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DESCRIPTION

Field of the Invention

[0001] The invention relates to pharmaceutically acceptable formulations comprising
fluorocarbon-linked peptides, formulations useful in the preparation of such pharmaceutically
acceptable formulations, a method of preparing such formulations and the use of such
formulations as vaccines and immunotherapeutics.

Background to the Invention

[0002] Synthetic peptide antigens are of interest for use in vaccines to prevent infectious
diseases (such as viral, bacterial, parasitic and fungal infections). Synthetic peptide antigens
are also of interest in the field of immunotherapeutics, including the treatment of infection, the
stimulation of immunity to cancer cells, the down-regulation of polypeptide hormones and the
control of inappropriate immune responses such as anaphylaxis and allergy.

[0003] One difficulty in the practical use of peptide-based vaccines and immunotherapies is
ensuring the induction of an immune response by efficient delivery of the peptide antigens to
an antigen presenting cell. Without such targeting, unfeasible amounts of the peptide may be
required, which would not only be uneconomical to manufacture but could also lead to toxicity
issues.

[0004] Enhancement of peptide delivery may be achieved through specialised delivery
vehicles, such as particulate-based structures enabling sustained release. In addition, peptide
derivatives or modified peptides comprising the peptide of interest covalently linked to a
delivery-enhancing agent have been developed to improve the bioavailability and presentation
of the peptide to specific target cells and receptors.

[0005] One particular class of peptides modified to improve delivery to antigen presenting
cells are constructed through the covalent attachment of a fluorocarbon chain to either the
peptide N- or C-terminus, or at any position in between, to create a fluorocarbon-linked peptide
(FCP). Examples of fluorocarbon-linked peptides are given in W02005/099752 and
W02009/027688 and the advantages afforded by the fluorocarbon attachment in the
enhancement of immune responses to the peptide are provided therein.

[0006] It will be understood by vaccine designers that more than one peptide may be required
to provide a broader prophylactic or immunotherapeutic effect. Such multi-component products
are desirable since they are likely to be more effective at eliciting appropriate immune
responses.
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[0007] In order to manufacture a pharmaceutical product of this nature, the fluorocarbon-
linked peptides must be synthesised, purified, blended together at appropriate ratios, rendered
sterile and presented in a homogenous format suitable for administration.

Summary of the Invention

[0008] The present inventors have found that fluorocarbon-linked peptides are often poorly
soluble in aqueous media, such as water or phosphate buffered saline, even when the
unlinked peptides are soluble in aqueous media. They have further found that the length and
hydrophobicity of the peptide component of the fluorocarbon-linked peptide affects the
solubility of the fluorocarbon-linked peptide. In particular, fluorocarbon vectors linked to longer,
more hydrophobic peptides that display better immunogenetic properties have been found to
be particularly insoluble.

[0009] Fluorocarbon-linked peptides are amphiphilic and characteristically form multimolecular
micellar-type structures in both polar (protic and aprotic) and non-polar solvents. Such
structures are not typically formed by native unlinked peptides. However, the inventors have
found that many fluorocarbon-linked peptides, especially those with the best immunogenic
properties, have a tendency to form large visible aggregates in aqueous media and other
solvents. The formation of such aggregates is unacceptable in a pharmaceutical manufacturing
process, which requires the production of a homogeneous, characterisable formulation.

[0010] Having identified this problem, the present inventors have addressed it and devised a
method for preparing fluorocarbon-linked peptide formulations in which supra-molecular
structures that support the solubility of the fluorocarbon-linked peptides are maintained. The
formulation process developed by the inventors makes it possible to manufacture a stable
product comprising the immunogenic fluorocarbon-linked peptides that they have found to be
problematic to formulate, which product is easy to reconstitute with an aqueous medium to
obtain a pharmaceutically acceptable solution.

[0011] In particular, the inventors have found that using an acidic solution promotes micelle
formation and avoids the formation of insoluble aggregates. The solubilised fluorocarbon-
linked peptides can be sterilised by filtration without loss of the fluorocarbon-linked peptides
from the solution. After freeze drying, typically in the presence of a cryoprotectant, the
fluorocarbon-linked peptides can be stored in a stable form and dissolved in an aqueous
medium to obtain a pharmaceutically acceptable solution for administration.

[0012] The inventors have found that acetic acid is a particularly appropriate solvent for a
wide range of fluorocarbon-linked peptides, despite the high degree of variability in charge and
hydrophobicity of the different peptides. Acetic acid is therefore also particularly suitable for
solubilising a mixture of fluorocarbon-linked peptides.

[0013] Accordingly, the invention provides an aqueous acidic formulation comprising acetic
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acid and a first fluorocarbon-linked peptide, wherein:

1. (i) the peptide linked to the fluorocarbon is at least 20 amino acid residues long,
comprises at least 50% hydrophobic amino acid residues and has an isoelectric point
greater than or equal to 7; and

2. (ii) the fluorocarbon-linked peptide is present in micelles with a diameter of less than
0.22pm.

[0014] The aqueous formulation may have, for example, a pH of 5 or less.

[0015] The fluorocarbon-linked peptide may be present in micelles with a diameter of less
than 0.22um. The formulation may comprise one or more further fluorocarbon-linked peptide
present in micelles. Preferably at least 80% of the fluorocarbon-linked peptide micelles present
in the formulation have a diameter of less than 100nm.

[0016] In one embodiment, the formulation according to the invention does not comprise a
fluorocarbon-linked peptide in which the peptide linked to the fluorocarbon: (i) has an
isoelectric point of less than 7; (ii) does not comprise a positively charged amino acid in the last
15 contiguous amino acids distal to the fluorocarbon; and/or (iii) comprises a contiguous
sequence of 20 amino acid residues comprising more than 80% hydrophobic amino acid
residues.

[0017] The peptides linked to the fluorocarbons are typically immunogenic peptides derived
from a pathogen, autologous protein or tumor cell. The formulation according to the invention
may further comprise a pharmaceutically acceptable carrier or diluent and/or an adjuvant.

[0018] The invention also provides:

A method for obtaining a pharmaceutically acceptable fluorocarbon-linked peptide
formulation, said method comprising:
1. (i) solubilising a fluorocarbon-linked peptide in acetic acid;
2. (ii) filter-sterilising the solubilised fluorocarbon-linked peptide; and
3. (iii) drying the filter-sterilised fluorocarbon-linked peptide.
+ a fluorocarbon-linked peptide formulation obtainable by a method according to the
invention;
« a pharmaceutically acceptable formulation according to the invention use in a method of
treatment of the human or animal body by therapy; and
» a pharmaceutically acceptable formulation according to the invention for use in a method
of treating or preventing a pathogenic infection, an autoimmune disease or cancer.

Brief Description of the Figures
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[0019]

Figure 1 shows an example of a typical fluorocarbon-linked peptide manufacturing process
flow.

Figure 2 shows an alternative fluorocarbon-linked peptide manufacturing process flow.

Figure 3 is a table showing the results of a visual examination of individual FCPs solubilised in
various solvents. Following vortexing each solution was visually examined for clarity, with a
score of "+++ " assigned for a clear solution through to a score of "-" for a highly cloudy
solution. The degree of foam formation and the presence of particulates were also recorded,
with "+++" indicating high levels and " - " indicating absence of each. "™" indicates that the
solution became viscous.

Figure 4 is a table showing the results of a visual examination of individual FCPs solubilised in
various solvents after dilution with a mannitol solution. Each solution was visually examined for
clarity, with a score of "+++" assigned for a clear solution through to a score of "- " for a highly
cloudy solution. The degree of foam formation and the presence of particulates were also
recorded with "+++" indicating high levels and "-" indicating absence of each.

Figure 5 shows the particle size of fluorocarbon-linked peptides in solution post-blending and
dilution assessed by Dynamic Light Scattering (DLS).

Figure 6 shows the size and shape of fluorocarbon-linked peptide particles in solution post-
blending and dilution assessed by transmission electron microscopy (TEM).

Figure 7 shows the size distributions by volume of fluorocarbon-linked peptide particles before
(A) and after (B) sterilising grade filtration assessed by DLS.

Figure 8 shows the size distributions by volume of fluorocarbon-linked peptide particles
reconstituted in Tris 10mM pH 7.85 (A) and water (B) assessed by DLS.

Figure 9 shows the results of RP-HPLC analysis of a mixture of seven fluorocarbon-linked
peptides exposed to 50% (v/v) acetic acid for 24 hours.

Figure 10 shows photographs of formulated and unformulated mixtures of fluorocarbon-linked
peptides after being shaken by hand. Vial A: formulated + mannitol/water; Vial B: formulated +
mannitol/histidine; Vial C: non-formulated + mannitol/water; Vial D: non-formulated +
mannitol/histidine.

Figure 11 shows photographs of formulated and unformulated mixtures of fluorocarbon-linked
peptides after being vortexed and sonicated. Vial A: formulated + mannitol/water; Vial B:
formulated + mannitol/histidine; Vial C: non-formulated + mannitol/water; Vial D: non-
formulated + mannitol/histidine.

Figure 12 shows transmission electron micrographs of a formulation comprising six
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fluorocarbon-linked influenza peptides (FP-01.1).

Figure 13 shows the HPLC profile of post-filtered FR01.1 at to (upper panel) and after 24
hours (lower panel).

Figure 14 shows the HPLC profile of FP01.1 after reconstitution in water.

Figure 15 shows a comparison of reconstituted formulated fluorocarbon peptides (FP01.1) and
non-formulated peptides in water. The left photograph was taken after 20 minutes standing
and the right photograph was taken after 3 minutes sonication.

Figure 16 shows a comparison of reconstituted formulated fluorocarbon peptides (FP01.1) and
non-formulated peptides in 28mM L-Histidine. The left photograph was taken after 20 minutes
standing and the right photograph was taken after 3 minutes sonication.

Figure 17 shows the volume adjusted dose response in rats. FP-01.1 induced a positive IFN-y
T cell response at all dose levels tested in a dose dependent fashion.

Figure 18 shows vaccine-induced T cell responses observed using an ex vivo IFN-y ELISpot
assay. PBMCs were stimulated with 6 individual peptides (corresponding to peptides contained
in the vaccine) for 18 hours. Positive assay responses were defined as the mean of number of
spots in the negative control wells + 2 standard deviations of the mean. The number of spots
for each of the 6 peptides was cumulated to obtain the "sum for long peptides" and expressed
as a number of spots per million input PBMCs.

Brief Description of the Sequence Listing

[0020] The sequence listing corresponds to the peptides used in the Examples as shown in
the Table below.

Sequence Peptide

SEQ ID NO: 1 P1 without N-terminal lysine

SEQ ID NO: 2 P8 without N-terminal lysine

SEQ ID NO: 3 P9 without N-terminal lysine

SEQ ID NO: 4 P2 without N-terminal lysine

SEQ ID NO: 5 P4 without N-terminal lysine

SEQ ID NO: 6 P5 without N-terminal lysine

SEQ ID NO: 7 P1 variant without N-terminal lysine
SEQ ID NO: 8 P8 variant without N-terminal lysine
SEQ ID NO: 9 P8 variant without N-terminal lysine
SEQ ID NO: 10 P10 without N-terminal lysine
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Sequence Peptide
SEQ ID NO: 11 P3 without N-terminal lysine
SEQ ID NO: 12 P4 variant without N-terminal lysine
SEQ ID NO: 13 P6 without N-terminal lysine
SEQ ID NO: 14 P7 without N-terminal lysine
SEQ ID NO: 15 P11 without N-terminal lysine
SEQ ID NO: 16 P12 without N-terminal lysine
SEQ ID NO: 17 P1 with N-terminal lysine
SEQ ID NO: 18 P8 with N-terminal lysine
SEQ ID NO: 19 P9 with N-terminal lysine
SEQ ID NO: 20 P2 with N-terminal lysine
SEQ ID NO: 21 P4 with N-terminal lysine
SEQ ID NO: 22 P5 with N-terminal lysine
SEQ ID NO: 23 P3 with N-terminal lysine
SEQ ID NO: 24 P6 with N-terminal lysine
SEQ ID NO: 25 P7 with N-terminal lysine
SEQ ID NO: 26 P10 with N-terminal lysine
SEQ ID NO: 27 P11 with N-terminal lysine
SEQ ID NO: 28 P12 with N-terminal lysine

Detailed Description of the Invention

[0021] The present invention provides a method of formulating fluorocarbon-linked peptides
for administration to a human or animal and pharmaceutically acceptable fluorocarbon-linked
peptide formulations obtainable by the method of the invention. The method of the invention
comprises the step of solubilising the fluorocarbon-linked peptide in an acidic solution,
preferably in acetic acid. The invention also provides aqueous formulations which are acidic
and so unsuitable for administration to a human or animal but which are important for obtaining
the pharmaceutically acceptable formulation.

[0022] Typically, at least one fluorocarbon-linked peptide used in the formulation process or
present in the aqueous acidic formulation or pharmaceutically acceptable formulation of the
invention comprises a peptide of at least 20 amino acid residues, having at least 50%
hydrophobic amino acid residues and having an isoelectric point of greater than or equal to 7.

[0023] A formulation of the invention may comprise, or the formulation method of the invention
may use, at least one fluorocarbon-linked peptide wherein the peptide comprises at least about
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20 amino acids in which at least about 50% of the amino acids are hydrophaobic. Other
fluorocarbon-linked peptides present in the formulation may be shorter than 20 amino acids
and/or may have fewer than 50% hydrophobic residues.

[0024] Formulations of the present invention may contain fluorocarbon-linked peptides
comprising a sequence of at least seven amino acids up to about 100 amino acids, such as
from about 9 to about 50 amino acids, preferably from about 15 to about 45 amino acids, more
preferably from about 20 to about 40 amino acids, such as from about 25 to about 38, for
example 30, 31, 32, 33, 34, 35, 36 or 37 amino acids.

[0025] The formulation of the invention may comprise at least one fluorocarbon-linked
peptide, wherein at least 50% of the amino acids in the peptide are hydrophobic. Typically,
between about 50% and about 80%, such as about 70% or about 75%, of residues are
hydrophobic. The lower limit could be 48% or 49%. Preferably, the peptide comprises from
about 55% to about 60 or about 65% hydrophobic residues. Where the formulation comprises
further fluorocarbon-linked peptides, the further fluorocarbon-linked peptides may have less
than 50% hydrophobicity. For example, the peptide component of a further fluorocarbon-linked
peptide may comprise from about 30% to about 70% hydrophobic residues, for example, about
40%, such as at about 45%, 50%, 55%, 60% or 65% hydrophobic residues. Tryptophan (W),
tyrosine (Y), isoleucine (I), phenylalamine (F), leucine (L), valine (V), methionine (M), arginine
(A), proline (P), glycine (G) and cysteine (C) are hydrophobic amino acids. In a preferred
embodiment, none of the peptides present in the formulation comprise a contiguous sequence
of 20 or more amino acid residues in which more than 80% of the residues are hydrophobic.

[0026] One or more of the further fluorocarbon-linked peptides may comprise a peptide that:
is at least 20 amino acid residues long; comprises at least 50% hydrophobic amino acid
residues; and/or has an isoelectric point greater than or equal to 7. The first fluorocarbon-
linked peptide and/or one or more of the further fluorocarbon-linked peptides may comprise a
peptide that. comprises a positively charged amino acid in the last 15 contiguous amino acids
distal to the fluorocarbon; and/or does not comprise a contiguous sequence of 20 amino acid
residues comprising more than 80% hydrophobic amino acid residues.

[0027] In one embodiment, none of the peptides in a formulation of the invention has an
isoelectric point of less than 7, does not comprise a positively charged amino acid in the last 15
contiguous amino acids distal to the fluorocarbon, and/or comprises a contiguous sequence of
20 amino acid residues comprising more than 80% hydrophobic amino acid residues.

[0028] The fluorocarbon-linked peptides in the formulation of the invention are typically
present in micelles with a diameter of less than 0.22um. The micelles typically have a diameter
of from about 15 to about 200nm, typically from about 20nm to about 100nm, such as from
about 20nm to about 30nm or from about 30nm to about 50nm. However, some larger micelles
may be present. In general, not more than 20%, such as from about 10% to about 15% of the
aggregates have a diameter greater than 100nm. Preferably, at least 80% of the fluorocarbon-
linked peptide micelles have a diameter of less than 100nm. Micelle size may be determined
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by any suitable method, such as by Dynamic Light Scattering (DLS) or using Transmission
Electron Microscopy (TEM).

[0029] Formation of micelles may be facilitated by solubilising the fluorocarbon-linked peptides
in an acidic solution. For example, the fluorocarbon-linked peptides may be solubilised in acetic
acid as described herein. The aqueous formulation of the invention for use in the preparation
of a pharmaceutically acceptable formulation may be acidic, having, for example, a pH of 5 or
less.

[0030] The pharmaceutically acceptable formulation of the invention may be in dried, such as
lyophilized, form. The pharmaceutically acceptable formulation of the invention may be an
aqueous solution, for example an formed by dissolving a lyophilisate or other dried formulation
in an aqueous medium. The aqueous solution is typically pH neutral.

[0031] In an aqueous (liquid) formulation of the invention, the solution is typically clear with no
visible aggregates. In particular, no particulates are visible in the solution after perturbation by
vortexing and sonication. This applies both to the acidic formulation and to the
pharmaceutically acceptable formulation.

[0032] The peptide is typically a peptide antigen or allergen capable of inducing an immune
response in an animal, including humans, i.e. the peptide is typically an immunogenic peptide.
Preferably the immune response will have a beneficial effect in the host. Immunogenic
peptides may be derived from an infectious agent (pathogen), such as a virus, bacterium,
mycobacterium, parasite or fungus or from an autologous protein, such as a cancer antigen
(protein derived from a tumour cell), or from an allergen.

[0033] Examples of viruses include and are not limited to animal and human viruses such as:
influenza, Human Immunodeficiency Virus (HIV), Hepatitis C Virus (HCV), Hepatitis B Virus
(HBV), Hepatitis A Virus (HAV), Respiratory Syncytial Virus (RSV), Venezuelan Equine
Encephalitis virus (VEE), Japanese Encephalitis virus (JEV), Cytomegalovirus (CMV), Epstein
Barr Virus (EBV), Herpes Virus (HSV-1 or HSV-2), Ebola, Marburg, Dengue, West Nile and
Yellow fever viruses, Porcine reproductive and respiratory syndrome virus (PRRSV) and Feline
Immunodeficiency Virus (FIV).

[0034] Examples of bacteria and mycobacteria include, but are not limited to Mycobacterium
tuberculosis, Legionella, Rickettsiae, Chlamydiae, and Listeria monocytogenes.

[0035] Examples of parasites include, but are not limited to Plasmodium falciparum and other
species of the Plasmodial family.

[0036] Examples of fungi include, but are not limited to Candida albicans, Cryptococcus,
Rhodotorula and Pneumocystis.

[0037] Autologous or self-antigens include, but are not limited to the following antigens
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associated with cancers, P53, MAGE-A3, NY-ESO-1, SURVIVIN, WT1, HER-2/neu, MUC 1,
hTERT, MAGE-1, LAGE-1, PAP, T21, TRP-2, PSA, Livin, HAGE, SSX-1, PRAME, PASD1, IMP-
3, SSX-4, CDCA-1 and/or BAGE.

[0038] Allergens include, but are not limited to. phospholipase As (APl ml) associated with

severe reactions to bee, Derp-2, Der p 2, Der f, Der p 5 and Der p 7 associated with reaction
against the house-dust mite Dermatophagoides pteronyssinus, the cockroach allergen Bla g 2
and the major birch pollen allergen Bet v 1.

[0039] In one embodiment, the peptide is derived from the influenza virus. The influenza
peptide antigen may comprise one or more epitopes from an influenza type A protein, an
influenza type B protein or an influenza type C protein. Examples of the influenza virus
proteins, from both the influenza A and B types, include: haemagglutinin, neuraminidase,
matrix (M1) protein, M2, nucleoprotein (NP), PA, PB1, PB2, NS1 or NS2 in any such
combination.

[0040] As used herein the term "immunogenic” refers to a molecule having the ability to be
recognised by immunological receptors such as T cell receptor (TCR) or B cell receptor (BCR
or antibody). The immunogenic peptide may be natural or non-natural, provided it presents at
least one epitope, for example a T cell and/or a B cell epitope. The peptide may contain one or
more T cell epitopes, including T helper cell epitopes and/or cytotoxic T lymphocyte (CTL)
epitopes, and/or one or more B cell epitopes or combinations of T and B cell epitopes, such as
MHC class | or MHC class |l epitopes. Methods for identifying epitopes are well known in the
art.

[0041] The peptide may comprise one or more epitopes. The peptide may comprise more
than one epitope linked together. One such example is the use of fusion peptides where a
promiscuous T helper epitope can be covalently linked to one or multiple CTL epitopes or one
or multiple B cell epitope. As an example, the promiscuous T helper epitope could be the
PADRE peptide, tetanus toxoid peptide (830-843) or influenza haemagglutinin, HA(307-319).

[0042] The epitopes may be overlapping linear epitopes so that the peptide comprises a
cluster of densely packed multi-specific epitopes.

[0043] The terminus of the peptide that is not conjugated to the fluorocarbon attachment may
be altered to promote solubility of the construct via the formation of micelles. For example, a
positively charged amino acid could be added to the peptide in order to promote the assembly
of micelles. Either the N-terminus or the C-terminus of the peptide may be coupled to the
vector to create the construct. To facilitate large-scale synthesis of the construct, the N- or C-
terminal amino acid residues of the peptide can be modified. When the desired peptide is
particularly sensitive to cleavage by peptidases, the normal peptide bond can be replaced by a
non-cleavable peptide mimetic. Such bonds and methods of synthesis are well known in the
art.
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[0044] Non-standard, non-natural amino acids can also be incorporated in peptide sequences
provided that they do not interfere with the ability of the peptide to interact with MHC molecules
and remain cross-reactive with T cells recognising the natural sequences. Non-natural amino
acids can be used to improve peptide resistance to protease or chemical stability. Examples of
non-natural amino acids include the D-amino acids and cysteine modifications.

[0045] The peptide may be derived by purification from the native protein or produced by
recombinant technology or by chemical synthesis. Methods for the preparation of peptides are
well known in the art.

[0046] It will be understood by vaccine designers that more than one peptide may be required
to provide a broader prophylactic or immunotherapeutic effect. Such multi-component products
are desirable since they are likely to be more effective at eliciting appropriate immune
responses. For example, the optimal formulation of an influenza vaccine may comprise a
number of peptide epitopes from different influenza proteins or the optimal formulation of an
HIV immunotherapeutic may comprise a number of epitopes from different HIV proteins.
Alternatively, multiple epitopes may be incorporated into a formulation in order to confer
immunity against a range of pathogens. For example a respiratory infection vaccine may
contain epitopes from influenza virus and respiratory syncytial virus.

[0047] A formulation of the invention may comprise multiple immunogenic peptides. Typically
each peptide comprises a different epitope. Each peptide may be linked to a common
fluorocarbon vector. More practically, combinations of fluorocarbon-linked peptides may be
present in a formulation of the invention, wherein different peptides are independently linked to
fluorocarbon chains. In a mixture of fluorocarbon-linked peptides, each peptide may be linked
to a fluorocarbon chain of a single structure. Alternatively, the mixture may comprise peptides
linked to fluorocarbon chains with different structures.

[0048] Aformulation of the invention may comprise one or more fluorocarbon-linked peptides,
preferably from about 2 to about 20, preferably about 3 to about 10. In particular embodiments
the multi component vaccine may contain 4, 5, 6, 7, 8 or 9 fluorocarbon-linked peptides. This
aids the generation of a multi-epitopic immune response.

[0049] The different peptides present in a multi-component product may be different antigens
from the same pathogen, or may be antigens from different pathogens. Alternatively, the
peptides may be different tumor antigens or antigens from different parts of an autologous
protein.

[0050] Fluorocarbon-linked peptides comprising immunogenic influenza peptides are used in
the Examples. The present invention is not limited to these particular peptides but extends to
any immunogenic peptides having the properties described above. However, preferred
formulations of the invention include one or more of the following six immunogenic influenza
peptides that are selected from highly conserved segments of the PA, PB1, PB2, NP & M1
proteins:
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HMAIIKKYTSGRQEKNPSLRMKWMMAMKYPITADK (SEQ ID NO: 1)
VAYMLERELVRKTRFLPVAGGTSSVYIEVLHLTQG (SEQ ID NO: 2)
YITRNQPEWFRNVLSIAPIMFSNKMARLGKGYMFE (SEQ ID NO: 3)
APIMFSNKMARLGKGYMFESKRMKLRTQIPAEMLA (SEQ ID NO: 4)
DQVRESRNPGNAEIEDLIFLARSALILRGSVAHKS (SEQ ID NO: 5)

DLEALMEWLKTRPILSPLTKGILGFVFTLTVPSER (SEQ ID NO: 6)

[0051] The peptides are preferably each separately linked to a fluorocarbon vector.
Particularly preferred formulations of the invention comprise all six of the above fluorocarbon-
linked peptides and do not include fluorocarbon-linked peptides comprising peptides having the
sequences shown in any one of SEQ ID NOs: 13, 14, 23 and 24. Other fluorocarbon-linked
peptides may be included in the preferred formulations of the invention. However, it is
preferred that the formulation comprises the six fluorocarbon-linked peptides described above
and no other fluorocarbon-linked peptides.

[0052] One or more of the six peptides may be substituted by a variant peptide comprising
one, two or three amino acid substitutions. The variant peptides may comprises a sequence
derived from different influenza strains. For example, SEQ ID NO: 1 may be replaced by SEQ
ID NO: 7, SEQ ID NO: 2 may be replaced by SEQ ID NO: 8 or 9, SEQ ID NO: 3 may be
replaced by SEQ ID NO: 10, SEQ ID NO: 4 by SEQ ID NO: 11 and/or SEQ ID NO: 5 by SEQ ID
NO: 12.

[0053] The peptides may be linked to the fluorocarbon vector via a spacer moiety as
described below. The spacer moiety is preferably a lysine residue. Accordingly, the preferred
formulation of the invention may comprise fluorocarbon-linked peptides in which the peptides
have one or more of the sequences shown in SEQ ID NOs: 17 to 22. The N-terminal lysine in
the peptides is preferably linked to a fluorocarbon having the formula CgF 17 (CH2)oCOOH. The

fluorocarbon is preferably coupled to the epsilon chain of the N-terminal lysine residue.

[0054] Thus, in one preferred embodiment, the pharmaceutically acceptable formulation may
consist of, or consist essentially of, six fluorocarbon-linked peptides comprising SEQ ID NOs: 1
to 6 and a pharmaceutically acceptable carrier or diluent and optionally an adjuvant.

[0055] In each of the six fluorocarbon-linked peptides, the peptides preferably consist of one
of SEQ ID NOs: 1 to 6 with an N-terminal lysine residue added (i.e. one of SEQ ID NOs: 17 to
22), which lysine residue is coupled to a fluorocarbon chain having the formula CgFq7

(CH5)2COOH via the epsilon chain of the lysine residue.
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[0056] The fluorocarbon attachment in the fluorocarbon-linked peptide may comprise one or
more chains derived from perfluorocarbon or mixed fluorocarbon/hydrocarbon radicals, and
may be saturated or unsaturated, each chain having from 3 to 30 carbon atoms.

[0057] Thus, the chains in the fluorocarbon attachment are typically saturated or unsaturated,
preferably saturated. The chains in the fluorocarbon attachment may be linear or branched,
but are preferably linear. Each chain typically has from 3 to 30 carbon atoms, preferably from 5
to 25, more preferably from 8 to 20.

[0058] In order to covalently link the fluorocarbon attachment to the peptide, a reactive group,
or ligand, for example -CO-, -NH-, S, O or any other suitable group is included. The use of
such ligands for achieving covalent linkages is well known in the art. The reactive group may
be located at any position on the fluorocarbon molecule.

[0059] Coupling of the fluorocarbon moiety to the peptide may be achieved through functional
groups such as -OH, -SH, -COOH and -NHs naturally present or introduced onto any site of the
peptide. Examples of such linkages include amide, hydrazone, disulphide, thioether and oxime
bonds.

[0060] Optionally, a spacer element (peptidic or non-peptidic) may be incorporated to permit
cleavage of the peptide from the fluorocarbon element for processing within an antigen-
presenting cell and to optimise steric presentation of the peptide. The spacer may also be
incorporated to assist in the synthesis of the molecule and to improve its stability and/or
solubility. Examples of spacers include polyethylene glycol (PEG) or amino acids such as lysine
or arginine that may be cleaved by proteolytic enzymes.

[0061] In one embodiment, the fluorocarbon-linked peptide may have the chemical structure
CmFn-CyHx-(Sp)-R or derivatives thereof, where m = 3 t0 30, n < 2m +1,y =010 15, x < 2y, (m
+ y) = 3 to 30 and Sp is an optional chemical spacer moiety and R is a peptide antigen.
Typically m and n satisfy the relationship 2m-1 < n < 2m +1, and preferably n = 2m + 1.
Typically x and y satisfy the relationship 2y-2 < x < 2y, and preferably x = 2y. Preferably the
CmFn-CyHy moiety is linear.

[0062] It is preferred that m is from 5 to 15, more preferably from 8 to 12. It is also preferred
that y is from 0 to 8, more preferably from 0 to 6 or 0 to 4. It is therefore particularly preferred
that the Cp,,F-CyHy moiety is saturated (i.e. n =2m + 1 and x = 2y) and linear, and that m = 8

to12andy=0to 6 or 0to4.

[0063] In a particular example, the fluorocarbon attachment is derived from 2H, 2H, 3H, 3H-
perfluoroundecanoic acid of the following formula:

F\/\/\/\
g O CaCog OH
F, Fo Fp Fp
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[0064] Thus, a preferred fluorocarbon attachment is the linear saturated moiety CgF 17(CH2)2-.

[0065] Further examples of fluorocarbon attachments have the following formulae:
CeF13(CH2)2-, CrF15(CH2)2-, CoF19(CH2)-, Ci1oF21(CHz)2-, CsF11(CHg)s-, CeF 13(CHz)s-,
C7F15(CH2)3-, C3F17(CH2)3- and C9F19(CH2)3- which are derived from C6F13(CH2)2COOH,
C7F 15(CH5)2,COOH, CgF 19(CH2)2COOH, C10F21(CH2)>COOH, CsF 11(CH2)3COOH,
CgF13(CH»)3COOH,  C7F45(CH2)3COOH, CgF47(CH2)sCOOH and  CgF49(CH9)3sCOOH
respectively.

[0066] Preferred examples of suitable structures for the fluorocarbon vector-antigen

constructs have the formula:
Fa ® R

Fa

FC. .C. ..C. .C. Al P

€y Lo O o O SR
Fa kg B3 By F

F, B, B
FEC\C/C\C/C\CIC\C/\/Sp R
Fo F3 F3 R
or
Fs Fy Fy
e Coapr Capir O s~ SP—
FiCu Cup-CoCrg Sp—R
F; F2 Fp R

in which Sp and R are as defined above. Preferably Sp is derived from a lysine residue and
has the formula -CONH-(CH»)4-CH(NH5)-CO-. Preferably R is any one of SEQ ID NOs: 1 to 6.

The amino group of the N-terminal amino acid of SEQ ID NO: 1, 2, 3, 4, 5 or 6 thus forms an
amide linkage with the C-terminal carboxy group of the spacer of formula -CONH-(CHs)4-

CH(NH,)-CO-.

[0067] In the context of the current invention the fluorocarbon attachment may be modified
such that the resulting compound is still capable of delivering the peptide to antigen presenting
cells. Thus, for example, a number of the fluorine atoms may be replaced with other halogen
atoms such as chlorine, bromine or iodine. In addition, it is possible to replace a number of the
fluorine atoms with methyl groups and still retain the properties of the molecule described
herein.

[0068] The present invention provides both an acidic aqueous formulation and a
pharmaceutically acceptable formulation comprising one or more, such as two or more,
fluorocarbon-linked peptides and optionally a pharmaceutically acceptable carrier or excipient.
Preferably, at least one fluorocarbon-linked peptide in the formulation comprises a peptide of at
least 20 amino acid residues, having at least 50% hydrophobic amino acid residues and having
an isoelectric point of greater than or equal to 7. The excipient may be a stabilizer or bulking
agent necessary for efficient Iyophilisation. Examples include sorbitol, mannitol,
polyvinylpyrrolidone and mixtures thereof, preferably mannitol. Other excipients that may be
present include preservatives such as antioxidants, lubricants, cryopreservatives and binders
well known in the art.
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[0069] The present invention provides a method for preparing the formulations of the
invention.

[0070] In a method of the invention, at least one fluorocarbon-linked peptide is solubilised in
acetic acid as a first step in formulating a pharmaceutical product. The fluorocarbon-linked
peptide used as a starting material is typically in desiccated form. The fluorocarbon-linked
peptide(s) solubilised in acetic acid typically comprises a peptide that is at least about 20 amino
acids long in which at least about 50% of the amino acids are hydrophobic. Other fluorocarbon-
linked peptides may be solubilised in acetic acid or in other solvents. In particular,
fluorocarbon-linked peptides that comprise peptides shorter than 20 amino acids and/or that
have fewer than 50% hydrophobic residues may be solubilised in a solvent other than acetic
acid.

[0071] The term "solubilisation” is used herein to mean the dispersion of fluorocarbon-linked
peptides in a solvent to form a visually clear solution that does not lose material upon sterile
filtration. The fluorocarbon-linked peptides may be present in a multimolecular micellar
structure. By "dispersion” is meant dissolution of the lyophilized fluorocarbon-linked peptides in
order to disrupt particulates and achieve solubility through the formation of micellar structures.

[0072] The term "aggregates” is used herein to describe macromolecular fluorocarbon-linked
peptide structures. Micellar aggregates of fluorocarbon-linked peptides may assist in
solubilisation. Gross aggregates of fluorocarbon-linked peptides result in visible particulates.
The term “particulates” is used herein to mean aggregates of fluorocarbon-linked peptides
visible to the naked eye.

[0073] Solubilisation of the fluorocarbon-linked peptide in acetic acid typically results in the
formation of a clear solution containing micellar aggregates of fluorocarbon-linked peptides.
The micellar aggregates typically have a diameter of from about 20nm to about 50nm, for
example from about 17nm to about 30 nm. However, some larger aggregates having a
diameter of more than about 50nm, typically not more than 20%, such as from about 10 to
about 15% of the aggregates have a diameter greater than 100nm. Preferably, no aggregates
are visible to the naked eye. Particle size may be determined by any suitable method, such as
by Dynamic Light Scattering (DLS) or using Transmission Electron Microscopy (TEM). For
example, using TEM in negative staining, 20l of fluorocarbon-linked peptide solution is
deposited on a Formvar carbon coated copper electron microscope grid (300 mesh). 20ul of
uranyle acetate (1% aqueous) is then added. After 30 seconds, excess solution is quickly
wicked away with a Whatman filter paper. The sample is then allowed to dry for at least 2
minutes before analysis. Transmission electron microscopy is then performed on Philips
CM120 biotwin at 120 kV accelerating voltage. Image acquisition is performed at a direct
magnification ranging from 50000x to 150000x.

[0074] The concentration of fluorocarbon-linked peptide in the solution is typically from about
0.1mM to about 10mM, such as about 0.5 mM, 1mM, 2mM, 2.5mM or 5mM. An example of a
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suitable concentration is about 10mg/ml.

[0075] Examples of typical manufacturing process flows, commencing at the initial
solubilisation step through to final product presentation are provided in Figures 1 and 2. These
emphasise the requirement for the solvent to not only achieve fluorocarbon-linked peptide
solubility but also for it to be compatible with downstream processes including blending with
potential stabilizers, sterile filtration and lyophilisation. In the flowcharts the letter n is used to
denote a variable number of additional fluorocarbon-linked peptides that could be included in
the formulation.

[0076] Variations to the process flow are permitted, as known to one skilled in the art, to
achieve the same resulting product characteristics; namely, that the input components are
blended homogenously together to the desired ratios with any aggregates dispersed, rendered
sterile and presented in a suitable format for administration. Such examples could include the
introduction of a vortexing and/or sonication post-blending or post-dilution stage to facilitate
solubilisation. Other permutations of the manufacturing process flow could include sterile
filtration being performed at an earlier stage of the process or the omission of lyophilisation to
permit a liquid final presentation.

[0077] Alternatively, one set of fluorocarbon-linked peptides may be solubilised individually in
one organic solvent, then blended together and sterile filtered, with a second set of
fluorocarbon-linked peptides being solubilised in an alternative solvent, blended and sterile
filtered (Figure 2) before the two sets of fluorocarbon-linked peptides are blended together for
further processing.

[0078] The initial solvent may be the same or different for each fluorocarbon-linked peptide so
that one of more of the fluorocarbon-linked peptides may be solubilised in acetic acid and one
or more of the fluorocarbon-linked peptides may be solubilised in another solvent having
acceptable properties. For example in the Process Flow of Figure 1, B may be a different
solvent to A.

[0079] Alternatively, acetic acid may be used as the initial solvent for different fluorocarbon-
linked peptides, but may be used at different, optimised, concentrations for the different
fluorocarbon-linked peptides. For example in the Process Flow of Figure 1, B may be a
different concentration of the same solvent as A.

[0080] The different fluorocarbon-linked peptides may be mixed prior to solulilisation.

[0081] The acetic acid may be used at a concentration of from 5 to 80% (v/v) aqueous acetic
acid, such as at a concentration of from 10 to 70% (v/v), such as a concentration of about 20%
(v/v) or 50% (v/v). In a method for formulating a mixture of fluorocarbon-linked peptides,
different peptides may be solubilised in different concentrations of acetic acid prior to blending.
For example, one or more fluorocarbon-linked peptide may be solubilised in 10% (v/v) acetic
acid and one or more peptide may be solublised in 80% (v/v) acetic acid.
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[0082] Where more than one solvent is used in the manufacturing process, each solvent used
is typically: able to solubilise the fluorocarbon-linked peptide it is being used to solubilise at
relatively high concentrations (for example, up to 10 milimolar, such as up to 2 millimolar);
water-miscible to facilitate dilution with water prior to Iyophilisation; compatible with
lyophilisation stabilizers, such as mannitol, that may be used in the manufacturing process; has
a safety profile acceptable to the pharmaceutical regulatory authorities, for example, complies
with the requirements of ICH Q3C (Note for Guidance on Impurities: Residual Solvents) and
the requirements of Class Il solvents, as defined by USP Residual Solvents <467> (residual
solvent limit of 50mg/day in finished product or less than 5000ppm or 0.5%), amenable to
lyophilisation, that is, sufficiently volatile to be removed to safe levels upon lyophilisation; able
to disperse the fluorocarbon-linked peptide molecules efficiently in a reproducible and uniform
manner such that yield losses on sterilising grade filtration are minimised; unable to react with,
or promote degradation of, the fluorocarbon-linked peptide molecule; and/or compatible with
the materials routinely used in pharmaceutical product manufacture (containers/filter
membranes/pipework etc).

[0083] Examples of solvents that may be used to disperse one or more of the fluorocarbon-
linked peptides in the blend include phosphate buffered saline (PBS), propan-2-ol, tert-butanol,
acetone and other organic solvents.

[0084] Where the different fluorocarbon-linked peptides are solubilised separately, for
example in different solvents or in different concentrations of acetic acid, the solubilised
peptides are blended to create a mixture of fluorocarbon-linked peptides.

[0085] One or more pharmaceutically acceptable excipients and/or adjuvants may also be
added to the solubilised fluorocarbon-linked peptide or mixture of fluorocarbon-linked peptides.

[0086] By "excipient” is meant an inactive substance used as a carrier for the fluorocarbon-
linked peptides. Typically, the solubilised fluorocarbon-linked peptides are mixed with the
excipient. Potential excipients that may be used in the manufacturing process include
stabilizers or bulking agents necessary for efficient lyophilisation. Examples include sorbitol,
mannitol, polyvinylpyrrolidone and mixtures thereof, preferably mannitol. Other excipients
include preservatives such as antioxidants, lubricants, cryopreservatives and binders well
known in the art.

[0087] To enhance the breadth and intensity of the immune response mounted to the peptide
antigen, one or more adjuvant and/or other immuno-potentiating agent may be included in the
formulation. An "adjuvant” in this context is an agent that is able to modulate the immune
response directed to a co-administered antigen while having few if any direct effects when
given on its own. Such adjuvants may be capable of potentiating the immune response in
terms of magnitude and/or cytokine profile.

[0088] Suitable adjuvants include:
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1. (1) natural or synthetically derived refinements of natural components of bacteria such
as Freund's adjuvant & its derivatives, muramyldipeptide (MDP) derivatives, CpG,
monophosphoryl lipid A;

2. (2) other known adjuvant or potentiating agents such as saponins, aluminium salts and
cytokines;

3. (3) oil in water adjuvants, such as the submicron oil-in water emulsion MF-59, water-in-
oil adjuvants, immunostimulating complex (ISCOMs), liposomes, formulated nano- and
micro-particles;

4. (4) bacterial toxins and toxoids; and

5. () other useful adjuvants well known to one skilled in the art.

[0089] After solubilisation and blending the solution of fluorocarbon-linked peptide(s) is
diluted. For example, the blend may be diluted in water.

[0090] The solution containing the fluorocarbon-linked peptides is preferably sterilised.
Sterilisation is particularly preferred where the formulation is intended for systemic use. Any
suitable means of sterilisation may be used, such as UV sterilisation or filter sterilisation.
Preferably, filter sterilisation is used. Sterile filtration may include a 0.45um filter followed by a
0.22um sterilizing grade filter train.

[0091] Sterilisation may be carried out before or after addition of any excipients and/or
adjuvants.

[0092] After filter sterilisation, the yield of the fluorocarbon-linked peptide present in the sterile
solution is typically at least 80%, preferably at least 90%, more preferably at least 95% of the
amount of fluorocarbon-linked peptide present before sterilisation. A yield of more than 95%,
such as a yield of 98%, 99% or more, such as a yield of 100%, may be achieved.

[0093] After sterilisation, the fluorocarbon-linked peptide is typically present in the solution in
micellar structures having diameters of from about 20nm to about 100nm, such as about 30nm
or about 50nm. Larger particles present in the solution prior to sterilisation may typically be
reshaped by filter sterilisation. The sterilized solution may be stored in a sterile container.

[0094] The sterile formulation is dried to remove the acetic acid. Drying the formulation also
facilitates long-term storage. Any suitable drying method may be used. Lyophilisation is
preferred but other suitable drying methods may be used, such as vacuum drying, spray-
drying, spray freeze-drying or fluid bed drying. The drying procedure can result in the
formation of an amorphous cake within which the fluorocarbon-linked peptides are
incorporated.

[0095] For long-term storage, the sterile formulation may be lyophilized. Lyophilisation can be
achieved by freeze-drying. Freeze-drying typically includes freezing and then drying. For
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example, the fluorocarbon-linked peptide mixture may be frozen for 2 hours at -80°C and
freeze-dried in a freeze drying machine for 24 hours.

[0096] Pharmaceutically acceptable formulations of the invention may be solid compositions.
The fluorocarbon-linked peptide composition may be obtained in a dry powder form. A cake
resulting from lyophilisation can be milled into powder form. A solid composition according to
the invention thus may take the form of free-flowing particles. The solid composition is typically
provided as a powder in a sealed vial, ampoule or syringe. If for inhalation, the powder can be
provided in a dry powder inhaler. The solid matrix can alternatively be provided as a patch. A
powder may be compressed into tablet form.

[0097] The dried, for example lyophilized, fluorocarbon-linked peptide formulation may be

reconstituted prior to administration. The term “reconstitution " as used herein means
dissolution of the dried vaccine product prior to use. Following drying, such as lyophilisation,
the fluorocarbon-linked peptide product is preferably reconstituted to form an isotonic, pH
neutral, homogeneous suspension. The formulation is typically reconstituted in the aqueous
phase, for example by adding Water for Injection (Hyclone), histidine buffer solution (such as
28mM L-histidine buffer) or phosphate buffered saline (PBS). The reconstituted formulation is
typically dispensed into sterile containers, such as vials, syringes or any other suitable format

for storage or administration.

[0098] The invention provides a fluorocarbon-linked peptide formulation obtainable by a
method according to the invention. The formulation may be an intermediate in the preparation
of a pharmaceutical product.

[0099] The invention provides an aqueous formulation suitable for use as an intermediate in
the preparation of a fluorocarbon-linked peptide formulation for administration to a human or
animal, which aqueous composition is acidic and comprises one or more solubilised
fluorocarbon-linked peptide as described above. The acidic solution comprises acetic acid. At
least one of the fluorocarbon-linked peptides may be at least 20 amino acid residues long,
comprise at least 50% hydrophobic amino acid residues and have an isoelectric point greater
than or equal to 7; and/or be present in micelles with a diameter of less than 0.22um. The
aqueous solution is preferably sterile. It may further comprise a pharmaceutically acceptable
carrier or diluent.

[0100] The invention also provides a pharmaceutically acceptable fluorocarbon-linked peptide
formulation. The pharmaceutically acceptable formulation may be a solid, such as a powder,
cake or tablet. The pharmaceutical formulation may be an aqueous solution.

[0101] The formulation may be stored in a container, such as a sterile vial or syringe.
[0102] The invention thus provides, in one embodiment, a formulation comprising a

fluorocarbon-linked peptide, wherein the fluorocarbon-linked peptide is present in micellar
structures, and a pharmaceutically acceptable amount of acetic acid. In other formulations of
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the invention, the acetic acid is completely removed by the drying step.

[0103] The ICH recommended maximum of acetic acid is 50mg per day. Typically, the acetate
level in a formulation of the invention is less than 5000ppm or 0.5% in accordance with the
requirements for Class Ill solvents defined by USP Residual Solvents <467>. The invention
also provides an intermediate formulation comprising a fluorocarbon-linked peptide solubilised
in acetic acid.

[0104] In one aspect, the formulation of the invention comprises two or more fluorocarbon-
linked peptides, wherein the fluorocarbon-linked peptides are present in micellar structures.

[0105] In another aspect, the formulation of the invention comprises a fluorocarbon-linked
peptide, wherein the fluorocarbon-linked peptide is present in micellar structures and the
formulation is in Iyophilised form.

[0106] In a formulation of the invention, the fluorocarbon-linked peptides are typically present
in multiple micellar structures. The micellar structures typically have a diameter of from about
20 nm to about 100nm, such as about 50 nm or 70nm. It is preferred than at least 80%, such
as at least 90% or at least 95% of the micellar structures present in the formulation have a
diameter of less than 100nm such as a diameter of from about 20 nm to about 50 nm.

[0107] In a further aspect, the formulation of the present invention further comprises a
pharmaceutically acceptable excipient and/or adjuvant. For example, in one embodiment the
formulation further comprises mannitol and/or other excipients.

[0108] The formulation of the invention may be for use in a method of treating the human or
animal body by therapy. Also provided is the formulation of the invention for use in a method of
stimulating an immune response in a human or animal and the formulation of the invention for
use in a method for treating or preventing a disease of the human or animal body.

[0109] The formulation of the invention may be used in a method of inducing an immune
response in a human or animal in need thereof, said method comprising administering to said
human or animal a prophylactic or therapeutic amount of a formulation of the present
invention. The immune response may be effective in the treatment or prevention of a disease.

[0110] The disease is typically an infectious disease, an autoimmune disease, an allergy, a
hormonal disease or cancer. The fluorocarbon-linked peptide in the formulation is selected to
include one or more epilopes from the pathogen causing the infectious disease, the
autologous protein implicated in the autoimmune disease or hormonal disease, the allergen
responsible for the allergy or a tumor antigen expressed on the cancer cells.

[0111] Examples of infectious diseases that may be treated or prevented using a
fluorocarbon-linked peptide formulation of the invention include, but are not restricted to,
infections caused by the following viruses, bacteria, mycobacteria, parasites and fungi:
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influenza, Human Immunodeficiency Virus (HIV), Hepatitis C Virus (HCV), Hepatitis B Virus
(HBV), Hepatitis A Virus (HAV), Respiratory Syncytial Virus (RSV), Venezuelan Equine
Encephalitis virus (VEE), Japanese Encephalitis virus (JEV), Cytomegalovirus (CMV), Epstein
Barr Virus (EBV), Herpes Virus (HSV-1 or HSV-2), Ebola, Marburg, Dengue, West Nile and
Yellow fever viruses, Porcine reproductive and respiratory syndrome virus (PRRSV), Feline
Immunodeficiency Virus (FIV), Mycobacterium tuberculosis, Legionella, Rickettsiae,
Chlamydiae, and Listeria monocytogenes, Plasmodium falciparum and other species of the
Plasmodial family, Candida albicans, Cryptococcus, Clostridium tetani, Rhodotorula and
Pneumocystis.

[0112] Examples of cancers that may be treated or prevented using a fluorocarbon-linked
peptide formulation of the invention include breast cancer, melanoma, colorectal cancer
nasopharyngeal carcinoma, Burkitt's lymphoma and other human cancers.

[0113] In a preferred embodiment the formulation of the invention may be used to treat or
vaccinate against influenza. In a further aspect of this embodiment, the influenza vaccine
formulation may be administered in combination with an anti-viral therapeutic composition,
including neuraminidase inhibitor treatments such as amanidine, rimantidine, zanamivir or
oseltamivir. In a still further aspect, the influenza vaccine formulation may be administered in
combination with other influenza vaccines, such as conventional antibody generating influenza
vaccines. The other influenza vaccine is preferably a seasonal influenza vaccine.

[0114] Administration may be contemporaneous or separated by time. The pharmaceutically
acceptable formulation of the invention may be administered before, together with or after the
anti-viral therapeutic composition and/or other influenza vaccine.

[0115] The formulations comprising influenza peptides, in particular the six influenza peptides
having the sequences shown in SEQ ID NOs: 1 to 6, are provided for use in a method of
vaccinating against influenza. Accordingly, pharmaceutically acceptable formulations of the
invention comprising such peptide may be used in the manufacture of a medicament for
treating or preventing influenza. Formulations of the invention may be administered to a
human or animal subject in vivo using a variety of known routes and techniques. For example,
the formulation may be provided as an injectable solution, suspension or emulsion and
administered via parenteral, subcutaneous, oral, epidermal, intradermal, intramuscular,
interarterial, intraperitoneal, intravenous injection using a conventional needle and syringe, or
using a liquid jet injection system. The formulation may be administered topically to skin or
mucosal tissue, such as nasally, intratrachealy, intestinally, sublingually, rectally or vaginally, or
provided as a finely divided spray suitable for respiratory or pulmonary administration.

[0116] The treatment method may further comprise the step of processing the mixture into a
formulation suitable for administration as a liquid injection. Preferably, the method further
comprises the step of processing the mixture into a formulation suitable for administration via
ingestion or via the pulmonary route.
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[0117] The formulation is administered to a subject in an amount that is compatible with the
dosage formulation and that will be prophylactically and/or therapeutically effective. The
administration of the formulation of the invention may be for either "prophylactic” or
"therapeutic” purpose. As used herein, the term "therapeutic” or "treatment” includes any one
or more of the following: the prevention of infection or reinfection; the reduction or elimination
of symptoms; and the reduction or complete elimination of a pathogen. Treatment may be
effected prophylactically (prior to infection) or therapeutically (following infection).

[0118] The choice of carrier if required is frequently a function of the route of delivery of the
composition. Within this invention, compositions may be formulated for any suitable route and
means of administration. Pharmaceutically acceptable carriers or diluents include those used in
formulations suitable for oral, ocular, rectal, nasal, topical (including buccal and sublingual),
vaginal or parenteral (including subcutaneous, intramuscular, intravenous, intradermal,
transdermal) administration.

[0119] The formulation may be administered in any suitable form, for example as a liquid,
solid, aerosol, or gas. For example, oral formulations may take the form of emulsions, syrups
or solutions or tablets or capsules, which may be enterically coated to protect the active
component from degradation in the stomach. Nasal formulations may be sprays or solutions.
Transdermal formulations may be adapted for their particular delivery system and may
comprise patches. Formulations for injection may be solutions or suspensions in distilled water
or another pharmaceutically acceptable solvent or suspending agent.

[0120] The appropriate dosage of the vaccine or immunotherapeutic to be administered to a
patient will be determined in the clinic. However, as a guide, a suitable human dose, which may
be dependent upon the preferred route of administration, may be from 1 to 1000ug, such as
about 100pg, 200ug or 500ug. Multiple doses may be required to achieve an immunological or
clinical effect, which, if required, will be typically administered between 2 to 12 weeks apart.
Where boosting of the immune response over longer periods is required, repeat doses 1
month to 5 years apart may be applied.

[0121] The following Examples illustrate the invention.

Example 1: Synthesis of Peptides

[0122] Peptides having the amino acid sequences shown in SEQ ID NOs: 1 to 6, 10, 11 and
13 to 16 were synthesised. The synthesis of each peptide was performed on solid phase using
a classical Fmoc/t-butyl strategy and a TentaGel HL NH2 resin. A lysine residue was added to
to the N-terminus of each sequence. The sequences with the N-terminal lysine residue added
are shown in SEQ ID NOs: 17 to 28. After the addition of an N-terminal Lysinyl residue, the
resin block was split into two parts. One part was used to incorporate the fluorocarbon chain
(CgF 17(CH2)oCOQH) on the epsilon-chain of the N-terminal lysine to derive the fluorocarbon-

linked peptide (FCP). With the second part, acetylation of the epsilon-chain of the N-terminal
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lysine was performed to derive the native peptide for use in comparative studies. Purified
fluorocarbon-linked peptide (FCP) and native peptides were obtained through cleavage in the
presence of ftrifluoroacetic acid (TFA) and a final purification by reverse phase-high
performance liquid chromatography (RP-HPLC). Both the FCPs and the native peptides
described below possess an amido-group at the C-terminus. All preparations had a purity of
95% or greater and were presented a dry, lyophilised powder. Net peptide mass was
calculated based on nitrogen content analysis.

[0123] The following peptides P1 to P12 were linked to a fluorocarbon chain to create the
FCPs, or were acetylated to create the native peptides (the standard single letter code
representation of amino acids has been used; X = Fluorocarbon vector (fluorocarbon-linked
peptides); Z = acetyl (native peptides)):

P1: NH2-K(X or Z)HMAIIKKYTSGRQEKNPSLRMKWMMAMKYPITADK-CONH,
P2 : NH2- K(X or Z)APIMFSNKMARLGKGYMFESKRMKLRTQIPAEMLA-CONH>
P3 : NH2- K(X or Z)APIMFSNKMARLGKGYMFESKSMKLRTQIPAEMLA-CONH,
P4 : NH2- K(X or Z)DQVRESRNPGNAEIEDLIFLARSALILRGSVAHKS-CONH,
P5: NH2- K(X or Z)DLEALMEWLKTRPILSPLTKGILGFVFTLTVPSER-CONH,
P6 : NH2- K(X or Z)SPGMMMGMFNMLSTVLGVSILNLGQKKYTKTTY-CONH.»
P7 : NH2- K(X or Z)KKKSYINKTGTFEFTSFFYRYGFVANFSMELPSFG-CONH;
P8 : NH2- K(X or Z)VAYMLERELVRKTRFLPVAGGTSSVYIEVLHLTQG-CONH,
P9 : NH2- K(X or Z)YITRNQPEWFRNVLSIAPIMFSNKMARLGKGYMFE-CONH»
P10 : NH2- K(X or Z)YITKNQPEWFRNILSIAPIMFSNKMARLGKGYMFE-CONH>
P11 : NH2- K(X or Z)QSRMQF SSLTVNVRGSGMRILVRGNSPVFNYNK-CONH»

P12 : NH2- K(X or Z)PDLYDYKENRFIEIGVTRREVHIYYLEKANKIKSE-CONH,

[0124] The physiochemical properties of the native peptides are set out in Table 1 below.
Residues considered to be hydrophobic are W, Y, I, F, L, V, M, A, P, G, and C. Charged
residues are (+): K, R, H. (-): D, E

Table 1: Physicochemical Properties of Selected Peptides
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Peptide Percentage Positive charges Negative
charges
Hydrophobic (including lysine residue added at N-
residues terminus)
P1 51 10 2
P2 60 8 2
P3 60 7 2
P4 49 7 5
P5 60 5 4
P6 61 4 0
P7 55 6 2
P8 60 6 3
P9 60 6 2
P10 60 6 2
P11 48 6 0
P12 46 9 7

Example 2: Solubility of Native Peptides and FCPs in Water

[0125] The solubility of each FCP in water was assessed. Each FCP was dispersed in 300pl of
water to a final concentration of 1.333mM and vortexed and sonicated. The typical dispersion
conditions were four sequences of three minutes bath sonication interspersed by 30 seconds
vortexing. After inspection, the resulting solution was diluted with a mannitol solution (a
candidate lyophilisation medium, final concentration of peptide 0.167mM, 1.33% (w/v)
mannitol). Solubility was assessed by visual observation of the cloudiness of the resulting
dispersion (scaled: Clear / Cloudy - / Cloudy / Cloudy +) and presence of particulates. The

. Lo Further dilution in Mannitol:
Fluorocarbon-linked Dispersion in Water Water
Peptide e owe
Solubility Solubility
FCP1 Cloudy / Particulates Clear / Particulates
Cloudy -/ No .
FCP2 Particulates Clear / No Particulates
FCP3 Cloudy - / Particulates Clear / Particulates
FCP4 Clear / No Particulates Clear / No Particulates
FCP5 Cloudy / Particulates Cloudy - / Particulates
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Fluorocarbor-linked Dispersion in Water Further di|L</t\i/g?eirn Mannitol:

Peptide - -
Solubility Solubility

FCP6 Cloudy - / Particulates Clear / Particulates
FCP7 CIJ’%l;tdiguTa{te[\lso Cloudy + / No Particulates
FCP8 Cloudy / Particulates Cloudy / Particulates
FCP9 Cloudy - / Particulates Clear / Particulates
FCP10 Cloudy - / Particulates Clear / Particulates
FCP11 Clear / No Particulates Clear / No Particulates
FCP12 Cloudy / Particulates Cloudy - / Particulates

[0126] Visual inspection of the individual fluorocarbon-linked peptide solution after the initial
dispersion in water showed that only P4 and P11 were fully soluble in water; each of these
solutions was clear with no presence of particulates. All the remaining solutions were cloudy
and contained particulates, indicating that these FCPs were not fully soluble. On subsequent
dilution with the mannitol solution, P2, P4 and P11 were fully soluble with clear solutions and no
visible particulates. Solutions P1, P3, P6, P9 and P10 were also clear but particulates were
observed, indicating that they were partially soluble in the mannitol/water solution. P5, P7, P8
and P12 were insoluble in the mannitol/water solution giving cloudy solutions containing
particulates. Neither the percentage hydrophobicity of the peptide sequence or the positive or
negative charges was found to correlate with solubility.

[0127] For comparison, native peptide solubility was also assessed in water at the same
molecular concentration; for all native peptides except P8 the solutions were clear with no
particulates visually detected.

[0128] In conclusion, the solubility of each Fluorocarbon-linked peptide is dependent upon its
aggregation properties; the majority of the FCPs were not fully soluble in water or the mannitol
solution. The solubility of each FCP could not be predicted from its physicochemical
characteristics. The equivalent native peptides were more soluble in water than the FCPs at
the same concentration.

[0129] The solubility of mixtures of the fluorocarbon-linked peptides was also assessed.
Octavalent formulations (final concentration of each peptide 0.167mM, 1.33% (w/v) mannitol,
FCP compositions provided in Table 3) were prepared. The recovery of each peptide following
sterile filtration (0.22um Millex 25 mm PVDF filter) was determined by RP-HPLC.

Table 3: Composition of Octavalent Mixtures of FCPs and Recoveries of Each FCP Following
Sterile Filtration
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Fluorocarbon- { MIX 1 After {YIELD Fluorocarbon- § MIX 2 After {YIELD

linked Peptide Blending % linked Peptide Blending %
FCP1 89.9 FCP10 90.7
FCP4 251 FCP2 97.3
FCP5 93.8 FCP4 82.3
FCPG6 Cloudy with { 74.1 FCP5 Cloudy with { 356
FCP7 particulates § 31.7 FCP6 particulates { g.g
FCP3 28.6 FCP7 63.2
FCP9 229 FCP8 25.3
FCP12 29.6 FCP11 49.4

[0130] The visual observations were confirmed by the HPLC filtiration recovery results. The
total RP-HPLC filtration recovery yields were approximately 50% and 57% for MIX 1 and MIX 2
respectively indicating that large particulates of FCPs were removed upon filtration. Mixtures of
FCPs are therefore also poorly soluble in water.

Example 3: Solubility of FCPs in Excipients and Dispersants

[0131] In order to improve the solubility of fluorocarbon-linked peptides in water a range of
excipients and dispersants, that have proved beneficial previously in pharmaceutical product
manufacture, were evaluated. These included Polyethylene glycols, Pluronic surfactants,
lecithin, glycerin, soybean oil, safflower oil, glycofurol, dipalmitoyl phosphatidylcholine, Labrafac
CC (a medium-chain glyceride), hydroxyl propyl betacyclodextrin (HPBCD) and sulfobutyl ether
beta-cyclodextrin and combinations thereof. The solubility of a heptavalent equimassic mixture
of fluorocarbon-linked peptides was determined by microscopic inspection (final concentration
2.5mg/ml).

[0132] None of the conditions tested was able to achieve a good dispersion of the
fluorocarbon-linked peptides. HPBCD was found to improve the solubilisation but one day
incubation at room temperature was needed to achieve 70-80% solubility. In conclusion, the
fluorocarbon-linked peptides were resistant to the action of dispersants such as cyclodextrins,
surfactants or block-copolymers.

Example 4: Solubility of FCPs in Organic Solvents

[0133] The solubility of fluorocarbon-linked peptides was assessed in a range of organic
solvents. For 80% (v/v) propan-2-ol, tert-butanol, DMSO and acetone, solutions were prepared
to the same fluorocarbon-linked peptide final concentration of 1.33mM. For 80% (v/v) acetic
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acid the final concentration of the fluorocarbon-linked peptide was 2.0 mM. The results are
presented in Figure 3.

[0134] In conclusion, all fluorocarbon-linked peptides were soluble in 80% v/v acetic acid, with
no foam or particulates observed. The 80% (v/v) propan-2-ol, tert-butanol, DMSO and acetone
solutions were not able to provide complete solubility for the FCPs evaluated.

Example 5: Effects of Mannitol on Solubilisation

[0135] The effect of dilution and addition of mannitol on solubilisation in various solvents was
investigated. Each fluorocarbon-linked peptide was dispersed in 80% v/v solvent in water
according to the Figure 4 and vortexed, followed by a seven-fold dilution with a mannitol
solution. For 80% v/v propan-2-ol, tert-butanol, DMSO and acetone solutions were prepared to
the same fluorocarbon-linked peptide final concentration of 0.167mM and a final mannitol
concentration of 1.33% (w/v). For 80% v/v acetic acid the final concentration of the
fluorocarbon-linked peptide was 0.25mM. The results are presented in Figure 4.

[0136] Equimolar mixtures of fluorocarbon-linked peptides were also prepared as above
containing the following peptides in each solvent:

Mix 1: FCP1, FCP3, FCP4, FCP5, FCP6, FCP7, FCP9, FCP12.

Mix 2: FCP2, FCP4, FCP5, FCP6, FCP7, FCP8, FCP10, FCP11.

[0137] Effective solubility of the individual FCPs and Mix 1 and 2 was only achievable using
80% (v/v) acetic acid as presented in Figure 4.

Example 6: Recovery of FCPs Following Sterile Filtration of FCP Solutions

[0138] The recovery following sterile filtration (0.22um Millex 25 mm PVDF filter) of each
fluorocarbon-linked peptide in the mixtures prepared in Example 4 was determined by RP-
HPLC. The results are shown in Tables 4 and 5 below.

Table 4: % Filtration Recoveries of Individual FCPs From Octavalent Mixture Mix 1

Fluorocarbon- 80% viv 80% viv 80% v/v Tert- {80% viv. {80% viv
linked peptide Acetic acid { Propan-2-ol jbutanol DMSO Acetone
FCP1 100.2 97.8 96.1 951 89.9
FCP12 100.2 16.9 6.6 32.0 12.7
FCP3 100_5 97.9 102.0 100.8 99.6
FCP4 99.8 20.5 19.3 77.2 24 .4
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Fluorocarbon- 80% viv 80% v/v 80% v/v Tert- i80% viv. i80% viv
linked peptide Acetic acid {Propan-2-ol {butanol DMSO Acetone
FCP7 99.4 90.9 99.9 47.8 42.7
FCP9 99.8 84.3 84.9 87.7 69.1
FCP5 100.2 34.3 90.2 17.2 3.2
FCP6 101.3 78.4 62.3 85.8 63.2
Mean 100.2 65.1 70.2 67.9 50.6

Table 5: Percentage Filtration Recoveries of Individual FCPs From the Octavalent Mixture Mix
2

Fluorocarbon- 80% viv. {80% viv 80% viv Tert- {80% viv  {80% v/v
linked peptide Acetic acid { Propan-2-ol  {butanol DMSO Acetone
FCP11 99.5 57.4 52.3 85.4 76.4
FCP2 99.8 92.7 99.5 98.2 85.4
FCP4 100 21.6 10.0 73.0 4.5
FCP7 93.3 90.5 89.2 46.4 43.7
FCP8 990.8 20.7 21.2 34.9 17.6
FCP10 98.1 87.7 87.3 89.4 79.4
FCP5 99.1 35.9 51.8 18.1 2.9
FCP6 974 69.5 82.1 91.0 64.1
mean 98.4 59.5 61.7 67.1 46.7

[0139] No loss of fluorocarbon-linked peptide was detected following sterile filtration for the
mixtures prepared using 80% (v/v) acetic acid. It is concluded that acetic acid with subsequent
aqueous dilution is the preferred solvent for the dissolution and filtration of fluorocarbon-linked
peptides, but it will be necessary to reduce the concentration used in order to minimise the
levels of residual acetic acid in the final product.

Example 7: Effect of Concentration of Acetic Acid on Solubility of FCPs

[0140] In order to limit the concentration of acetic acid downstream in the formulation process
and in the final product, the lowest concentration of acetic acid in water to achieve efficient
dispersion and maintain visible solubility was determined for each fluorocarbon-linked peptide.
When using mannitol as a cryprotectant, it is important to minimize the acetic acid
concentration at the lyophilisation stage in order to achieve a stable and amorphous freeze-
dried product. The minimum acetic acid concentration to achieve acceptable dispersibility and
solubility of the individual fluorocarbon-linked peptides was determined. The final concentration
of fluorocarbon-linked peptide after initial acetic acid dispersion was 2umol/ml and after dilution
with mannitol, 0.250pmol/ml.
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Table 6: Dispersibility and Solubility of Individual FCPs and a Heptavalent Mixture (Mix 3) in
Acetic Acid

Fluorocarbon- {Percentage jEase of Visual Visual appearance
linked peptide {acetic acid jdispersion by appearance jof mixture after
. sonication / after dispersion: Mix 3
(% VIV)  tvortexing dispersion
FCP1 10 +++ Clear
FCP2 10 +++ Clear
FCP4 10 +++ Clear
FCP8 80 + Clear
FCP9 80 + Clear
FCP5 10 +++ Clear Clear
FCP6 80 + Clear

[0141] A concentration of acetic acid as low as 10% v/v was found to provide adequate
dispersion for several of the fluorocarbon-linked peptides. However, whilst some fluorocarbon-
linked peptides required less than 80% (v/v) acetic to achieve full dissolution, the resulting
formulation proved to be physically unstable over time with a gel or soluble particulates being
formed (for example FCP6, FCP8 and FCP9). For these three peptides, 80% (v/v) acetic acid
was found to achieve complete dispersion while preventing any change in physical state.

[0142] Filtration recovery was measured by RP-HPLC comparing peak areas of each
fluorocarbon-linked peptide within the Mix 3 mixture before and after sterile filtration. The
percentage recovery was measured for each FCP and a mean recovery calculated as an
average of the percentage of recovery of each individual FCP. The overall filtration recoveries
(based on 0.22um filter) measured after blending and dilution were typically greater than 95%.
Table 7: Filtration Recovery

FCP Filtration recovery
FCP1 100.0
FCP2 99.3
FCP4 98.6
FCP5 98.7
FCP6 100.0
FCP8 97.0
FCP9 954
Mean 98.4

Example 8: Characterisation of Structures Formed by Fluorocarbon-linked Peptides
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[0143] The formation of self-assembled multimolecular micellar structures may play a central
role in the solubilisation process of fluorocarbon-linked peptides. In this manner, the solubility
of fluorocarbon-linked peptides can be maintained following dispersion and subsequently
throughout the formulation process, particularly in the reconstitution of the lyophilised product.
The physical characterisation of the multimolecular structures assembled during dispersion
was performed using Dynamic Light Scattering (DLS) and Transmission Electron Microscopy
(TEM).

[0144] A Zetasizer Nano S (enabling measurement of particles from 0.6nm to 6 microns) was
employed to monitor the particle size of a mixture of fluorocarbon-linked peptides based on
DLS. Mix 1 (FCP1, FCP3, FCP4, FCP5, FCP6, FCP7, FCP9 and FCP12) was prepared as
described in Example 1 (Table 3) with mannitol diluent.

[0145] The average particle size (nm) of each mixture was measured at 25°C using a
Nanosizer (Zetasizer Nano Series ZS, Malvern Instruments, UK). 250pl of solution was used
and dispatched in a plastic microcuvette. Correlation times were based on 10s per run and a
total of 5 runs per measurement were made. Results were analysed using Dispersion
Technology Software (Malvern Instruments, UK). Size distribution by volume and in intensity
was obtained for Mix 1. Average size based volumetric measurement was calculated by the
Dispersion Technology Software.

[0146] The DLS of fluorocarbon-linked peptides in solution demonstrates the presence of
multimolecular structures of diameter centred around 20 to 50 nm (>95% by volume) with
approximately 12-16% (by intensity) of the population with a size greater than 100nm (Figure
5).

[0147] TEM showed the presence of a homogenous population of spherical structures of
dimensions consistent with the DLS (Figure 6).

Example 9: Impact of Sterilising Grade Filtration on Multimolecular FCP Structures

[0148] The impact of sterilising grade filtration upon the multimolecular structures was
investigated. Mix 1 from Example 7 was filtered via a sterile 0.22um Millex 25mm PVDF filter
and then analysed by DLS using a Zetasizer Nano S as described in Example 7.

[0149] DLS analysis demonstrated that the structures formed are highly dynamic with variable
reproducibility even within the one set of analysis. Between five and seven measurements
were collected to calculate the average particle size (represented by the different profiles in
Figure 7).

[0150] Surprisingly, it was found that the 0.22um filtration may re-shape the multimolecular
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structures formed by fluorocarbon-linked peptides initially solubilised in acetic acid. DLS shows
that large particles are re-shaped into smaller particles post-filtration and that the Kcount (a
parameter that correlates with the number of particles in solution) is also drastically reduced
post-filtration (pre-filtration, 200 Kcounts; after post-filtration, 120Kcounts). Moreover, the
introduction of a 0.45um filter ahead of the 0.22um filter did not reduce filtration recoveries.
Sterilising grade filtration can therefore influence the resulting size of the structures assembled,
not by simply removing large particles from the formulation and restricting their passage
downstream of the manufacturing process (with a concomitant reduction in yield), but rather by
reshaping the structures by deformation so they are able to pass through the filter. Particles
with size over 220 nm represent around 12 to 16% (by intensity) of the particles in the mixture,
according to the DLS data. These would appear not to be removed from the solution as the
filtration recovery determined by HPLC is over 97%.

[0151] The MIX 1 formulation particle size distribution was also assessed after freeze-drying
following reconstitution of samples in Tris-HCl 10mM or water (Figure 8). The MIX 1
formulation was readily reconstituted achieving a clear or slightly opalescent solution with water
or Tris-HCI 10mM respectively. Particle sizes were centered around 20-50nM with a profile
broadly similar to that observed during formulation (pre-lyophilisation). This demonstrates that
post-reconstitution; FCPs multimolecular structures are maintained without the formation of
large visible aggregates.

Example 10: Chemical Stability of FCPs

[0152] The chemical stability of the fluorocarbon-linked peptides was assessed by exposing a
lyophilised formulation of seven fluorocarbon-linked peptides to 50% (v/v) acetic acid for 24
hours. Mix 3 was prepared by initial solubilisation of the FCPs in acetic acid (concentration of
solvent for each FCP as given in Example 6), followed by dilution and blending with a mannitol
solution. The mixture was then lyophilised prior to reconstitution in 50% (v/v) acetic acid.

[0153] No degradation was observed by RP-HPLC compared to an untreated control (see
Figure 9). This demonstrated that the selected fluorocarbon-linked peptides are chemically
stable in 50% v/v acetic acid for the duration of a typical blending step during a pharmaceutical
manufacturing process.

Example 11: Residual Acetate Concentration in Final Presentation

[0154] It is important to minimise the acetic acid concentration in the downstream formulation.
This will allow the formation of a stable cake during lyophilisation and raise the pH of the
preparation closer to the desired neutrality. Acetic acid is volatile and its content thereby
reduced during the freeze-drying process.
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[0155] For lyophilisation, formulations of Mix 3 prepared as described in Example 9 (3ml
freeze-drying vials filled with 1.4ml volume) were firstly frozen for two hours in an -80°C freezer
and then freeze-dried (benchtop Christ Alpha2-4 LSC) for 24 hours. This procedure allowed
the production of lyophilised cakes with a stable structure and homogenous consistency. The
pre-lyophilisation concentration of acetate in the formulation was calculated to be 8.8% v/v.

[0156] For three different batches, the post-lyophilisation residual acetate concentration
(acetate counterions plus acetic acid) in the vials was experimentally determined to be 0.3 -
0.4, 0.7 and 0.5% (w/w) respectively. The standard deviation of this analysis was validated as
+/-0.07% (w/w) for acetate; the limit of quantitation as 0.1 % (w/w). The mean value of residual
acetate equates to an acceptable level of approximately 0.35mg per human dose, well below
the ICH recommendation (maximum 50mg per day).

[0157] The reconstitution of formulated fluorocarbon-linked peptides (Heptavalent, Mix 3) was
compared to an unformulated equivalent preparation. The individual FCPs were solubilised in
acetic acid as described in Example 9, blended and diluted with a mannitol solution and
lyophilised (final concentration 0.35mg per FCP). One vial of the formulated mixture was
reconstituted with 0.7ml of Water for Injection (Hyclone); an additional vial was reconstituted
with 0.7ml of 28mM histidine buffer solution. For the unformulated mixture 0.35mg of each,
untreated, FCP was dispensed into a vial with no additional processing. One vial of the
unformulated mixture was reconstituted with 0.7ml of 4.5% mannitol solution to provide an
identical excipient concentration to that of the formulated vials. An additional vial of the
unformulated mixture was reconstituted with 0.7ml of 28mM histidine in 4.5% mannitol solution.

[0158] The photographs below (Figures 10 and 11) illustrate the solubility of the FCPs
following initial dispersion by manual shaking and subsequent vortexing for 30 seconds and
bath sonication for a period of one hour.

[0159] \Visual inspection of the unformulated samples after reconstitution with both the
mannitol/water and histidine buffer solutions showed that the solutions were not fully dispersed
and solubilised. Each solution was cloudy and large particulates could be observed, in
particular adhering to the side of the glass vial, which did not disperse over time. In contrast,
the solutions of the formulated vaccine dispersed in both the water and histidine buffer
solutions were clear with no presence of particulates.

[0160] These results demonstrate that the method of initial solubilisation has an impact upon
the aggregative properties of the final reconstituted formulation. Dispersion of the FCP in acetic
acid early in the formulation process directs the formation of micellar structures, which are
maintained through the subsequent blending, filtration and lyophilisation processes. This
facilitates the reconstitution of the final lyophilised presentation in an aqueous phase in a non-
particulate form.
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Conclusions

[0161] Acetic acid was demonstrated to be a good solvent for all individual fluorocarbon-linked
peptides evaluated. Complete solubilisation was achievable at high FCP concentrations (up to
2000nmol/ml; approximately 10mg/ml) with no particulates observed following perturbation by
vortexing and sonication. Solubility was maintained during further downstream processing due
to the amphiphilic properties of fluorocarbon-linked peptides directing the formation of
spontaneously self-assembled macromolecular structures as observed by Dynamic light
scattering and transmission electron microscopy. The solvent is therefore contributing a dual
role; firstly in ensuring that there is sufficient disruptive capability to ensure that large
disordered particulate structures are disrupted and secondly supporting an environment
whereby multimolecular, ordered, micellar structures may be created and supported. These
structures are small enough to allow solubilisation of the FCP such that no loss of material
occurs upon sterile filtration. The micellar structures are also retained during lyophilisation and
are essential to facilitate the resolubilisation of the lyophilisate in an aqueous media prior to
administration to humans. FCPs that had not been previously solubilised in acetic acid could
not be satisfactorily reconstituted from a freeze-dried state in water or histidine buffer (Example
12).

[0162] 80% (v/v) acetic acid was found to solubilise all FCPs. However, excessive acetic acid
can prevent the formation of an acceptable lyophilisate cake following freeze-drying. In
addition, there are regulatory constraints imposed upon the levels of acetate in pharmaceutical
products. Lower concentrations of acetic acid were therefore examined; with 10% (v/v) proving
to be suitable for four of the seven FCPs, whilst 80% (v/v) was the lowest concentration viable
for the remaining three FCPs. On processing, this blend of seven FCPs produced an
acceptable lyophilisate cake with compliant levels of acetate per human dose.

[0163] All other solvents investigated were unable to achieve complete solubilisation of all the
FCPs. The success of acetic acid was not predictable, as the fluorocarbon chain imparts
unusual physicochemical properties upon the molecule (compare for example, the solubilities
of the FCPs and the equivalent native peptides in Example 1). In addition, there was no
correlation between the success of 10% (v/v) acetic acid in solubilising an FCP and the
hydrophobicity or charged residue content of the peptide.

[0164] In summary, acetic acid has the following advantages:

» capable of providing adequate solubility for not only the individual FCPs but also
mixtures thereof;

» suitable for all FCPs evaluated;

= Yields consistent and uniform products;

« Water-miscible at the concentrations intended for use (10-80% (v/v);

» Able to solubilise the FCPs at relatively high concentrations (at least 10 millimolar);
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e Listed as a ICH class Il solvent, suitable for human use;

* Amenable to lyophilisation (with levels being reduced after a typical freeze-drying stage);

* Results, after subsequent blending and dilution, in a solution that van be subjected to
sterilising grade filtration with minimal yield losses;

* Results, after lyophilisation, in a product that can be readily reconstituted to form an
isotonic, pH neutral, homogeneous suspension;

» Does not react with, or promote degradation of, the fluorocarbon-linked peptide; and

s Compatible with the materials routinely used in pharmaceutical product manufacture.

Example 13: Preparation of a Fluorocarbon-linked Peptide Influenza Vaccine

[0165] The objective of this study is to demonstrate the benefit of a formulation process
designed for the good manufacturing practice (GMP) production of a pharmaceutically
acceptable universal influenza-A vaccine (FP01.1) containing six fluoropeptides, which
comprises peptides with the amino acid sequences shown in SEQ ID NOs: 1 to 6. The specific
objectives are:

1. 1. To assess key formulation parameters for the manufacture of FP-01.1.
1. a. Ease of fluoropeptide solubilisation in acetic acid solutions;
2. b. Micelle size determination at the point of filtration;
3. c¢. Filtration recovery;
4. d. Chemical and physical stability of the fluoropeptides; and
2.2. To compare the quality of the reconstituted FP-01.1 vaccine (formulated
fluoropeptides) with an equivalent preparation containing non-formulated fluoropeptides.

[0166] We have developed a formulation process and applied it to the manufacture of a
universal influenza-A vaccine FP-01.1 composed of six fluorocarbon-linked peptides
comprising SEQ ID NOs: 1 to 6, respectively. The six peptides having the sequences shown in
SEQ ID NOs: 1 to 6 are coupled to the fluorocarbon chain CgF17(CH2),COOH via the epsilon
chain of an N-terminal lysine spacer. The six fluorocarbon-linked peptides thus correspond to
FCP1, FCP8, FCP9, FCP2, FCP4 and FCP5 described in the preceding Examples.The
formulation process is based on the use of acetic acid, an acidic solvent that we have found
ensures good dispersability of the fluoropeptides whilst maintaining physical and chemical
stability of the fluoropeptides during the process. Acetic acid is highly volatile and can be
sublimated during freeze-drying and we have found that it is consistently reduced to residual
levels that have little impact on the pH of the reconstituted product.

[0167] The formulation process described below achieves the manufacture of a freeze-dried
FPO01.1 vaccine (ensuring long term stability) to be reconstituted with a buffer solution (28mM
L-Histidine) to generate a stable homogenous solution (no visible aggregates) with neutral pH
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(6-7.5) and acceptable osmolality (280-320mOsm). Several GMP clinical batches have been
usefully produced and we have demonstrated that the product is safe and immunogenic in
humans.

Materials and Instruments

[0168]

» Fluoropeptides (contained in FP-01.1) manufactured by the American Peptide Company
» Gilacial acetic acid (Sigma#27225), D-Mannitol (Merck Emprove)

* Hyclone water (Fisher#HYC-001-189G)

e Millex, PVDF Durapore, 0.2um (233mm) Millipore.

» 30 Autoclaved (Freeze dried vials (Adelphi#VC002-13C) +stoppers (Adelphi#FDW13)).
¢ HPLC equipped with Discovery Column C18, 250x2.1mm, 5um

« Combitips pipette tips 10ml (Fisher#PMP-117-523N) +Eppendorf Stepper

» Freeze drier 2-4-LSC (Christ)

e Osmomater : Osmomat 030 (Gonotec)

» pH meter equipped with micro Inlab® electrode (Mettler)

Methods

Solution preparation

[0169]

1. 1. 3.3%w/w Mannitol in 50 mlin water (6.6g in 200ml water), cool down at 4°C.
2. 2. 5ml solutions of acetic acid at 10% (v/v) in sterile water.
3. 3. 5ml solutions of acetic acid at 80% (v/v) in sterile water.

Fluorocarbon-linked peptide weighing

[0170]
Table 8: FCPs weighing and dispersion
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Mass {Peptide{ Mass (mg) { Mass Acetic | Vol (ul) of § Vol (pl) of
FCP { (mg) icontentj Theoret. (mg) Acid {acetic acid-§ acetic acid-

(net) (%) (gross) {Experim.jConc (%)} Theoret. Exper.
FCP1 10 87.0 11.49 12.27 10 1000 1068
FCP2{ 10 87.6 11.41 12.49 10 1000 1094
FCP4; 10 90.6 11.04 11.68 10 1000 1058
FCP5{ 10 92.0 10.87 11.67 10 1000 1074
FCP9; 10 90.3 11.07 11.60 80 1000 1048
FCP8; 10 92.0 10.87 11.78 80 1000 1084

Formulation preparation for FP-01.1

[0171]

1. 1. Weigh each peptide (targeting 10mg net peptide) in a 2 ml glass vial

2. 2. Disperse each fluoropeptides at 10mg net /mlin ~1.0 ml (adjust volumes in function of
weighing to get exactly 10mg net/ml) of 10% or 80% acetic acid solution in water (see
table 10),

. 3. Vortex and sonicate and record visual aspect

H W

. 4. Repeat step 3 until complete dissolution

. 5. Blend together 950pl of each of the 6 dispersed fluoropeptides into a 40ml glass
container. Then add 950pl of acetic acid 80% (6.65ml total volume). Each peptide is at a
concentration of 1.428mg/ml in 40% acetic acid.

(&)}

(@]

. 6. Record visual aspect of the blended solution
. 7. Dilute the blended fluoropeptides with 25.93 ml of 3.3% mannitol (solution at
0.2915mg/ml of each peptide), total acetic acid 8.16%.

~

(o]

. 8. Record visual aspect of the diluted solution
. 9. Filter the ~32 ml solution with a Millex PVDF 33mm, 0.2um (keeping 0.3ml unfiltered
solution for filtration recovery).

©

Filling

[0172] Aliquot labelled 2 ml freeze according to Table 9 (Filling volume: 1.2 ml for each
formulation), using 10ml combitips.

Table 9: Preparation of Fluoropeptides formulation FP-01.1
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: , Buffer Vol. Final
VI?erarlle P:g)r:fe I'_A nguﬁ’ri;%: Peptide quantity for concentration
(ml) {(mg/pe t./mI) ¥ I?I) (ug/vial/peptide) j reconstitution after
gipep H (M) reconstitution
29-30 | 0.2915/ind 1225‘)&;'2:')' 350 700 {0.500mg/pept/ml

Freeze drying
[0173]

1. 1. Freeze the vials at -80°C for one hour.

2. 2. Freeze dry for 40 hours

3. 3. Freeze drying ventilation is performed under nitrogen and the vials stoppering is
carried out at a pressure between 400 and 600 mbar.

Preparation of FP-01.1-equivalent using non-formulated fluoropeptides

[0174] Two vials were prepared containing 0.35mg of each of the 6 fluoropeptides: FCP1,
FCP8, FCP9, FCP2, FCP4 and FCP5.

Transmission electron microscopy

[0175] TEM in negative staining, 20pl of fluorocarbon-linked peptide solution is deposited on a
Formvar carbon coated copper electron microscope grid (300 mesh). 20ul of uranyle acetate
(1% aqueous) is then added. After 30 seconds, excess solution is quickly wicked away with a
Whatman filter paper. The sample is then allowed to dry for at least 2 minutes before analysis.
Transmission electron microscopy is then performed on Philips CM120 biotwin at 120 kV
accelerating voltage. Image acquisition is performed at a direct magnification ranging from
50000x to 150000x.

RP-HPLC analysis

[0176] HPLC Method: FP-01.1
* Column: Discovery C18: 2.1x25mm, 5um, Flow 0.3ml/min.
* Solvent A: 90% water/10% acetonitrile/0.04%TFA
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» Solvent B: 90% acetonitrile 10% water 0.04% TFA).

* Gradient:
Time (min) Solvent B
0.01 10%
1 10%
6 28%
46 44%
50 57%
60 70%
68 82%
70 82%
71 10%
Results

Formulation step (before freeze drying)

Peptide dispersion

0177
'[I'able ]10: Ease of solubility of each peptide after vortex/sonication cycle
Fop Cycle 1 Cycle 2 Cycle 3
Vortexing | Sonication { Vortexing { Sonication j Vortexing {Sonication

FCP1 Clear Clear Clear Clear Clear Clear
FCP2 Clear Clear Clear Clear Clear Clear
FCP4 Clear Clear Clear Clear Clear Clear
FCP5 Clear Clear Clear Clear Clear Clear
FCP9i Particulates- Clear Clear Clear Clear Clear
FCP8, Particulates+ par?gl:rll:tes parStiglrJTI]:tes parlic?ljlgtes parlic(:)ljlgtes Clear

[0178] Peptides were easily soluble with no sonication required, whereas the two peptides
soluble in acetic acid 80% required at least 1 cycle of sonication.
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Blendingl/dilution

[0179] The solution of the 6 peptides blended was clear (no visible aggregates). Once diluted
with the mannitol at 3.3%, the solution was still clear (no visible aggregates).
Table 11: Visual A rances of Preparations

Percentage Ease of Visual Visual Visual
. ) - [ { dispersion {appearance{ appearance of §{ appearance of
Peptide aczg/tlc\://e\l/c):ld (see Table after mixture after mixture after

° 12) dispersion blending Dilution
FCP1 {AcOH 10% +++ Clear
FCP2 { AcOH 10% +++ Clear
FCP4 { AcOH 10% +++ Clear

Clear Clear
FCP5 { AcOH 10% +++ Clear
FCP9 { AcOH 80% ++ Clear
FCP8 § AcOH 80% + Clear

Filtration recoveries

[0180] Very good filtration recoveries were achieved (>99% for each peptide).
Table 12: Peptide recoveries after filtration

FCP FCP1 { FCP2 | FCP4 | FCP5 | FCP9 | FCP8
Peptide recovery % { 100.2 | 101.6 | 100.8 { 100.2 { 998 | 996

Transmission Electron Microscopy (TEM) imaging

[0181] TEM analysis of the micelles formed before filtration shows the presence of a
homogenous population of small spherical micelles with a size ranging from 17-30nm (Figure
12).

Chemical stability (post-filtration)

[0182] Chemical stability was determined by RP-HPLC at To and after 24 hours post-filtration.
The results are shown in Figure 13 and Table 13.
Table 13: Post-filtration purities over time
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TO 2 hrs 8 hrs 24 hrs
Purity % 96.9 971 97 1 96.9
HPLC file 8644 8645 8649 8651

Analysis performed on finished FP-01.1 product (post-freeze-drying)

Cake aspect after freeze drying

[0183]

Table 14: Cake inspection results
Product Elegant cake Collapsed cake Total vials
FPO1.1 25 0 25

[0184] The freeze-dried product forms an elegant solid uniform cake.

Purity analysis of freeze-dried FP-01.1 product

[0185] A sample was reconstituted in 0.70ml water to get a concentration at 0.5mg/peptide.
No degradation occurred during the freeze drying, with the purity of 97%.

Reconstitution of freeze-dried FP-01.1 - Comparison with unformulated fluoropeptides

[0186] To demonstrate the benefit of the formulation process applied to the production of FP-
01.1, the quality of the reconstituted FP-01.1 vaccine (formulated fluoropeptides) was
compared with an equivalent preparation containing non-formulated fluoropeptides.

[0187] The FP-01.1-equivalent based on non-formulated fluoropeptides was prepared by
weighing the 6 fluoropeptides in a single vial (0.35mg of each peptide). The non-formulated
FP-01.1-equivalent was reconstituted with either 0.7ml of water (containing 4.5% mannitol to
be equivalent to FP-01.1) or 28mM L-Histidine (containing 4.5% mannitol) and compared with
the formulated FP-01.1 (obtained through the formulation process described above) and
reconstituted under the same conditions. The reconstituted formulated FP01.1 was analysed
by RP-HPLC and the results of the analysis are shown in Figure 14.

[0188] The formulated FP-01.1 product was easily reconstituted in water while the non-
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formulated FP-01.1 equivalent is insoluble with large aggregates in suspension and adhering
to the glass wall (see Figure 15). FP-01.1 reconstituted in water lead to a very slightly
opalescent homogeneous solution with no visible aggregates. The non-formulated
fluoropeptides do not achieve solubility over time and even after sonication and vortexing.

[0189] Similarly, the formulated FP-01.1 product was easily reconstituted in 28mM L-Histidine
(buffer designed for the clinical product to achieve neutral pH) while the non-formulated
peptides are insoluble (formation of large aggregates) (see Figure 16). FP-01.1 reconstituted
in water lead to a slightly opalescent homogeneous solution with no visible aggregates. The
non-formulated fluoropeptides do not achieve solubility over time even after sonication and
vortexing.

[0190] Based on these results, a product based on the non-formulated fluoropeptides would
not be considered to be pharmaceutically acceptable due to its poor dispersability and the
absence of homogeneity of the preparation.

Osmolality and pH of the formulation in L-Histidine

[0191]
Table 15: pH and osmolality of the reconstituted formulation in L-Histidine

FP-01.1 reconstituted in Histidine 28mM
Osmolality (mOsm/kg) 302
pH 6.65
Conclusions

[0192]

« All fluoropeptides achieved full solubility at the point of dispersion.

» Micelles were formed with a size ranging from 17 to 30nm compatible with sterile
filtration (220nm cut-off).

» Sterile Filtration recovery was over 99% for all flucropeptides.

 FP-01.1 was easily reconstituted with its dedicated 28mM L-histidine buffer systems
leading to a homogenous slightly opalescent solution with close to neutral pH and
acceptable osmolality (~300mOsm).

o An FP-01.1-equivalent preparation obtained from non-formulated fluoropeptides
was demonstrated to be difficult to reconstitute with fluoropeptides forming large
insoluble aggregates with a large proportion adhering to the glass wall. This
contrast with the reconstitution of a formulated FP-01.1 and demonstrate the
benefit of the formulation process in generating a pharmaceutically acceptable
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product.

Example 14: Inmunogenicity of FP01.1 in Rats

[0193] The immune response that can be generated by the FP-01.1 formulation was
assessed in rats were immunised intramuscularly on the lower left flank by staff members of
the CBS, St Mary's Campus, Imperial College according to GD_RD004.

Preparation of splenocytes

[0194] Rats were sacrificed according to home office regulations and GD_RD004. Spleens
were harvested (any abnormal spleens were photographed) and single cell suspensions were
prepared according to GD_RD007, with cell numbers determined as described in GD_RD0O1

(TruCount Method). Splenocytes were resuspended to 1x107/mL in complete media and plated
for IFNy ELISpot and CBA.

IENYELISpot

[0195] Antigens for stimulation were freshly prepared at 4X concentration from stocks and

plated in duplicate wells for IFNy ELISPOT. Cells were plated at 0.5x10° splenocytes/well (50uL
of cell suspension), with 50uL of 4X antigen preparation (i.e. individual long peptides and
LPMIX6 for stimulation) and 100uL of complete media (total volume = 200uL). ELISpot plates
were incubated for 18 hours at 37°C, 5% CO5 in a humidified environment.

[0196] Three doses of the FP-01.1 were adjusted by volume maintaining a constant FCP
concentration of 500ug/ml per peptide. SD rats were injected IM with 12.5, 50 or 100ug/peptide
of FP-01.1 on days 0 and 14 and their spleens harvested on day 24 for IFN-y ELISPOT
analysis after 18 hours incubation with individual native peptides from FP-01.1. Both 12.5ug /
peptide and 50ug / peptide doses were injected at a single site in a volume of 25ul and 100yl
respectively, while the 100ug/peptide dose was injected in 2 x 100ul volumes at two different
sites.

[0197] FP-01.1 induced a positive IFN-y T cell response at all dose levels tested in a dose
dependent fashion (Figure 17).

Example 15: Clinical Trial Data for FP01.1
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[0198] Three ascending doses of FP-01.1 (50, 150, 500 ug/peptide) and placebo given on
days 1, 29 was assessed for safety, tolerability and immunogenicity in a phase | clinical trial in
a total 48 healthy individuals.

[0199] FCP-01.1 was well tolerated by all three cohorts, following two intramuscular injections.
There was no clear evidence of a dose-dependent relationship in the incidence of TEAEs,
laboratory parameters or injection site reactions. No subject exhibited any marked local or
systemic reaction to vaccination on either the first or second exposure in any of the three
cohorts.

[0200] Vaccine-induced T cell responses were assessed using an ex vivo IFN-y ELISpot
assay. PBMCs were stimulated with 6 individual peptides (corresponding to peptides contained
in the vaccine) for 18 hours. Positive assay responses were defined as the mean of number of
spots in the negative control wells + 2 standard deviations of the mean. The number of spots
for each of the 6 peptides was cumulated to obtain the "sum for long peptides" and expressed
as a number of spots per million input PBMCs.

[0201] FP-01.1 was demonstrated to be immunogenic. 150ug FP-01.1 dose group shows a
higher response compared with the two other vaccine doses and the placebo group as
observed in Figure 18. In this dose group, a booster effect is observed after the second
injection supporting the concept of booster amplification with multiple injections for peptide
vaccines.

SEQUENCE LISTING

[0202]

<110> Immune Targeting Systems (ITS) Ltd
<120> Fluorocarbon-linked peptide formulation
<130> N110619A

<150> GB 1022147 1
<151>2010-12-31

<160> 28
<170> Patent In version 3.5

<210>1

<211> 35

<212> PRT

<213> Influenza virus



<400> 1
His Met Ala Ile Ile Lys Lys Tyr Thr Ser Gly Arg Gln Glu Lys Asn
1 5 10 15

Pro Ser Leu Arg Met Lys Trp Met Met Ala Met Lys Tyr Pro Ile Thr
20 25 30

Ala Asp Lys
35
<210>2
<211> 35
<212>PRT
<213> Influenza virus

<400> 2
Val Ala Tyr Met Leu Glu Arg Glu Leu Val Arg Lys Thr Arg Phe Leu
1 5 10 15

Pro Val Ala Gly Gly Thr Ser Ser Val Tyr Ile Glu Val Leu His Leu
20 25 30

Thr Gln Gly
35
<210>3
<211> 35
<212>PRT
<213> Influenza virus

<400> 3
Tyr Ile Thr Arg Asn Gln Pro Glu Trp Phe Arg Asn Val Leu Ser Ile
1 5 10 15

Ala Pro Ile Met Fhe Ser Asn Lys Met Ala Arg Leu Gly Lys Gly Tyr
20 25 30

Met Phe Glu
s .
<210>4
<211> 35
<212>PRT
<213> Influenza virus

<400> 4
Ala Pro Ile Met Phe Sex Asn Lys Met Ala Arg Leu Gly Lys Gly Tyr
1 5 10 15

Met Phe Glu Ser Lys Arg Met Lys Leu Arg Thr Gln Ile Pro Ala Glu
20 25 30

Met Leu Ala
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35

<210>5

<211> 35

<212>PRT

<213> Influenza virus

<400> 5
Asp Gln Val Arg Glu Sexr Arg Asn Pre Gly Asn Ala Glu Ile Glu Asp
1 5 10 15

Leu Ile Phe Leu Ala Arg Ser Ala Leu Ile Leu Arg Gly Ser Val Ala
20 25 30

His Lys Ser
a5
<210>6
<211> 35
<212> PRT
<213> Influenza virus

<400> 6
Asp Leu Glu Ala Leu Met Glu Trp Leu Lys Thr Arg Pro Ile Leu Ser
1 5 10 15

Pro Leu Thr Lys Gly Ile Leu Gly Phe Val Phe Thr Leu Thr Val Pro
20 25 30

Ser Glu Arg
38
<210>7
<211> 35
<212>PRT
<213> Influenza virus

<400>7
His Met Ala Tle Ile Lys Lys Tyr Thr Ser Gly Arg Gln Glu Lys Asn
1 5 10 1s

Pro Ala Leu Arg Met Lys Trp Met Met Ala Met Lys Tyr Pro Ile Thr
20 25 30

Ala Asp Lys
35
<210> 8
<211> 35
<212>PRT
<213> Influenza virus

<400> 8

Val Ala Twvi Mer T.ei B1a Avg Glu e Va1l BDra Tws Thr Bra Phe T.en
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1 5 10 15

Pro Val Ala Gly Gly Thr Ser Ser Ile Tyr Ile Glu Val Leu His Leu
20 25 30

Thr Gln Gly
35
<210> 9
<211> 35
<212>PRT
<213> Influenza virus

<400> 9
Val Ala Tyr Met Leu Glu Arg Glu Leu val Arg Lys Thr Arg Pke Leu
1 5 10 Ls

Pro Val Ser Gly Gly Thr Ser Ser Val Tyr Ile Glu Val Leu His Leu
20 25 30

Thr Gln Gly
3s
<210> 10
<211> 35
<212> PRT
<213> Influenza virus

<400> 10
Tyr Ile Thr Lys Asn GIn Pro Glu Trp Phe Arg Asn Ile Leu Ser Ile
1 5 10 15

Ala Pro Ile Met Phe Ser Asn Lys Met Ala Arg Leu Gly Lys Gly Tyr
20 25 30

Met. Phe Glu
35
<210> 11
<211> 35
<212> PRT
<213> Influenza virus

<400> 11
Ala Pro Ile Met Phe Sex Asn Lys Met Ala Arg Leu Gly Lys Gly Tyr
1 5 10 15

Met Phe Glu Ser Lys Ser Met Lys Leu Arg Thr Gln Ile Pro Ala Glu
20 25 30

Met. L.eu Ala
35
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<210> 12

<211> 35

<212> PRT

<213> Influenza virus

<400> 12
Asp Gln Val Arg Glu Ser Arg Asn Pro Gly Asn Ala Glu Ile Glu Asp
1 5 10 15

Leu Thr Phe Leu Ala Arg Ser Ala Leu Ile Leu Arg Gly Ser Val Ala
20 25 30

His Lys Ser

35

<210> 13

<211> 33

<212>PRT

<213> Influenza virus

<400> 13
Ser Pro Gly Met Met Met Gly Met Phe Asn Met Leu Ser Thr Val leu
1 5 10 15

Gly Val Ser Ile Leu Asn Leu Gly Gln Lys Lys Tyr Thr Lys Thr Thr
20 25 30

Tyr

<210> 14

<211> 35

<212> PRT

<213> Influenza virus

<400> 14
Lys Lys Lys Ser Tyr Ile Asn Lys Thr Gly Thr Phe Glu Phe Thr Ser
1 5 10 15

Phe Phe Tyr Arg Tyr Gly Phe Val Ala Asn Phe Ser Met Glu Leu Pro
20 25 30

Ser Phe Gly
35
<210> 15
<211> 33
<212> PRT
<213> Influenza virus

<400> 15

Y Omar Ramme Whmt T Flm Oaan A T owas Milaas P27 R Y0l Roanoe AT ow s
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1 5 i@ 15

Gly Met Arg Ile Leu Val Arg Gly Asn Ser Pro Val Phe Asn Tyr Asn
20 25 30

Lys

<210> 16

<211> 35

<212> PRT

<213> Influenza virus

<400> 16
Pro Asp Leu Tyr Asp Tyr Lys Glu Asn Arg Phe Ile Glu Ile Gly Val
1 5 10 15

Thr Arg Arg Glu Val His Ile Tyr Tyr Leu Glu Lys Ala Asn Lys Ile
20 25 30

Lys Ser Glu
35
<210> 17
<211> 36
<212> PRT
<213> Influenza virus

<400> 17
Lys His Met Ala Ile Ile Lys Lys Tyrx Thr Ser Gly Arg Gln ¢lu Lys
1 5 10 15

Asn Pro Ser Leu Arg Met Lys Trp Met Met Ala Met Lys Tyr Pro Ile
20 25 30

Thr Ala Asp Lys
35
<210> 18
<211> 36
<212>PRT
<213> Influenza virus

<400> 18
Lys Val Ala Tyr Met Leu Glu Arg Glu Leu Val Arg Lys Thr Arg Phe
1 5 10 15

Leu Pro Val Ala Gly Gly Thr Ser Ser Val Tyr Ile Glu Val Leéeu His
20 25 30

Leéu Thr Gln Gly
35

<210>19

DK/EP 2658572 T3
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<211> 36
<212>PRT
<213> Influenza virus

<400> 19
Lys Tyr Ile Thr Arg Asn Gln Pro Glu Trp Phe Arg Asn Val Leu Ser
1 S 10 15

Ile Ala Pro Ile Met Phe Ser Asn Lys Met Ala Arg Leu Gly Lys Gly
20 25 30

Tyr Met Phe Glu
35
<210> 20
<211> 36
<212> PRT
<213> Influenza virus

<400> 20
Lys Ala Pro Ile Met Phe Ser Asn Lys Met Ala Arg Leu Gly Lys Gly
1 ] 10 15

Tyr Met Phe Glu Ser Lysg Arg Met Lys Leu Arg Thr Gln Ile Pro Ala
20 25 30

Glu Met Leu Ala
35
<210> 21
<211> 36
<212>PRT
<213> Influenza virus

<400> 21
Lys Asp Gln Val Arg Glu Ser Arg Asn Pro Gly Asn Ala Glu Ile Glu
1 s 10 15

Asp Leu Ile Phe Leu Ala Arg Ser Ala Leu Ile Leu Arg Gly Ser Val
20 25 30

Ala His Lys Ser
15
<210> 22
<211> 36
<212> PRT
<213> Influenza virus

<400> 22
Lys Asp Leu Glu Ala Leu Met Glu Tip Leu Lys Thr Arg Pro Ile Leu
1 ] 10 15



Ser Pro Leu Thr Lys Gly Ile Leu Gly Phe Val Phe Thr Leu Thr Val
20 25 30

Pro Ser Glu Axg
38
<210> 23
<211> 36
<212> PRT
<213> Influenza virus

<400> 23
Lys Ala Pro Ile Met Phe Seér Asn Lys Met Ala Arg Leu Gly Lys Gly
C L 5 10 15

Tyr Met Phe Glu Ser Lys Ser Met Lys Leu Arg Thr Gln Ile Pro Ala
20 25 30

Glu Met Leu Ala
35
<210> 24
<211> 34
<212> PRT
<213> Influenza virus

<400> 24
Lys Ser Pro Gly Met Met Met Gly Met Phe Asn Met Leu Ser Thr Val
1 5 10 15

Leu Gly Val Ser Ile Leu Asn Leu Gly Gln Lys Lys Tyr Thr Lys Thr
20 25 30

Thr Tyxr

<210> 25

<211> 36

<212> PRT

<213> Influenza virus

<400> 25
Lys Lys Lys Lys Ser Tyr Ile Asn Lys Thr Gly Thr Phe Glu Phe Thr
1 S 10 15

Ser Phe Phe Tyxr Arg Tyr Gly Phe Val Ala Asn Phe Ser Met Glu Leu
29 25 30

Pro Sex Phe Gly
35

<210> 26
<211> 36

DK/EP 2658572 T3
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<212> PRT
<213> Influenza virus

<400> 26
Lys Tyr Ile Thr Lys Asn Gln Pro Glu Trp Phe Arg Asn Ile Leu Ser
1 5 10 15

Ile Ala Pro Ile Met Phe Ser Asn Lys Met Ala Arg Leu Gly Lys Gly
20 25 30

Tyr Met Phe Glu
35
<210> 27
<211> 34
<212> PRT
<213> Influenza virus

<400> 27
Lys Gln Ser Arg Met Gln Phe Sér Ser Leu Thr Val Asn Val Arg Gly
1 5 10 15

Ser Gly Met Arg Ile Leu Val Arg Gly Asn Ser Pro Val Phe Asn Tyr
20 25 30

Asn Lys

<210> 28

<211> 36

<212> PRT

<213> Influenza virus

<400> 28
Lys Pro Asp Leu Tyr Asp Tyr Lys Glu Asn Arg Phe Ile Glu Ile Gly
1 5 10 15

Val Thr Arg Arg Glu Val His Ile Tyr Tyr Leu Glu Lys Ala Asn Lys
20 25 30

Ile Lys Ser Glu
35
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PATENTKRAV

1.

Vandig sur formulering, der omfatter eddikesyre og et forste fluorcarbonbundet
peptid, hvor:

(1) peptidet bundet til fluorcarbonet er mindst 20 aminosyrerester langt, omfatter
mindst 50 % hydrofobe aminosyrerester og har et isoelektrisk punkt, der er stgrre
end eller lig med 7; og

(i1) det fluorcarbonbundne peptid er til stede i miceller.

Formulering ifglge krav 1, hvor:

(i) formuleringen har et pH pa 5 eller mindre;

(ii) det fluorcarbonbundne peptid er til stede i miceller med en diameter pa mindre
end 0,22 um; og/eller

(iii) mindst 80 % af micellerne af det fluorcarbonbundne peptid har en diameter pa

mindre end 100 nm.

Formulering ifplge krav 1 eller 2, der omfatter ét eller flere yderligere
fluorcarbonbundne peptider, der:

(1) er mindst 20 aminosyrerester langt/lange;

(i1) omfatter mindst 50 % hydrofobe aminosyrerester og/eller

(iii) har et isoelektrisk punkt, der er stgrre end eller lig med 7;

og/eller hvor det fgrste fluorcarbonbundne peptid og/eller ét eller flere af de
yderligere fluorcarbonbundne peptider omfatter et peptid, der:

(iv) omfatter en positivt ladet aminosyre i de sidste 15 sammenhangende
aminosyrer distalt for fluorcarbonet;

og/eller

(v) ikke omfatter en sammenh@®ngende sekvens af 20 aminosyrerester, der omfatter

mere end 80 % hydrofobe aminosyrerester.

Formulering ifglge et hvilket som helst af de foregaende krav, hvor formuleringen
ikke omfatter et fluorcarbonbundet peptid, hvori peptidet bundet til fluorcarbonet:
(i) har et isoelektrisk point pd mindre end 7;

(i1) ikke omfatter en positivt ladet aminosyre i de sidste 15 sammenha@ngende

aminosyrer distalt for fluorcarbonet og/eller
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(iii) omfatter en sammenh@ngende sekvens af 20 aminosyrerester, der omfatter

mere end 80 % hydrofobe aminosyrerester.

Formulering ifglge et hvilket som helst af de foregdende krav, hvor:

(1) peptidet bundet til fluorcarbonet er et immunogent peptid afledt af et patogen,
autologt protein eller en tumorcelle; og/eller

(i1) formuleringen omfatter seks fluorcarbonbundne peptider, hvor peptiderne
bundet til fluorcarbonerne har sekvenserne ifglge SEQ ID NO: 1 til 6, og hvor

formuleringen ikke omfatter andre fluorcarbonbundne peptider.

Formulering ifglge et hvilket som helst af de foregaende krav, hvor fluorcarbonet

omfatter en kade af fra 3 til 20 carbonatomer.

Formulering ifglge et hvilket som helst af de foregaende krav, hvor fluorcarbonet

har formlen CgF7(CH»)s.

Fremgangsmade til opndelse af en farmaceutisk acceptabel fluorcarbonbundet
peptidformulering, hvilken fremgangsmade omfatter:

(i) oplgsning af et fluorcarbonbundet peptid i eddikesyre;

(i1) filtersterilisering af det oplgste fluorcarbonbundne peptid og

(ii1) tgrring af det filtersteriliserede fluorcarbonbundne peptid.

Fremgangsmade ifglge krav 8, hvor:

(a) peptidet bundet til fluorcarbonet er mindst 20 aminosyrerester langt og omfatter
mindst 50 % hydrofobe aminosyrerester og har et isoelektrisk punkt, der er stgrre
end eller lig med 7;

(b) en blanding af det fluorcarbonbundne peptid og ét eller flere yderligere
fluorcarbonbundne peptider oplgses i eddikesyre;

(c) fremgangsmaden endvidere omfatter blanding af det oplgste fluorcarbonbundne
peptid med ét eller flere yderligere oplgste fluorcarbonbundne peptider;

(d) eddikesyren er fra 5 til 80 % (volumen/volumen) vandig eddikesyre;

(e) det oplgste fluorcarbonbundne peptid tgrres ved frysetgrring;
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(f) fremgangsmdden endvidere omfatter rekonstitution af det tgrrede
fluorcarbonbundne peptid i en vandig fase;

(g) en farmaceutisk acceptabel barer, fortynder og/eller adjuvans tilsettes for trin
(ii);

(h) fremgangsméden endvidere omfatter lagring af det tgrrede eller rekonstituerede
fluorcarbonbundne peptid i en steril beholder;

(i) peptidet bundet til fluorcarbonet er et immunogent peptid afledt af et patogen,
autologt protein eller en tumorcelle; og/eller

(j) fluorcarbonet omfatter en keede af fra 3 til 20 carbonatomer.

Formulering, der kan opnas ved en fremgangsmade ifglge krav § eller 9.

Formulering ifplge krav 10, der omfatter en steril tgrret blanding af

fluorcarbonbundne peptider i fast form.

Formulering ifglge krav 11, der er en amorf kage eller et amorft pulver.

Forseglet hztteglas, ampul eller sprgjte, der omfatter en formulering ifplge et

hvilket som helst af kravene 10 til 12.

Formulering ifglge et hvilket som helst af kravene 10 til 12 til anvendelse i en

fremgangsmade til behandling af menneske- eller dyrekroppen ved terapi.

Formulering ifglge et hvilket som helst af kravene 10 til 12 til anvendelse i en
fremgangsmade til behandling eller forebyggelse af en patogen infektion, en

autoimmun sygdom eller cancer.
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DRAWINGS

e 1
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linked peptide 1 linked peptide 2 linked peptide 3 linked peptide 4 linked peptide »

|

Solubilise in
solvent A

Solubilise in
solvent B

|

solvent C

Solubilise in (

Solubilise in
salvent D

Solubilise in
solvent E

Excipients
(stabilisers):
€.g. manitol,
etc. dissolved in
walter

Reconstitution
solution

Dilute

y

_ Dispense into
vials

!

Lyophilisation

TFINAL VACCINE . -

v




DK/EP 2658572 T3

Figure 2
Fluorocarbo Fluorocarbo Fluorocarbo Fluorocarbo Fluorocarbo Fluorocarbo
n-linked p-linked n-linked n-linked n-linked n-linked
peptide 1 peptide 2 peptide n peptide 3 peptide 4 peptide n
] | | i 1 T
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Size Distribution by Volume
A 15
210
2 L
5
L s
0 - -
0.1 1
Size (d.nim)
—— Record 287: FA-MX8C (Tris' HCI 10rM, pH7.04) 1 ——— Record288: FA-MX8C (Tris.HCI 10, pH7.04) 1
Recard 289: FA-MX8G {Tris HCl 10rmM, pH7:04) 1
Sze Distribution by Volue
B
2
£
©
g .
3 10
$
Pt et = . = et
0.1 1 1000 10000
——  Record 202 MX8CRedissolved in water 1 e Reoord 208: NXBC Redissolved inwater 1
— Record 204: MX8C Redissoived in water 1 ~—  Record 205: MX8C Redissolved in water 1
e Regord 206 MX8CRedissolved in witter 1 = Regord 207; MX8C Redissolved inwater 1
— —— Record 208 MX6C Redissolved in waley 1

Figure 8



DK/EP 2658572 T3

650001

60000¢ §-grm

550006

500001

450000 -4

4000084 - i

35000

300

2500 s
20002}
150008
moncaj

50000

50006

Figure 9



DK/EP 2658572 T3

Particulates adhered
to glass

Figure 10

Figure 11



2CE i £ .
2073.2 1Ux

FP0l.1 B161111.01 BF .
Print Mag: 215000x'® 203.mm
2:23 0995701

Figure 12

HV-120kV .
DirectMag: 930003

DK/EP 2658572 T3



DK/EP 2658572 T3

— €
i .WM. €
m + 1
1 g ToF
e khgedd ) 18
A il
fie
; | (@
o
Lo [a
A lo R
L2
Vooshda [ — VOOL L I
s
Doz e
e 2 D
s
J e
O e ttddd___ " g
l_ﬂ 1% R i x|4|,r ]
*tg
4T a =
ko 8]
o S
RO e BN — fa
e H— 3 I'&
&l ¥
: ddd o
foread ] — &
] o
I <
5 S
5] 0O
£l K]
o 4
2o ) VW
J,@vm&muwmmw FrTT TR e G e
: ¢ 5 £ 5 8§ % % ¢ 4 i § 3 8% § § &

Figure 13



my
elecor AZT5nm Y < o
B e K3
a - o
3504 L. 3 n T
T S i
z 8o
o &
300 & i
-
-
3
2501 g
o
iy
2004
1501
| !
100 | ; i
; ‘ |
|
! e
51 ' ! ! i l
j 1 i ! i
Vol U e
i i b . A
B R e e NEL
D"-‘—-—/ ¥ i
e L T e
50 100 450 700 250 300 350 400 45D 500 550 600 650min

Figure 14

DK/EP 2658572 T3



DK/EP 2658572 T3

Figure 15
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