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DESCRIPTION

[0001] This invention relates to NK cell activation and NK cell mediated immunity, immunogenic
peptides, compositions and complexes; and associated methods of treatment or prophylaxis.

[0002] Natural killer (NK) cells are important in the immune response to cancer, inflammatory

disorders and globally important infections, such as HIV, hepatitis B (HBV), hepatitis C (HCV),
and malaria. Killer-cell immunoglobulin-like receptors (KIR) are expressed on NK cells and

specific combinations of KIR and their HLA class | ligands lead to protection or susceptibility to
HCV, HIV, HPV and malaria; to virus related cancers including hepatocellular carcinoma (HBV
and HCV) and cervical cancer (HPV); to pregnancy associated disorders and the outcome of

haematological malignancies and bone marrow transplantation-.

[0003] Virus-specific long-lived "memory" NK cells have been demonstrated in mice 19-12
Consistent with such populations in humans, expansions of NK cells expressing inhibitory or
activating KIR specific for self-MHC class | have been observed in a number of viral infections
(HCV, HIV, CMV, hantavirus) and associated with protection in both HCV and Chikungunya

virus infection 13-17. The drivers for these self-MHC class | specific expansions are not clear.
However, KIR engage MHC class | and its bound peptide'® and an unexpected sensitivity of

NK cells to changes in the peptide content of MHC class | has been demonstrated 19 20,

[0004] The specificity of inhibitory receptors has been well defined. Due to the high sequence
homology In the ligand binding domains with related inhibitory receptors, ligands for the
activating KIR have been considered to be similar to those of the inhibitory KIR, but generally
of lower affinity. Thus, In general activating KIR are thought to engage MHC class | molecules
and its bound peptide with the same motifs as their inhibitory counterparts.

[0005] An aim of the present invention Is to provide an improved or alternative NK cell
mediated therapy or prophylaxis.

[0006] According to a first aspect of the invention there Is provided a complex comprising an
MHC class | HLA-C molecule and a peptide capable of activating NK cell-mediated immunity in

accordance with claim 1 herein. Described herein, there Is provided a peptide capable of
activating NK cell-mediated immunity, the peptide comprising or consisting of the amino acid
sequence X"AX2x1

wherein

xn

IS an amino acid sequence of between 5 and 12 residues, and
x1

IS any amino acid; or leucine or isoleucine; and
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x2
IS alanine, threonine, tryptophan, or serine.

[0007] In one embodiment X' is leucine or isoleucine. In one embodiment X' is leucine.

Alternatively, in one embodiment X! is isoleucine.

[0008] In one embodiment XZ is alanine or threonine. In another embodiment X is tryptophan
or threonine. In another embodiment X is alanine. In another embodiment X2 is threonine. In
another embodiment X2 is tryptophan. In one embodiment X! is leucine and X2 is alanine or
threonine. In another embodiment X' is leucine and X2 is tryptophan or threonine. In another
embodiment X' is leucine and X? is tryptophan. In another embodiment X' is leucine and X< is

threonine. In another embodiment X! is leucine and X2 is alanine.

[0009] X" may be an amino acid sequence of 5 residues. X" may be an amino acid sequence
of 6 residues. X" may be an amino acid sequence of 7 residues. X" may be an amino acid
sequence of 5 residues and X' is leucine. X" may be an amino acid sequence of 6 residues
and X! is leucine. X" may be an amino acid sequence of 7 residues and X' is leucine. X" may
be an amino acid sequence of 7 residues and X2 is tryptophan. X" may be an amino acid

sequence of 7 residues and X? is threonine.

[0010] The peptide amino acid sequence may comprise any sequence selected from the
group comprising:

LNPSVAATL; NPSVAATL; PSVAATL,;

VAPWNAATL; APWNAATL; PWNAATL,;
VAPWNSATL; APWNSATL; PWNSATL,
VAPWNSAAL; APWNSAAL; PWNSAAL,;

VAPWNAAAL; APWNAAAL; GAVPDLAWL; GAVPDLATL and PWNAAAL.

[0011] In an alternative embodiment, the peptide amino acid sequence may comprise any
seqguence selected from the group comprising:

LNPSVAAT [; NPSVAAT|; PSVAATI;

VAPWNAATI; APWNAATI;, PWNAATI;
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VAPWNSATI; APWNSATI, PWNSATI;
VAPWNSAAI; APWNSAAI; PWNSAAI

VAPWNSAAI; APWNSAAIL, and PWNSAAL.

[0012] The peptide amino acid sequence may comprise any sequence selected from the
group comprising:

LNPSVAATL; NPSVAATL; PSVAATL,;
LNPSVAAAL; NPSVAAAL; PSVAAAL;
LNPSVAASL; NPSVAASL; PSVAASL;

LNPSVAAWL; NPSVAAWL; and PSVAAVVL.

[0013] The peptide amino acid sequence may comprise any sequence selected from the
group comprising:

LNPSVAAT [; NPSVAAT|; PSVAATI;
LNPSVAAAI; NPSVAAAIL, PSVAAAI;
LNPSVAASI; NPSVAASI, PSVAASI;

LNPSVAAWI;, NPSVAAWI; and PSVAAWI.

[0014] The peptide amino acid sequence may comprise any sequence selected from the
group comprising LNPSVAATL; LNPSVAAAL; LNPSVAASL; and LNPSVAAWWL.

[0015] The peptide may comprise or consist of the amino acid sequence LNPSVAATL. In
another embodiment the peptide may comprise or consist of the amino acid sequence
VAPWNAATL. In another embodiment the peptide may comprise or consist of the amino acid

sequence VAPWNSATL. In another embodiment the peptide may comprise or consist of the
amino acid sequence VAPWNAAAL.

[0016] The peptide may comprise or consist of the amino acid sequence GAVPDLAWL. The
peptide may comprise or consist of the amino acid sequence GAVPDLATL.

[0017] The peptide may be between about 8 and about 12 amino acid residues in length. The
peptide may be between about 8 and about 15 amino acid residues In length. The peptide may
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be at least 8 amino acid residues In length. The peptide may be 9 amino acid residues In
length.

[0018] The peptide may be an isolated peptide. The peptide may be immunogenic. The
peptide may comprise a viral derived peptide, for example a peptide comprising or consisting
of an amino acid sequence of a virus peptide or protein. The peptide may comprise an
oncogenic peptide. The oncogenic peptide may be a peptide that is presented abnormally on a
cell, such that it identifies the cell as cancerous. The peptide may be a self-peptide, that Is, a
peptide comprising a sequence that is encoded by a patient's genome. For example, a self-
peptide may be encoded by a gene that is upregulated during infection.

[0019] The disclosure advantageously provides that MHC class | specific peptides can be
utilized to drive activation and expansion of NK cells expressing specific inhibitory or activating
KIR and that this property can be exploited to generate peptide specific protocols for NK cell
therapy. This Is attractive for NK cells because KIR have broad peptide:HLA specificities such
that the iImmunogen and the antigen need not be the same. To date NK cell therapy Is focused
on generating large numbers of non-specific NK cells. However, understanding the concepts of
the present disclosure would lead to peptide-specific activation of NK cells which would inform
NK-based vaccination strategies and peptide-based protocols for generating specific sub-
populations of NK cells that can be used therapeutically. In particular, activating KIR are
associated with haematological malignancies. They have similar MHC class I|:peptide

specificities as the inhibitory KIR, but bind at much lower affinity 444* Hence inhibition

dominates over activation. In an embodiment, the disclosure identifies an HCV-derived peptide
that specifically binds KIR2DS2, but not KIR2DL2. This means that KIR2DS2-positive NK cells

could be activated by specific peptides.

[0020] Described herein, there is provided a complex comprising an MHC class | molecule and
the peptide according to the disclosure. The MHC class | molecule may comprise an MHC
class | truncated at the stem region of the a3 domain. The MHC class | molecule may comprise
HLA-C, or part thereof. The HLA-C may be a group 1 HLA-C (e.g. HLA-C with lysine at residue
80 of the alpha helix of the MHC class | heavy chain). The MHC class | molecule may comprise

HLA-Cw™0102. The MHC class | molecule may comprise HLA-C"0304. The complex may
comprise a fusion protein of the MHC class | molecule and the peptide according to the
disclosure. The complex may comprise a fusion protein of the MHC class | molecule HLA-

Cw™0102 and the peptide according to the disclosure. The complex may comprise a fusion

protein of the MHC class | molecule HLA-C*0304 and the peptide according to the disclosure.
The complex may be an isolated complex.

[0021] According to another aspect of the invention, there 1s provided a vesicle in accordance
with claim 6 herein.

[0022] Also described, there Is provided a vesicle comprising the complex of the disclosure.
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[0023] The vesicle may be an exosome. The vesicle may be isolated. The exosome may be
Isolated from a cell arranged to express an MHC class | molecule, or part thereof, and the
peptide according to the disclosure. The exosome may be isolated from a cell arranged to
express MHC class | molecule HLA-C, or part thereof, and the peptide according to the
disclosure. The exosome may be isolated from a cell arranged to express MHC class |

molecule HLA-Cw™ 0102 and the peptide according to the disclosure. The exosome may be

Isolated from a cell arranged to express MHC class | molecule HLA-C*0304 and the peptide
according to the disclosure.

[0024] Also described, there Is provided an activated NK cell, wherein the NK cell expresses
KIR2DS2 receptor, and wherein the NK cell is activated by exposure to the peptide according
to the disclosure.

[0025] The NK cell may be mammalian. The NK cell may be human. The exposure of the NK
cell to the peptide to activate the NK cell may be in vitro, for example in a cell culture. The
exposure of the NK cell to the peptide to activate the NK cell may cause expansion of the NK
cell into multiple NK cells having specificity to specific peptides, such as the peptide according
to the disclosure, or related peptides. One or more cytokines may additionally be added to the
NK cells to aid activation and/or expansion.

[0026] According to another aspect of the Invention, there 1s provided a nucleic acid In
accordance with claim 7 disclosed herein.

[0027] Also described, there Is provided a nucleic acid comprising a sequence encoding a
peptide according to the disclosure.

[0028] The nucleic acid may be a plasmid vector for vaccination. The nucleic acid may
comprise DNA or RNA. The nucleic acid may comprise viral nucleic acid. The nucleic acid may
comprise a viral vector. The nucleic acid may be a vector. The nucleic acid may comprise
Adeno associated virus plasmid DNA. The nucleic acid may further comprise a sequence
encoding an MHC class | molecule. The MHC class | molecule may comprise HLA-C, or part

thereof. The MHC class | molecule may comprise HLA-Cw™0102. The MHC class | molecule

may comprise HLA-C*0304. The nucleic acid may comprise a viral promoter, such as SV40
promoter, Rous Sarcoma Virus (RSV) promoter, or cytomegalovirus (CMV) immediate early
promoter. The nucleic acid may comprise a sequence encoding Mason-Pfizer monkey virus
(MPV)-CTE with or without rev. The nucleic acid may comprise an enhancer sequence. The
nucleic acid may comprise a synthetic intron. The nucleic acid may comprise an adenovirus
tripartite leader (TPL) sequence. The nucleic acid may comprise a N-terminal ubiquitin signal
for targeting the MHC class | pathway. The nucleic acid may encode Adenovirus E3/19K
glycoprotein. The nucleic acid may encode a 2A sequence for control of splicing, for example
T2A (Thosea asigna virus 2A . T2A), F2A (foot and mouth disease virus 2A) equine rhinitis A
virus (E2A), or porcine teschovirus-1 (P2A). The nucleic acid may encode E19/3K, the peptide
of the disclosure, T2A, and a HLA-C, or part thereof. The nucleic acid may encode
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E19/3K:Peptide: T2A:HLA-C In the orientation provided.

[0029] According to another aspect of the invention there 1s provided a virus In accordance
with claim 9 disclosed herein.

[0030] Described herein, there 1s provided a virus comprising the nucleic acid according to the
disclosure. The virus may be selected from any of the group comprising adenovirus; Adeno
associlated virus; Pox viruses eg vaccinia such as MVA; Alpha viruses eg Semliki forest virus;
Lentivirus; Retrovirus; Oncolytic virus e.g. reovirus. The virus may be attenuated.

[0031] According to another aspect of the Invention, there Is provided a dendritic cell
expressing, or capable of expressing the complex, in accordance with claim 10 disclosed

herein.

[0032] Described herein, there i1s provided a dendritic cell expressing, or capable of
expressing, the complex according to the disclosure. The dendritic cell may comprise nucleic
acid encoding the complex according to the disclosure. The dendritic cell may be autologous
for the patient. For example, dendritic cell may be harvested from a patient and transformed
with nucleic acid encoding the complex according to the disclosure. Transformants, or
generations thereof, may then be returned back to the patient for treatment or prophylaxis
(e.g. Immunisation).

[0033] According to another aspect of the Invention, there Is provided an immunogenic
composition, Iin accordance with claim 11 disclosed herein.

[0034] Also described, there Is provided an Immunogenic composition comprising one or more
of:

» the peptide according to the disclosure;

e« the complex according to the disclosure;

o the vesicle according to the disclosure;

o the dendritic cell according to the disclosure;

e the nucleic acid according to the disclosure; and
e the virus according to the disclosure.

[0035] Also described, there Is provided an immunogenic composition comprising the peptide
according to the disclosure.

[0036] Also described, there Is provided an immunogenic composition comprising the complex
according to the disclosure.

[0037] Also described, there Is provided an immunogenic composition comprising the vesicle
according to the disclosure.
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[0038] Also described, there Is provided an Immunogenic composition comprising the dendritic
cell according to the disclosure.

[0039] Also described, there Is provided an immunogenic composition comprising the nucleic
acid according to the disclosure.

[0040] Also described, there is provided an immunogenic composition comprising the virus
according to the disclosure.

[0041] The immunogenic composition may comprise a carrier, such as a pharmaceutical
acceptable carrier. The carrier may comprise a buffer.

[0042] Also described, there Is provided a method of treatment or prophylaxis of an NK cell
regulated disease comprising the administration of:

e the peptide according to the disclosure;

e the Immunogenic composition according to the disclosure;
e the complex according to the disclosure;

e the vesicle according to the disclosure;

o the dendritic cell according to the disclosure;

o the activated NK cell according to the disclosure;

e the nucleic acid according to the disclosure; or

» the virus according to the disclosure.

[0043] Also described, there Is provided a method of treatment or prophylaxis of an NK cell
regulated disease comprising the administration of the peptide according to the disclosure.

[0044] Also described, there Is provided a method of treatment or prophylaxis of an NK cell
regulated disease comprising the administration of the immunogenic composition according to
the disclosure.

[0045] Also described, there Is provided a method of treatment or prophylaxis of an NK cell
regulated disease comprising the administration of the complex according to the disclosure.

[0046] Also described, there Is provided a method of treatment or prophylaxis of an NK cell
regulated disease comprising the administration of the vesicle according to the disclosure.

[0047] Also described, there Is provided a method of treatment or prophylaxis of an NK cell
regulated disease comprising the administration of the dendritic cell according to the

disclosure.

[0048] Also described, there Is provided a method of treatment or prophylaxis of an NK cell
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regulated disease comprising the administration of the activated NK cell according to the
disclosure.

[0049] Also described, there Is provided a method of treatment or prophylaxis of an NK cell
regulated disease comprising the administration of the nucleic acid according to the disclosure.

[0050] Also described, there Is provided a method of treatment or prophylaxis of an NK cell
regulated disease comprising the administration of the virus according to the disclosure.

[0051] The activated NK cells may be provided in the amount of at least 1x107 cells per kg of
body weight. The activated NK cells may be provided in the amount of between about 1x10/
and 5x10° cells per kg of body weight. The activated NK cells may be provided in the amount

of between about 1x107 and 1x10° cells per kg of body weight.

[0052] The treatment or prophylaxis may additionally comprise the administration of one or
more cytokines. The cytokine(s) may be administered in the same composition as the peptide
of the disclosure. The administration may be intravenously. In an embodiment where cancer Is
to be treated, the administration may be directly into the artery supplying the cancer.

[0053] According to another aspect of the invention, there Is provided an agent for use In the
prophylaxis or treatment of a disease or infection, in accordance with claim 12 disclosed
herein.

[0054] Also described, there Is provided an agent for use In the prophylaxis or treatment of an
NK cell regulated disease, the agent comprising or consisting of:

e the peptide according to the disclosure;

e the Immunogenic composition according to the disclosure;
o the complex according to the disclosure;

e the vesicle according to the disclosure;

» the dendritic cell according to the disclosure;

e the activated NK cell according to the disclosure;

e the nucleic acid according to the disclosure; or

o the virus according to the disclosure.

[0055] Also described, there Is provided an agent for use In the prophylaxis or treatment of an
NK cell regulated disease, the agent comprising or consisting of the peptide according to the
disclosure.

[0056] Also described, there Is provided an agent for use In the prophylaxis or treatment of an
NK cell regulated disease, the agent comprising or consisting of the iIimmunogenic composition
according to the disclosure.
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[0057] Also described, there Is provided an agent for use In the prophylaxis or treatment of an
NK cell regulated disease, the agent comprising or consisting of the complex according to the
disclosure.

[0058] Also described, there Is provided an agent for use In the prophylaxis or treatment of an
NK cell regulated disease, the agent comprising or consisting of the vesicle according to the
disclosure.

[0059] Also described, there Is provided an agent for use In the prophylaxis or treatment of an
NK cell regulated disease, the agent comprising or consisting of the dendritic cell according to
the disclosure.

[0060] Also described, there Is provided an agent for use in the prophylaxis or treatment of an
NK cell regulated disease, the agent comprising or consisting of the activated NK cell according
to the disclosure;

[0061] Also described, there Is provided an agent for use In the prophylaxis or treatment of an
NK cell regulated disease, the agent comprising or consisting of the nucleic acid according to
the disclosure.

[0062] Also described, there Is provided an agent for use In the prophylaxis or treatment of an
NK cell regulated disease, the agent comprising or consisting of the virus according to the
disclosure.

[0063] Also described, there 1s provided a method of treatment or prophylaxis of a patient for
an NK cell regulated disease comprising determining If a patient produces KIR2DS2-
expressing NK cells;

wherein If the patient produces KIR2DS2-expressing NK cells, administering:

e the peptide according to the disclosure;

e the Immunogenic composition according to the disclosure;
e the complex according to the disclosure;

e the vesicle according to the disclosure;

» the dendritic cell according to the disclosure;

e the nucleic acid according to the disclosure; or

e the virus according to the disclosure; and

optionally wherein if the patient does not produce KIR2DS2-expressing NK cells, administering
to the patient the activated NK cells according to the disclosure.

[0064] Also described, there 1s provided a method of treatment or prophylaxis of a patient for
an NK cell regulated disease comprising determining If a patient produces KIR2DS2-

expressing NK cells;
wherein If the patient produces KIR2DS2-expressing NK cells, administering the peptide
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according to the disclosure; and optionally wherein if the patient does not produce KIR2DS2-
expressing NK cells, administering to the patient the activated NK cells according to the
disclosure.

[0065] Also described, there 1s provided a method of treatment or prophylaxis of a patient for
an NK cell regulated disease comprising determining If a patient produces KIR2DS2-
expressing NK cells;

wherein If the patient produces KIR2DS2-expressing NK cells, administering the immunogenic
composition according to the disclosure; and optionally wherein if the patient does not produce
KIR2DS2-expressing NK cells, administering to the patient the activated NK cells according to
the disclosure.

[0066] Also described, there 1s provided a method of treatment or prophylaxis of a patient for
an NK cell regulated disease comprising determining If a patient produces KIR2DS2-
expressing NK cells;

wherein If the patient produces KIR2DS2-expressing NK cells, administering the complex
according to the disclosure; and optionally wherein if the patient does not produce KIR2DS2-
expressing NK cells, administering to the patient the activated NK cells according to the
disclosure.

[0067] Also described, there 1s provided a method of treatment or prophylaxis of a patient for
an NK cell regulated disease comprising determining If a patient produces KIR2DS2-
expressing NK cells;

wherein If the patient produces KIR2DS2-expressing NK cells, administering the vesicle
according to the disclosure; and optionally wherein if the patient does not produce KIR2DS2-
expressing NK cells, administering to the patient the activated NK cells according to the
disclosure.

[0068] Also described, there 1s provided a method of treatment or prophylaxis of a patient for
an NK cell regulated disease comprising determining If a patient produces KIR2DS2-
expressing NK cells;

wherein If the patient produces KIR2DS2-expressing NK cells, administering the dendritic cell
according to the disclosure; and optionally wherein if the patient does not produce KIR2DS2-
expressing NK cells, administering to the patient the activated NK cells according to the
disclosure.

[0069] Also described, there 1s provided a method of treatment or prophylaxis of a patient for
an NK cell regulated disease comprising determining If a patient produces KIR2DS2-
expressing NK cells;

wherein If the patient produces KIR2DS2-expressing NK cells, administering the nucleic acid
according to the disclosure; and optionally wherein if the patient does not produce KIR2DS2-
expressing NK cells, administering to the patient the activated NK cells according to the
disclosure.
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[0070] Also described, there 1s provided a method of treatment or prophylaxis of a patient for
an NK cell regulated disease comprising determining If a patient produces KIR2DS2-
expressing NK cells;

wherein If the patient produces KIR2DS2-expressing NK cells, administering the virus
according to the disclosure; and optionally wherein if the patient does not produce KIR2DS2-
expressing NK cells, administering to the patient the activated NK cells according to the
disclosure.

[0071] Also described, there 1s provided a method of treatment or prophylaxis of a patient for
an NK cell regulated disease comprising determining If a patient produces a ligand for

KIR2DS2;
wherein If the patient produces a ligand for KIR2DS2, administering:

e the peptide according to the disclosure;

e the Immunogenic composition according to the disclosure;
e the complex according to the disclosure;

e the vesicle according to the disclosure;

o the dendritic cell according to the disclosure;

o the nucleic acid according to the disclosure; or

e the virus according to the disclosure; and

optionally wherein if the patient does not produce a ligand for KIR2DS2, administering to the
patient the activated NK cells according to the disclosure.

[0072] Also described, there 1s provided a method of treatment or prophylaxis of a patient for
an NK cell regulated disease comprising determining if a patient produces a ligand for
KIR2DS2;

wherein If the patient produces a ligand for KIR2DS2, administering the peptide according to
the disclosure; and

optionally wherein if the patient does not produce a ligand for KIR2DS2, administering to the
patient the activated NK cells according to the disclosure.

[0073] Also described, there 1s provided a method of treatment or prophylaxis of a patient for

an NK cell regulated disease comprising determining If a patient produces a ligand for
KIR2DS2;

wherein If the patient produces a ligand for KIR2DS2, administering the immunogenic
composition according to the disclosure; and

optionally wherein If the patient does not produce a ligand for KIR2DS2, administering to the
patient the activated NK cells according to the disclosure.
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[0074] Also described, there 1s provided a method of treatment or prophylaxis of a patient for

an NK cell regulated disease comprising determining If a patient produces a ligand for
KIR2DS2;

wherein If the patient produces a ligand for KIR2DS2, administering the complex according to
the disclosure; and

optionally wherein If the patient does not produce a ligand for KIR2DS2, administering to the
patient the activated NK cells according to the disclosure.

[0075] Also described, there 1s provided a method of treatment or prophylaxis of a patient for

an NK cell regulated disease comprising determining If a patient produces a ligand for
KIR2DS2;

wherein If the patient produces a ligand for KIR2DS2, administering the vesicle according to
the disclosure; and

optionally wherein if the patient does not produce a ligand for KIR2DS2, administering to the
patient the activated NK cells according to the disclosure.

[0076] Also described, there 1s provided a method of treatment or prophylaxis of a patient for

an NK cell regulated disease comprising determining if a patient produces a ligand for
KIR2DS2;

wherein If the patient produces a ligand for KIR2DS2, administering the dendritic cell according
to the disclosure; and

optionally wherein if the patient does not produce a ligand for KIR2DS2, administering to the
patient the activated NK cells according to the disclosure.

[0077] Also described, there 1s provided a method of treatment or prophylaxis of a patient for

an NK cell regulated disease comprising determining if a patient produces a ligand for
KIR2DS2;

wherein If the patient produces a ligand for KIR2DS2, administering the nucleic acid according
to the disclosure; and

optionally wherein If the patient does not produce a ligand for KIR2DS2, administering to the
patient the activated NK cells according to the disclosure.
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[0078] Also described, there 1s provided a method of treatment or prophylaxis of a patient for

an NK cell regulated disease comprising determining if a patient produces a ligand for
KIR2DS2;

wherein If the patient produces a ligand for KIR2DS2, administering the virus according to the
disclosure; and

optionally wherein If the patient does not produce a ligand for KIR2DS2, administering to the
patient the activated NK cells according to the disclosure.

[0079] Also described, there I1s provided a method of selecting a patient for treatment or

prophylaxis with an agent arranged to activate NK cell mediated protection from a disease,
wherein the agent Is selected from:

» the peptide according to the disclosure;

e the Immunogenic composition according to the disclosure;
o the complex according to the disclosure;

» the vesicle according to the disclosure;

e the nucleic acid according to the disclosure; or

» the virus according to the disclosure;

the method comprising the step of determining if the patient produces KIR2DS2-expressing NK
cells,

wherein a patient producing KIR2DS2-expressing NK cells 1s selected for the treatment or
prophylaxis with the agent; and optionally wherein a patient not producing KIR2DS2-expressing
NK cells 1s not selected for the treatment or prophylaxis with the agent, and/or Is selected for
an alternative treatment.

[0080] Also described, there Is provided a method of selecting a patient for treatment or
prophylaxis with an agent arranged to activate NK cell mediated protection from a disease,
wherein the agent is the peptide according to the disclosure;

the method comprising the step of determining iIf the patient produces KIR2DS2-expressing NK
cells,

wherein a patient producing KIR2DS2-expressing NK cells 1s selected for the treatment or
prophylaxis with the agent; and optionally wherein a patient not producing KIR2DS2-expressing
NK cells 1s not selected for the treatment or prophylaxis with the agent, and/or Is selected for
an alternative treatment.

[0081] Also described, there I1s provided a method of selecting a patient for treatment or
prophylaxis with an agent arranged to activate NK cell mediated protection from a disease,
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wherein the agent is the immunogenic composition according to the disclosure;

the method comprising the step of determining iIf the patient produces KIR2DS2-expressing NK
cells,

wherein a patient producing KIR2DS2-expressing NK cells 1s selected for the treatment or
prophylaxis with the agent; and optionally wherein a patient not producing KIR2DS2-expressing

NK cells 1s not selected for the treatment or prophylaxis with the agent, and/or is selected for
an alternative treatment.

[0082] Also described, there Is provided a method of selecting a patient for treatment or

prophylaxis with an agent arranged to activate NK cell mediated protection from a disease,
wherein the agent is the complex according to the disclosure;

the method comprising the step of determining If the patient produces KIR2DS2-expressing NK
cells,

wherein a patient producing KIR2DS2-expressing NK cells 1s selected for the treatment or
prophylaxis with the agent; and optionally wherein a patient not producing KIR2DS2-expressing

NK cells 1s not selected for the treatment or prophylaxis with the agent, and/or Is selected for
an alternative treatment.

[0083] Also described, there I1s provided a method of selecting a patient for treatment or

prophylaxis with an agent arranged to activate NK cell mediated protection from a disease,
wherein the agent is the vesicle according to the disclosure;

the method comprising the step of determining if the patient produces KIR2DS2-expressing NK
cells,

wherein a patient producing KIR2DS2-expressing NK cells 1s selected for the treatment or

prophylaxis with the agent; and optionally wherein a patient not producing KIR2DS2-expressing

NK cells Is not selected for the treatment or prophylaxis with the agent, and/or Is selected for
an alternative treatment.

[0084] Also described, there I1s provided a method of selecting a patient for treatment or

prophylaxis with an agent arranged to activate NK cell mediated protection from a disease,
wherein the agent is the nucleic acid according to the disclosure;

the method comprising the step of determining if the patient produces KIR2DS2-expressing NK
cells,

wherein a patient producing KIR2DS2-expressing NK cells 1s selected for the treatment or
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prophylaxis with the agent; and optionally wherein a patient not producing KIR2DS2-expressing
NK cells 1s not selected for the treatment or prophylaxis with the agent, and/or Is selected for
an alternative treatment.

[0085] Also described, there I1s provided a method of selecting a patient for treatment or
prophylaxis with an agent arranged to activate NK cell mediated protection from a disease,
wherein the agent is the virus according to the disclosure;

the method comprising the step of determining if the patient produces KIR2DS2-expressing NK
cells,

wherein a patient producing KIR2DS2-expressing NK cells 1s selected for the treatment or

prophylaxis with the agent; and optionally wherein a patient not producing KIR2DS2-expressing
NK cells Is not selected for the treatment or prophylaxis with the agent, and/or Is selected for
an alternative treatment.

[0086] Also described, there I1s provided a method of selecting a patient for treatment or
prophylaxis with an agent arranged to activate NK cell mediated protection from a disease,
wherein the agent is selected from:

o the peptide according to the disclosure;

e the Immunogenic composition according to the disclosure;
e the complex according to the disclosure;

» the vesicle according to the disclosure;

e the nucleic acid according to the disclosure; or

e the virus according to the disclosure;

the method comprising the step of determining if the patient produces a ligand for KIR2DS2,
wherein a patient producing a ligand for KIR2DS2 Is selected for the treatment or prophylaxis

with the agent; and optionally wherein a patient not producing a ligand for KIR2DS2 i1s not
selected for the treatment or prophylaxis with the agent, and/or i1s selected for an alternative
treatment.

[0087] Also described, there Is provided a method of selecting a patient for treatment or
prophylaxis with an agent arranged to activate NK cell mediated protection from a disease,
wherein the agent is the peptide according to the disclosure;

the method comprising the step of determining if the patient produces a ligand for KIR2DS2,

wherein a patient producing a ligand for KIR2DS2 Is selected for the treatment or prophylaxis
with the agent; and optionally wherein a patient not producing a ligand for KIR2DS2 i1s not

selected for the treatment or prophylaxis with the agent, and/or i1s selected for an alternative
treatment.
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[0088] Also described, there Is provided a method of selecting a patient for treatment or
prophylaxis with an agent arranged to activate NK cell mediated protection from a disease,
wherein the agent is the iImmunogenic composition according to the disclosure;

the method comprising the step of determining if the patient produces a ligand for KIR2DS2,

wherein a patient producing a ligand for KIR2DS2 Is selected for the treatment or prophylaxis
with the agent; and optionally wherein a patient not producing a ligand for KIR2DS2 i1s not

selected for the treatment or prophylaxis with the agent, and/or i1s selected for an alternative
treatment.

[0089] Also described, there I1s provided a method of selecting a patient for treatment or

prophylaxis with an agent arranged to activate NK cell mediated protection from a disease,
wherein the agent is the complex according to the disclosure;

the method comprising the step of determining if the patient produces a ligand for KIR2DS2,

wherein a patient producing a ligand for KIR2DS2 Is selected for the treatment or prophylaxis
with the agent; and optionally wherein a patient not producing a ligand for KIR2DS2 i1s not
selected for the treatment or prophylaxis with the agent, and/or i1s selected for an alternative
treatment.

[0090] Also described, there I1s provided a method of selecting a patient for treatment or
prophylaxis with an agent arranged to activate NK cell mediated protection from a disease,
wherein the agent is the vesicle according to the disclosure;

the method comprising the step of determining if the patient produces a ligand for KIR2DS2,

wherein a patient producing a ligand for KIR2DS2 i1s selected for the treatment or prophylaxis
with the agent; and optionally wherein a patient not producing a ligand for KIR2DS2 is not

selected for the treatment or prophylaxis with the agent, and/or i1s selected for an alternative
treatment.

[0091] Also described, there I1s provided a method of selecting a patient for treatment or

prophylaxis with an agent arranged to activate NK cell mediated protection from a disease,
wherein the agent is the nucleic acid according to the disclosure;

the method comprising the step of determining if the patient produces a ligand for KIR2DS2,
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wherein a patient producing a ligand for KIR2DS2 Is selected for the treatment or prophylaxis
with the agent; and optionally wherein a patient not producing a ligand for KIR2DS2 is not

selected for the treatment or prophylaxis with the agent, and/or i1s selected for an alternative
treatment.

[0092] Also described, there I1s provided a method of selecting a patient for treatment or
prophylaxis with an agent arranged to activate NK cell mediated protection from a disease,
wherein the agent is the virus according to the disclosure;

the method comprising the step of determining if the patient produces a ligand for KIR2DS2,

wherein a patient producing a ligand for KIR2DS2 is selected for the treatment or prophylaxis
with the agent; and optionally wherein a patient not producing a ligand for KIR2DS2 i1s not
selected for the treatment or prophylaxis with the agent, and/or i1s selected for an alternative
treatment.

[0093] The ligand for KIR2DS2 may comprise a Group | HLA-C allele encoded ligand. The
ligand for KIR2DS2 may comprise HLA-A11.

[0094] The method for selecting a patient may further comprise administering the agent to the
selected patient.

[0095] The alternative treatment may comprise administering to the patient, the activated NK
cell according to the disclosure.

[0096] Determining if a patient produces KIR2DS2-expressing NK cells may comprise
providing a sample of patient blood or blood plasma and detecting KIR2DS2-expressing NK
cells in the blood or blood plasma. Determining If a patient produces KIR2DS2-expressing NK
cells may comprise providing a sample of patient blood or blood plasma and detecting nucleic
acid encoding KIR2DS2. The detection may comprise PCR, for example using sequence
specific primers (PCR-SSP). The detection may comprise nucleic acid sequencing, such as
RNA sequencing. The detection may comprise antibody-mediated detection. The detection
may comprise KIR2DS2 ligand-receptor binding mediated detection.

[0097] Determining if a patient produces a ligand for KIR2DS2 may comprise providing a
sample of patient blood or blood plasma and detecting a ligand for KIR2DS2 in the blood or
blood plasma. Determining If a patient produces a ligand for KIR2DS2 may comprise providing
a sample of patient blood or blood plasma and detecting nucleic acid encoding a ligand for
KIR2DS2. The detection may comprise PCR, for example using sequence specific primers
(PCR-SSP). The detection may comprise nucleic acid sequencing, such as RNA sequencing.
The detection may comprise antibody-mediated detection. The detection may comprise ligand-
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receptor binding mediated detection.

[0098] The NK cell regulated disease may be a disease capable of being inhibited, supressed,
cured, alleviated or prevented by the action of specific NK cell mediated killing. The NK cell
regulated disease may be a disease capable of being modified by the action of specific NK cell
Killing. The NK cell regulated disease may comprise a viral infection. The viral infection may
comprise HCV infection. The viral infection may comprise HIV infection. The viral infection may
comprise chronic viral infection, such as chronic HCV infection.

[0099] The NK cell regulated disease may comprise a KIR2DS2 mediated disease. The NK cell
regulated disease may comprise an activating KIR mediated disease. The NK cell regulated
disease may be any of the disease of infections selected from the group comprising cancer,
HCV, HBV, HPV, Malaria, pregnancy related disorders, EBV, Kaposi sarcoma, Ebola, HSV,
leprosy, and TB. The NK cell regulated disease may comprise HCV infection. The NK cell
regulated disease may comprise EBV infection.

[0100] Also described, there 1s provided a method of producing activated NK cells comprising
exposing an NK cell expressing KIR2DS2 receptor to a peptide according to the disclosure.

[0101] The method of producing activated NK cells may be in vitro, for example in a cell
culture.

[0102] Also described, there 1s provided a method for activating an NK cell mediated immune
response of a patient for recognition of an antigen comprising administration of:

o the peptide according to the disclosure;

e the complex according to the disclosure;

e the vesicle according to the disclosure;

 the nucleic acid according to the disclosure; or
e the virus according to the disclosure.

[0103] Also described, there 1s provided a method for activating an NK cell mediated immune
response of a patient for recognition of an antigen comprising administration of the peptide
according to the disclosure.

[0104] Also described, there 1s provided a method for activating an NK cell mediated immune
response of a patient for recognition of an antigen comprising administration of the complex
according to the disclosure.

[0105] Also described, there 1s provided a method for activating an NK cell mediated immune
response of a patient for recognition of an antigen comprising administration of the vesicle
according to the disclosure.



DK/EP 3140317 T3

[0106] Also described, there 1s provided a method for activating an NK cell mediated immune
response of a patient for recognition of an antigen comprising administration of the nucleic acid
according to the disclosure.

[0107] Also described, there 1s provided a method for activating an NK cell mediated immune
response of a patient for recognition of an antigen comprising administration of the virus
according to the disclosure.

[0108] The antigen may comprise a peptide derived from HCV. The antigen may comprise a
peptide derived from HIV. The antigen may comprise a peptide derived from a cancer cell. The
antigen may comprise a peptide derived from, or specific for, any of the diseases of infections
selected from the group comprising cancer, HCV, HBV, HPV, Malaria, pregnancy related
disorders, EBV, Kaposi sarcoma, Ebola, HSV, leprosy, and TB. The NK cell regulated disease
may comprise HCV infection.

[0109] The iImmune response may be protective.

[0110] Also described, there I1s provided a peptide according to the disclosure for use In, or as,
a vaccine.

[0111] The term "iImmunogenic”, when applied to the peptide or composition of the present
disclosure means capable of eliciting an iImmune response in a human or animal body:.

[0112] The term "isolated”, when applied to the peptide or complex of the present disclosure
means a peptide or complex: (1) encoded by nucleic acids using recombinant DNA methods; or
(I); synthesized by, for example, chemical synthetic methods; or (i) separated from naturally-
occurring biological materials, and then purified using protein analytical procedures; or (iv)
associated with chemical moieties (e.g. peptides, carbohydrates, fatty acids, and the like) other
than those associated with the antigenic peptide In its naturally-occurring state; or (v) that do
not occur In nature. An Isolated peptide or complex of the disclosure includes a peptide or
complex expressed from a nucleotide sequence encoding the peptide or complex, or from a
recombinant vector containing a nucleotide sequence encoding the peptide or complex.

[0113] The term "protective” means prevention of a disease, a reduced risk of disease
Infection, transmission and/or progression, reduced severity of disease, a cure of a condition or
disease, an alleviation of symptoms, or a reduction In severity of a disease or disease
symptoms.

[0114] The term "prophylaxis” means prevention of or protective treatment for a disease. The
prophylaxis may include a reduced risk of disease infection, transmission and/or progression,
or reduced severity of disease.

[0115] The term "reatment’, means a cure of a condition or disease, an alleviation of
symptoms, or a reduction in severity of a disease or disease symptoms.
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[0116] The skilled person will understand that optional features of one embodiment or aspect
of the disclosure may be applicable, where appropriate, to other embodiments or aspects of
the disclosure.

[0117] Embodiments of the disclosure will now be described in more detall, by way of example
only, with reference to the accompanying drawings.

FIGURE 1 shows that the peptide LNPSVAATL binds HLA-Cw*0102. The HLA-Cw*0102-
positive cell line L721.174 was incubated with increasing concentrations of the LNPSVAATL
peptide or a control peptide VAPWNSLSL. Cells were stained for cell surface of MHC class |
and analysed by flow cytometry. The mean fluorescence intensity of cell surface MHC Class |
was plotted against the peptide concentration.

FIGURE 2 shows that LNPSVAATL Is recognized by KIR2DS2-positive NK cells and leads to NK

cell activation (CD107a degranulation), and killing of target cells expressing HLA-Cw*0102. A
cells were incubated In the presence or absence of peptides, and then cultured with NK cells
from either a KIR2DS2-positive or KIR2DS2-negative donor. The level of CD107a (LAMP)
expression was measured on NK cells positive for the CH-L antibody. This antibody binds to
KIR2DS2, KIR2DL2 and KIR2DL3. B. Summary data from 5 KIR2DS2-positive and 6 KIR2DS2-
negative donors tested as per panel A of Figure 2. To compare the different donors the data
are normalized to 100% for the no peptide condition.

FIGURE 3 shows that KIR2DS2-postive NK cell clones kill target cells expressing HLA-

Cw'0102 and the LNPSVAATL peptide. L721.174 cells were incubated in the presence or
absence of the peptides VAPWNSFAL and the LNPSVAATL. The cells were then labeled with
the cell tracker orange dye, and then cultured with KIR2DS2-positive NK cell clones (clones
4.6,9) or a KIR2DS2-negative NK cell clone (clone 27). Cytotoxicity was then determined using
Live/Dead® fixable far-red stain.

FIGURE 4 shows that KIR2DS2 binds to HLA-C*0102 and the LNPSVAATL peptide. A. The
KIR2DS2 protein was expressed with a biotinylation C-terminal tag. Following biotinylation with
the BirA enzyme, the KIR2DS2 protein was incubated with streptavidin-phycoerythrin to form
fluorescent KIR2DS2-tetramers (KIR2DS2-PE). L721.174 cells were then incubated with
Indicated peptides. Cells were then stained with KIR2DS2-PE and analysed by flow cytometry.
Shown are histogram plots. The bold numbers represent the mean fluorescent staining
Intensity of the KIR2DS2-PE staining of the cells in the presence of peptide and the non-bold
numbers the staining in the absence of peptide. B. Represents the mean and standard error
fluorescent intensities of the experiment in "A" following replicate experiments.

FIGURE 5 shows that KIR2DS2 recognises peptides with XXXXXAAL and XXXXXATL motifs. A.
L721.174 cells were incubated with indicated peptides. Cells were then stained with KIR2DS2-
PE (see Figure 4) and analysed by flow cytometry. Shown are histogram plots. The bold
numbers represent the mean fluorescent staining intensity of the KIR2DS2-PE staining of the
cells In the presence of peptide and the non-bold numbers the staining in the absence of



DK/EP 3140317 T3

peptide. B. Represents the mean and standard error fluorescent intensities of the experiment
In "A" following replicate experiments.

FIGURE 6 LNPSVAATL activates NK cells expressing KIR2DS2. A. L721.174 cells were
Incubated with indicated peptides. The cells were then incubated with the NK cell line
transfected with KIR2DS2. The cells were lysed and the KIR2DS2 was then
iImmunoprecipitated from the mixture using the GL183 antibody coupled to protein-G beads.
The immune precipitate was analysed by Western blotting using a phosphotyrosine antibody.
The membrane was then stripped and reprobed with an antibody to DAP12 the molecule that
transduces a positive signal from KIR2DS2. Shown are the regions on the blots at the level of
DAP12 (12-15kDa). B. L721.174 cells were incubated with indicated peptides. The cells were
then Incubated with the NK cell line transfected with KIR2DS2 or transfected with KIR2DL2.
The cells were lysed In 1% NP-40 and then analysed by Western blotting using antibodies to
pVav1 and then following stripping of the membrane to Vav1. Shown are Western blots around
the 98kDa region, and below them the corresponding densitometries for 3 Iindependent

experiments.

Figure 7 1x10° L721.221-HLA-C*0304-ICP47 cells were incubated overnight at 26°C with
Indicated peptides at a concentration of 20uM. The cells were then incubated with the NKL cell
ine transfected with KIR2DS2 or transfected with KIR2DL2 for 5 minutes. The cells were lysed
N 1% NP-40 and then analysed by Western blotting using antibodies to pVav1l and then
following stripping of the membrane to Vav1l. Shown are Western blots around the 98kDa
region, and below them the corresponding densitometries for 2 independent experiments.

Figure 8 The MHC class |-negative 721.221 cell line was transfected with a construct

expressing HLA-C*0102:T2A:E19/3K:LNPSVAATL. The cells were washed and then the HLA-C
binding peptides eluted using 10% acetic acid. The eluate was analysed by HPLC using a C18
column and a 4-60% acetonitrile gradient. The resulting profile was compared to the profile of
the LNPSVAATL peptide alone. The peptide elution peak is indicated with an arrow.

Figure 9 - shows KIR2DS2 tetramer staining on 174 cells with and without the peptides.
Staining comparison with the unstained cells, MF| of stained cells (indicated by *) is shown.

Example 1 - KIR2DS1 and its group 1 HLA-C ligands provide protection against chronic
hepatitis C virus (HCV) infection.

[0118] Table 1 shows a logistic regression analysis of the outcome of HCV infection and its
association with KIR and HLA In 272 Iindividuals exposed to HCV. 180 individuals had chronic
Infection and 92 cleared infection. An odds ratio (OR) >1 indicates protection against chronic

HCV infection. (HLA-C*0102 is one of the group 1 HLA-C alleles).
Table 1: KIR2DS1 and its group 1 HLA-C ligands provide protection against chronic
hepatitis C virus (HCV) infection.
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KIR2DL3:HLA-C1C1 10.006 1.31-5.02

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

KIR2DS3 0.027 0.28-0.92

KIR2DS2: group 1 0.033 1.83 1.05-3.19
HLA C

KIR3DS1 HLA-Bw4 O 076 O 94-3.55

000000000000000000000000000000000000000000000000000000000000000\ 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Example 2 - The peptide LNPSVAATL binds HLA-Cw*0102

[0119] With reference to figure 1, the HLA-Cw™0102-positive cell line L721.174 was incubated
with Iincreasing concentrations of the LNPSVAATL peptide or a control peptide VAPVWNSLSL

(known to bind HLA-Cw*0102) overnight at 26°C. 3x10° cells were used per condition.
Following washing in PBS the cells were stained for cell surface of MHC class | and analysed
by flow cytometry. The mean fluorescence intensity of cell surface MHC Class | was plotted
against the peptide concentration.

Example 3 - LNPSVAATL is recognized by KIR2DS2-positive NK cells and leads to NK
cell activation (CD107a degranulation), and killing of target cells expressing HLA-
Cw*0102.

[0120] With reference to figure 2A, 3x10° L721.174 cells were incubated at 26°C overnight in
the presence or absence of peptides, and then cultured for four hours with NK cells from either
a KIR2DS2-positive or KIR2DS2-negative donor. The level of CD107a (LAMP) expression was
measured on NK cells positive for the CH-L antibody. This antibody binds to KIR2DSZ,
KIR2DL2 and KIR2DL3. NK cells from both donors have lower levels of degranulation when
exposed to the VAP-FA (VAPWNSFAL) peptide as compared to no peptide. NK cells from the
KIR2DS2-positive donors have higher levels of degranulation when exposed to the
LNPSVAATL peptide as compared to no peptide. NK cells from the KIR2DS2-positive donors
have higher levels of degranulation when exposed to the VAPWNSFAL and the LNPSVAATL
peptide In combination as compared to the VAPWNSFAL peptide alone. With reference to
figure 2B, summary data from 5 KIR2DS2-positive and 6 KIR2DS2-negative donors were
tested as per panel A of Figure 2. To compare the different donors the data are normalized to
100% for the no peptide condition.

Example 4 - KIR2DS2-postive NK cell clones kill target cells expressing HLA-Cw*0102
and the LNPSVAATL peptide
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[0121] With reference to figure 3, 3x10° L721.174 cells were incubated at 26°C overnight in
the presence or absence of the peptides VAPWNSFAL and the LNPSVAATL. The cells were
then labeled with the cell tracker orange dye, and then cultured for four hours with KIR2DS2-
positive NK cell clones (clones 4,6,9) or a KIR2DS2-negative NK cell clone (clone 27).
Cytotoxicity was then determined using Live/Dead® fixable far-red stain. Only clones 4, 6, 9
killed the L721.174 cell line to greater extent in the presence of the LNPSVAATL peptide as
compared to no peptide or the VAPWNSFAL peptide.

Example § - KIR2DS2 binds to HLA-C*0102 and the LNPSVAATL peptide

[0122] With reference to figure 4A, the KIR2DS2Z protein was expressed as a recombinant
protein with a biotinylation C-terminal tag. Following biotinylation with the BirA enzyme, the
KIR2DS2 protein was incubated with streptavidin-phycoerythrin to form fluorescent KIR2DS2-

tetramers (KIR2DS2-PE). 3x10° L721.174 cells were then incubated overnight at 26°C with
Indicated peptides at a concentration of 200uM. Cells were then stained with KIR2DS2-PE and
analysed by flow cytometry. Shown are histogram plots. The bold numbers represent the mean
fluorescent staining intensity of the KIR2DS2-PE staining of the cells in the presence of peptide
and the non-bold numbers the staining in the absence of peptide. With reference to figure 4B,

panel B represents the mean and standard error fluorescent intensities of the experiment in "A"
following replicate experiments.

Example 6 - KIR2DS2 recognises peptides with XXXXXAAL and XXXXXATL motifs

[0123] With reference to figure 5A, 3x10° L721.174 cells were incubated overnight at 26°C
with indicated peptides at a concentration of 200uM. Cells were then stained with KIR2DS2-PE
(see Figure 4) and analysed by flow cytometry. Shown are histogram plots. The bold numbers
represent the mean fluorescent staining intensity of the KIR2DS2-PE staining of the cells in the
presence of peptide and the non-bold numbers the staining in the absence of peptide. With
reference to figure 5B, panel B represents the mean and standard error fluorescent intensities
of the experiment in "A" following replicate experiments.

Example 7 - LNPSVAATL activates NK cells expressing KIR2DS2.

[0124] With reference to figure 6A, 1x10° L721.174 cells were incubated overnight at 26°C
with Indicated peptides at a concentration of 20uM. The cells were then incubated with the NK
cell line transfected with KIR2DS2 for 5 minutes. The cells were lysed In 1% digitonin buffer
and the KIR2DS2 was then immunoprecipitated from the mixture using the GL183 antibody
coupled to protein-G beads. The immune precipitate was analysed by Western blotting using a
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phosphotyrosine antibody. The membrane was then stripped and reprobed with an antibody to

DAP12 the molecule that transduces a positive signal from KIR2DS2. Shown are the regions
on the blots at the level of DAP12 (12-15kDa). The LNPSVAATL peptide induces

phosphorylation of DAP12. With reference to figure 6B, 1x10° L721.174 cells were incubated
overnight at 26°C with indicated peptides at a concentration of 20uM. The cells were then
iIncubated with the NK cell line transfected with KIR2DS2 or transfected with KIR2DL2 for 5
minutes. The cells were lysed In 1% NP-40 and then analysed by Western blotting using
antibodies to pVav1 and then following stripping of the membrane to Vav1l. Shown are Western
blots around the 98kDa region, and below them the corresponding densitometries for 3
Independent experiments.

Example 8 - KIR2DS2 is activated by the peptide GAVPDLAWL and GAVPDLATL

[0125] With reference to figure 7, 1x10° HLA-C*0304:ICP47:721.221 cells were incubated
overnight at 26°C with indicated peptides at a concentration of 20uM. The cells were then
Incubated with the NK cell line transfected with KIR2DS2 for 5 minutes. The cells were lysed In
1% NP-40 and then analysed by Western blotting using antibodies to pVav1 and then following
stripping of the membrane to Vav1l. Shown i1s a Western blots around the 98kDa region, and
below them the corresponding densitometries for 3 independent experiments.

Example 9

[0126] Figure 8 shows the elution profile of the peptide In a construct HLA-
C.T2AE19/3K:Peptide  (Figure 8). The cell line 721.221 expressing HLA-

C*0102:T2AE19/3K:LNPSVAATL. Following elution of the HLA-C binding peptides using 10%
acetic acid the peptides were analysed by HPLC using a C18 column and an acetonitrile
gradient. When compared to the control LNPSVAATL peptide a peak is seen Iin the peptide
eluate that corresponds to the reterntion time of the LNPSVAATL peptide indicating that it is
endogenously processed and presented and that this is a suitable vaccine construct.
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Patentkrav

1. Kompleks omfattende et MHC klasse I HLA-C-molekyle og et peptid i stand til
at aktivere NK-celle-medieret immunitet, hvilket peptid omfatter eller bestar af
aminosyresekvensen X"AX4X1,

hvor
X" er en aminosyresekvens pa mellem 5 og 12 rester, og
X! er en hvilken som helst aminosyre; eller leucin eller isoleucin; og

X4 er alanin, threonin, tryptophan, eller serin.

2. Komplekset ifglge krav 1, hvor HLA-C'et er en gruppe 1 HLA-C.

3. Komplekset ifglge et hvilket som helst af kravene 1 eller 2, hvor MHC klasse 1
HLA-C-molekylet er HLA-Cw*0102 eller HLA-C+304.

4. Komplekset ifglge et hvilket som helst af kravene 1 til 3, hvor MHC klasse 1
HLA-C-molekylet er et MHC klasse I HLA-C-molekyle der er trunkeret ved

stamregionen af a3-domaenet.

5. Komplekset ifglge et hvilket som helst af kravene 1 til 4, hvor komplekset

omfatter et fusionsprotein af MHC klasse I HLA-C-molekylet og peptidet.

6. Vesikel omfattende komplekset ifglge et hvilket som helst af kravene 1 til 5.

7. Nukleinsyre omfattende en sekvens der koder for et peptid i stand til at
aktivere NK-celle-medieret immunitet og en sekvens der koder for et MHC klasse 1
HLA-C-molekyle, hvor peptidet omfatter eller bestar af aminosyresekvensen
XNAXZX?E,

hvor
X" er en aminosyresekvens pa mellem 5 og 12 rester, og
X! er en hvilken som helst aminosyre; eller leucin eller isoleucin; og

X4 er alanin, threonin, tryptophan, eller serin.
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8. Nukleinsyren ifglge krav 7, hvor nukleinsyren er en plasmidvektor til

vaccination.

9. Virus omfattende nukleinsyren ifglge krav 7 eller krav 8.

10. Dendritisk celle der udtrykker, eller er i stand til at udtrykke, komplekset

ifolge et hvilket som helst af kravene 1 til 5.

11. Immunogen sammensatning omfattende en eller flere af:
10 - komplekset ifglge et hvilket som helst af kravene 1 til 5;
- vesiklen ifglge krav 6;
- den dendritiske celle ifglge krav 10;
- nukleinsyren ifglge et hvilket som helst af kravene 7 eller 8; og

- virusset ifglge krav 9.
15

12. Middel til anvendelse i profylaksen eller behandlingen af en sygdom eller
infektion valgt fra gruppen bestaende af viral infektion, cancer, malaria,
spedalskhed og TB,

hvor midlet omfatter eller bestar af;
20 - den immunogene sammensatning ifglge krav 11;
- komplekset ifglge et hvilket som helst af kravene 1 til 5; eller
- vesiklen ifglge krav 6; eller
- den dendritiske celle ifglge krav 10; eller
- nukleinsyren ifglge et hvilket som helst af kravene 7 eller 8; eller

25 - virusset ifglge krav ©.

13. Midlet for anvendelsen ifglge krav 12, hvor anvendelsen omfatter at
bestemme om en patient producerer KIR2DS2-udtrykkende NK-celler eller en
ligand for KIR2DS2;
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hvor hvis patienten producerer KIR2DS2-udtrykkende NK-celler eller en ligand for
KIR2DS2, at administrere midlet.

14. Den immunogene sammensatning ifglge krav 11; komplekset ifglge et hvilket
som helst af kravene 1 til 5; vesiklen ifglge krav 6; den dendritiske celle ifglge
krav 10; nukleinsyren ifglge et hvilket som helst af kravene 7 eller 8; eller

virusset ifglge krav 9; til anvendelse som en vaccine.



DK/EP 3140317 T3

DRAWINGS

Figure 1

HCV 5

%§§ . _ ) ; Ny X '\‘_;'(_ x ‘*\t \i..a‘\.
; e WAMTERIRLNL

5§ KITIERN SR AP
e LINRTONVARE L

156000

M

so000

Peptide concentration {yivi)



DK/EP 3140317 T3

LNPSVAATL VAPWNSFAL +

VAPWNSFAL

No peptide

Figure 2

)

donors (n=5)
donors (n=6

Ve

-positive

2DS2-negat

KIR2DS2-pasitive donor
KIR2DS2-negative donor

“u~q.q.....uuuqq\n.-u- ................ \.“
} w g £ 2 N
. 1 . . " .-.cl. » -ﬁ
vl i . o ! ., Vo - S
~r 1 ‘e " » o
=2 3 ’ .
: : “ \. o
] _ ) .
’ ] - ”~ " 4 “u
| | T “ : N
) A EP .v . z
_ . , " :
. w : AT
- 2 * " . m ” S
‘u I e ||axu.n -H: ﬂ\.\\q\ﬂ!llﬁl\i\\&u\ﬂa\ lllllllll “ .\- M".-“\-
. H . P SOttt
7L ] : P o GO - S
p s ER O S R A AN N . ‘ S ''s
. . 3 T E R AP A A .
” nh«.\.h.u.\n\..-...s.\ . " oW u“
N L Z N ) | X
Y rEEryy:
i »
. o~
L P:esaraaa . K . . ' - . Crrcrae . P g s \u.
N 3 . q4
' G o mam et
. . ; S,
% 22 e - 4 % 2 . ¢ &\\\%‘ﬁm \x\\“&m
: . _lm R .ﬁmﬁwﬁ:.
.” v ", { L i 73 .u.u-.\\..w.m.uwww.h.k\.\-ﬁ.ﬂ.w.«wﬂ... M..?xxu.“w-wx '
- ~ " 1 - b . . . L
i - ¢
; = 2 *
: ﬁ “ 7
- . R : :
3 s A a' »
‘ . ey, 14 o
. L) ?— m v
‘ . a .
' - .4 y . ) g = “
: | | = | P e “
e msmnmsssssammmrnadMinasaanacn oy Sy 1 s “
: : W I3 u : :
. vyerwvrywvvwvwvrsswuvriverdprverevwves . . o - - P - - - " Py
“ euy X \».Mﬂ.ﬂ .\“\“ ’ - P e L Q.-.s.v..|-lt\vn\“un..ﬂ-u..“..\|.|t“\..ususu.ﬂ\l “ .“\%“ﬁ%%“%““\\%\%“%“ﬁ%ﬂ“ﬁ?\ :
ot . \;.\‘\csctc.q.u\!.!-!-.- P l-.\l.”b“'s s P S ST S T R M N "o \i k-\ i’ e R\ -\\ [ I\i mﬁ\ fae \i x 3
Pl St 2 S St S I S g % 0 e e nu-n.-.l. "a " s " "2 R-. e
G | R e
. ! i : e o
‘ . . Y a .l._.n.- \.n.-\-..n ety \_.n..r ..h Pt .-.-&...... \..-\-l...\.n
P g R - . o
‘ . 1 3 m r'
f
. -, .. Faaamana hAmAassassssssanmmsnnnxsnrassanlaa _ ’
- -t Vo . .__” m ﬂ 4 .\
B o “ o 4 0
". ‘e y
! v ﬂ -
F . - r o=y - e e e ey - - ot .
‘ Fod JW " ‘
: ¥ B " Z
L) . ;
: pe ! T y " T
: % i 4 ! . o R Rl
. i o " % : el ﬁ ey
. N : i __ = R
1 1 1.“..\ : “.u \.N “ " “ g«&u«u\“ﬁtﬁ\\ﬁ-&.\\.\-&ﬁ
: “ e, ! : ¥ -
‘ . P R SN I W :
. ‘ &\ m.u. " ) n‘.ls(..«ts.ﬂ.\.
¢ b oond o L o s AR “
e i Ifll'lllﬂ.hvlh.w\ e -n.i. _I\\ﬂ...r.n.\‘u.\nnVC\\\\.\..\..h\w.s;ss-\\... OO Y ) . ‘A
- \“..y AR 1 R et At P AP As :
1 Aqlqﬁsusut.t“t”“u c . " e M.W.“\\\ - ¢
4 T R L S B T, .
" g A AR " “ %
.\u.\nl-\,\.\..r..bu.l.l! v .\.. ¥ .-\.c.._.-.-.v.ﬁ.\.\.\.\.?.s.s...-.-...\ | ¥
e e _ Z
n.h . ll.s.\\-\l‘t..--.r-("\.\\\;\‘.t\t\t-t-t\.- LI “.rl.lnlv.l whot .I..I—l%.l.b.l.l..rl.l-".-..lrwr.l.ll.l.lmr.mvup.l.l.ll.l.lp. “
7 el A, .r i )
4 | ‘. ‘o 7
ey rrwrware TR - = v'e .y x - e ¢ ey
R S etk A s S
’ CHLA
E - - . \&“ ﬁ\. . A A R
. ¢ S e
Hnnuu.i--:::WMI!“ :::::::::::::::: m.\\p TR A
X . | o ’ T
n. . ) . o\v “ . n - “ L)
i - k 2.
n % n“. " e “ u
4 \.- ? o’ - i ’
4 . - F ‘
A T | 8 “
m v e Y, “ "
- o *
" . ' ) s i ' _
e " LG e “
) 1 WA M Ll
n “ Rt ﬂ”\”‘ Lo -\o u “ vl.m. ..
a 1 ...L.-““n ¥ wunu 1- ’ .
“ ." - A ?llr llllllllllllll \-.\lllll.l‘.-‘ﬁ-u
§r oy o Wy ) o a——a S | e e g O 2
. ¥y NI 7 e AR
u. vy > g e T e s uau-w-u.nu”s.\.._\n\ -----
4 - t.a.!.h““”ﬁqnl nmass t\.n- .“ . n‘"‘ “
- . . A w OO p 00 . !
X OO R T o S s P A '
.’. . : .Q\\.\“\HQ‘EVQ. .‘\\s\s\gﬁqﬁo\\v\v\\“Q” S “.*
T‘» - ohhr?tru..?t\v.u“_n.s.. o _
R . B R L r e P R N EE N ».
B L TP ] R " ' “
’ f i -
m_vu . ._ ! e vy re a b g
- ” = ~v e - e .
.. - . - e | ‘.




DK/EP 3140317 T3

Figure 3

........

‘I~<‘¢T‘}§. (’ﬁ} A Ty 2y

o

]
f
o
g3
.Me;.:
il
o
rro
2008

-, . 9
I -
A J

% specific lysis
Fad ; §

‘- - .
‘ .
‘ . -
N a5 ¢
..' . *
'. . ' *
. “ . )
. ‘- - ! Y
. . . .
- .“."-.‘\‘.‘.\‘._ \.\\\. b
. .
L ]

XA . :L\.t.*.\*;’-.*.:s’\ %
' 3
\



Figure 4

LNPSVAATL
(200 pM)

:

. 23067
S

i 472.29

\
\
~ Ly 1 z
'c::"\' 1 t b.
¢ } }
LR
\ LI
[ [
' 1o
1 LI L1
4 AN [
R
. : ! 1Y
.y o
.
,‘.:' Y .\
LN
TR S :_
k-v“’ 00000000 Y - I N T R N My Ty T P T R N e o oy . W
’\“ ‘w“‘n - r-‘ p‘\n ﬂm‘-r‘
" ~
o 17" 1_‘\
A3 o aw v
AREERN AR

rpTwwww. Thvewwwubrvrrrvrewvwhurrryrwwunrvvw

; ##‘—}}324%#%5%3%3‘%;?}%
= -
y; 1ot o S

-
N et
SR

500

400

MVIFI
(KIR2DS2-PE)

VLPCSFTTL
(200 M)

S, S S S S S S S S G S S, S S L S S S, S G S S R S S, S S

t\ 230.67
} i 237.95
S
S
A
VAPWNSFAL
(200 uM)

?ﬁ 230.67
210.56

b
7y
e

=
.‘;'o
. : dlb P - y
I A A A A AL A A AP A AL A A AL A A AP P

T A e
"
mw““'"‘"”"" A

o
o

KIR2DS2-PE

Peptides (200 M)

hox
7,

..4"..................J...................J.......................C................,....'..

v“!

-’
o v

e
;o

R N N N RN S RS R R R SN R S R R R S S S S e e e

-.:‘-':::::\' \‘i:f_":\:;-
“‘&\:«: R

VAPWNSLSL
(200 LM)

RS cmme i:
‘\\} > .\1'5'.‘ Y

VAPVWNSDAL
(200 M)

L
!
l l\
»
Pk
¢
¢ T
. ' J
.L\\*({\ﬁ.k.\\.ﬁ:f.l‘t_v:“\‘;‘;\ﬁ,‘_&,}.‘&\\&vv_i;s.*_.\i:v
'l"'.: Y } '!"S .
. ‘e byt

=
AR A

R

DK/EP 3140317 T3



DK/EP 3140317 T3
Figure 5
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Figure 6
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Figure 7
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