M'1, at least 106M'1, at least 107M‘1, preferably at least 108M'1, more preferably at least 109mr1,

[0139] The binding agent preferably has an affinity at least 2x, and preferably at least 5x, at least 10x, at least 50x or at least
100x greater than for any non-CLEC9a molecule, including other C-type lectins.

[0140] It is well-known that fragments of a whole antibody can perform the function of binding antigens. Examples of functional
binding fragments are (i) the Fab fragment consisting of VL, VH, CL and CH1 domains; (ii) the Fd fragment consisting of the VH
and CH1 domains; (iii) the Fv fragment consisting of the VL and VH domains of a single antibody; (iv) the dAb fragment (Ward,
E.S. et al., Nature 341, 544-546 (1989)) which consists of a VH domain; (v) isolated CDR regions; (vi) F(ab')2 fragments, a
bivalent fragment comprising two linked Fab fragments (vii) single chain Fv molecules (scFv), wherein a VH domain and a VL
domain are linked by a peptide linker which allows the two domains to associate to form an antigen binding site (Bird et al,
Science, 242, 423-426, 1988; Huston et al, PNAS USA, 85, 5879-5883, 1988); (viii) bispecific single chain Fv dimers
(PCT/US92/09965) and (ix) "diabodies", multivalent or multispecific fragments constructed by gene fusion (W094/13804; P.
Holliger et al Proc. Natl. Acad. Sci. USA 90 6444-6448, 1993).

[0141] As antibodies can be modified in a number of ways, the term "antibody" should therefore be construed as covering any
specific binding substance having an binding domain with the required specificity. Thus, this term covers the antibody fragments
described above, as well as derivatives, functional equivalents and homologues of antibodies, including any polypeptide
comprising an immunoglobulin binding domain, whether natural or synthetic. Chimaeric molecules comprising an immunoglobulin
binding domain, or equivalent, fused to another polypeptide are therefore included. Cloning and expression of chimaeric
antibodies are described in EP-A-0120694 and EP-A-0125023.

[0142] It will be appreciated that the binding agents used in the methods described herein are generally required to bind the
extracellular domain of CLEC9a in order to exert the required effect. Reference to a binding agent capable of binding CLEC9a
should be construed accordingly, unless the context allows otherwise.

[0143] In certain aspects of the invention, it is desirable to cross-link an antigen (e.g. a protein or peptide antigen) to a binding
agent as described. The skilled person is well aware of suitable methods and reagents. Where the binding agent is a protein, the
antigen may be coupled via a sulphydryl group of the binding agent. The sulphydryl group may normally be free, or it may
normally be part of a disulphide bond in which case it may be exposed by selective reduction of the binding agent. For example,
an antibody can be mildly reduced selectively in the hinge region using the reducing agent mercaptoethanosulfonate. Then, the
antigen is activated using sulpho-SMCC, an hetero-bifunctional cross-linking reagent that reacts with the tertiary amines of the
protein, generating groups reactive with free sulphydryls. Then, the antibody and the activated antigen are incubated together

resulting in the protein being conjugated to the monovalent antibody18. Alternatively, if a suitably immunogenic peptide sequence
from the antigen is known, such a peptide containing a cysteine with a free sulphydryl can be synthesized and coupled to sulpho-
SMCC activated antibody, which will remain bivalent and with several peptides bound per molecule of antibody.

Pharmaceutical compositions
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[0144] The polypeptides, antibodies, peptides, nucleic acids and cells described herein can be formulated in pharmaceutical
compositions. These compositions may comprise, in addition to one of the above substances, a pharmaceutically acceptable
excipient, carrier, buffer, stabiliser or other materials well known to those skilled in the art. Such materials should be non-toxic and
should not interfere with the efficacy of the active ingredient. The precise nature of the carrier or other material may depend on
the route of administration, e.g. oral, intravenous, cutaneous or subcutaneous, nasal, intramuscular, intraperitoneal routes.

[0145] Pharmaceutical compositions for oral administration may be in tablet, capsule, powder or liquid form. A tablet may include
a solid carrier such as gelatin or an adjuvant. Liquid pharmaceutical compositions generally include a liquid carrier such as water,
petroleum, animal or vegetable oils, mineral oil or synthetic oil. Physiological saline solution, dextrose or other saccharide solution
or glycols such as ethylene glycol, propylene glycol or polyethylene glycol may be included.

[0146] For intravenous, cutaneous or subcutaneous injection, or injection at the site of affliction, the active ingredient will be in
the form of a parenterally acceptable aqueous solution which is pyrogen-free and has suitable pH, isotonicity and stability. Those
of relevant skill in the art are well able to prepare suitable solutions using, for example, isotonic vehicles such as Sodium Chloride
Injection, Ringer's Injection, Lactated Ringer's Injection. Preservatives, stabilisers, buffers, antioxidants and/or other additives may
be included, as required.

[0147] Administration is preferably in a "prophylactically effective amount" or a "therapeutically effective amount” (as the case
may be, although prophylaxis may be considered therapy), this being sufficient to show benefit to the individual. The actual
amount administered, and rate and time-course of administration, will depend on the nature and severity of what is being treated.
Prescription of treatment, e.g. decisions on dosage etc, is within the responsibility of general practitioners and other medical
doctors, and typically takes account of the disorder to be treated, the condition of the individual patient, the site of delivery, the
method of administration and other factors known to practitioners. Examples of the techniques and protocols mentioned above
can be found in Remington's Pharmaceutical Sciences, 20th Edition, 2000, pub. Lippincott, Williams & Wilkins.

[0148] A composition may be administered alone or in combination with other treatments, either simultaneously or sequentially
dependent upon the condition to be treated.

Examples

CLEC9a sequences and structure

[0149] A search of the NCBI gene database shows that CLEC9a sequence has been already identified in Mus musculus, Pan
froglodytes, Homo sapiens and Macaca mulatta. A blast search using the protein sequence of mouse CLEC9a, also shows
predicted CLEC9a proteins in Rattus norvegicus, Canis familiaris and Bos taurus. The human cDNA sequence and the annotated
protein sequence with relevant domains is detailed in Fig. 1. The mouse cDNA sequence which we have cloned from mouse
CD8a+ DCs and its annotated protein sequence is detailed in Fig. 2. This sequence differs from the published cDNA sequence,
which contains an additional G residue causing a frameshift towards the end of the molecule, leading to a longer protein than that
shown in Figure 2. Our sequence appears to be correct, since it matches the published genomic sequence (NC_000072.4
Gl:94471533); as can be seen in this page the position 13480 of the genomic (ATTT) matches our cDNA sequence. The
sequences predict a C-type lectin family protein with a C-type lectin-like domain (CTLD), a stalk region, a transmembrane region
and a cytoplasmic domain containing one species-conserved tyrosine highlighted in Fig. 1 and 2. We have found transcripts for
three isoforms of mouse CLECY9a that we have termed long isoform (exons 1-7), short isoform that lacks exon 4, including a
putative cysteine involved in dimerization, and very short isoform, that couples exon 3 to exon 7, yielding a mRNA coding for a
transmembrane protein that, if expressed, would share the transmembrane-intracellular domains with CLEC9a but would have a
short and different extracellular domain. We only have evidence of protein expression for the long isoform.

[0150] The structure of mouse CLEC9a was analyzed. The core protein has a predicted molecular weight (Mw) of about 29.67
KDa However, when expressed in the HEK-293 cell line the Mw is about 100 KDa in non-reducing conditions, and a Mw of about
45 KDa in reducing conditions (Fig. 3). These results indicate that the molecule forms dimers through the cysteine in the stalk,
like other lectins in the family, and the monomer is strongly glycosylated.

CLEC9a expression
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[0151] CLECY9a was first detected in our laboratory as a result of a representational difference analysis between samples of
mouse spleen CD11c+CD8+ and CD11c+CD8- cells. The results showed that sequences corresponding to the EST clone
AW318446, corresponding to CLEC9a, were selectively found in the CD11c+CD8+ transcripts.

[0152] The analysis of the transcripts in sorted subsets of splenic DCs revealed high expression of CLEC9a in the CD8+ subset,
although double negative (CD4-CD8-) and B220+ spleen DC also showed some transcripts for CLEC9a (Fig. 4). No significant
expression was found in GMCSF-derived BMDC (Fig. 4). Mouse bone marrow cultured for 10 days in the presence of FIt3L (50
ng/ml) generates CD11c+ cells that are either CD11b+, functionally corresponding to spleen conventional DC and including a

CDB8-like subset 19, or B220+, which are functional equivalents of plasmacytoid DC (pDC). High expression of CLEC9a was found
in the sorted CD11b+ subset, although the pDC subset showed some expression of the molecule (Fig. 4).

[0153] Since the RT-PCR is a sensitive technique that can detect very low level of transcript, it is limited by the quality of
purification of the sample. To unequivocally determine the pattern of expression of CLEC9a, we generated rat monoclonal
antibodies (mAb) against mouse CLEC9a, using a CD3(-NKRP1-CLEC9a chimera expressed in B3Z cells with a 3-Gal reporter
(Fig. 5) as indicated under Methods. We selected three mAbs named 1F6, 397, and 7H11. Using these mAb, we have studied the
pattern of expression of the molecule in mouse spleen and bone marrow. CLEC9a was highly expressed in CD8a+ conventional
DCs (MFI~ 350-400) and showed moderate expression (MFI~ 65-70) in pDCs (Fig. 6). The molecule was not detected in other cell
types explored including B cells, T cells, NK cells, NKT cells, monocytes, macrophages and granulocytes.

[0154] As a model for analysis of CLEC9a function in vitro, we analyzed expression in mouse GMCSF- and FIt3L-derived BMDC.
We did not detect expression of the molecule in GMCSF-derived BMDC, whereas CLEC9a was selectively expressed in the

CD11b !0, cD24 Ni, B220- subset of FIt3L BMDC, functionally homologous to CD8+ splenic DC 19, and also in a subset of the
CD11b'° B220+, equivalent to pDC (Data not shown).

CLEC9a signals through Syk kinase and promotes DC activation.

[0155] Sequence analysis reveals Tyr7 from mouse that is conserved in all the species with the same structure EXXYXXL, which
could serve as a putative SH2 binding domain and/or a tyrosine-based sorting signal. This sequence allows/mediates Syk binding

in mouse Dectin-1 and is termed "HemITAM" 22. However, this putative sequence is necessary but not sufficient for predicting Syk
binding. In consequence, we designed biotinylated peptides with the cytoplasmic tail of mouse CLEC9a expressing the
phosphorylated Tyr7, or with that Tyr7 without phosphorylation or even mutated to Phe. The Tyr7 phosphorylated peptide was
able to pull down recombinant Syk (Fig. 7) to a similar extent than the cytoplasmic tail from mouse Dectin-1 expressing both Tyr

phosphorylated as a positive control 23,

[0156] To determine if CLEC9a truly acts as a signalling receptor, we used the rat anti-mouse CLEC9a mAb above described.
We generated transfectants expressing CLEC9a in LK cells, a mouse B cell line negative for CLEC9a expression but containing

endogenous levels of Syk23A The triggering of CLEC9a with all three plated anti-CLEC9a antibodies tested resulted in
phosphorylation of Syk and Erk in LK cells (Fig. 8).

[0157] To determine whether Syk is necessary for CLEC9a signalling, we used stable transfectants of the reporter T cell line
B3Z, which does not express Syk. The contribution of the Tyr7 to CLEC9a signalling was analyzed using a mutant version of
CLEC9a with the Tyr7 mutated to Phe (CLEC9a Y7F). We transduced B3Z cells with CLEC9a wt or Y7F and co-transduced or not
with Syk kinase. Plated anti-CLEC9a mAbs induced NFAT activation in B3Z-C9wt-Syk through the wt cytoplasmic tail of C9, but
not in the absence of either Syk or the Y7 (not shown).

Regulation of immuno-regulatory cytokine s/co-stimulatory molecules through CLEC9a.

[0158] To determine whether signalling through CLEC9a can contribute to the production of regulatory cytokines or expression
of co-stimulatory molecules in the cells where is expressed, we have analyzed LK transfectants with wt CLEC9 or the Y7F mutant.
Hybridoma cells expressing 397 anti-CLEC9a and, to a lesser extent, 7H11 triggered specific IL-2 production through the CLEC9a
molecule that was abolished in the Y7F mutant (Fig. 9). DEC-205 control hybridoma did not trigger any response and 1F6 anti-

19



DK/EP 2185586 T3

CLEC9a triggered a reduced response that opens the possibility that these antibodies can behave differentially for cytokine
production, which would be very attractive from the prospective of CLEC9a targeting (agonist antibody,397, versus blocking
antibody, 1F6).

[0159] To determine the requirements for CLEC9a WT tail activation we analyzed stable transfectants of the reporter T cell line
B3Z, which does not express Syk. The contribution of the Tyr7 to CLEC9a signalling was analyzed using a mutant version of
CLEC9a with the Tyr7 mutated to Phe (CLEC9a Y7F). We transduced B3Z cells with CLEC9a wt or Y7F and co-transduced or not
with Syk kinase. Plated anti-CLEC9a mAbs induced NFAT activation in B3Z-CO9wt-Syk through the wt cytoplasmic tail of C9, but
not in the absence of either Syk or when the Y7F mutant was used (Fig. 10).

[0160] FIt3L BMDC respond to plated anti-CLEC9a mAbs by production of IL12-23 p40 protein (Fig. 11).

[0161] These results demonstrate that CLEC9a is a signalling molecule capable of activating DCs.

CLEC9a is an endocytic receptor that selectively targets CD11c+ CD8+ DC in vivo

[0162] The potential of anti-CLEC9a mAb to be internalised by endogenous CLEC9a expressed in FIt3L BMDC was analyzed by
FACS and revealed that CLEC9a is an endocytic molecule. Confocal analyses showed targeting of the antibody to intracellular
compartments (data not shown). These results suggest that CLEC9a is an endocytic receptor that can be targeted by antibodies
coupled to antigens (tumor/viral vaccination) to specifically deliver the cargo to cell subsets selectively expressing the molecule.
To determine whether CLEC9a mAb serve as a targeting tool in vivo, we injected i.v. 7H11-Alexa-488 or isotype control. After 16h,
we analyzed total splenocytes and the antibody selectively targeted CD8a+ DC (MFI-350-400), and, with lower affinity, PDC (MFI~
65-70). Labelling of splenocytes with anti-rat Cy5 suggested that most of the rat anti-mouse CLEC9a mAb was endocytosed,
since it did not co-stained with the anti-rat secondary reagent (not shown).

[0163] To explore whether the targeting through CLECY9a leads to the processing and presentation of antigen by a specific
subset in vivo, we coupled a biotinylated derivative of an immuno-dominant peptide for the CTL response to OVA protein
(SIINEEKLC-biot, named S1) to isotype control or anti-CLEC9a mAb as indicated under Methods. The biotinylation of the peptide
allowed us to determine that there was between 1-1.2 peptides per antibody in all cases. Mice were injected i.v. either with 5 ug of
the S1-coupled anti-CLEC9a or with the S1-isotype control. The following day, splenocytes were enriched in CD11c+ or CD11c-
subsets and tested for their ability to induce OT-I T cell proliferation and cytokine production (Fig. 12a and b). Only the anti-
CLECY9a targeted CD11c+ cells resulted in proliferation and IFN-y production by OT-I cells, showing that CLEC9a targets
specifically CD11c+ DC resulting in presentation to antigen-specific T cells.

[0164] To further determine which subset of dendritic cells is targeted by anti-C9, mice injected with S1-coupled anti-C9 were
sorted in the three major subsets of conventional DCs and tested with OT-I T cells as above. Only the CD8+ subset of DCs
mediated proliferation and IFN-y production by T cells, confirming that CLEC9 targets specifically the CD11c+ CD8+ DC resulting
in priming of antigen-specific T cells (Fig. 12c and d).

Targeting in vivo using anti-CLEC9a mAb plus anti-CD40 results in priming of CTLs and tumor rejection

[0165] We explored whether CLEC9a targeting in vivo could induce specific T cell activation. Injection of 2 pg of anti-C9-S1, but
not the isotype control, results in the induction of specific CTL activity from the endogenous repertoire in vivo when co-

administered with anti-CD40 (Fig. 13). This behaviour is similar to that observed with anti-DEC205-81, previously described 24 g5
evidenced by in vivo killing assays (Fig. 13A).

[0166] Mice given S1 coupled to control mAb did not eliminate target cells irrespective of anti-CD40 co-administration. In
contrast, target cells were completely eliminated from mice given S1 coupled to anti-CLEC9a together with anti-CD40. No
response was seen when the anti-CD40 mAb was omitted. Consistent with target cell elimination, significant numbers of tetramer
positive OVA/H-2 Kb-specific CD8+ T cells were found only in the spleens and blood of mice that had received anti-CLEC9a-S1
together with anti-CD40. Re-stimulation of the same cells with SIINFEKL peptide in vitro resulted in secondary expansion, with IFN-
y production and specific killing activity. Identical results were obtained using anti-CLEC9a conjugated to a longer peptide of OVA
containing the SIINFEKL epitope ("S2"; SINFEKLTEWTSSNVMEERC; Figure 13B).

[0167] Notably, free S1 peptide was unable to induce in vivo killing responses or elicit a significant number of tetramer positive
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cells even when given at 100 times excess over the amount present in anti-CLEC9a-81 conjugates (not shown). We conclude that
targeting of exogenous antigen to CLEC-9a together with an appropriate adjuvant allows efficient crosspriming of CD8+ T cells.

[0168] To determine whether CLEC9a priming of CTL activity can result in tumor therapy, we used the model of B16 melanoma

lung metastasis. We inoculated i.v. 2x10° B16-OVA-GFP melanoma cells and 6 days later different antibodies conjugated to S1
SIINFEKL derivative (10 pg) together with anti-CD40 (25 pg) were injected s.c. in the paw (Fig. 14). After 18 days following
injection of the tumor, the number of lung tumors was analyzed. The results revealed that anti-CLEC9a plus anti-CD40 is effective
for tumor therapy (p<0.001, one way ANOVA) (Fig. 14).

[0169] We extended the experiments to determine whether anti-CLEC9a targeting can also be used to induce immune responses
to endogenous melanocyte differentiation proteins that can serve as B16 tumor-associated antigens (25-27). We synthesised
biotinylated peptides encompassing H-2Kb and H-2Db-restricted antigenic epitopes from gp100, TRP-1 and TRP-2 (25-27),
coupled these covalently to anti-CLEC-9a and immunized mice with the antibody conjugates together with poly I:C and anti-CD40
as adjuvants. As shown in Figure 16, a single dose of vaccine given therapeutically three days post transfer of B16 melanoma
cells induced nearly complete eradication of lung pseudo-metastases. This was accompanied by the induction of potent IFN-y
responses against the melanoma antigens (Figure 16). In contrast, the same antigens in untargeted form (conjugated to a control
isotype-matched mAb) failed to induce protection or IFN-y responses (Figure 16A, B). Similar results were obtained in a
prophylactic model in which the vaccine was given prior to B16 challenge (Figure 16C). We conclude that priming of specific CTL
via CLEC-9a targeting can be used for prophylactic or therapeutic vaccination against mouse tumors.

Human Clec9a expression is restricted to a small subset of blood DC

[0170] To extend these findings to humans, we cloned hClec9a and generated mouse mAbs against it (see Materials and
Methods). One of these mAbs was selected to analyze the pattern of Clec9a expression among human peripheral blood
mononuclear cells. Human Clec9a expression was absent from lymphocytes, monocytes, NK cells and lineage-negative HLADR-
cells (Fig. 15A). It was also not detected in monocyte-derived DC generated by culture in GM-CSF and IL-4 (data not shown).
However, Clec9a expression was apparent in a discrete subpopulation of blood DC, defined as lineage-negative HLA-DR+ cells
(Fig. 15A).

[0171] Five distinct subsets of blood DC have been reported, including a population of CD123+ pDC and different subsets of
putatively myeloid CD123- DC distinguishable on the basis of expression of CD16, CD1b/c, BDCA-3, and CD34 (22). The
Clec9a+ subpopulation of DC was negative for CD123, suggesting that human pDC do not express Clec9a, unlike pDC in the
mouse (Fig. 15B). Clec9a+ blood DC were also negative for CD34, CD16 and CD1b/c. However, Clec9a+ DC were uniformly
positive for BDCA-3 (Fig. 15B). Human Clec9a therefore selectively marks a distinct population of BDCA-3+ DC.

[0172] Finally, we assessed whether human CLEC-9a, like its mouse orthologue, can function as an endocytic receptor in DC.
BDCA-3+ DC were stained at 4°C with Alexa 488-labelled anti-CLEC-9a. After 1h at 37°C but not at 40C, fluorescence was found
in intracellular compartments (not shown). Therefore, human CLEC-9a mediates endocytosis of bound antibody in BDCA3+ DC,
thereby suggesting that it could be used for antigen targeting to these cells in humans.

Dying/dead cells express a ligand for CLEC9A

[0173] BWZ cells containing the CLEC9A-CD3( chimera have a short generation time and can easily overgrow, generating a
significant proportion of dead cells in the culture. We observed a basal activation in the BWZ transfectants expressing CLEC9A
without any further stimulation, correlating with the number of dead cells in the BWZ culture (Fig. 17a).

[0174] To confirm these results we used a cell line that does not induce a response when added to the BWZ-CLEC9A(
transfectants. LK cells do not induce a response when exposed to the reporter cells. However, when LK cells were UV-irradiated
to induce cell death, they turned into potent inducers of the reporter (Fig. 17b), suggesting that altered cells following UV
treatment express ligand/s for CLEC9A. Since bivalent antibodies trigger cross-linking of the molecule expressed in the B3Z cell
line and reporter activation, blocking antibodies cannot be tested in this system to demonstrate the specificity of the interaction.
However, monovalent Fab fragments of anti-CLEC9A antibodies did not trigger the reporter activity and blocked induction by UV-
treated cells in a species-specific fashion (Fig. 17b), demonstrating that the antibody acts blocking specifically the CLEC9A
receptor to avoid interaction with the ligand.
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[0175] This result was confirmed in other independent UV-irradiated cell types (murine 3T3, LK cells, MEFs, EL-4), rat RBL cells,
and human HEK-293. When cells are pre-incubated with caffeine (which prevents UV-induced DNA damage and apoptosis) and
then exposed to UV radiation, exposure of the ligand is not induced.

[0176] We exposed LK cells to different doses of UV and we found that expression of ligand in LK cells correlates with the
number of dead LK cells (Fig. 17c), showing that the ligand is selectively expressed in this population.

[0177] To confirm this in an independent fashion, we generated recombinant soluble extracellular domain (rsCTLD) for mouse
CLEC9A, and mouse Dectin-1 as a control, each coupled to a BirA sequence for monobiotinylation. Monobiotinylated rsCTLD was
used to generate PE-tetramers. We stained cells treated with UV 24 h earlier and we detected specific binding of CLEC9A
rsCTLD tetramers to TO-PRO 3 positive cells (Fig. 17d, dot plots). As a control, Dectin-1 rsCTLD tetramers did not bind dead
cells, yet they bound to their specific ligand zymosan (Fig. 17d, histogram).

[0178] As UV treatment induces DNA damage and a series of related stress markers, we tested whether the induction of ligands
was caused by DNA damage or mostly by processes involved in cell death. Not only DNA damage-causing reagents, but also
serum deprivation or even freeze-thaw, which has been shown to promote primary necrosis resulting in immunogenic cell death,
led to exposure of the ligand (Fig. 17e). However, osmotic shock, which induces instant cell death that has been shown to behave
as tolerogenic, did not expose CLEC9A ligand (Fig. 17e and f). In conclusion, CLEC9A ligand is exposed in cells following certain
types of primary and secondary necrosis. Moreover, we have found that fixation (or fixation and permeabilization) of the cells
instantly promotes changes that make cells permeable to TO-PRO3 and "expose" the ligands for CLEC9A (Figure 20) further
demonstrating that synthesis of the ligand is not induced as a result of damage response to UV, but is exposed as a result of the
process of dying in response to certain stimuli.

CLEC9A mediate s an adjuvant signal delivered by dying cells to dendritic cells.

[0179] UV-dead cells signal through the cytoplasmic domain of CLEC9A in a Syk and Y7-dependent fashion (Figure 21). This
system allowed us to explore whether anti-CLEC9A antibodies could act as specific blocking reagents for this interaction and we
found that both Fab and full antibodies in soluble form were powerful blocking reagents (Figure 22). To test the effects of dying
cells in dendritic cells and their effector function in vitro, we designed a cross-presentation assay in which UV-treated bm-1 cells
loaded with OVA protein were allowed to interact with FIt3L BMDC in the presence or absence of blocking anti-CLEC9A. Bm-1

cells are from a B6 haplotype but express a mutated H2KP that does not bind the immunodominant class | peptide for OVA
(SIINFEKL). As a readout for DC capacity for cross-priming, specific OT-| cells were added to the assay. Proliferation of OT-I cells,
as readout for the amount of antigen that was cross-presented, was not greatly affected (Fig. 18a). However, cytokine production
by OT-l cells, which is dependent in the help promoted by DC activated by an adjuvant effect, was severely inhibited when
blocking CLEC9A antibodies were used (Fig. 18a and b).

[0180] To confirm these results we generated mice deficient in CLEC9A, expressing EGFP under the control of Clec9a promoter
(CIecQaegfp/'). We generated FIt3L BMDC deficient or not in CLEC9A and we analyzed whether the uptake of dying cells was

affected. Fig. 18c shows no difference between in the capacity for uptake of dying cells between CLEC9A* and CLEC9A™ FIt3L
BMDC. Then, we assayed the effect of CLEC9A deficiency in FIt3L BMDC in cross-presentation to OVA protein either loaded in
UV-treated bm-1 cells or expressed intracellularly in a non-secreted OVA-GFP fusion protein in bm-1 MEFs that were UV treated
(Fig. 18d). OT-I proliferation was affected, suggesting a more profound effect in blockade of cross-presentation than the antibody
blockade. However, at higher doses of OVA, including OVA expressed by bm1MEFs, proliferation was not affected and IFNy
production was severely inhibited (Fig. 18d and e). These results suggest that there is a blockade in the adjuvant effect
associated to dying cells during cross-priming in vitro in the absence of CLEC9A in DCs.

CLEC9A senses immunogenic cell death to promote crosspriming in vivo

[0181] As CD8a™ DC expressing CLEC9A are the main cell type characterized to promote cross-priming to dead cell associated
antigen in vivo, we tested the effect of CLEC9A blockade in this function. Mice that received UV-treated bm1 MEFs expressing
OVA showed expanded CD8+ T cells against OVA from the endogenous repertoire 6 days later (Fig. 19a, left panel). These
CD8+ T cells were able to produce IFN-y in response to SIINFEKL, showing that they are effector cells and that dead cells
behaved as an immunogenic carrier of antigen associated to adjuvant activity of dead cells (Fig. 19a, right panel). Pre-treatment
with anti-CLEC9A blocking antibody, but not with isotype control, blocked both the generation of specific CD8 response and its
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effector activity (Fig. 19a).

[0182] To determine the precise role of CLEC9A.in the process of immunogenicity of dead cells related to crosspriming to dead

cell-associated antigen, we exploited the assay in CLEC9a®9P" mice. The results showed a very significant and partial inhibition
of crosspriming to dead cell associated antigen in vivo in the absence of CLEC9A (Fig. 19b, left panel). As knock-out mice were
generated in a mixed C57BL/6-129 background and are being back-crossed with C57BL/6 (N3), we grouped the 12 female litters
whose individuals were pooled in Fig. 19b, left panel, and we compared the average between CLEC9A+ and CLEC9A- mice,
showing that 12 out of 12 litters showed reduction, with an average 30.05% inhibition (p<0.0001, Student's t test) (Fig. 19b, right
panel). As shown in Fig. 19b, right panel, differences in background penetrance among different litters could explain significant

variability in cross-priming ability among litters and dampen the real difference between CLEC9A* and CLEC9A™ mice, which is still
very significant albeit only partial. Moreover, IFN-y production in response to SIINFEKL ex vivo was severely affected, showing the
deficiency in effector response generated via cross-priming to dead-cell associated antigen in the absence of CLEC9A (Fig. 19c).
In conclusion, CLEC9A deficiency results in a reduced adjuvancy of the dead-cells with associated antigen that leads to a
blockade in specific T cell effector response to dead cell associated antigen.

Methods

Mice

[0183] C57BL/6 mice, OT-I mice on a Rag-/- C57BL/6 background and B6.SJL background mice (congenic CD45.1*) were bred

at Cancer Research UK in specific pathogen-free conditions. KPM-1 mice were purchased from The Jackson laboratory (Bar
Harbor, Maine; stock number 001060), and, together with C57BL/6 mice, OT-I mice on a Rag-/- C57BL/6 background, MyD88-

TRIF double knock out, Clec9a*, and Clec9a -/- mice were bred at Cancer Research UK in specific pathogen-free conditions.
Bone marrow chimeras were made from Syk-deficient fetal liver cells as previously described (Turner et al. Nature 378, 298
(1995)) All animal experiments were performed in accordance with national and institutional guidelines for animal care.

Reagents

[0184] Culture medium was RPMI 1640 (Invitrogen) supplemented with glutamine, penicillin, streptomycin, 2-mercaptoethanol (all
from Invitrogen) and 10% heat-inactivated foetal calf serum (Bioclear). Antibodies used for flow cytometry analysis experiments
were from BD Pharmingen and included those specific for CD11c (clone HL3, hamster IgG1), CD24, CD11b, B220, Ly6C, CD4
(RM4-5, rat IgG2a), CD8. Antibodies used for ELISA were capture IFN-y (XMG1.2, rat IgG1) detection/ IL12-23 p40. Purified
2.4G2 (anti-FcgRIIlI, rat IgG2b, used to block unspecific Ab binding) was from Cancer Research UK antibody production service.
For flow cytometry, cell suspensions were stained in ice-cold PBS supplemented with 2 mM EDTA, 1% FCS and 0.02% sodium
azide. Data were acquired on a FACSCalibur (BD Biosciences) and analyzed using FlowJo software (Treestar, San Carlos, CA).

Cells

[0185] Mouse bone marrow-derived DCs (BMDCs) were generated using GM-CSF and purified from bulk cultures by magnetic
selection with anti-CD1c microbeads (GM-CSF BMDCs). Alternatively, BMDCs were generated by culturing bone marrow cells in
the presence of 100 ng/ml of FIt3L (R&D) for 10 days, by which time all living cells were positive for CD11c (FIt3L BMDCs). Spleen
cells were prepared by liberase/DNAse digestion and enriched for DC by positive selection with anti-CD11c microbeads. OT-1 T
cells (from lymph nodes and spleen) were purified by negative selection using a cocktail of biotinylated antibodies (anti-CD11c,
CD11b, B220, FcyR, Gr-1, and CD4) followed by streptavidin microbeads. Human peripheral blood mononuclear cells (PBMCs)
were prepared from single donor leukocyte buffy coats (National Blood Transfusion Service) by sedimentation over Ficoll-
Hypaque (GE-Healthcare).

PCRIRT-PCR

[0186] Total RNA was extracted using Trizol (Invitrogen) from subsets of splenic DC enriched in CD11c with anti-CD11c
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microbeads (Miltenyi) and sorted for CD4 and CD8 expression in a FacsAria sort (BD). In addition, RNA was extracted from sorted
subsets of GMCSF and FIt3L in vitro derived BMDC. RNA was prepared by DNAse digestion (DNA-free, Ambion) and reverse
transcribed using Superscript Il reverse transcriptase (Gibco), 1 pM dNTPs and 10 yM random hexanucleotides (Gibco). cDNA
was amplified using 35 PCR-cycles, consisting of 30 s 94 °C, 30 s 55 °C, 1 m 72 °C. Sequences of primers were: mCLEC9a Fw 5'
AGACTGCTTCACCACTCCAA; mCLEC9a Rv: 5' CTTGGCACAATGGACAAGGT; b-actin Fw: 5' GTTTGAGACCTTCAACACCCC,
b -actin Rv: 5 GTGGCCATCTCCTGCTCGAAGTC; hClec9a Fw. 5 CCCAAGTCTCATTTGGAGGA; hClec9a-1 Rv: &'
AAATCTGGACGGTGTGGAAG.

Generation of anti-CLEC9a mAb

mAbs against murine Clec9a

[0187] Wistar rats were immunized with RBL-2H3 cells transfected with CLEC9a fused to an HA epitope and fusion of splenocytes
from hyper-immunized rats with the rat myeloma cell line Y3 was performed following standard procedures. For the detection of

positives, we used the B3Z cell line 25 expressing a chimera with the extracellular domain of CLEC9a, the transmembrane region

from NKRP1B and the intracellular tail of CD3¢ and followed by an IRES-GFP, a strategy that has been described 21 The cDNA
sequence of the fusion chimera for mCLEC9a is shown in Fig. 3. The B3Z cell line contains a reporter for NFAT coupled to 3-Gal
activity and any engagement of the chimerical molecule results in the activation of NFAT and the reporter, that can be then
revealed following standard assays for b-Gal activity. The screening for antibodies was by functional activation of the B3Z
expressing the chimera compared with the parental cell line. Those antibodies that were selected as positives were confirmed by
FACS analysis in the parental cell line (EGFP-) compared to the CLEC9a chimera expressing cells (EGFP+). This method allowed
the selection of three mAbs named 1F6, 397, and 7H11 as shown in Fig. 4. mAb were then conjugated to biotin or to Alexa488 for
staining (Invitrogen), or used for conjugation with S1 peptide.

mAbs against human Clec9a

[0188] BALB/c mice were immunized 3-4 times with RBL-2H3 cells expressing human Clec9a fused to an HA epitope. Fusion of
splenocytes with the mouse myeloma line SP2/0 was carried out using standard procedures. For hybridoma screening, we used
the B3Z cell line, which expresses a B-gal reporter for NFAT (23). This cell line was transduced with a retrovirus encoding a
chimera of the extracellular domain of human Clec9a fused to the transmembrane region from NKRP1B and the intracellular tail of
CD3¢ followed by an IRES sequence and the GFP gene (24). Hybridoma supernatants were screened for the ability to bind to the
Clec9a chimera, resulting in the activation of the NFAT reporter and induction of B-gal activity (24). Supernatants that tested
positive in this assay were further screened by flow cytometry using a mixture of B3Z cells expressing the chimera Clec9a (GFP+)
and parental B3Z cells (GFP-). This method allowed the selection of one mouse mAb specific for hClec9a (8F9 (lgG2a)).

Flow cytometry

[0189] Fluorochrome- or biotin-labeled antibodies specific for mouse CD11c, CD24, CD11b, B220, Ly6C, CD4 and CD8a were
from BD Pharmingen. Purified 2.4G2 (anti-FcyRIIII) was from Cancer Research UK antibody production service. Mouse cell
suspensions were incubated with 10 pg/ml of 2.4G2 mAb to block Fcy receptors and were then stained in icecold PBS
supplemented with 2 mM EDTA, 1% FCS and 0.02% sodium azide. For endocytosis studies, FcyR-blocked cells were labeled with
5pg/ml of biotinylated anti-Clec9a mAb for 30 min at 4°C. Cells were then washed twice and incubated for different times at 4°C or
37°C before transferring to ice and adding streptavidin PE. For in vivo labeling studies, Alexa-488 conjugated anti-Clec9a or
isotype-matched control mAbs were injected i.v. at the indicated dose and tissues were prepared and analyzed after 16h.
Antibodies specific for human CD3, CD14, CD19, CD56, HLA-DR, CD34, CD123 and CD16 were purchased from BD, and
CD1b/c, and BDCA-3 were from AbCam (Cambridge, UK). Human mononuclear cells were blocked with 100 pg/ml human IgG
(Sigma-Aldrich) and stained as above. Data were acquired on a FACSCalibur (BD Biosciences) and analyzed using FlowJo
software (Treestar, San Carlos, CA).

BM-DC culture and stimulation
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[0190] GM-CSF BM-DC were generated as described 26 and DC were purified from bulk cultures with anti-CD11c microbeads
before use (Miltenyi Biotec). BM-DC purity was checked by FACS and was routinely >98% (data not shown). FIt3L BMDC were
generated from bone marrow cultured in the presence of 75 ng/ml or 50 ng/ml of FIt3L (R&D) for 10 days. For cytokine production

and surface marker expression analyses, 5-10x104 FIt3L BM-DC per well were cultured for 18-24 hours in 200 ml culture medium
containing FIt3L in 96-well flat-bottomed plates previously coated with isotype control or anti-CLEC9a mAb. Cytokine levels in the
supernatants were measured by sandwich ELISA using capture anti-IL-12 p40-p70 (C15.6) and detection biotin anti-IL12p40-p70
(C17.8), both from BD. For endocytosis in FIt3L BMDC, FcyR were blocked with 10 pg/ml of 2.4G2 mAb and cells were then
cultured with 5ug/ml of biotinylated mAb for 30 min at 4°C or 37°C, washed and allowed for 1.5h or 0.5 h at the assay temperature
before washing and adding simultaneously the secondary reagent (streptavidin PE) at 4°C. For confocal analysis, Alexa 488
conjugated mAb were added to FcyR-blocked FIt3L-BMDC at 5mg/ml for 30 min at 4°C or 37°C and then washed and allowed for
a furtherl.5h at the assay temperature before allowing to adhere to poly-L-lysine-coated coverslips and fixation in 2% PFA for 20
min RT. Samples were mounted in slides with Fluoromount (Southern Biotech, Birmingham, AL). A confocal series of differential
interference contrast and fluorescence images was obtained simultaneously with a laser scanning confocal microscope (Axioplan
2, Zeiss, Germany) with a 63°- Plan-Apochromat NA 1.4 oil objective. Image analysis was performed with LSM 510 software
(Zeiss, Germany).

Peptide Pull-downs and Western Blotting

[0191] For peptide pull-downs, biotin-conjugated peptides were dissolved in 40% DMSO before dilution in lysis buffer.
Recombinant human Syk (Upstate) diluted in lysis buffer was incubated with the indicated biotinylated peptides corresponding to
the CLEC9a and Dectin-1 intracellular tail (Cancer ResearchUK Peptide Synthesis Laboratory) and streptavidin-sepharose
(Sigma Biosciences AB, Uppsala, Sweden). After affinity purification, Sepharose beads were washed once in lysis buffer and
boiled in SDS gel-loading buffer containing 10% B-mercaptoethanol. Proteins were separated by sodium-dodecyl-sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE), transferred onto Immobilon PVDF membranes (Millipore Corporation, Bedford,
MA), and probed with rabbit anti-Syk (a combination of 2131 serum raised against a synthetic peptide corresponding to amino

acids 318-330 of murine Syk20 and anti-Syk from Cell Signaling Technology, Inc., catalog number 2712, raised against a
synthetic peptide corresponding to the C terminus of human Syk) followed by chemiluminescent detection.

[0192] In the LK cell activation assay, LK cells were plated in 6-well plates coated with anti-C9 or isotype control for the indicated
times. Cell extracts were prepared in lysis buffer (50 mM HEPES [pH 7.4], 150 mM sodium chloride, 100 mM sodium fluoride, 10
mM tetrasodium pyrophosphate, 1 mM sodium orthovanadate [pH 10.0], 1 mM EDTA [pH 8.0], 1.5 mM magnesium chloride, 10%
glycerol, 1% Triton X100, 1 mM PMSF, and "Complete" protease inhibitor cocktail tablets [Roche]); insoluble material was
discarded and a fixed amount of lysate was run by SDS-PAGE as described above. For WB rabbit anti-Syk as above and anti-P-
Syk, anti-Erk, anti-P-Erk were from Cell Signaling.

NFAT reporter assay in B3Z and BWZ cells

[0193] B3Z cells containing a reporter plasmid for NFAT coupled to LacZ activity have been previously described 25 CLECYa
WT or a mutant version Y7F (Stratagene) were transduced in wt or Syk-transduced B3Z cells. Cells were plated in 96 well plates
coated with isotype control or anti-CLEC9a mAb and after overnight culture, were washed in PBS and lysed in CPRG-containing

buffer as described 21. Four hours later A595 was measured, using OD 655 as a reference.

[0194] For detection of CLEC9A ligands, BWZ cell line was transduced with a retrovirus encoding a chimera of the extracellular
domain of mouse or human CLEC9A fused to the transmembrane region from NKRP1B and the intracellular tail of CD3(¢ followed
by an IRES sequence and the GFP gene (24). Ligand binding to the CLEC9A chimera would result in the activation of the NFAT
reporter and induction of B-gal activity. To assay basal activation of BWZ cells expressing mouse and human CLEC9A-CD3(
chimeric receptors, 4, 2, 1, or 0.5x1 09 cells/ml were cultured in 3 ml in a 6 well plate and allowed to (over)grow for two days.
Frequency of dead cells was determined using TO-PRO3 dye (Invitrogen) and live cells were plated in fresh medium at 2x10%/well
in 96-well flat bottom plates. After overnight culture, LacZ activity was measured as above.

[0195] To determine exposure of ligand in different cell types, LK (B cell line), SV-40 immortalized mouse embryonic fibroblasts
(MEFs) derived from bm-1 mice {Ref} using standard protocols, RBL rat leukemia, 3T3 fibroblasts, and HEK-293 human
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embryonic kidney cells were UV irradiated (240 mJ/cm2) and left 24 h to induce cell death before adding to 2x1 0% BWZ
transfectants in a 96-well flat bottom plate at a 1:1 ratio in the presence or absence of control Fab or anti-mouse CLEC9A (1F86)
and antihuman CLEC9A (8F9) Fab (Sancho et al, J Clin Invest. 2008;118(6):2098-110). After overnight culture, LacZ activity was
measured as above. In some assays, BWZ cells transfected with CLEC9A wt were used to determine if the ligand signals through
the cytoplasmic tail and evaluate full antibodies as blocking reagents comparable to the Fab.

[0196] UV dose response was performed irradiating LK cells with the following doses of UV (mJ/cmz): 0, 0.5, 15, 5, 15, 50, 240.

Frequency of dead cells was determined 24 h later using to-pro3 dye and cells were plated 1:1 with BWZ transfectants (2x105
cells/well) in fresh medium. After overnight culture, LacZ activity was measured as above.

[0197] Different treatments for LK cells and bm-1 immortalized MEFs were evaluated in exposure of the ligand. Cells were
cultured for 24 h with Mitoxantrone (1 pM) or in the absence of serum (serum deprivation). Osmotic shock was performed as
previously described (Liu et al. 2002. J. Exp. Med. 196: 1091-1097). Three cycles of freeze-thaw were performed in the pellet of
cells, freezing in liquid Np and thawing at 37 °C. After these treatments, Frequency of dead cells was determined using to-pro3

dye and cells were stained for rsCTLD as indicated below. Cells were plated 1:1 with BWZ transfectants (2x105 cells/well) in fresh
medium. After overnight culture, LacZ activity was measured as above.

Coupling of SINFEKLC-biot (S1) to mAb.

[0198] To conjugate the immunodominant OVA peptide SIINFEKL to the bivalent antibody, a derivative of the SIINFEKL peptide,
named S1, containing an added Cysteine (C) to generate a free sulfhydril group and biotin to track the labelling was synthesized
and purified by high-performance liquid chromatography at Cancer Research UK. The mAb were treated with sulfo-SMCC 30 min
at RT, generating sulfo-reactive groups in the tertiary amines, followed by purification of the activated antibody in a molecular size
exclusion chromatography column (Pierce). Then, the S1 peptide was freshly prepared and allowed to react in equimolecular
amounts with the activated antibody 1h at 37°C, and purified in a chromatography column. The extent of biotinylation of the mAb
allowed us to quantify in 1-1.2 peptides coupled per mAb molecule in all antibody conjugates generated, using the Fluoreporter
kit (Invitrogen) and following manufacturer's instructions.

Coupling of S2 peptide and melanocyte differentiation antigen peptides to mAb

[0199] S2 peptide (SINFEKLTEWTSSNVMEERC-biotin) was synthesized and purified by HPLC at Cancer Research UK. mAbs in
PBS were treated with sulfo-SMCC for 30 min at room temperature to generate sulfo-reactive groups in tertiary amines. The
activated antibody was purified by molecular size exclusion chromatography (Pierce), S2 peptide was added (2:1 molar ratio) and
the reaction was allowed to proceed for 1h at 37°C. Conjugates were purified using an Immunobind sepharose column. The
extent of biotinylation of the mAb was assessed using the Fluoreporter kit (Invitrogen) as per manufacturer's instructions.

[0200] The same strategy was used to synthesize peptides from the melanocyte differentiation antigens, gp100 (EGSRNQDWL
and KVPRNQDWL,; H-2Db-restricted (25)), TRP-1 (TWHRYHLL and TAYRYHLL; H-2Kb-restricted (26)) and TRP-2 (SVYDFFVWL;
H-2Kb-restricted (27)), each modified by addition of cysteine-eahx-biotin at the C-terminus.

Targeting in vivo with anti-CLEC9a mAb.

[0201] Anti-CLEC9a, isotype control, or anti-DEC-205 were coupled to Alexa488 (Invitrogen) or to S1 peptide. For the
experiment of targeting using Alexa488 Abs, mAb-Alexa488 were injected i.v. (20 pg) and splenocytes were extracted and
analyzed after 16h.

[0202] In the experiment of targeting of antigen to specific subsets in vivo, S1-Abs were injected i.v. (5 pg) and splenocytes were
extracted and purified in the CD11c positive and negative fraction with anti-CD11c microbeads (Miltenyi Biotec). OT-| cells were
obtained from lymph nodes and splenocytes of OT-I Rag-/- mice and purified by negative selection using a cocktail of biotinylated
antibodies (anti-CD11c, CD11b, B220, FcgR, Gr-1, and CD4) followed by streptavidin microbeads (Miltenyi Biotec). Different

amounts of in vivo targeted DC, as indicated in the Figure legend, were cultured with 10 OT-I cells labelled with 2uM CFSE
(Invitrogen) in U-bottomed plates. Three days later, proliferation was determined by CFSE dilution in cells positive for v(35.1 and
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CD8 and negative for TO-PRO 3. Cells were acquired with true count beads (...) to quantify the absolute number of cells. IFN-y in
the supernatants was determined by sandwich ELISA.

[0203] In the experiment of targeting in vivo to evaluate specific CTL response, mAb-S1 were injected s.c. in the hind paws (2 pg)
together or not with 25 pg of anti-CD40 (3/23, BD Pharmingen) and five days later in vivo killing assays were performed as

described 27, Briefly, target splenocytes from B6.SJL background (congenic CD45.1*) were loaded with 20 nM, 200 nM or no

SIINFEKL peptide and respectively labelled with 0.03 pM, 0.3uM or 3 pM of CFSE for 20 min at 37°C. Labelled splenocytes (1 07)
were i.v. injected. The following day splenocytes were extracted and the CD45.1 positive population was analyzed for CFSE. In

addition, 5x10° splenocytes were cultured in the presence or absence of 1uM SIINFEKL for 24h and supernatants were quantified
for IFNy by ELISA. Blood and spleen cells were also labeled with SIINFEKL-H2Kb tetramer (Beckman Coulter), anti-CD8 and anti-
Thy 1.2 and analyzed for the % tetramer+ cells among the CD8+ T cell population.

B16 melanoma tumor therapy model.

[0204] B16 melanoma cells were transduced with OVA-GFP fusion protein and sorted for GFP expression. Tumor cells (2x105)
were injected i.v. in the tail of congenic B6 mice and 6 days later the therapeutic treatment consisting of Ab-S1+anti-CD40 was
injected s.c. in the paw. At day 18 post-tumor injection, lung tumors were counted. Tumor therapy experiments were done in an
analogous fashion except that mice received B16-OVA 3 days prior to antibody treatment.

[0205] Tumor therapy and prophylaxis experiments were also carried out with non-transduced parental B16 cells. These were
given i.v. (5x105/mouse) either 3 days before (therapy) or 1 day after (prophylaxis) immunization with anti-CLEC-9a or control
antibody covalently coupled to a mixture of 5 peptides derived from gp100, TRP-1 and TRP-2 (1ug/paw) together with anti-CD40
(12.5pg/paw) and poly I:C (5 pg/paw). Tumor burden was assessed by counting lung foci. When these were too numerous to
count (>250 per mouse), they are shown as 250. CTL responses were monitored as described above.

Generation of Clec9a”" mice.

[0206] Mice were generated using Red/ET recombineering (Gene Bridges, Heidelberg, Germany) to capture directly the region
of the gene to modify from the BAC clone RP-23 248-K14 (C57BL/6 BAC clone from Invitrogen). A conventional gene-targeting
replacement vector: pFloxRI+tk, which uses the strategy of both positive (neomycin resistance gene) and negative (herpes
simplex virus thymidine kinase gene) selection for the isolation of homologous recombinant ES cells clones was amplified by PCR
using the primers indicated with 20 nucleotides pairing with the vector and 70 nucleotides pairing with regions of Clec9a to
capture. The primers used were Fw 3arm 24330 pFlox 5' ATAATATCAT ATTTCTATAA TATCATTGTA ATGACAAAAC
CACTGAACTA GTGCCTGTAA AGGCAGGAGG GGTACCGAGC TCGAATTCTA CCG 3'; Rv pFlox 5arm 5'TGCTATATTA
CAGATTTTCA AGTGGGGTAG CCTGGAGTAA CAAGATGGCA GGGCATAATC ACTAGTGCGG CCGCCACCGC
GGTGGAGCTC CAGCTTT 3.

[0207] Once the region to modify was included in the Amp-resistant vector, a cassette including farnesylated EGFP, and the
PGK-gb2 promoter followed by Kan/Neo allowed to repeat the recombineering homologous recombination step with selection for
Kan. The primers used for amplification of the EGFP-F Kan-Neo resistant cassette were: Rv NeoKan 3arm 5' TGCTTTTGTA
CTTACACTTG ATGCCCAAGA AAATGGACGT TGCTAACAAG CCCATACAGA CCACACCTCG AGATAACTTC GTATAATGTA
T3' and Fw 5arm EGFP-F 5' TTTGTGCCAG GCTCCTATGT AGACTGCTTC ACCACTCCAA GCGCCTTCAG CATGCATGTC
GACATGGTGA GCAAGGGCGA GGAG 3'.

[0208] The targeting vector was prepared to express EGFP-F with a strong polyA immediately downstream the first two amino
acids from CLECY9A and disrupted exons 1 and 2, terminating transcription with the strong polyA The targeting vector was
linearized prior to transfection using Not |. Transfection of S6B6 hybrid 129S6/C57BL/6 F1 derived embryonic stem (ES) cells was
achieved by electroporation and recombinant clones were isolated after culture in G418 and gancyclovir. ES cells surviving
selection were screened by PCR using two independent primer pairs with one of the primers external to the short arm. The primer
pairs used were: Scr Fw1 5' GATCTGTGTG TTGGTTTTTG TGTGC 3'; Scr Rv1, 5 TAGCATGGCA CTTCTCCATT ACCTT 3'

Amplicon Fw1Rv1: 2138 bp. Scr Fw2, 5' GCGAATTCGG TACCAATAAA AGAGC 3'; Scr Rv2, 5' CAGAAGCTTC CTGGTTTTGG

TTTTT 3' Amplicon Fw2Rv2: 2352.

[0209] Correctly targeted, karyotypically euploid ES clones were micro-injected into 3.5 day post coitum C57BL/6 blastocysts and
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resulting offspring with coat-color chimerism were bred with C57BL/6 females to identify germ-line transmission. Germ-line
transmitting chimeras were subsequently bred with C57BL/6 females to secure the gene-targeted allele in the pure C57BL/6
background. Heterozygous animals were interbred to generate homozygous deficient animal and matched littermate controls. The
expression of NK1.1 C57BL/6 gene, ligated to Clec9a, in the knock out mice shows that the homologous recombination of the
targeted C57BL/6 BAC clone was integrated in the C57BL/6 copy of the F1in S6B6 ES cells.

[0210] Clec9a -/- mice used in this work were on a mixed 129/Sv x C57BL/6 genetic background in the third generation of
backcrossing to C57BL/6.

Recombinant soluble CTLD generation.

[0211] The CTLDs for mouse CLEC9A and Dectin-1 were independently cloned in frame in the p3xFlag-CMV-9 expression
vector from Sigma with an added BirA monobiotinilation sequence. Primers used for CTLD amplification were mCLEC9A Fw
5'GGATCC mCLECY9A Rv 5'GGATCC mbDectin Fw 5'GGATCC3' mDectin Rv 5'GGATCC3' CHO cells were transfected and
selected with G418 (1 mg/ml). Stable transfectants were cloned twice by limiting dilution, selecting clones secreting rsCTLD from
Dectin-1 or CLEC9A to the supernatant, detected by a sandwich ELISA using as capture anti-flag M2 (Sigma) and for detection
biotin-2A11 anti-Dectin-1 or biotin-1F6 anti-CLEC9A. Concentrated supernatants from CHO clones were generated in CELLine
bioreactors (Integra Biosciences, Chur, Switzerland) and were purified using anti-flag M2 agarose (Sigma). Monobiotinylation was
then performed using standard procedures {Ref} and tetramers were generated using PE-Streptavidin (Sigma). PE-tetramers of
rsCTLD were then used for staining of dead cells or zymosan for 30 min at 4°C in normal FACS buffer. Samples were counter-
stained with to-pro3 and acquired by flow cytometry.

Cross-presentation in vitro.

[0212] In the cross-presentation assay in vitro we co-cultured three cell types: dead cells loaded with OVA or expressing OVA,
FIt3L BMDC from different origins in the presence or absence of antibodies blocking CLEC9A and the readout, OT-l OVA-specific
transgenic T cells. We tested FIt3L BMDC from CLEC9a™ or CLEC9a™ littermates. In addition, FIt3L BMDC from C57BL/6 were
cultured in the absence or presence of control Fab, or anti-CLEC9A (1F6) Fab (10 pg/ml), as well as with full antibodies against
CLECOYA or isotype control (20 pg/ml). Where indicated, CD8a-like FIt3L BMDC with CD11b 10 and cD24Mi, as described (19),
were sorted. As a source of dead cells associated to OVA antigen for cross-presentation, we used bm-1 splenocytes, a C57BL/6

congenic mouse that express a mutation in the H2KP molecule that prevents the binding of SINFEKL, the immunodominant class |

OVA peptide for H2KP. In that way, cells loaded with OVA will not be able to present directly the OVA peptide and should be
processed and cross-presented to generate a response. To load the OVA by adsorption, we incubated the indicated doses of
soluble OVA (Calbiochem) with low levels of endotoxin with bm-1 splenocytes in PBS for 20 min before washing five times in PBS.
Alternatively, we generated bm-1 mouse embryonic fibroblasts (MEFs) and we immortalized them with SV-40 T large antigen.
Then, we transduced then with a truncated non-secreted OVA-GFP fusion protein and sorted for homogeneous expression of
OVA-GFP. Both, OVA-loaded splenocytes and OVA-expressing MEFs were then UV-irradiated (240 mJ/cm 2) and cultured

overnight in complete medium. The following day, splenocytes were co-cultured 5:1 ratio to FIt3L BMDC (105 cells/well, 96 U-
bottom) and OVA-MEFs were cultured with FIt3L BMDC in a 1:1 ratio. OT-I cells negatively selected (purity > 80%) using MACS

beads (Miltenyi) and labelled with CFSE (2 uM) were added to the assay (105 cells/well). Three days later supernatants were
harvested to detect IL-2 and IFN-y by sandwich ELISA and cells were stimulated with PMA (10 ng/ml) and lonomycin (500 ng/ml)
for 4 h, adding Brefeldin A (10 pg/ml, Sigma) during the last 3 h of culture. Cells were then stained for v35, CD8 and IFN-y by
intracellular staining and acquired by flow cytometry to determine absolute counts, loading samples with a fixed number of
calibration beads (BD) and IFN-y production by intracellular staining.

Uptake of dead cells

[0213] WT or CLEC9a™ CD8a-like FIt3L BMDC were incubated for 2h with different ratios of splenocytes that were treated 24 h

before with UVC (240 mJ/cm2) and labelled with PKH26 (Sigma). As FIt3L BMDC were labelled for CD24, double positive for
PKH26 and CD24 could be due to binding (4 °C) or binding+uptake (37 °C) of dying cells and the frequencies were quantified by
flow cytometry for each type of DC.
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Cross-presentation in vivo

[0214] OVA-expressing immortalized bm-1 MEFs generated as indicated above were UWVC-treated (240 mJ/cmz) and cultured
overnight before being injected i.v. (0.75x106 cells/mouse). Mice (C57BL/6) were pre-treated with an i.p. injection of PBS or 400
ug isotype control (AFRO-MAC 49, rat IgG1) or 1F6 anti-CLEC9A 30 min before the i.v. injection. Alternatively, Clec9a + or
litermates Clec9a™ were used. Six days later, induction of CD8* T cell effector response arising from the endogenous repertoire

was tracked by the number of H2KbP-OVA peptide tetramer positive cells and IFNy production in response to SIINFEKL ex vivo in
the CD8 subset. In Figures 19c and 19d in which data were pooled from several litters in independent experiments, we performed
a normalization of the data before pooling. Each litter (females) was considered an independent experiment and raw data in each

litter were normalized to the mean of Clec9a* mice in that litter and multiplied by the arithmetic mean obtained for the total

population of Clec9a™ mice in all the litters in independent experiments. For the analysis of fold change in litters, arithmetic mean

A

for Clec9a* mice or Clec9a” mice was calculated in each litter. All 12 litters out of 12 analyzed showed fold reduction in the

arithmetic mean of % tetramer positive cells in CD8 T cell subset of Clec9a™ mice compared to Clec9a™.

Statistics

[0215] Statistical analysis was performed with a two-tailed Student's t test for differences among groups or U Mann-Whitney when
normality of data could not be inferred. p<0.05 was considered statistically significant. Quantitative data are expressed as means
+ SEM unless otherwise stated.
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Patentkrav

1. Sammensatning omfattende et peptidantigen, hvor antigenet er kovalent
koblet til et antistof med affinitet for CLEC9a eller et funktionelt fragment de-
raf med affinitet for CLEC9a, og hvor sammenseetningen eventuelt yderligere
omfatter en farmaceutisk acceptabel bzerer.

2. Sammenseetning ifelge krav 1, hvor antigenet og antistoffet eller det funk-
tionelle fragment deraf er del af den samme peptidkeede.

3. Sammensaetning ifelge krav 1 eller krav 2, hvor antistoffet eller det funkti-
onelle fragment deraf er en agonist af CLEC9a.

4. Sammensaetning ifolge et hvilket som helst af kravene 1 til 3, hvor antige-
net er eller omfatter et peptid fra et protein udtrykt ved et patogen eller en
parasit, sasom et viralt protein, eller et protein fra en cancercelle, sdsom et
tumorspecifikt antigen.

5. Sammensaetning ifalge et hvilket som helst af kravene 1 til 4, formuleret til
intravengs, intramuskulaer, intraperitoneal, nasal, subkutan eller intradermal
indgivelse.

6. Sammenseetning ifalge et hvilket som helst af kravene 1 til 5, til anvendel-
se i en fremgangsmade til medicinsk behandling, f.eks. til anvendelse ved
stimulering af et immunrespons mod antigenet eller til anvendelse ved induk-
tion af tolerance over for antigenet.

7. Sammensaetning til anvendelse ifglge krav 6, hvor det immunrespons, der
skal stimuleres, er et CTL-respons, Thi-respons, Th2-respons, Th17-
respons eller et Treg-respons.

8. Sammenseetning til anvendelse ifglge krav 6 eller krav 7, hvor sammen-
seetningen indgives, eller er formuleret til indgivelse med, en adjuvans, f.eks.
retinsyre, en CD40-agonist eller en TLR-agonist, IL-1 eller TNF-alpha.



10

15

20

25

30

35

DK/EP 2185586 T3

9. Sammensaetning til anvendelse ifglge krav 7, hvor responset er et Treg-
respons, og hvor antigenet er et, som det er gnskeligt at inhibere eller under-
trykke et ugnsket immunrespons mod.

10. Anvendelse af en sammenseetning ifalge et hvilket som helst af kravene
1 til 5 i fremstillingen af et medikament til stimulering af et immunrespons
mod antigenet eller til anvendelse ved induktion af tolerance over for antige-
net.

11. Anvendelse ifglge krav 10, hvor det immunrespons, der skal stimuleres,
er et CTL-respons, Th1-respons, Th2-respons, Th17-respons eller et Treg-
respons.

12. Anvendelse ifglge krav 10 eller krav 11, hvor sammensaetningen indgi-
ves, eller er formuleret til indgivelse med, en adjuvans, f.eks. retinsyre, en
CD40-agonist eller en TLR-agonist, IL-1 eller TNF-alpha.

13. Anvendelse ifglge krav 11, hvor responset er et Treg-respons, og hvor
antigenet er et, som det er gnskeligt at inhibere eller undertrykke et ugnsket
immunrespons mod.

14. Fremgangsmade til malretning af et peptidantigen mod en antigenprae-
senterende celle, omfattende at bringe den antigenpraesenterende celle in
vitro i kontakt med en sammenseetning ifglge et hvilket som helst af kravene
1 til 4, og hvor den antigenpraesenterende celle udtrykker CLEC9a.

15. Fremgangsmade ifglge krav 14, hvor den antigenpraesenterende celle er
en dendritisk celle, eventuelt hvor den dendritiske celle kan krydspraesentere
ekstracelluleert antigen via MHC klasse I-molekyler.

16. Nukleinsyre, der kan hybridisere til mMRNA eller DNA kodende CLEC9a,
og som er antisense-RNA eller DNA, siRNA eller et ribozym, eller

et antistof med affinitet for CLEC9a eller et funktionelt fragment deraf med
affinitet for CLEC9a og som omfatter et toksinmolekyle, der kan draebe en
celle, eller et enzym, der kan omdanne et ikke-toksisk molekyle til et toksisk
molekyle,
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til anvendelse i en fremgangsmade til medicinsk behandling, f.eks. til anven-
delse ved inhibering af et immunrespons.

17. Nukleinsyre, eller antistof eller funktionelt fragment, til anvendelse ifolge
krav 16, hvor det immunrespons, der skal inhiberes, er en inflammatorisk
eller autoimmun tilstand.

18. Nukleinsyre, eller antistof eller funktionelt fragment, til anvendelse ifalge
krav 17, hvor tilstanden er:

- rheumatoid arthritis, systemisk lupus erythematosus, sklerodermi, Sjégrens
syndrom, autoimmun diabetes (iseer type 1), thyroiditis eller psoriasis;

- multipel sklerose eller myasthenia gravis;

- Crohns sygdom, kolitis, caliaki eller hepatitis;

- aterosklerose, kardiomyopati, gigtfeber, endocarditis eller vaskulitis;

- emfysem, luftvejsinfektion;

- allergiske processer, overfalsomhedsreaktion (type |, II, IlI eller IV), astma
eller rhinitis;

- transplantat- eller graftafstedning, eller graft-versus-host-reaktion; eller

- septisk shock-syndrom.

19. Anvendelse af (i) en nukleinsyre, der kan hybridisere til mMRNA eller DNA
kodende CLEC9a, og som er antisense-RNA eller DNA, siRNA eller et ri-
bozym, eller (ii) et antistof med affinitet for CLEC9a eller et funktionelt frag-
ment deraf med affinitet for CLEC9a, som omfatter et toksinmolekyle, der kan
draebe en celle, eller et enzym, der kan omdanne et ikke-toksisk molekyle fil
et toksisk molekyle, ved fremstilling af et medikament til inhibering af et im-
munrespons.

20. Anvendelse ifalge krav 19, hvor det immunrespons, der skal inhiberes, er
en inflammatorisk eller autoimmun tilstand.

21. Anvendelse ifglge krav 20, hvor tilstanden er:

- rtheumatoid arthritis, systemisk lupus erythematosus, sklerodermi, Sjégrens
syndrom, autoimmun diabetes (iseer type |), thyroiditis eller psoriasis;

- multipel sklerose eller myasthenia gravis;

- Crohns sygdom, kolitis, cgliaki eller hepatitis;
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- aterosklerose, kardiomyopati, gigtfeber, endocarditis eller vaskulitis;

- emfysem, luftvejsinfektion;

- allergiske processer, overfglsomhedsreaktion (type I, Il, Il eller 1V), astma
eller rhinitis;

- transplantat- eller graftafstadning, eller graft-versus-host-reaktion; eller

- septisk shock-syndrom.

22. Fremgangsmade til isolering af en antigenpreesenterende celle fra en
prove, omfattende at bringe proven i kontakt med et antistof med affinitet for
CLECO9a eller et funktionelt fragment deraf med affinitet for CLEC9a og at
isolere en eller flere celler, hvortil bindemidlet er bundet, hvor den antigen-
preesenterende celle eventuelt er en dendritisk celle, og endnu yderligere
eventuelt kan krydspraesentere ekstracelluleert antigen via MHC klasse |-
molekyler.

23. Fremgangsmade til stimulering af et immunrespons imod et peptid-
antigen omfattende at isolere en antigenpraesenterende celle eller population
deraf ved hjeelp af en fremgangsmade ifalge krav 22 og at bringe cellen eller
populationen af celler in vitro i kontakt med antigenet og eventuelt en ad-
juvans.

24. Fremgangsmade ifolge krav 23 omfattende, efter trinnet med at bringe i
kontakt, at bringe de antigenpreesenterende celler in vitro i kontakt med en
population af autologe celler omfattende en eller flere T-celler, og eventuelt
at ekspandere T-cellerne i populationen.



DK/EP 2185586 T3

DRAWINGS

AS
SHTVANIOIHANMIS ONSS TISNSHAADIADNVSDSHIVA T19dSdSSOTOM TMEDSHOTGOS TOAMATGASORINYTISO
TIHaNEaNS 3O T1LSO 3N TONTOS LHMISMIZSAAAISIINDIMNNJOdSSNHYSSISNDWAVOIAMWD TYOSHYNMA LA
NTIVHIDDIMMIODOWVILSAD TIMAD THISY.L TIONIIADISIAWATIOVOSINNSSTONDALAdVASAMDTISLAIIIIHN

TILOposueurIquatisur e} ajwse|dojh) souanbas uisjord Y603 1D UBWINH

V9131910102
1YOVOLLODDIYIOVYOVOLOLOIVL L 11VIOYYODLDOVIOYIO.LOVY.LOLOOLLLOLLODDLLYYOOY VY
VOLOOVLVOOLOL31OVYIOVYLOOVILOVOIILYOVOYOYIOYIOOLIOLI0DDLITLOLLI0LILIOLD
991YOYYOOO 111099 1090VOOIOVIVOVOOLYDIOVILOLO1IDDDD199DLIVLIYOLYIOOWYYODVY

VLLYOVYOOYDLLOOYDDDLOVILYLLLLYOO LYYYOYVOVYVYOOVOVOVLYYYOVLIDLODOVOILLOOWY
DOVYYLLLOLLYYOVOYYOLOVOOVYIVIOOLLLYODVOOLLLYYYOLILOLOLVIOVLILIDLIOVYVYOVOVIY
VOVOLLYOOLLYYOVYVIOLDLLODLOVIOVIVYLYOIIIOVILLOVYLIVYOLOYYYVIOLYOLLDOOVVIOO

1IVIVWYOLYOVYOLLO009 D1 0DVVOVOVYOOLYYOVYIV.LLLOVYY.LODLOVODOOVOVOYYIYYOOLYD
1OVYYYVOYYIOVIOVIDLYOOO LLYIOVOILOLOOVIDLIOLLOVYOIDI999LLD1LLLYIOLVYIOVIY

VLLYLLVOOOLYODLIOLLLIDIOIVILLIVOLODLYOLOLLO1D10D1VIOVOOVILLOLYYYOVYOOLLOLO
10191YYYOVIOYLLOVOVOVIOVIOVIDIDVLYDODLOVILIOLOLOOVOVLYLYYVOVYOOVOIVODLY

aousnbas YNG9 ¥6031D uewn
1614



DK/EP 2185586 T3

1989 4VMMIDIITAIMSTONASIILS

NMWNIMITIAAAISHON _>>zIaoawoomOhmzwn._._.dn_>20n_w.5|_>n_&._.w<n._.0wxn_mmC._.._<Go>mu_._,>!¢0>>G._.|_

NATVLADDITHIVDIIATSSADIINO THISL VTTOWOAAISINLAAIMYDSONSdSOONDSVISLIGMOTISLAIZIVHIN
TiLoMo3vBueIqUIBLUSUR 1B} o|wse|dojAp eousnbaes uRjosd BEOID asnoW

VOLOLYIDLODLYOO) L1BYODOVYOTYYOYOLOLOLVLLIIVIVYYOILOOVLYD

09 LOVVLIVOYOLILYILOLOVIOLIVOYYYILOOVLYODLOLOLYHVIID O009VILYDIOVIVOVYYYOVIOLD
o0._.._.0._|_.o<mul_.o._.0._.o._.o0._.0.E.0.600._.<0<<00@._.O.Frw0.E.Obqow._.G<O._.<<O.Uk<0<<o._.._.._.0._.0<000
199911IVIVVYVIVVVOOVYD OYVVOLOYYYOOOV.LY.LOVIOVILYILLOVODLYVYOVYOYYYIOVOVOVLYYYD
._.._lro._.o._.0<._.OOUw0@<0<<<<E0._.00<O<<0<<._.®<0._.<0<<0OPOF<<<006._.000<<QEO._.O._.<._.O<

.E.G.E.O<<<<<0mu._.<<0<o._l_.<®O._.o<<o<0<oo._.0._.._.oUOG<OO‘_.O<O._.U<._.OO<O<<<O0<<00<o<00._.00
0<0<0<00.r.r00._.<®<0<00._.0._.00<0._.O._.._.0._.._.O<00<®0._.0<._.0._.._.0mu.._.<0<0<0®0<0._.._.<00._.0.r0.r<0<

O<o0.r0<.r_.000<<006.P0<h<<0.®._.0<o<o<h<<<.0O<O<omuOPO<O<O<._.._.OO<<O‘_.O0._,._.<0®<0<0<QO<
OYYOOLYDLOVOYYVYOOVIOVIOVOOLLOLOLLOL01001VID OVOOLL01LOVYOLYOD9OLLOLLLLYIDLDD
<<o0<._.._.0._..r0000._.<._,O‘_.O._.OO._.O._.O.FOOE(@._.<00<0._.OtOI_.0._.Gw.r<00<00<0tmu1_.<<<00<._.000
o._.<<oo0._.O<<0<0._.0._.0OOO<®<Q._,Oo<._.oo._|r<o<0wO._.mv<0._.._.o.ro._.00<._.<._.<._.<<<0<<0000...(00._.<

aouanbas YNGO 60310 9snoil

‘¢ Py



DK/EP 2185586 T3

¢ "B



DK/EP 2185586 T3

¥

¥

2 o O
Qy%%wwo o

o
PXCXECER

Y6230

614



DK/EP 2185586 T3

VO IO LVID100LVOO1I1VIOOVVOVYOVOLOLOLVILLIVIVYYOO10DVLIVOID
._.0<<._.<0<0._.0._.<O._.0._.0<._.0._.._.<0<<<0h00<._.<00.r0._.0h<0<000Oo0@(0.—.<00mv<0<0<<<0<
5910991 LOLI9VDI0L0I0100ID1I0L0991VOYVIOOL10L1D 9110IVO91OVIOIVVODLIVYOVVOL
TI5I9VO09 10959 [IVIVVVIVVVOOVIOVYVILOVYVODOVLIVIOVIDVOLYOLLOVOOLYVVYOVYVO
YVVOOVOVHVIVYVOLLID1010VIo90999VOVYVYLLIDII9VIVVOVVIOVILVOVVOOIOLVVY
59591090VVOILITIOIVIOVLIDLIOVVVYYYO VOVOLIVOOLIOVVOVOVIOLD1IL0039VIO LIV
S515VIODOVOOLIVILYILYYYYYOVLOVILY.LODL99LLDID191010V9DLL v9190.19910901911
9.11901V¥21009910919.1099111YVV9.L3139911990. ¥299.199910009199319109910030
99LIJIVOVI 0._.<._.<0OFUooo._.<o._.<._.oo<0<w0<<Uo<uow._.o<00<o._.o._.600<OU<._.._.._.0000.r
<ou<00000<<006<0<0w060<0<0060<<<<o<owwu._.<0<0.r0<o<._.000<<0<0w._.._.<0<<0
<0<<<w<00._.o<0w._.<<o<._.<._.®o00<<0O<ooooo<<w0<0w<00<w<oO<0<<<000<000._.<0
VOYIOLYODD1099909VVYOVYOVO 9L10190VYOLVLVVOOVOVIVYIIDDOVLOLYVILIOVOLY
VOVL0L00VOOVYI220VOOVIDLIIVYIIOLD DLOVOVOVIOLOVOOVIOVILLYYYVIOVOVOLY

(€603 10 JEIN[[SDENXS - LN duelquswisuel) - 9¢a9 slwse|doihd :esawiyo jo aousnbes YNJo

G6GY :ADSSD 9ddD ulowop
(jp9-pi2g) 21wispjdorho

ILYOIII LY4N +— 2¢QD

puvbl| v62310 4O

auUDJIqUaW Apoqiiup ¥62370- 14Uy

G "Bi4



DK/EP 2185586 T3

03 NO
3FVESITIIHTY BAVEBIAD WU
S0 @ o K3 o K o 2 o o
A e S 2 G
4 &
o
Ll *
2 _
'y wf
1 o
+QD NQ
o -
S0 VORUPSAI T
moliad wao
savessg e

I I MO o

4
BV 8O0 WM
L L ot o o0
Fo
-
o
H
L
-0
24d -
24184 men 1A
]

ST

o
+8QD
~auga
ey i ]
T ) wew T e
o2 w2
1
* . a
Y 8
% m « m
a ]
} oo .

211QD

11400




DK/EP 2185586 T3

N
R \lvw. ;

§

S-S
A

30 4

vﬂ‘ P f&%

N

N
Fe

2 "Bid



DK/EP 2185586 T3

0

33 EM

Y3d :am
YAS ‘@M

YASd ‘GM

Juswiesl)
(unw) 3

g ‘614



DK/EP 2185586 T3

VYH 4LA 62
L T K 0
Foe
- OF
TIHLHE L 09
L6EH (O
94TH
J3aH A 08
- Nha s ‘.
r 00T
- 02T
- OvT

(jw/6d) Z11




Fig. 10

Plated 397

~ W e owm o
<

plated 1F6

Piated 7H1

10

DK/EP 2185586 T3



DK/EP 2185586 T3

08

001

0st

(1w /6u} opd £2-2711

002

TTHLE: £6E 53 9dTR) 8dAJ05I T HID M

SqY d3.1vid

05¢

L1 B4

11



DK/EP 2185586 T3

[£-01¢) RO I {2-03x) 1=rro Nt
iy 43 9 € [r] [y A8 9 £

e e e 13 A o
=]
#00ha3 81— b gz =
R E TR ¢ m 2
FLAD G0 el z W m
-3E 0D 63~ .m o =
g~ E
&
09
e_
N SO HENS N _ AFERMW m
2k 9+ M VU o W g Pl s oF
s " 5 Atmimtmlaspitetmagionsh v
(A ¥ pow Qi
|-0& - £
| “ ]
! - - G
if _ v +LED —
% 1L Pt
R SO b 15-1.901

"g-vzl B4

12



DK/EP 2185586 T3

le-mpx] spasi g TR NG T ey

5 FI 0§ € 2 TEZ B £ .
S
HPOF == W
N 7
: . iz &
+80 —Ji— e

g

£
ar o ga SRS o T, at odb o Y m A

N
') W,
A __§

.m f-ea

-~ = v Fea

00 WNa +BUD

"a-0zl b4

13



DK/EP 2185586 T3

}$-860310-1Ue =]
1S-50203a-1ue R
1S4 10 o8I B

Juswjeal 1
-pue

-1 ko)

~ 0¥ad

Bl oAA uy

ko

1
o

LA
0
o~

sisA] oyioads o,

‘'vel by

14



DK/EP 2185586 T3

apydad jo asoq

E:mo« Wu 0z

\

0¥ade+zs-60-pue ~i-
0vQD-HUE +2S YLD 0S| —@~
Zs-60-nue {3~

TS-YLD oSt -G~

sisA| oypoads o,

‘gel b4

15



DK/EP 2185586 T3

yusuness)
L ol 2
«%oo o,.oo o.,oo
N o %/ s
X z&o &' o.oO
o~ o
[ ]
[ ] L4 01 m.
3
Loz 3
] H
=]
e—lcea. Lot «Q
[ ] [ ]
-0p
g
b1l gz ovgoe
sJownj Juno? -sbun prip| 1s-qy o's YAQ-919 ‘Al
| I I
[ | "1
8Lp op op VY

vL "Big

16



DK/EP 2185586 T3

€voad

MO

555

108

1 K G

o/qLao

S TS S N S S )
i A

9:Q0

R0 Gl - ey

£29) lsvo

~————— |-49HNQY/egobju

P A o g 0 O 00 =o_.. P AT T A T A L LA S O L A . LR Y . T )
2 0 . Y o N L " TR
Jr l-ce 0z 0z [::1 0Z Foz 52
Lor 4 o o7 34 Lov
N =
5 Lo 09 09 L [ .su
f-oe 3 08 Log ] b /I Fo o2
Loos ' Loor Wk 003 001 @
Ha .un Ha.ug +9400 +¥1Qd 61A0 +£00

Gl b4

17



DK/EP 2185586 T3

Py + Ipy+
OPUZHYDNGD  OPUZ-D6f

: s =
g3z
ssacw &d sioung

0

v+ LA
CPUI-LHDNGD  OPVI-9E

b4 - o
ER2g*S
Jaquausouny Bung

a
g

veaSTIuKEoY e
WrRS s aoﬁ_..._.:b

Py + [Py
CPUTLUINGD  cpug S

GunSud R

[Py + fpy+
OFU3- | YONG®  opug-LHf|

(tmed oz a9vs0 feod
+ )
OPURAY WE  gig

! v

18



DK/EP 2185586 T3

~—— QIO -HONG

L D_L sﬂ/eﬁﬂgu?—“/
A A
g S
3 V@S PpP
0 Y
[~] Wm % ]
..um 52 8
2% 0 2
[ 2N 2
g ousaugy, :
2 2 8
5 sacao Bz,
b
. oid-oy O
SO 3w - .
d 3
3132 .¢ QHd-OL %
or L
oo _ ,
1] - °
4 zma g m.u\.m
] WZMG B B
1 e g
" w
. .24 1§
a1L) t-upoag N -
Q1D 1-uona QMO LHONG QD L-ueq a . )
{199 +0¥d OL %
604 260w zma oL 05 05 or 0% 0z 0t 0
.. o
P
1Zd AN ER w
fnonea 2604 Zmg e~ ¢
= Z60W ZMa 8- 2
wwe 1-uneeQ Zme -0 o

19



DK/EP 2185586 T3

/

- p2i
- 1F6

{joguoa jo %) M|

S
ol el

(1onu03 g0 %) 211

Lo

=
N - "

{01x) Junos |10

OVA (mg/mL)

QVA (mg/mL})

OVA (mg/mL)

2 3
Dead Cefls : DC
~o—DNGR-1- (30}
=a=DNGR1- {120)

=0~ DNGR-1+ (30)

o

—=~DNGR-1+ (120)

]

28] 9Q SHIYBAD HOZHC 0 %

=] o =] w
N

(1onu03 %) BN

| =

m (1onu02 %) 2=

(&

p=0.0015
1F6

p21

1F6

|

0006

p21

[=]

- YAQLLWG

wm sk(0l) twq

{Iw/Bu) BN
iR
s

-

-
— HH

3000
000!
1000

o
Jaquinu 139 |LO

L met (5) pwig
o
g9 ml(1wg
on
ma

i puq

Tt

- VAOLIUK|
rcs g
- (5) bwq

- (g

L puig
>

DNGR-1-

DNGR-1+

.18

LY

Fi

20



DK/EP 2185586 T3

0.0003

p <0.0001

- o o

S1199 L 8@0 ul +BN4| %

SIISd L8ad ul +131 %

bm1 OVA UV

bm1 UV

bm1 OVA UV

bm1 UV

(@]

2,
X %
x
£
@o‘v
1Y S [} [ (4
- - 1~ -]
S92 L 800 W +131 %
2
© ] “I [ ] 3 c\
m ag “ a\e
S %
1} L]
» Z,
LI ] ﬁ\U
%
- &
o
- - o o

C .

SiIe2 1L 8Q0 W +131 %

p = 0.0081

Fig. 19

] _
Lm 4,
EupEnn -
= #. \_«G
K
F e

slied L 8a0 ul +BN4) %

21



DK/EP 2185586 T3

oz ‘614

128 eee gz| ool 001 z08 rsL | sieo+d %
uaa

XLA T >w_onm | ooxevad |7 bp %Zvdd | %zvd | weunesis

o
S6SV

EZV_,_ 1 00P2ANMTI 0 NI 00TXL Vid M ML Vid ) %IVAd[] %lViE

22



DK/EP 2185586 T3

1z B4

AHASA/ZA 62 HASIMED MED

XLWHTE 00PZANITIE 00SAMITE OSTAMIE 0SANATE STAMITD SANTE M8

S6SY

23



DK/EP 2185586 T3

Ze b
FASIZAGOW NASIMGIW Zupdaaqul ro-
T F i
L 1°0
L g0
TTHL+AN
L6E+AMN 50
GAT+AMT
YZOOL+ANNTE
199I+AMN B L0
o4TavA+ANYI @
AT
ha 60
4o@
T
€1

24



DK/EP 2185586 T3

gz 614

L-HONGe 196) sdd
-0S
L00L
L0S1
uso|dS Il  }ooz

N1C3
L052Z

- wasAs [I-10

(¢01X) 3unod j|-10

25



DK/EP 2185586 T3

e 614
LLHL 196] sdad = VIHL 196 sad
0 = ,
00 =
.SSMm
uelpO BN Loost @ & ue|p) Il
Ol Aodml | oo0z Ol Ajod mm
S8d ooz 28 sad
pe=]
LLHL 1961 sad
U oool S
0002 m.ll.
owpom 1000 2
Ol Alodmm | ooc 3
S8d Loooe X
(=]

waysAs |I-10

II-L0 Buowe A-NJ1 %

26



DK/EP 2185586 T3

WHL

g ‘Bi4
LLHZ 196 sad = LIHL 196] sad
= a L 0 i} "
=z M
005 =%,
000X 9
UelpD Il [ o051 2 = uelpO
OlAlod Wl | g0z € Ol Ajod mm
S8d 1 | yoe; m sad
9B sad — LHL 1968] sdd
—H— 2 2 O .1 L I
L N
0 %9
UepO RN [0 3 = uejpo
Olfodmm [ ~ @ Ol Aiod mm
sad ) Sad
-0S m

walsAg |I-10

+ ®
II-LO Buowe ,21-7] %

OO FON-C

1I-10 Buowe A-NJ| %,

27



DK/EP 2185586 T3

DILIHL B
MHL =
sad O

DILIHL W
LHL m
sad O

V40/VA0

a

10

0

€0

0

90

001
002
00E
00y
005
003
00L
008
006

yao Buoure sjjes 9zLry %

(sajhoouajds J0LAUNCO) S)(80 BZLFH

9z '6i4

uopesjunwuwi-jgsod sfeq

i Alod/L L HL —m-
LIHL =
sad 0-

uopesiunwwi-isod sfeq

01 Od/L LH. ==
LUHL
s8d -0~

0008

0000}

000001

Jao Buowe 5132 9ZirN %

{sakoouaids sumnnm) S129 9ZIrH

28



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

