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(57) ABSTRACT

The invention provides an aqueous acidic formulation suit-
able for use as in the preparation of a pharmaceutically
acceptable fluorocarbon-linked peptide formulation, which
aqueous formulation comprises a first tluorocarbon-linked
peptide, wherein: the peptide linked to the fluorocarbon 1s at
least 20 amino acid residues long, comprises at least 50%
hydrophobic amino acid residues and has an 1soelectric point
greater than or equal to 7; and the fluorocarbon-linked
peptide 1s present 1n micelles.
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Size Distribulion by
volume
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FLUOROCARBON-LINKED PEPTIDE
FORMULATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a continuation of U.S. patent
application Ser. No. 16/909,040 filed 23 Jun. 2020 (now
U.S. Pat. No. 11,648,305), which 1s a divisional of U.S.
patent application Ser. No. 14/807,606 filed 23 Jul. 2015
(now U.S. Pat. No. 10,729,739), which 1s a continuation of
U.S. patent application Ser. No. 13/977,263, filed Jun. 28,
2013 (now U.S. Pat. No. 9,119,811), which 1s a U.S. national
phase application under 35 U.S.C. § 371 of International
Patent Application No. PCT/GB2011/001781, filed Dec. 30,
2011, which claims priority to and the benefit of United
Kingdom Patent Application No. 1022147.1, filed Dec. 31,
2010, the contents of each of which i1s incorporated by
reference herein 1n their entirety.

REFERENCE TO AN ELECTRONIC SEQUENCE
LISTING

[0002] This application hereby incorporates by reference
in 1ts enftirety the material of the electronic Sequencing

Listing XML (IPFO3US4_SeqglList.xml” created on 8/16/
2023, which has a file size of 25,922 bytes) filed concur-
rently herewith.

FIELD OF THE INVENTION

[0003] The invention relates to pharmaceutically accept-
able formulations comprising fluorocarbon-linked peptides,
formulations useful in the preparation of such pharmaceu-
tically acceptable formulations, a method of preparing such
formulations and the use of such formulations as vaccines
and immunotherapeutics.

BACKGROUND TO THE INVENTION

[0004] Synthetic peptide antigens are of interest for use 1n
vaccines to prevent infectious diseases (such as viral, bac-
terial, parasitic and fungal infections). Synthetic peptide
antigens are also of interest in the field of immunotherapeu-
tics, including the treatment of infection, the stimulation of
immunity to cancer cells, the downregulation of polypeptide
hormones and the control of 1nappropriate immune
responses such as anaphylaxis and allergy.

[0005] One difliculty 1n the practical use of peptide-based
vaccines and immunotherapies i1s ensuring the mduction of
an 1mmune response by etlicient delivery of the peptide
antigens to an antigen presenting cell. Without such target-
ing, unfeasible amounts of the peptide may be required,
which would not only be uneconomical to manufacture but
could also lead to toxicity issues.

[0006] Enhancement of peptide delivery may be achieved
through specialised delivery vehicles, such as particulate-
based structures enabling sustained release. In addition,
peptide denivatives 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.

[0007] 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 1n
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between, to create a fluorocarbon-linked peptide (FCP).
Examples of fluorocarbon-linked peptides are given 1n
WO02005/099752 and WO2009/0277688 and the advantages
allorded by the fluorocarbon attachment 1n the enhancement
of immune responses to the peptide are provided therein.
[0008] It will be understood by vaccine designers that
more than one peptide may be required to provide a broader
prophylactic or immunotherapeutic eflect. Such multi-com-
ponent products are desirable since they are likely to be
more ellective at eliciting appropriate immune responses.
[0009] 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

[0010] The present inventors have found that fluorocar-
bon-linked peptides are often poorly soluble 1 aqueous
media, such as water or phosphate buflered saline, even
when the unlinked peptides are soluble 1n aqueous media.
They have further found that the length and hydrophobicity
of the peptide component of the fluorocarbon-linked peptide
allects 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.
[0011] Fluorocarbon-linked peptides are amphiphilic and
characteristically form multimolecular micellar-type struc-
tures 1n both polar (protic and aprotic) and non-polar sol-
vents. Such structures are not typically formed by native
unlinked peptides. However, the imventors 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 sol-
vents. The formation of such aggregates 1s unacceptable 1n
a pharmaceutical manufacturing process, which requires the
production of a homogeneous, characterisable formulation.
[0012] Having identified this problem, the present inven-
tors have addressed it and devised a method for preparing
fluorocarbon-linked peptide formulations i which supra-
molecular structures that support the solubility of the fluo-
rocarbon-linked peptides are maintained. The formulation
process developed by the mventors 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 1s easy to recon-
stitute with an aqueous medium to obtain a pharmaceutically
acceptable solution.

[0013] In particular, the inventors have found that using an
acidic solution promotes micelle formation and avoids the
formation of insoluble aggregates. The solubilised fluoro-
carbon-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 cryopro-
tectant, the fluorocarbon-linked peptides can be stored 1n a
stable form and dissolved 1n an aqueous medium to obtain
a pharmaceutically acceptable solution for administration.
[0014] The i1nventors have found that acetic acid 1s a
particularly appropriate solvent for a wide range of fluoro-
carbon-linked peptides, despite the high degree of variability
in charge and hydrophobicity of the different peptides.
Acetic acid 1s therefore also particularly suitable for solu-
bilising a mixture of fluorocarbon-linked peptides.
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[0015] Accordingly, the invention provides an aqueous
acidic formulation suitable for use as 1n the preparation of a
pharmaceutically acceptable fluorocarbon-linked peptide
formulation, which formulation comprises a first fluorocar-
bon-linked peptide, wherein:

[0016] (1) the peptide linked to the fluorocarbon 1s at
least 20 amino acid residues long, comprises at least
50% hydrophobic amino acid residues and has an
1soelectric point greater than or equal to 7; and

[0017] (11) the fluorocarbon-linked peptide 1s present in
micelles with a diameter of less than 0.22 um.

[0018] Preferably, the formulation comprises acetic acid.
The aqueous formulation may have, for example, a pH of 5
or less.

[0019] The formulation may comprise one or more further
fluorocarbon-linked peptide present in micelles with a diam-
cter of less than 0.22 um. Preferably at least 80% of the
fluorocarbon-linked peptide micelles present in the formu-
lation have a diameter of less than 100 nm.

[0020] In one embodiment, the formulation according to
the invention does not comprise a tfluorocarbon-linked pep-
tide 1n which the peptide linked to the fluorocarbon: (1) has
an 1soelectric point of less than 7; (11) does not comprise a
positively charged amino acid in the last 15 contiguous
amino acids distal to the fluorocarbon; and/or (111) comprises
a contiguous sequence of 20 amino acid residues comprising
more than 80% hydrophobic amino acid residues.

[0021] The peptides linked to the fluorocarbons are typi-
cally immunogenic peptides derived from a pathogen,
autologous protein or tumor cell. The formulation according
to the mvention may further comprise a pharmaceutically
acceptable carrier or diluent and/or an adjuvant.

[0022] The invention also provides:

[0023] A method for obtamming a pharmaceutically
acceptable fluorocarbon-linked peptide formulation,
said method comprising;:

[0024] (1) solubilising a fluorocarbon-linked peptide in
acetic acid:

[0025] (1) filter-sterilising the solubilised fluorocarbon-
linked peptide; and

[0026] (111) drying the filter-sterilised fluorocarbon-
linked peptide.
[0027] a fluorocarbon-linked peptide formulation

obtainable by a method according to the mvention;

[0028] a pharmaceutically acceptable formulation com-
prising six fluorocarbon-linked peptides, wherein the
peptides linked to the fluorocarbons comprise the
sequences set out i SEQ ID NOs: 1 to 6 and wherein
the formulation comprises no other fluorocarbon-linked
peptides;

[0029] a pharmaceutically acceptable formulation
according to the invention use 1n a method of treatment
of the human or animal body by therapy;

[0030] a pharmaceutically acceptable formulation
according to the invention for use in a method of
treating or preventing a pathogenic infection, an auto-
immune disease or cancer;

[0031] wuse of a pharmaceutically acceptable formula-
tion according to the invention in the manufacture of a
medicament for treating or preventing a pathogenic
infection, an autoimmune disease or cancer; and

[0032] a method of treating or preventing a pathogenic
infection, an autoimmune disease or cancer, said
method comprising administering to an individual in
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need thereof an effective amount of a pharmaceutically
acceptable formulation according to the mvention.

BRIEF DESCRIPTION OF THE FIGURES

[0033] FIG. 1 shows an example of a typical fluorocarbon-
linked peptide manufacturing process flow.

[0034] FIG. 2 shows an alternative fluorocarbon-linked
peptide manufacturing process flow.

[0035] FIG. 3 15 a table showing the results of a visual
examination of individual FCPs solubilized in various sol-
vents. Following vortexing each solution was visually exam-
ined for clarity, with a score of “+++” assigned for a clear

solution through to a score of “-” for a highly cloudy
solution.
[0036] 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.

[0037] FIG. 4 1s a table showing the results of a visual
examination of individual FCPs solubilized 1n various sol-
vents 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.

[0038] FIG. 5 shows the particle size of fluorocarbon-
linked peptides in solution post-blending and dilution
assessed by Dynamic Light Scattering (DLS).

[0039] FIG. 6 shows the size and shape of fluorocarbon-
linked peptide particles 1n solution post-blending and dilu-
tion assessed by transmission electron microscopy (TEM).
[0040] FIGS. 7A and 7B show the size distributions by
volume of fluorocarbon-linked peptide particles before
(FIG. 7A) and after (FIG. 7B) sterilizing grade filtration
assessed by DLS.

[0041] FIGS. 8A and 8B show the size distributions by
volume of fluorocarbon-linked peptide particles reconsti-
tuted i Tris 10 mM pH 7.85 (FIG. 8 A) and water (FIG. 8B)
assessed by DLS.

[0042] FIG. 9 shows the results of RP-HPLC analysis of
a mixture ol seven tluorocarbon-linked peptides exposed to
50% (v/v) acetic acid for 24 hours.

[0043] FIG. 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-formu-
lated+mannitol/water; Vial D: non-formulated+mannitol/
histidine.

[0044] FIG. 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+man-
nitol/histidine.

[0045] FIG. 12 shows transmission electron micrographs
of a formulation comprising six fluorocarbon-linked influ-
enza peptides (FP-01.1).

[0046] FIG. 13 shows the HPLC profile of post-filtered
FRO1.1 at to (upper panel) and after 24 hours (lower panel).

[0047] FIG. 14 shows the HPLC profile of FPO1.1 after
reconstitution 1n water.

[0048] FIG. 15 shows a comparison of reconstituted for-
mulated tluorocarbon peptides (FP0O1.1) and non-formulated
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peptides 1n water. The left photograph was taken after 20
minutes standing and the right photograph was taken after 3
minutes sonication.

[0049] FIG. 16 shows a comparison of reconstituted for-
mulated tluorocarbon peptides (FPO1.1) and non-formulated
peptides 1n 28 mM L-Histidine. The left photograph was
taken after 20 minutes standing and the right photograph
was taken after 3 minutes sonication.

[0050] FIG. 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 1n a dose dependent fashion.

[0051] FIG. 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 1nput PBMCs.

BRIEF DESCRIPTION OF THE SEQUENC
LISTING

L1

[0052] The sequence listing corresponds to the peptides
used 1n the Examples as shown 1n the Table below.

Sequence Peptide

SEQ IDNO: 1 P1 without N-terminal lysine

SEQ IDNO: 2 P¥ without N-terminal lysine

SEQ IDNO: 3 P9 without N-terminal lysine

SEQ IDNO: 4 P2 without N-terminal lysine

SEQ ID NO: 5 P4 without N-terminal lysine

SEQ IDNO: 6 PS without N-terminal lysine

SEQ IDNO: 7 P1 variant without N-terminal lysine
SEQ IDNO: 8 P& variant without N-terminal lysine
SEQ IDNO: 9 P& variant without N-terminal lysine
SEQIDNO: 10 P10 without N-terminal lysine

SEQ IDNO: 11 P3 without N-terminal lysine

SEQ IDNO: 12 P4 variant without N-terminal lysine
SEQ IDNO: 13 P6 without N-terminal lysine
SEQIDNO: 14 P77 without N-terminal lysine

SEQ IDNO: 15 P11 without N-terminal lysine
SEQIDNO: 16 P12 without N-terminal lysine

SEQ IDNO: 17 P1 with N-terminal lysine

SEQ IDNO: 18 P8 with N-terminal lysine

SEQ IDNO: 19 P9 with N-terminal lysine

SEQ IDNO: 20 P2 with N-terminal lysine

SEQ IDNO: 21 P4 with N-terminal lysine

SEQ IDNO: 22 PS with N-terminal lysine

SEQ IDNO: 23 P3 with N-termunal lysine

SEQ IDNO: 24 P6 with N-terminal lysine

SEQ IDNO: 25 P77 with N-terminal lysine

SEQ IDNO: 26 P10 with N-terminal lysine

SEQ IDNO: 27 P11 with N-terminal lysine

SEQ IDNO: 28 P12 with N-terminal lysine

DETAILED DESCRIPTION OF TH.
INVENTION

L1

[0053] The present mvention provides a method of for-
mulating tluorocarbon-linked peptides for administration to
a human or anmimal and pharmaceutically acceptable fluoro-
carbon-linked peptide formulations obtainable by the
method of the mvention. The method of the invention
comprises the step of solubilising the fluorocarbon-linked
peptide 1n an acidic solution, preferably 1n acetic acid. The
invention also provides aqueous formulations which are
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acidic and so unsuitable for administration to a human or
ammal, but which are important for obtaining the pharma-
ceutically acceptable formulation.

[0054] TTypically, at least one fluorocarbon-linked peptide
used 1n the formulation process or present in the aqueous
acidic formulation or pharmaceutically acceptable formula-
tion 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.

[0055] 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 com-
prises at least about 20 amino acids in which at least about
50% of the amino acids are hydrophobic. Other fluorocar-
bon-linked peptides present in the formulation may be
shorter than 20 amino acids and/or may have fewer than

50% hydrophobic residues.

[0056] 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.

[0057] The formulation of the invention may comprise at
least one fluorocarbon-linked peptide, wherein at least 50%
of the amino acids 1n the peptide are hydrophobic. Typically,
between about 50% and about 80%, such as about 70% or
about 73% of residues are hydrophobic. The lower limait
could be 48% or 49%. Preferably, the peptide comprises
from about 355% to about 60 or about 65% hydrophobic
residues. Where the formulation comprises further fluoro-
carbon-linked peptides, the further fluorocarbon-linked pep-
tides 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% hydro-
phobic residues, for example, about 40%, such as at about
45%, 50%, 33%, 60% or 65% hydrophobic residues. Tryp-
tophan (W), tyrosine (Y), 1soleucine (1), phenylalanine (F),
leucine (L), valine (V), methionine (M), arginine (A), pro-
line (P), glycine (G) and cysteine (C) are hydrophobic amino
acids. In a preferred embodiment, none of the peptides
present 1 the formulation comprise a contiguous sequence
of 20 or more amino acid residues 1n which more than 80%
of the residues are hydrophobic.

[0058] One or more of the further fluorocarbon-linked
peptides may comprise a peptide that: 1s at least 20 amino
acid residues long; comprises at least 50% hydrophobic
amino acid residues; and/or has an 1soelectric point greater
than or equal to 7. The first fluorocarbon-linked peptide
and/or one or more of the further fluorocarbon-linked pep-
tides 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.

[0059] In one embodiment, none of the peptides 1n a
formulation of the invention has an 1soelectric point of less
than 7, does not comprise a positively charged amino acid in
the last 15 contiguous amino acids distal to the fluorocarbon,
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and/or comprises a contiguous sequence of 20 amino acid
residues comprising more than 80% hydrophobic amino acid
residues.

[0060] The fluorocarbon-linked peptides in the formula-
tion of the invention are typically present 1n micelles with a
diameter of less than 0.22 um. The micelles typically have
a diameter of from about 15 to about 200 nm, typically from
about 20 nm to about 100 nm, such as from about 20 nm to
about 30 nm or from about 30 nm to about 50 nm. However,
some larger micelles may be present. In general, not more
than 20%, such as from about 10% to about 15% of the
agoregates have a diameter greater than 100 nm. Preferably,
at least 80% of the fluorocarbon-linked peptide micelles
have a diameter of less than 100 nm. Micelle size may be
determined by any suitable method, such as by Dynamic

Light Scattering (DLS) or using Transmission Electron
Microscopy (TEM).

[0061] Formation of micelles may be facilitated by solu-
bilising the fluorocarbon-linked peptides 1n an acidic solu-
tion. For example, the fluorocarbon-linked peptides may be
solubilised 1n acetic acid as described herein. The aqueous
formulation of the mvention for use in the preparation of a
pharmaceutically acceptable formulation may be acidic,
having, for example, a pH of 5 or less.

[0062] The pharmaceutically acceptable formulation of
the invention may be in dried, such as lyophilized, form. The
pharmaceutically acceptable formulation of the mvention
may be an aqueous solution, for example an formed by
dissolving a lyophilisate or other dried formulation 1n an
aqueous medium. The aqueous solution 1s typically pH
neutral.

[0063] In an aqueous (liquid) formulation of the invention,
the solution 1s 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 accept-
able formulation.

[0064] The peptide 1s typically a peptide antigen or aller-
gen capable of inducing an immune response 1n an animal,
including humans, 1.e., the peptide 1s typically an immuno-
genic peptide. Preferably the immune response will have a
beneficial eflect 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.

[0065] Examples of viruses include and are not limited to
animal and human viruses such as: influenza, Human Immu-
nodeficiency Virus (HIV), Hepatitis C Virus (HCV), Hepa-
titis B Virus (HBV), Hepatitis A Virus (HAV), Respiratory
Syncytlal Virus (RSV), Venezuelan Equine Encephalitis

virus (VEE), Japanese Encephalitis virus (JEV), Cytomega-
lovirus (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).

[0066] Examples of bacteria and mycobacteria include,
but are not limited to Mycobacterium tuberculosis, Legion-
ella, Rickettsiae, Chlamydiae, and Listeria monocytogenes.

[0067] Examples of parasites include but are not limited to
Plasmodium falciparum and other species of the Plasmodial
family.
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[0068] Examples of fungi include, but are not limited to
Candida albicans, Cryptococcus, Rhodotorula and Pneumo-
Cystis.

[0069] Autologous or self-antigens include but are not

limited to the following antigens 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, PRAMJ, PASDI1, IMP-3, SSX-
4, CDCA-1 and/or BAGE.

[0070] Allergens include but are not limited to. phospho-
lipase A, (API ml) associated with severe reactions to bee,
Derp-2, Der p 2, Der 1, Der p 5 and Der p 7 associated with
reaction against the house-dust mite Dermatophagoides
ptervonyssinus, the cockroach allergen Bla g 2 and the major
birch pollen allergen Bet v 1.

[0071] In one embodiment, the peptide 1s dernived from the
influenza virus. The intluenza 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,
neuramimdase, matrix (M1) protein, M2, nucleoprotein
(NP), PA, PB1, PB2, NS1 or NS2 1n any such combination.
[0072] As used herein the term “immunogenic™ refers to a
molecule having the ability to be recognised by immuno-
logical receptors such as T cell receptor (TCR) or B cell
receptor (BCR or antibody). The immunogenic peptide may
be natural or non-natural, provided 1t 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 I or MHC class
II epitopes. Methods for 1dentifying epitopes are well known
in the art.

[0073] The peptide may comprise one or more epitopes.
The peptide may comprise more than one epitope linked
together. One such example 1s 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).

[0074] The epitopes may be overlapping linear epitopes so
that the peptide comprises a cluster of densely packed
multi-specific epitopes.

[0075] The terminus of the peptide that 1s 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 1s 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 1n the art.

[0076] Non-standard, non-natural amino acids can also be
incorporated 1n 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 recognis-
ing the natural sequences. Non-natural amino acids can be




US 2024/0042007 Al

used to 1improve peptide resistance to protease or chemical
stability. Examples of non-natural amino acids include the
D-amino acids and cysteine modifications.

[0077] The peptide may be dernived by purification from
the native protein or produced by recombinant technology or
by chemical synthesis. Methods for the preparation of pep-
tides are well known 1n the art.

[0078] 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-com-
ponent products are desirable since they are likely to be
more etlective at eliciting appropriate 1mmune responses.
For example, the optimal formulation of an influenza vac-
cine may comprise a number of peptide epitopes from
different intfluenza 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 1 order to conifer
immunity against a range of pathogens. For example, a
respiratory infection vaccine may contain epitopes irom
influenza virus and respiratory syncytial virus.

[0079] A formulation of the invention may comprise mul-
tiple immunogenic peptides. Typically, each peptide com-
prises a diflerent epitope. Each peptide may be linked to a
common fluorocarbon vector. More practically, combina-
tions of fluorocarbon-linked peptides may be present 1n 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.

[0080] A formulation 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, 3,
6, 7, 8 or 9 fluorocarbon-linked peptides. This aids the
generation of a multi-epitopic immune response.

[0081] The different peptides present in a multi-compo-
nent 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 diflerent parts of an autologous protein.
[0082] Fluorocarbon-linked peptides comprising immuno-
genic influenza peptides are used in the Examples. The
present invention 1s not limited to these particular peptides
but extends to any immunogenic peptides having the prop-
erties described above. However, preferred formulations of
the mvention 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:

(SEQ ID NO: 1)
HMATIIKKYTSGROQEKNPS LRMKWMMAMKY PI1TADK

(SEQ ID NO: 2)
VAYMLERELVRKTRFLPVAGGTSSVYIEVLHLTOG

(SEQ ID NO: 3)
YITRNQPEWFRNVLSIAPIMEFSNKMARLGKGYMEE

(SEQ ID NO: 4)
APIMESNKMARLGKGYMEFESKRMKLRTQIPAEMLA
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-continued
(SEQ ID NO: 5)

DOVRESRNPGNAEIEDLIFLARSALILRGSVAHKS

(SEQ ID NO: 6)
DLEALMEWLKTRPILSPLTKGILGEFVEFTLTVPSER

[0083] The peptides are preferably each separately linked
to a fluorocarbon vector. Particularly preferred formulations
of the invention comprise all s1x of the above fluorocarbon-
linked peptides and do not include fluorocarbon-linked
peptides comprising peptides having the sequences shown in
any one ol SEQ ID NOs: 13, 14, 23 and 24. Other fluoro-
carbon-linked peptides may be included in the preferred
formulations of the mvention. However, 1t 1s preferred that
the formulation comprises the six fluorocarbon-linked pep-
tides described above and no other fluorocarbon-linked
peptides.

[0084] One or more of the si1x peptides may be substituted
by a variant peptide comprising one, two or three amino acid
substitutions. The variant peptides may comprise a sequence
derived from different intluenza 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.
[0085] The peptides may be linked to the fluorocarbon
vector via a spacer moiety as described below. The spacer
moiety 1s preferably a lysine residue. Accordingly, the
preferred formulation of the invention may comprise fluo-
rocarbon-linked peptides in which the peptides have one or
more of the sequences shown 1n SEQ ID NOs: 17 to 22. The
N-terminal lysine in the peptides i1s preferably linked to a
fluorocarbon having the formula C.F,, (CH,),COOH. The
fluorocarbon 1s preferably coupled to the epsilon chain of the
N-terminal lysine residue.

[0086] Thus, 1n one preferred embodiment, the mvention
provides a pharmaceutically acceptable formulation consist-
ing of, or consisting essentially of, six tluorocarbon-linked
peptides comprising SEQ ID NOs: 1 to 6 and a pharmaceu-
tically acceptable carrier or diluent and optionally an adju-
vant.

[0087] 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 (1.e. one of SEQ ID
NOs: 17 to 22), which lysine residue 1s coupled to a

fluorocarbon chain having the formula C.F,, (CH,),COOH
via the epsilon chain of the lysine residue.

[0088] The fluorocarbon attachment in the fluorocarbon-
linked peptide may comprise one or more chains derived
from pertluorocarbon or mixed fluorocarbon/hydrocarbon
radicals, and may be saturated or unsaturated, each chain
having from 3 to 30 carbon atoms.

[0089] Thus, the chains 1n 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.

[0090] In order to covalently link the fluorocarbon attach-
ment to the peptide, a reactive group, or ligand, for example
—CO—, —NH—, S, O or any other suitable group 1is
included. The use of such ligands for achieving covalent
linkages 1s well known 1n the art. The reactive group may be
located at any position on the fluorocarbon molecule.
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[0091] Coupling of the fluorocarbon moiety to the peptide
may be achieved through functional groups such as —OH,
—SH, —COOQOH and —NH,, naturally present or introduced
onto any site of the peptide. Examples of such linkages

include amide, hydrazone, disulphide, thioether and oxime
bonds.

[0092] 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 1ts 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.

[0093] In one embodiment, the fluorocarbon-linked pep-
tide may have the chemical structure C,F,—C H,—(Sp)-R
or derivatives thereof, where m=3 to 30, n=2m+1, y=0to 15,
x=2y, (m+y)=3 to 30 and Sp 1s an optional chemical spacer
moiety and R 1s a peptide antigen. Typically m and n satisty
the relationship 2m-1=n=2m+1, and preferably n=2m+1.
Typically x and vy satisty the relationship 2y-2<x<2y, and
preferably x=2y. Preferably the C, F, —C H, moiety 1s lin-
ear.

[0094] It 1s preferred that m 1s from 5 to 15, more
preferably from 8 to 12. It 1s also preferred that vy 1s from O
to 8, more preferably from 0 to 6 or O to 4. It 1s therefore
particularly preferred that the C_F, —C H, moiety 1s satu-
rated (1.e. n=2m+1 and x=2y) and linear, and that m=8 to 12
and y=0 to 6 or O to 4.

[0095] In a particular example, the fluorocarbon attach-
ment 1s denved from 2H, 2H, 3H, 3H-perfluoroundecanoic
acid of the following formula:

[0096] Thus, a preferred fluorocarbon attachment 1s the
linear saturated moiety C.F,(CH,),

[0097] Further examples of fluorocarbon attachments have
the following formulae: C./F,,(CH,),—, C/F,-(CH,),—,
Col'1o(CHy)— Gy, (CH,),—, CFH(CH,)—, Gl
(CH,)s—, GiF, 5(CH,)3—, Gl 7(CH,)3— and CoF o(CH,)
,— which are derived from C.F,;((CH,),COOH, C.F,.
(CH,),COOH, C/F,,(CH,),COOH, C,,F,,(CH,),COOH,
CsF, (CH,),COOH,  CgF,3(CH,);COOH,  C;F 5(CH,)
,COOH, C.F,,(CH,),COOH and CJF,,(CH,),COOH
respectively.

[0098] Preferred examples of suitable structures for the
fluorocarbon vector-antigen constructs have the formula:

F, F, F, F,
C C C C
\C/ \C/ "\C/ \C/ \C/
k, k, k k, k,

k, k, k,
C C C Sp—R or
Ne NG TN \C/\/
I k> k> k>

F,C Sp—R,

F3C
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-continued
k, k> k,
F3C C C (NN PR
~ C TN C TN C TN O
F, F, F, F,

in which Sp and R are as defined above. Preferably Sp 1s
derived from a lysine residue and has the formula
—CONH—(CH,,),—CH(NH, )—CO—. Preferably R 1s 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—(CH,),—CH(NH,)—
CO—.

[0099] In the context of the current invention the fluoro-
carbon attachment may be modified such that the resulting
compound 1s 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 10dine. In addition, 1t 1s possible
to replace a number of the tfluorine atoms with methyl groups
and still retain the properties of the molecule described
herein.

[0100] The present invention provides both an acidic
aqueous formulation and a pharmaceutically acceptable for-
mulation comprising one or more, such as two or more,
fluorocarbon-linked peptides and optionally a pharmaceuti-
cally acceptable carrier or excipient. Preferably, at least one
fluorocarbon-linked peptide 1n the formulation comprises a
peptide of at least 20 amino acid residues, having at least
50% hydrophobic amino acid residues and having an 1so-
clectric point of greater than or equal to 7. The excipient may
be a stabilizer or bulking agent necessary for eflicient
lyophilisation. Examples include sorbitol, mannitol, polyvi-
nylpyrrolidone and mixtures thereof, preferably mannitol.
Other excipients that may be present include preservatives
such as antioxidants, lubricants, cryopreservatives and bind-
ers well known 1n the art.

[0101] The present invention provides a method for pre-
paring the formulations of the mvention.

[0102] In a method of the invention, at least one fluoro-
carbon-linked peptide 1s solubilised 1n acetic acid as a first
step 1n formulating a pharmaceutical product. The fluoro-
carbon-linked peptide used as a starting material 1s typically
in desiccated form. The fluorocarbon-linked peptide(s) solu-
bilised 1n acetic acid typically comprises a peptide that 1s 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 1n 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 solubi-
lised 1n a solvent other than acetic acid.

[0103] The term “solubilisation” 1s used herein to mean
the dispersion of fluorocarbon-linked peptides 1n a solvent to
form a visually clear solution that does not lose material
upon sterile filtration. The fluorocarbon-linked peptides may
be present 1n a multimolecular micellar structure. By “dis-
persion” 1s meant dissolution of the lyophilized fluorocar-
bon-linked peptides 1n order to disrupt particulates and
achieve solubility through the formation of micellar struc-
tures.

[0104] The term “‘aggregates™ 1s used herein to describe
macromolecular fluorocarbon-linked peptide structures.
Micellar aggregates of fluorocarbon-linked peptides may
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assist 1 solubilisation. Gross aggregates of fluorocarbon-
linked peptides result in visible particulates. The term “par-
ticulates™ 1s used herein to mean aggregates of fluorocarbon-
linked peptides visible to the naked eye.

[0105] Solubilisation of the fluorocarbon-linked peptide 1n
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 20 nm to about 50 nm, for example
from about 17 nm to about 30 nm. However, some larger
aggregates having a diameter of more than about 350 nm,
typically not more than 20%, such as from about 10 to about
15% of the aggregates have a diameter greater than 100 nm.
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 Trans-
mission Electron Microscopy (TEM). For example, using
TEM 1n negative staming, 20ul of fluorocarbon-linked
peptide solution 1s deposited on a Formvar carbon coated
copper electron microscope grid (300 mesh). 20ul of ura-
nyle acetate (1% aqueous) 1s then added. After 30 seconds,
excess solution 1s quickly wicked away with a Whatman
filter paper. The sample 1s then allowed to dry for at least 2
minutes before analysis. Transmission electron microscopy
1s then performed on Philips CM120 biotwin at 120 kV
accelerating voltage. Image acquisition 1s performed at a
direct magnification ranging from 50000x to 150000x.

[0106] The concentration of fluorocarbon-linked peptide
in the solution 1s typically from about 0.1 mM to about 10

mM, such as about 0.5 mM, 1 mM, 2 mM, 2.5 mM or 5 mM.
An example of a suitable concentration 1s about 10 mg/ml.

[0107] Examples of typical manufacturing process tlows,
commencing at the initial solubilisation step through to final
product presentation are provided i FIGS. 1 and 2. These
emphasise the requirement for the solvent to not only
achieve tluorocarbon-linked peptide solubility but also for 1t
to be compatible with downstream processes including
blending with potential stabilizers, sterile filtration and
lyophilisation. In the flowcharts the letter n 1s used to denote
a variable number of additional fluorocarbon-linked pep-
tides that could be included 1n the formulation.

[0108] Vanations to the process flow are permitted, as
known to one skilled 1n the art, to achieve the same resulting,
product characteristics; namely, that the mput components
are blended homogenously together to the desired ratios
with any aggregates dispersed, rendered sterile and pre-
sented 1 a suitable format for admimstration. Such
examples could include the introduction of a vortexing
and/or sonication post-blending or post-dilution stage to
tacilitate solubilisation. Other permutations of the manufac-
turing process tlow could include sterile filtration being
performed at an earlier stage of the process or the omission
of lyophilisation to permit a liquid final presentation.

[0109] Alternatively, one set of fluorocarbon-linked pep-
tides may be solubilised individually 1n one organic solvent,
then blended together and sterile filtered, with a second set
of fluorocarbon-linked peptides being solubilised 1n an alter-
native solvent, blended and sterile filtered (FIG. 2) before
the two sets of fluorocarbon-linked peptides are blended
together for further processing.

[0110] The mitial solvent may be the same or different for
cach tluorocarbon-linked peptide so that one of more of the
fluorocarbon-linked peptides may be solubilised 1 acetic
acid and one or more of the fluorocarbon-linked peptides
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may be solubilised 1n another solvent having acceptable
properties. For example in the Process Flow of FIG. 1, B
may be a diflerent solvent to A.

[0111] Alternatively, acetic acid may be used as the 1nitial
solvent for different fluorocarbon-linked peptides, but may
be used at different, optimised, concentrations for the dif-
ferent fluorocarbon-linked peptides. For example in the
Process Flow of FIG. 1, B may be a diflerent concentration
of the same solvent as A.

[0112] The different fluorocarbon-linked peptides may be
mixed prior to solubilisation.

[0113] 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 concen-
tration of about 20% (v/v) or 50% (v/v). In a method for
formulating a mixture of fluorocarbon-linked peptides, dii-
ferent peptides may be solubilised 1n different concentra-
tions of acetic acid prior to blending. For example, one or
more fluorocarbon-linked peptide may be solubilised 1n 10%
(v/v) acetic acid and one or more peptide may be solubilised
in 80% (v/v) acetic acid.

[0114] Where more than one solvent 1s used 1n the manu-
facturing process, each solvent used 1s typically: able to
solubilise the fluorocarbon-linked peptide it 1s being used to
solubilise at relatively high concentrations (for example, up
to 10 millimolar, such as up to 2 millimolar); water-miscible
to facilitate dilution with water prior to lyophilisation;
compatible with Iyophilisation stabilizers, such as mannitol,
that may be used 1n the manufacturing process; has a safety
profile acceptable to the pharmaceutical regulatory authori-
ties, for example, complies with the requirements of ICH
Q3C (Note for Guidance on Impurities: Residual Solvents)
and the requirements of Class III solvents, as defined by
USP Residual Solvents <467> (residual solvent limit of 50
mg/day 1n finished product or less than 5000 ppm or 0.5%);
amenable to lyophilisation, that is, sufliciently volatile to be
removed to safe levels upon lyophilisation; able to disperse
the fluorocarbon-linked peptide molecules efliciently 1n a
reproducible and umiform 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 i pharmaceutical product manufacture (con-
tainers/filter membranes/pipework etc).

[0115] Examples of solvents that may be used to disperse
one or more of the tluorocarbon-linked peptides in the blend
include phosphate builered saline (PBS), propan-2-ol, tert-
butanol, acetone and other organic solvents.

[0116] Where the different fluorocarbon-linked peptides
are solubilised separately, for example 1n different solvents
or 1n different concentrations of acetic acid, the solubilised
peptides are blended to create a mixture of fluorocarbon-
linked peptides.

[0117] One or more pharmaceutically acceptable excipi-
ents and/or adjuvants may also be added to the solubilised
fluorocarbon-linked peptide or mixture of fluorocarbon-
linked peptide.

[0118] By “excipient” 1s meant an nactive 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 1n the
manufacturing, process include stabilizers or bulking agents
necessary for eflicient lyophilisation. Examples include sor-
bitol, mannitol, polyvinylpyrrolidone and mixtures thereof,
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preferably mannitol. Other excipients include preservatives
such as antioxidants, lubricants, cryopreservatives and bind-
ers well known 1n the art.

[0119] 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” 1n thus context 1s
an agent that 1s able to modulate the immune response
directed to a co-administered antigen while having few 1f
any direct effects when given on its own. Such adjuvants
may be capable of potentiating the immune response in
terms of magnmitude and/or cytokine profile.

[0120] Suitable adjuvants include:

[0121] (1) natural or synthetically derived refinements
of natural components of bacteria such as Freund’s
adjuvant & 1ts derivatives, muramyldipeptide (MDP)
derivatives, CpG, monophosphoryl lipid A;

[0122] (2) other known adjuvant or potentiating agents
such as saponins, aluminium salts and cytokines;

[0123] (3) o1l 1n water adjuvants, such as the submicron
o1l-in water emulsion MF-39, water-in-o1l adjuvants,
immunostimulating complex (ISCOMs), liposomes,
formulated nano- and micro-particles;

[0124] (4) bactenal toxins and toxoids; and

[0125] (5) other useful adjuvants well known to one
skilled in the art.

[0126] Adter solubilisation and blending the solution of
fluorocarbon-linked peptide(s) 1s diluted. For example, the
blend may be diluted 1n water.
[0127] The solution containing the fluorocarbon-linked
peptides 1s preferably sterilised. Sterilisation 1s particularly
preferred where the formulation 1s intended for systemic use.
Any suitable means of sterilisation may be used, such as UV
sterilisation or filter sterilisation. Preferably, filter sterilisa-
tion 1s used. Sterile filtration may include a 0.45 um filter
followed by a 0.22 um sterilizing grade filter train.
[0128] Sterilisation may be carried out before or after
addition of any excipients and/or adjuvants.
[0129] Adter filter sterilisation, the yield of the fluorocar-
bon-linked peptide present in the sterile solution 1s 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 953%, such
as a yield of 98%, 99% or more, such as a yield of 100%,
may be achieved.
[0130] Adter sterilisation, the fluorocarbon-linked peptide
1s typically present 1in the solution in micellar structures
having diameters of from about 20 nm to about 100 nm, such
as about 30 nm or about 50 nm. Larger particles present 1n
the solution prior to sterilisation may typically be reshaped
by filter sterilisation. The sterilized solution may be stored in
a sterile container.
[0131] The sterile formulation 1s dried to remove the
acetic acid. Drying the formulation also facilitates long-term
storage. Any suitable drying method may be used. Lyophili-
sation 1s 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.
[0132] 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 example, the fluorocarbon-linked peptide mix-
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ture may be frozen for 2 hours at —80° C. and freeze-dried
in a freeze drying machine for 24 hours.

[0133] 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 mven-
tion thus may take the form of free-flowing particles. The
solid composition 1s typically provided as a powder 1n a
sealed vial, ampoule or syringe. I for inhalation, the powder
can be provided 1n a dry powder inhaler. The solid matrix
can alternatively be provided as a patch. A powder may be
compressed into tablet form.

[0134] The dned, 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 1s preferably reconstituted to form an
1sotonic, pH neutral, homogeneous suspension. The formu-
lation 1s typically reconstituted in the aqueous phase, for
example by adding Water for Injection (Hyclone), histidine
bufler solution (such as 28 mM L-histidine builer) or phos-
phate bullered saline (PBS). The reconstituted formulation 1s
typically dispensed into sterile containers, such as wvials,
syringes or any other suitable format for storage or admin-
istration.

[0135] The mvention provides a fluorocarbon-linked pep-
tide formulation obtainable by a method according to the
invention. The formulation may be an intermediate in the
preparation ol a pharmaceutical product.

[0136] The mnvention provides an aqueous formulation
suitable for use as an intermediate 1n the preparation of a
fluorocarbon-linked peptide formulation for administration
to a human or animal, which aqueous composition 1s acidic
and comprises one or more solubilised fluorocarbon-linked
peptide as described above. The acidic solution typically
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 1soelectric point greater than or equal to 7; and/or be
present in micelles with a diameter of less than 0.22 um. The
aqueous solution 1s preferably sterile. It may further com-
prise a pharmaceutically acceptable carrier or diluent.

[0137] The mmvention 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 for-
mulation may be an aqueous solution.

[0138] The formulation may be stored in a container, such
as a sterile vial or syringe. The imnvention thus provides, 1n
one embodiment, a formulation comprising a tluorocarbon-
linked peptide, wherein the fluorocarbon-linked peptide 1s
present 1n micellar structures, and a pharmaceutically
acceptable amount of acetic acid. In other formulations of
the invention, the acetic acid 1s completely removed by the
drying step.

[0139] The ICH recommended maximum of acetic acid 1s
50 mg per day. Typically, the acetate level 1n a formulation
of the invention 1s less than 5000 ppm or 0.5% 1n accordance
with the requirements for Class I1I solvents defined by USP
Residual Solvents <467>. The invention also provides an
intermediate formulation comprising a tluorocarbon-linked
peptide solubilised 1n acetic acid.
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[0140] In one aspect, the present invention provides a
formulation comprising two or more fluorocarbon-linked
peptides, wherein the fluorocarbon-linked peptides are pres-
ent 1n micellar structures.

[0141] In another aspect, the imnvention provides a formu-
lation comprising a fluorocarbon-linked peptide, wherein the
fluorocarbon-linked peptide 1s present 1n micellar structures
and the formulation 1s in lyophilised form.

[0142] 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 100 nm, such as about 50 nm
or 70 nm. It 1s 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 I 00 nm such as a
diameter of from about 20 nm to about 50 nm.

[0143] In a further aspect, the formulation of the present
invention further comprises a pharmaceutically acceptable
excipient and/or adjuvant. For example, 1n one embodiment
the formulation further comprises mannitol and/or other
excipients.

[0144] In another aspect the invention provides the use of
the formulation of the invention in the manufacture of a
medicament for inducing an immune response in a human or
amimal. The mvention also provides the use of the formu-
lation of the invention in the manufacture of a medicament
for treating or preventing of a disease of the human or
amimal body.

[0145] In a further aspect, the invention provides the
formulation of the mvention for use in a method of treating
the human or animal body by therapy. Also provided in the
formulation of the invention for use in a method of stimu-
lating an 1mmune response in a human or animal and the
formulation of the invention for use mm a method of for
treating or preventing of a disease of the human or animal
body.

[0146] In a further aspect, the invention provides a method
of inducing an 1mmune response 1 a human or animal 1n
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 eflective 1n the treatment or prevention of a disease.

[0147] The disease 1s typically an infectious disease, an
autormmune disease, an allergy, a hormonal disease or
cancer. The fluorocarbon-linked peptide 1n the formulation
1s selected to include one or more epitopes from the patho-
gen 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.

[0148] Examples of infectious diseases that may be treated
or prevented using a fluorocarbon-linked peptide formula-
tion of the invention include, but are not restricted to,
infections caused by the following viruses, bacteria, myco-
bacteria, parasites and fungi: influenza, Human Immunode-
ficiency Virus (HIV), Hepatitis C Virus (HCV), Hepatitis B
Virus (HBV), Hepatitis A Virus (HAV), Respiratory Syncy-
tial Virus (RSV), Venezuelan Equine Encephalitis virus
(VEE), Japanese Encephalitis virus (JEV), Cytomegalovirus
(CMYV), Epstein Barr Virus (EBV), Herpes Virus (HSV-1 or
HSV-2), Ebola, Marburg, Dengue, West Nile and Yellow
tever viruses, Porcine reproductive and respiratory syn-
drome virus (PRRSV), Feline Immunodeficiency Virus
(FIV), Mycobacterium tuberculosis, Legionella, Rickettsiae,

1
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Chlamydiae, and Listeria monocytogenes, Plasmodium fal-
ciparum and other species of the Plasmodial family, Can-
dida albicans, Cryptococcus, Clostridium tetani, Rhodoto-
rula and Pneumocystis.

[0149] Examples of cancers that may be treated or pre-
vented using a fluorocarbon-linked peptide formulation of
the 1nvention include breast cancer, melanoma, colorectal
cancer nasopharyngeal carcinoma, Burkitt’s lymphoma and
other human cancers.

[0150] In a preferred embodiment the formulation of the
invention 1s 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 neuramimdase
inhibitor treatments such as amanidine, rimantidine, zan-
amivir 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 1s
preferably a seasonal influenza vaccine.

[0151] Administration may be contemporaneous or sepa-
rated by time. The pharmaceutically acceptable formulation
of the mvention may be administered before, together with
or after the anti-viral therapeutic composition and/or other
influenza vaccine.

[0152] The formulations comprising influenza peptides, 1n
particular the six influenza peptides having the sequences
shown 1n SEQ ID NOs: 1 to 6, are provided for use in a
method of vaccinating against influenza. Accordingly, phar-
maceutically acceptable formulations of the invention com-
prising such peptide may be used in the manufacture of a
medicament for treating or preventing intluenza. The inven-
tion also provides a method of treating or preventing intlu-
enza, which method comprises administering to a subject 1n
need thereof a therapeutically effective amount of the fluo-
rocarbon-linked mfluenza peptide formulations of the inven-
tion.

[0153] Formulations of the mnvention may be administered
to a human or animal subject 1n 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, itravenous injection using a conventional
needle and syringe, or using a liqud 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 admin-
istration.

[0154] In one embodiment, the method of the mvention
turther comprises the step of processing the mixture mto a
formulation suitable for administration as a liquid injection.
Preferably, the method further comprises the step of pro-
cessing the mixture into a formulation suitable for admin-
1stration via ingestion or via the pulmonary route.

[0155] The formulation 1s administered to a subject in an
amount that 1s compatible with the dosage formulation and
that will be prophylactically and/or therapeutically eflective.
The administration of the formulation of the invention may
be for erther “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 remnfection; the reduction or elimination of symptoms;




US 2024/0042007 Al

and the reduction or complete elimination of a pathogen.
Treatment may be eflected prophylactically (prior to infec-
tion) or therapeutically (following infection).

[0156] The choice of carrier if required 1s frequently a
function of the route of delivery of the composition. Within
this 1nvention, compositions may be formulated for any
suitable route and means of administration. Pharmaceuti-
cally acceptable carriers or diluents include those used 1n
formulations suitable for oral, ocular, rectal, nasal, topical
(including buccal and sublingual), vaginal or parenteral
(including subcutaneous, intramuscular, intravenous, intra-
dermal, transdermal) administration.

[0157] The formulation may be administered 1n any suit-
able 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 com-
prise patches. Formulations for injection may be solutions or
suspensions 1n distilled water or another pharmaceutically
acceptable solvent or suspending agent.

[0158] The appropriate dosage of the vaccine or immuno-
therapeutic to be administered to a patient will be deter-
mined 1n 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 1000 ug, such as about 100
ug, 200 ug or 500 ug. Multiple doses may be required to
achieve an immunological or clinical eflect, which, 1f
required, will be typically admimstered between 2 to 12
weeks apart. Where boosting of the immune response over
longer periods 1s required, repeat doses 1 month to 5 years
apart may be applied.

[0159]

The following Examples 1illustrate the invention.

Example 1: Synthesis of Peptides

[0160] Peptides having the amino acid sequences shown 1n
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
NH?2 resin. A lysine residue was added to the N-terminus of
cach sequence. The sequences with the N-terminal lysine
residue added are shown 1n 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 (CiF,,(CH,),COOH) on the epsilon-
chain of the N-terminal lysine to derive the tluorocarbon-
linked peptide (FCP). With the second part, acetylation of
the epsilon-chain of the N-terminal lysine was performed to
derive the native peptide for use in comparative studies.
Purified fluorocarbon-linked peptide (FCP) and native pep-
tides were obtained through cleavage in the presence of
tritfluoroacetic 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 prepa-
rations had a purity of 95% or greater and were presented a
dry, lyvophilised powder. Net peptide mass was calculated
based on nitrogen content analysis.

[0161] 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
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representation of amino acids has been used;
X=Fluorocarbon vector (fluorocarbon-linked peptides);
/=acetyl (native peptides)):

Pl :

(SEQ ID NO: 1)
NH,-K(X or Z)HMAIIKKYTSGRQEKNPSLRMKWMMAMKYPITADK-
CONH,

P2:

(SEQ ID NO: 4)
NH,-K(X or Z)APIMFSNKMARLGKGYMFESKRMKLRTQIPAEMLA-
CONH,,

P3:

(SEQ ID NO: 11)
NH,-K(X or Z) APIMFSNKMARLGKGYMFESKSMKLRTQIPAEMLA-
CONH,,

P4 .

(SEQ ID NO: 5)
NH,-K{(X or Z)DQVRESRNPGNAEIEDLIFLARSALILRGSVAHKS-
CONH,

P5:

(SEQ ID NO: 6)
NH,-K{(X or Z)DLEALMEWLKTRPILSPLTKGILGFVFTLTVPSER-
CONH,

P6 :

(SEQ ID NO: 13)
NH,-K{(X or Z)SPGMMMGMFNMLSTVLGVSILNLGQKKYTKTTY -
CONH,

P7:

(SEQ ID NO: 14)
NH,-K(X or Z)KKKSYINKTGTFEFTSFFYRYGFVANFSMELPSFG-
CONH,

Pg.:

(SEQ ID NO: 2)
NH,-K{(X or Z)VAYMLERELVRKTRFLPVAGGTSSVYIEVLHLTQG-
CONH,

PO :

(SEQ ID NO: 3)
NH,-K(X or Z)YITRNQPEWFRNVLSIAPIMESNKMARLGKGYMFE-
CONH,

P10:

(SEQ ID NO: 10)
NH,-K(X or Z)YITKNQPEWFRNILSIAPIMESNKMARLGKGYMFE-
CONH,

P11:

(SEQ ID NO: 15)
NH,-K(X or Z)QSRMQFSSLTVNVRGSGMRILVRGNSPVEFNYNK-
CONH,

P12:

(SEQ ID NO: 16)
NH,-K(X or Z)PDLYDYKENRFIEIGVTRREVHIYYLEKANKIKSE-
CONH,

[0162] The physiochemical properties of the native pep-
tides are set out 1n Table I below. Residues considered to be
hydrophobic are W, Y, I, E, L, V, M, A, P, G, and C. Charged
residues are (+): K, R, H. (-): D, E
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TABLE 1

Physicochemical Properties of Selected Peptides

Positive charges

Percentage (including lysine residue Negative
Peptide Hydrophobic residues added at N-terminus) charges
P1 51 10 2
P2 60 8 2
P3 60 7 2
P4 49 7 5
PS 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

[0163] The solubility of each FCP 1n water was assessed.
Each FCP was dispersed in 300ul of water to a final
concentration of 1.333 mM and vortexed and sonicated. The
typical dispersion conditions were four sequences of three
minutes bath sonication interspersed by 30 seconds vortex-
ing. After inspection, the resulting solution was diluted with
a manmtol solution (a candidate lyophilisation medium,
final concentration of peptide 0.167 mM, 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
results are shown 1n Table 2.

TABLE 2

FCP Dispersibility and Solubility mn Water
and 1.33% (w/v) Mannito!l Solution

Further dilution in

Fluorocarbon- Dispersion 1 Water Mannitol: Water

linked Peptide Solubility Solubility

FCP1 Cloudy/Particulates Clear/Particulates

FCP2 Cloudy—/No Particulates Clear/No Particulates
FCP3 Cloudy-/Particulates Clear/Particulates

FCP4 Clear/No Particulates Clear/No Particulates
FCP5 Cloudy/Particulates Cloudy-/Particulates
FCP6 Cloudy-/Particulates Clear/Particulates

FCP7 Cloudy+/No Particulates 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
[0164] Visual inspection of the individual fluorocarbon-

linked peptide solution after the 1nitial dispersion 1n water
showed that only P4 and P11 were fully soluble 1n water;
cach of these solutions was clear with no presence of
particulates. All the remaiming solutions were cloudy and
contained particulates, indicating that these FCPs were not
tully soluble. On subsequent dilution with the manmitol
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. PS, P7, P8 and P12 were insoluble in the
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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.

[0165] For comparison, native peptide solubility was also
assessed 1n water at the same molecular concentration; for
all native peptides except P8 the solutions were clear with no
particulates visually detected.

[0166] In conclusion, the solubility of each Fluorocarbon-
linked peptide 1s dependent upon 1ts aggregation propertles
the majority of the FCPs were not fully soluble 1n water or
the mannitol solution. The solubility of each FCP could not
be predicted from 1ts physicochemical characteristics. The
equivalent native peptides were more soluble in water than
the FCPs at the same concentration.

[0167] The solubility of mixtures of the fluorocarbon-
linked peptides was also assessed. Octavalent formulations
(final concentration of each peptide 0.167 mM, 1.33% (w/v)
mannitol, FCP compositions provided in Table 3) were

prepared. The recovery of each peptide following sterile
filtration (0.22 um Millex 25 mm PVDF filter) was deter-

mined by RP-HPLC.

TABLE 3

Composition of Octavalent Mixtures of FCPs and Recoveries
of Fach FCP Fallowing Sterile Filtration

Fluoro- Fluoro-

carbon- carbon-

linked MIX 1 After YIELD Ilinked MIX 2 After YIELD
Peptide Blending % Peptide Blending %
FCP1 Cloudy with 89.9  FCP10 Cloudy with 90.7
FCP4 particulates 25.1 FCP2  particulates 97.3
FCP5 93.8 FCP4 82.3
FCP6 74.1  FCP5 35.6
FCP7 31.7  FCP6 8.8
FCP3 28.6  FCP7 63.2
FCP9 22.9  FCP¥ 25.3
FCP12 29.6  FCP11 49.4
[0168] The wvisual observations were confirmed by the

HPLC filtration recovery results. The total RP-HPLC filtra-
tion recovery vields were approximately 50% and 57% for
MIX 1 and MIX 2 respectively indicating that large particu-
lates of FCPs were removed upon filtration. Mixtures of
FCPs are therefore also poorly soluble in water.

Example 3: Solubility of FCPs 1n Excipients and
Dispersants

[0169] In order to improve the solubility of fluorocarbon-
linked peptides 1n water a range of excipients and disper-
sants, that have proved beneficial previously in pharmaceu-
tical product manufacture, were evaluated. These 1included
Polyethylene glycols, Pluronic surfactants, lecithin, glyc-
erin, soybean o1l, safllower o1l, glycoturol, dipalmitoyl phos-
phatidylcholine, Labratac CC (a medium-chain glyceride),
hydroxyl propyl betacyclodextrin (HPBCD) and sulfobutyl
cther beta-cyclodextrin and combinations thereotf. The solu-
bility of a heptavalent equimassic mixture of fluorocarbon-
linked peptides was determined by microscopic inspection
(final concentration 2.5 mg/ml).

[0170] 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
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70-89% solubility. In conclusioq, the ﬂgorocarbon—linked TARI E 4-continued
peptides were resistant to the action of dispersants such as
cyclodextrins, surfactants or block-copolymers. “o Filtration Recoveries of Individual
FCPs From Octavalent Mixture Mix 1
Example 4: Solubility of FCPs 1n Organic Solvents Q00 v/
Fluorocarbon- 80% v/v 80% v/v Tert-  80% v/v 80% v/v

[0171] The solubility of fluorocarbon-linked peptides was
assessed 1n a range ol organic solvents. For 80% (v/v)
propan-2-ol, tert-butanol, DMSO and acetone, solutions FCP6 101.3 784 62.3 35.8 63.2
were prepared to the same fluorocarbon-linked peptide final Mean 100.2 0.1 /0.2 JE
concentration of 1.33 mM. For 80% (v/v) acetic acid the
final concentration of the fluorocarbon-linked peptide was
2.0 mM. The results are presented in FIG. 3.

[0172] 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 R0%%

provide complete solubility for the FCPs evaluated. 80% v/v 80% v/iv  vivTert- 80% viv 80% v/iv
Acetic acid  Propan-2-ol butanol DMSO Acetone

linked peptide Acetic acid  Propan-2-ol butanol DMSO Acetone

TABLE 5

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

Fluorocarbon-
linked peptide

Example 3: Effects of Mannitol on Solubilisation

FCPI11 99.5 57.4 52.3 85.4 76.4
[0173] The eflect of dilution and addition of mannitol on IF:EEL 133'8 gf'; ?g'g 22'3 Bié
solubilisation in various solvents was investigated. Each FCP7 93 3 90.5 209 464 437
fluorocarbon-linked peptide was dispersed 1n 80% v/v sol- FCPg 99.8 20.7 21.2 349 17.6
vent in water according to the FIG. 4 and vortexed, followed FCPI0 98.1 87.7 §7.3 894 /9.4
by a seven-fold dilution with a mannitol solution. For 80% Egﬁg gii 23'2 gé'f éf"é 631'?
v/v propan-2-ol, tert-butanol, DMSO and acetone solutions Mean 08 4 50 5 617 671 467
were prepared to the same tluorocarbon-linked peptide final
concentration of 0.167 mM and a final mannitol concentra- , ,
tion of 1.33% (w/v). For 80% v/v acetic acid the final 0179] No loss of tluorocarbon-linked peptide was

concentration of the fluorocarbon-linked peptide was 0.25
mM. The results are presented 1n FIG. 4.

[0174] Equimolar mixtures of fluorocarbon-linked pep-
tides were also prepared as above containing the following
peptides 1n each solvent:

[0175] Mix 1: FCP1, FCP3, FCP4, FCPS, FCP6, FCP7/,
FCP9, FCP12.

[0176] Mix 2: FCP2, FCP4, FCPS5, FCP6, FCP7, FCPS,
FCP10, FCPI11.

[0177] Eflective solubility of the individual FCPs and Mix
1 and 2 was only achievable using 80% (v/v) acetic acid as

presented 1 FIG. 4.

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

[0178] The recovery following sterile filtration (0.22 um
Millex 25 mm PVDF filter) of each fluorocarbon-linked

peptide 1n the mixtures prepared in Example 4 was deter-
mined by RP-HPLC. The results are shown in Tables 4 and
S below.

TABLE 4

% Filtration Recoveries of Individual
FCPs From Octavalent Mixture Mix 1

80% v/v
80% v/v 80% v/v Tert-  80% v/v 80% v/v
Acetic acid  Propan-2-ol butanol DMSO Acetone

Fluorocarbon-
linked peptide

detected following sterile filtration for the mixtures prepared
using 80% (v/v) acetic acid. It 1s concluded that acetic acid
with subsequent aqueous dilution 1s the preferred solvent for
the dissolution and filtration of fluorocarbon-linked pep-
tides, but 1t will be necessary to reduce the concentration
used 1n order to mimimise the levels of residual acetic acid
in the final product.

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

[0180] In order to limit the concentration of acetic acid
downstream 1in the formulation process and in the final
product, the lowest concentration of acetic acid 1n water to
achieve eflicient dispersion and maintain visible solubility
was determined for each tfluorocarbon-linked peptide. When
using mannitol as a cryoprotectant, 1t 1s 1mportant to mini-
mize 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 con-
centration of fluorocarbon-linked peptide after initial acetic
acid dispersion was 2 umol/ml and after dilution waith
mannitol, 0.250 umol/ml.

TABLE 6

Dispersibility and Solubility of Individual FCPs
and a Heptavalent Mixture (Mix 3) in Acetic Acid

FCP1 100.2 97.8 96.1 95.1 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 77.2 244
FCP7 99.4 90.9 99.9 47.8 42.7
FCP9 99.8 84.3 84.9 87.7 09.1
FCP5 100.2 34.3 90.2 17.2 3.2

Fluoro- Ease of
carbon- Percentage dispersion by Visual Visual appearance
linked  acetic acid sonication/  appearance after of mixture after

Peptide (% v/v) vortexing dispersion dispersion: Mix 3
FCP1 10 +++ Clear Clear
FCP2 10 +++ Clear
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TABLE 6-continued

Dispersibility and Solubility of Individual FCPs
and a Heptavalent Mixture (Mix 3) in Acetic Acid

Fluoro- Ease of

carbon- Percentage dispersion by Visual Visual appearance

linked  acetic acid sonication/  appearance after of mixture after
Peptide (% v/v) vortexing dispersion dispersion: Mix 3
FCP4 10 +++ Clear

FCPS 80 + Clear

FCP9 80 + Clear

FCP5 10 +++ Clear

FCP6 80 + Clear

[0181] 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 tluoro-
carbon-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 1n physical state.

[0182] 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 0.22 um 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
FCPR8 97.0
FCP9 95.4
Mean O8.4

Example 8: Characterisation of Structures Formed
by Fluorocarbon-Linked Peptides

[0183] The formation of self-assembled multimolecular
micellar structures may play a central role in the solubili-
sation process of fluorocarbon-linked peptides. In this man-
ner, the solubility of fluorocarbon-linked peptides can be
maintained following dispersion and subsequently through-
out the formulation process, particularly 1n 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).

[0184] A Zetasizer Nano S (enabling measurement of
particles from 0.6 nm 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,
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FCP6, FCP7/, FCP9 and FCP12) was prepared as described
in Example 1 (Table 3) with mannitol diluent.

[0185] The average particle size (nm) of each mixture was
measured at 25° C. using a Nanosizer (Zetasizer Nano Series
/.S, Malvern Instruments, UK). 250u1 of solution was used
and dispatched 1n a plastic microcuvette. Correlation times
were based on 10 s per run and a total of 5 runs per
measurement were made. Results were analysed using Dis-
persion Technology Software (Malvern Instruments, UK).

Size distribution by volume and 1n intensity was obtained for
Mix 1.

[0186] Average size based volumetric measurement was
calculated by the Dispersion Technology Software.

[0187] The DLS of fluorocarbon-linked peptides 1n solu-
tion demonstrates the presence of multimolecular structures
of diameter centered around 20 to 50 nm (>93% by volume)
with approximately 12-16% (by 1ntensity) of the population
with a size greater than 100 nm (FIG. 5).

[0188] TEM showed the presence of a homogenous popu-
lation of spherical structures of dimensions consistent with
the DLS (FIG. 6).

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

[0189] The impact of sterilising grade filtration upon the
multimolecular structures was 1vestigated. Mix 1 from
Example 7 was filtered via a sterile 0.22 um Millex 25 mm
PVDF filter and then analysed by DLS using a Zetasizer
Nano Sas described in Example 7.

[0190] 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 par-
ticle size (represented by the different profiles in FIG. 7).

[0191] Surprisingly, 1t was found that the 0.22 um filtra-
tion may re-shape the multimolecular structures formed by
fluorocarbon-linked peptides 1nitially 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) 1s also drastically reduced post-filtration (pre-
filtration, 200 Kcounts; after post-filtration, 120Kcounts).
Moreover, the introduction of a 0.45 um filter ahead of the
0.22 um {ilter 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 concomi-
tant reduction 1 vield), but rather by re-shaping the struc-
tures by deformation so they are able to pass through the
filter. Particles with size over 220 nm represent around 12 to
16% (by 1ntensity) of the particles 1in the mixture, according
to the DLS data. These would appear not to be removed from
the solution as the filtration recovery determined by HPLC
1s over 97%.

[0192] The MIX 1 formulation particle size distribution
was also assessed alter freeze-drying following reconstitu-
tion of samples 1 Tris-HCI 10 mM or water (FIG. 8). The
MIX 1 formulation was readily reconstituted achieving a
clear or slightly opalescent solution with water or Tris-HCI

10 mM respectively. Particle sizes were centered around
20-50 nM with a profile broadly similar to that observed
during formulation (pre-lyophilisation). This demonstrates
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that post-reconstitution; FCPs multimolecular structures are
maintained without the formation of large visible aggre-
gates.

Example 10: Chemical Stability of FCPs

[0193] 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 nitial solubilisa-
tion of the FCPs 1n acetic acid (concentration of solvent for
cach FCP as given 1n 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.
[0194] No degradation was observed by RP-HPLC com-
pared to an untreated control (see FIG. 9). This demonstrated
that the selected fluorocarbon-linked peptides are chemi-
cally stable 1n 50% v/v acetic acid for the duration of a
typical blending step during a pharmaceutical manufactur-
INg process.

Example 11: Residual Acetate Concentration 1n
Final Presentation

[0195] It 1s important to minimise the acetic acid concen-
tration 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 1s volatile and its content thereby reduced during the
freeze-drying process.

[0196] For lyophilisation, formulations of Mix 3 prepared
as described 1n Example 9 (3 ml freeze-drying vials filled
with 1.4 ml volume) were firstly frozen for two hours 1n an
-80° C. freezer and then 1freeze-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 concentra-
tion of acetate 1n the formulation was calculated to be 8.8%
v/v.

[0197] For three different batches, the post-lyophilisation
residual acetate concentration (acetate counterions plus ace-
tic acid) in the vials was experimentally determined to be
0.3-04, 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 0.35 mg per human dose, well below the
ICH recommendation (maximum 350 mg per day).

Example 12: Reconstitution of Lyophilised FCP
Preparations

[0198] The reconstitution of formulated fluorocarbon-
linked peptides (Heptavalent, Mix 3) was compared to an
unformulated equivalent preparation. The individual FCPs
were solubilised 1n acetic acid as described 1n Example 9,
blended and diluted with a mannitol solution and lyophilised
(final concentration 0.35 mg per FCP). One vial of the
formulated mixture was reconstituted with 0.7 ml of Water
tor Injection (Hyclone); an additional vial was reconstituted
with 0.7 ml of 28 mM histidine bufler solution. For the
unformulated mixture 0.35 mg of each, untreated, FCP was
dispensed into a vial with no additional processing. One vial
of the unformulated mixture was reconstituted with 0.7 ml
of 4.5% mannitol solution to provide an identical excipient
concentration to that of the formulated vials. An additional

Feb. &, 2024

vial of the unformulated mixture was reconstituted with 0.7
ml of 28 mM histidine 1 4.5% mannitol solution.

[0199] The photographs below (FIGS. 10 and 11) 1llustrate
the solubility of the FCPs following imitial dispersion by
manual shaking and subsequent vortexing for 30 seconds
and bath sonication for a period of one hour.

[0200] Visual inspection of the unformulated samples
after reconstitution with both the mannitol/water and histi-
dine bufler solutions showed that the solutions were not
tully dispersed and solubilised. Each solution was cloudy
and large particulates could be observed, 1n particular adher-
ing to the side of the glass vial, which did not disperse over
time. In contrast, the solutions of the formulated vaccine
dispersed 1n both the water and histidine bufler solutions
were clear with no presence of particulates.

[0201] These results demonstrate that the method of 1nitial
solubilisation has an impact upon the aggregative properties
of the final reconstituted formulation. Dispersion of the FCP
in acetic acid early 1n the formulation process directs the
formation of micellar structures, which are maintained
through the subsequent blending, filtration and lyophilisa-
tion processes. This facilitates the reconstitution of the final
lyophilised presentation in an aqueous phase 1 a non-
particulate form.

[0202] Conclusions

[0203] Acetic acid was demonstrated to be a good solvent
for all individual fluorocarbon-linked peptides evaluated.
Complete solubilisation was achievable at high FCP con-
centrations (up to 2000 nmol/ml; approximately 10 mg/ml)
with no particulates observed following perturbation by
vortexing and sonication. Solubility was maintained during
turther downstream processing due to the amphiphilic prop-
erties of fluorocarbon-linked peptides directing the forma-
tion of spontaneously seltf-assembled macromolecular struc-
tures as observed by Dynamic light scattering and
transmission electron microscopy. The solvent is therefore
contributing a dual role; firstly 1in ensuring that there is
suflicient disruptive capability to ensure that large disor-
dered particulate structures are disrupted and secondly sup-
porting 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 resolubilisa-
tion of the lyophilisate in an aqueous media prior to admin-
istration to humans. FCPs that had not been previously
solubilised 1n acetic acid could not be satistactorily recon-

stituted from a freeze-dried state 1n water or histidine bufier
(Example 12).

[0204] 80% (v/v) acetic acid was found to solubilise all
FCPs. However, excessive acetic acid can prevent the for-
mation 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 com-
pliant levels of acetate per human dose.

[0205] 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
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imparts unusual physicochemical properties upon the mol-
ecule (compare for example, the solubilities of the FCPs and
the equivalent native peptides 1n Example 1). In addition,
there was no correlation between the success of 10% (v/v)
acetic acid 1n solubilising an FCP and the hydrophobicity or
charged residue content of the peptide.

[0206] In summary, acetic acid has the following advan-
tages:
[0207] capable of providing adequate solubility for not

only the individual FCPs but also mixtures thereof;

[0208] suitable for all FCPs evaluated;
[0209] Yields consistent and uniform products;
[0210] Water-miscible at the concentrations intended

for use (10-80% (v/v);

[0211] Able to solubilise the FCPs at relatively high
concentrations (at least 10 millimolar); Listed as a ICH
class III solvent, suitable for human use;

[0212] Amenable to lyophilisation (with levels being
reduced after a typical freeze-drying stage);

[0213] Results, after subsequent blending and dilution,
in a solution that van be subjected to sterilising grade
filtration with minimal vield losses;

[0214] Results, after lyophilisation, 1n a product that can
be readily reconstituted to form an 1sotonic, pH neutral,
homogeneous suspension;

[0215] Does not react with, or promote degradation of,
the fluorocarbon-linked peptide; and

[0216] Compatible with the maternals routinely used in
pharmaceutical product manufacture.

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

[0217] The objective of this study 1s to demonstrate the
benefit of a formulation process designed for the good
manufacturing practice (GMP) production of a pharmaceu-
tically acceptable universal influenza-A vaccine (FPO1.1)
containing six tluoropeptides, which comprises peptides
with the amino acid sequences shown 1 SEQ ID NOs: 1 to
6. The specific objectives are:

[0218] 1. To assess key formulation parameters for the

manufacture of FP-01.1.
[0219] a. Ease of fluoropeptide solubilisation 1n ace-
tic acid solutions;

[0220] b. Micelle size determination at the point of
filtration;

[0221] c. Filtration recovery;

[0222] d. Chemical and physical stability of the fluo-

ropeptides; and

[0223] 2. To compare the quality of the reconstituted
FP-01.1 vaccine (formulated fluoropeptides) with an
equivalent preparation containing non-formulated fluo-

ropeptides.
[0224] We have developed a formulation process and
applied 1t to the manufacture of a universal influenza-A
vaccine FP-01.1 composed of six fluorocarbon-linked pep-
tides comprising SEQ ID NOs: 1 to 6, respectively. The six
peptides having the sequences shown 1n SEQ ID NOs: 1 to
6 are coupled to the fluorocarbon chain C.F,(CH,),COOH
via the epsilon chain of an N-terminal lysine spacer. The six
fluorocarbon-linked peptides thus correspond to FCPI,
FCP8, FCP9, FCP2, FCP4 and FCP5 described in the
preceding Examples. The formulation process 1s 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 fluoro-
peptides during the process. Acetic acid 1s highly volatile
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and can be sublimated during freeze-drying and we have
found that 1t 1s consistently reduced to residual levels that
have little impact on the pH of the reconstituted product.
[0225] The formulation process described below achieves
the manufacture of a freeze-dried FPO1.1 vaccine (ensuring
long term stability) to be reconstituted with a builer solution
(28 mM L-Histidine) to generate a stable homogenous
solution (no visible aggregates) with neutral pH (6-7.5) and
acceptable osmolality (280-320 mOsm). Several GMP clini-
cal batches have been usefully produced and we have
demonstrated that the product i1s sate and immunogenic 1n
humans.

[0226] Materials and Instruments

[0227] Fluoropeptides (contained 1n FP-01.1) manufac-
tured by the American Peptide Company
[0228] Glacial acetic acid (Sigma #272235), D-Mannitol

(Merck Emprove)

[0229] Hyclone water (Fisher #HYC-001-1 89G)

[0230] Millex, PVDF Durapore, 0.2 um (433 mm)
Millipore.

[0231] 30 Autoclaved (Freeze dried wvials (Adelphi

#V(C002-13C)+stoppers (Adelph1 #FDW13)).
[0232] HPLC equipped with Discovery Column Cl 8,
250x2.1 mm, 5 um
[0233] Combitips pipette tips 10 ml (Fisher #PMP-117-
523N)+Eppendort Stepper
[0234] Freeze drier 2-4-LSC (Christ)
[0235] Osmomater: Osmomat 030 (Gonotec)
[0236] pH meter equipped with micro Inlab® electrode
(Mettler)
[0237] Methods
[0238] Solution Preparation
[0239] 1. 3.3% w/w Mannitol 1n 50 ml 1n water (6.6 g
in 200 ml water), cool down at 4° C.
[0240] 2. 5 ml solutions of acetic acid at 10% (v/v) 1n
sterile water.

[0241] 3. 5 ml solutions of acetic acid at 80% (v/v) 1n
sterile water.

[0242] Fluorocarbon-Linked Peptide Weighing
TABLE 8
FCPs weighing and dispersion
Vol Vol
Mass Acetic  (ul) of  (ul) of
Mass Peptide (mg) Mass Acid acetic  acetic
(mg) content Theoret. (mg) Cone acid- acid-
FCP (net) (%) (gross) Experim (%) 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
FCP® 10 92.0 10.87 11.78 80 1000 1084
[0243] Formulation preparation for FP-01.1
[0244] 1. Weigh each peptide (targeting 10 mg net
peptide) mm a 2 ml glass vial
[0245] 2. Disperse each fluoropeptides at 10 mg net/ml
in —1.0 ml (adjust volumes in function of weighing to
get exactly 10 mg net/ml) of 10% or 80% acetic acid
solution 1n water (see table 10),
[0246] 3. Vortex and sonicate and record visual aspect
[0247] 4. Repeat step 3 until complete dissolution
[0248] 5. Blend together 930p 1 of each of the 6

dispersed fluoropeptides into a 40 ml glass container.
Then add 950p 1 of acetic acid 80% (6.65 ml total

volume). Each peptide 1s at a concentration of 1.428
mg/ml 1 40% acetic acid.
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[0249] 6. Record visual aspect of the blended solution
[0250] 7. Dilute the blended fluoropeptides with 25.93

ml of 3.3% mannitol (solution at 0.2915 mg/ml of each
peptide), total acetic acid 8.16%.
[0251] 8. Record visual aspect of the diluted solution
[0252] 9. Filter the =32 ml solution with a Millex PVDF

33 mm, 0.2 um (keeping 0.3 ml unfiltered solution for
filtration recovery).

Filling

[0253] Aliquot labelled 2 ml freeze according to Table 9

(Filling volume: 1.2 ml for each formulation), using 10 ml
combitips.

TABLE 9

Preparation of Fluoropeptides formulation FP-01.1

16

Bufiler Vol.
Total for
Volume Peptide cone.  Aliquot for Peptide quantity  reconstitution
(ml) (mg/pept/ml) Lyvophilisat (nl)  (ug/vial/peptide)  (pl)
29-30  0.2915/ind 1200 (24-25 350 700
vials)

Freeze Drying

[0254] 1. Freeze the vials at —=80° C. for one hour.
[0255] 3. Freeze dry for 40 hours
[0256] 4. Freeze drying ventilation 1s performed under

nitrogen and the vials stoppering i1s carried out at a
pressure between 400 and 600 mbar.

Preparation of FP-01.1-Equivalent Using Non-Formulated
Fluoropeptides

[0257] Two wvials were prepared containing 0.35 mg of

cach of the 6 fluoropeptides: FCP1, FCPS, FCP9, FCP2,
FCP4 and FCPS5.

[0258]
-

[0259] TEM in negative staining, 20ul of fluorocarbon-
linked peptide solution 1s deposited on a Formvar carbon
coated copper electron microscope grid (300 mesh). 20ul of
uranyle acetate (1% aqueous) 1s then added. After 30 sec-
onds, excess solution 1s quickly wicked away with a What-
man filter paper. The sample 1s then allowed to dry for at
least 2 minutes before analysis. Transmission electron
microscopy 1s then performed on Philips CM120 biotwin at
120 KV accelerating voltage. Image acquisition 1s performed
at a direct magnification ranging from 350000x to 150000x.

Transmission Electron Microscopy

RP-HPLC Analysis

10260]

[0261] Column: Discovery Cl 8: 2.1x25 mm, 5 um,
Flow 0.3 ml/main.

[0262] Solvent A: 90% water/10% acetonitrile/0.04%
TFA

10263]
TFA).

HPLC Method: FP-01.1

Solvent B: 90% acetonitrile 10% water 0.04%
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[0264] Gradient:
Time (min) Solvent B
0.01 10%
1 10%
6 28%
46 44%
50 57%
60 70%
68 82%
Final
concentration
after
reconstitution
0.500 mg/pept/ml
-continued
Time (min) Solvent B
70 82%
71 10%

Results
Formulation Step (Before Freeze Drying)

Peptide Dispersion
[0265]

TABL.

L1

10

Ease of solubility of each peptide atter vortex/sonication cvcle

Cycle 1 Cycle 2 Cycle 3
Vor- Soni- Vor- Soni- Vor- Soni-
FCP texing  cation texmng  cation texing  cation
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
FCP9 Partic- Clear Clear Clear Clear Clear
ulates—
FCPR Partic- Some Some 1 or 2 1 or 2 Clear
ulates+ partic- partic-  partic partic
ulates ulates ulates ulates
[0266] Peptides were easily soluble with no sonication

required, whereas the two peptides soluble 1n acetic acid
80% required at least 1 cycle of sonication.

Blending/Dilution

[0267] The solution of the 6 peptides blended was clear
(no visible aggregates). Once diluted with the manmtol at
3.3%, the solution was still clear (no visible aggregates).
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TABLE 11

Visual Appearances of Preparations

Visual Visual
Percentage Ease of Visual appearance  appearance
acetic dispersion appearance  of mixture  of muxture
Pep- acid (see Table after after after
tide (% v/v) 12) dispersion blending Dilution
FCP1 AcOH +++ Clear Clear Clear
10%
FCP2 AcOH +++ Clear
10%
FCP4 AcOH +++ Clear
10%
FCP5 AcOH +++ Clear
10%
FCP9 AcOH ++ Clear
80%
FCP8 AcOH + Clear

80%

Filtration Recoveries

[0268] Very good filtration recoveries were achieved
(>99% 1for each peptide).

TABLE 12

Peptide recoveries after filtration

FCP FCP1 FCP2 FCP4 FCP5 FCP9 FCPR

Peptide recovery % 100.2 101.6 100.8 100.2 998 99.6

[0269] Transmission Electron Microscopy (ITEM) Imag-
ng

[0270] TEM analysis of the micelles formed before filtra-
tion shows the presence of a homogenous population of

small spherical micelles with a size ranging from 17-30 nm
(F1G. 12).

Chemical Stability (Post-Filtration)

[0271] Chemical stability was determined by RP-HPLC at
T, and after 24 hours post-filtration. The results are shown
in FIG. 13 and Table 13.

TABLE 13

Post-filtration purities over time

TO 2 hrs 8 hrs 24 hrs
Purity %6 96.9 97.1 07.1 06.9
HPI.C file R644 8645 649 R651

17

Feb. &, 2024

Analysis Performed on Finished FP-01.1 Product

(Post-Freeze-Drying)

[0272] Cake Aspect after Freeze Drying
TABLE 14
Cake inspection results
Product Elegant cake Collapsed cake Total vials
FPO1.1 25 0 25
[0273] The freeze-dried product forms an elegant solid

uniform cake.

Purity Analysis of Freeze-Dried FP-01.1 Product

[0274] A sample was reconstituted 1n 0.70 ml water to get
a concentration at 0.5 mg/peptide. No degradation occurred

during the freeze drying, with the purity of 97%.

Reconstitution of Freeze-Dried FP-01.1—Comparison with
Unformulated Fluoropeptides

[0275] To demonstrate the benefit of the formulation pro-
cess 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.

[0276] The FP-01.1-equivalent based on non-formulated

fluoropeptides was prepared by weighing the 6 fluoropep-
tides 1 a single vial (0.35 mg of each peptide). The
non-formulated FP-01.1-equivalent was reconstituted with
either 0.7 ml of water (containing 4.5% mannitol to be
equivalent to FP-01.1) or 28 mM 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 reconsti-
tuted formulated FPO1.1 was analysed by RP-HPLC and the

results of the analysis are shown 1n FIG. 14.

[0277] The formulated FP-01.1 product was easily recon-
stituted 1n water while the non-formulated FP-01.1 equiva-

lent 1s insoluble with large aggregates in suspension and
adhering to the glass wall (see FIG. 15). FP-01.1 reconsti-
tuted 1 water lead to a very slightly opalescent homoge-
neous solution with no visible aggregates. The non-formu-
lated fluoropeptides do not achieve solubility over time and
even after sonication and vortexing.

[0278] Similarly, the formulated FP-01.1 product was eas-
1ly reconstituted 1n 28 mM L-Histidine (bufler designed for
the clinical product to achieve neutral pH) while the non-

formulated peptides are insoluble (formation of large aggre-
gates) (see FI1G. 16). FP-01.1 reconstituted in water lead to
a slightly opalescent homogeneous solution with no visible
agoregates. The non-formulated fluoropeptides do not
achieve solubility over time even after sonication and vor-
texing.

[0279] Based on these results, a product based on the
non-formulated fluoropeptides would not be considered to
be pharmaceutically acceptable due to 1ts poor dispersability
and the absence of homogeneity of the preparation.
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Osmolality and pH of the Formulation in L-Histidine
[0280]

TABLE 15

pH and osmolality of the reconstituted formulation in L.-Histidine

FP-01.1 reconstituted in Histidine 28 mM

Osmolality 302
(mOsm/kg)
pH 6.65
[0281] Conclusions
[0282] All fluoropeptides achieved full solubility at the

point of dispersion.

[0283] Micelles were formed with a size ranging from
17 to 30 nm compatible with sterile filtration (220 nm
cut-oil).

[0284] Stenle Filtration recovery was over 99% for all
fluoropeptides.

[0285] FP-01.1 was easily reconstituted with 1ts dedi-
cated 28 mM L-histidine bufler system leading to a
homogenous slightly opalescent solution with close to
neutral pH and acceptable osmolality (=300 mOsm).

[0286] An FP-0l.1-equivalent preparation obtained
from non-formulated fluoropeptides was demonstrated
to be difficult to reconstitute with fluoropeptides form-
ing 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 product.

Example 14: Immunogenicity of FPO1.1 1n Rats

[0287] The immune response that can be generated by the
FP-01.1 formulation was assessed 1n rats were immunised
intramuscularly on the lower left flank by stail members of

the CBS, St Mary’s Campus, Imperial College according to
GD_RDO004.

Preparation of Splenocytes

[0288] Rats were sacrificed according to home office regu-
lations and GD_RD004. Spleens were harvested (any abnor-
mal spleens were photographed) and single cell suspensions
were prepared according to GD_RDO007, with cell numbers
determined as described 1n GD_RDOOI (TruCount Method).

Splenocytes were resuspended to 1x10’/mL in complete
media and plated for IFNy ELISpot and CBA.

SEQUENCE LISTING

Sequence total quantity: 28

SEQ ID NO: 1 moltype = AA length = 35

FEATURE Location/Qualifiers

source 1..35
mol type = proteiln
organism = Influenza virus

SEQUENCE: 1
HMATIIKKYTU GROQEKNPULR MKWMMAMKYP ITADK

SEQ ID NO: 2
FEATURE

moltype = AA length = 35
Location/Qualifiers
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IFNYELISpot

[0289] Antigens for stimulation were freshly prepared at
4x concentration from stocks and plated in duplicate wells
for IFNYELISPOT. Cells were plated at 0.5x10° spleno-
cytes/well (50 uL. of cell suspension), with 50 ulL of 4x
antigen preparation (1.e. individual long peptides and
LPMIX6 for stimulation) and 100 ul. of complete media
(total volume=200 uL). ELISpot plates were incubated for
18 hours at 37° C., 5% CO, 1n a humidified environment.
[0290] Three doses of the FP-01.1 were adjusted by vol-
ume maintaining a constant FCP concentration of 500 pg/ml
per peptide. SD rats were mjected IM with 12.5, 50 or 100
ug/peptide of FP-01.1 on days O and 14 and their spleens
harvested on day 24 for IFN-y ELISPOT analysis after 18
hours icubation with individual native peptides from
FP-01.1. Both 12.5 pg/peptide and 50 ug/peptide doses were
injected at a single site 1 a volume of 25ul1 and 100ul
respectively, while the 100 ug/peptide dose was injected 1n
2x100ul volumes at two different sites.

[0291] FP-01.1 induced a positive IFN-y T cell response at
all dose levels tested 1n a dose dependent fashion (FIG. 17).

Example 15: Clinical Tnal Data for FPO1.1

[0292] 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 I
clinical trial in a total 48 healthy individuals.

[0293] FP-01.1 was well tolerated by all three cohorts,
following two intramuscular 1njections. There was no clear
evidence ol a dose-dependent relationship 1n 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.

[0294] Vaccine-induced T cell responses were assessed
using an ex vivo IFN-y ELISpot assay. PBMCs were stimu-
lated 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 cumu-
lated to obtain the “sum for long peptides™ and expressed as
a number of spots per million mput PBMCs.

[0295] FP-01.1 was demonstrated to be immunogenic. 150
ug FP-01.1 dose group shows a higher response compared
with the two other vaccine doses and the placebo group as
observed in FIG. 18. In this dose group, a booster eflect 1s
observed after the second injection supporting the concept of
booster amplification with multiple injections for peptide
vaccines.

35
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source 1..35
mol type = proteiln
organism = Influenza

SEQUENCE: 2
VAYMLERELV REKTRFLPVAG GTUUVYIEVL HLTOG

SEQ ID NO: 3 moltype = AA length
FEATURE Location/Qualifiers
source 1..35
mol type = proteiln
organism = Influenza

SEQUENCE: 3
YITRNQPEWEF ONVLSIAPIM FSNKMARLGK GYMFEE

SEQ ID NO: 4 moltype = AA length

FEATURE Location/Qualifiers
source 1. .35
mol type = proteiln
organism = Influenza

SEQUENCE: 4
APIMEFSNKMA RLGKGYMEFES KRMKLRTQIP AEMLA

SEQ ID NO: 5 moltype = AA length
FEATURE Location/Qualifiers
source 1..35
mol type = proteiln
organism = Influenza

SEQUENCE: b5
DOVRESRNPG NAEIEDLIFL ARSALILRGS VAHKS

SEQ ID NO: 6 moltype = AA length

FEATURE Location/Qualifiers
source 1..35
mol type = protein
organism = Influenza

SEQUENCE: ©
DLEALMEWLK TRPILSPLTK GILGFVFTLT VPSER

SEQ ID NO: 7 moltype = AA length
FEATURE Location/Qualifiers
gource 1..35
mol type = proteiln
organism = Influenza

SEQUENCE : 7
HMATIIKKYTS GROQEKNPALR MEKWMMAMKYP ITADK

SEQ ID NO: 8 moltype = AA length

FEATURE Location/Qualifiers
source 1..35
mol type = proteiln
organism = Influenza

SEQUENCE: 8
VAYMLERELV REKTRFLPVAG GTSSIYIEVL HLTOG

SEQ ID NO: 9 moltype = AA length
FEATURE Location/Qualifiers
source 1..35
mol type = protein
organism = Influenza

SEQUENCE: ©
VAYMLERELYV REKTRFLPVSG GTSSVYIEVL HLTOG

SEQ ID NO: 10 moltype = AA length

FEATURE Location/Qualifiers
source 1. .35
mol type = proteiln
organism = Influenza

SEQUENCE: 10
YITKNQPEWEF RNILSIAPIM FSNKMARLGK GYMFEE

SEQ ID NO: 11 moltype = AA length

FEATURE Location/Qualifiers
source 1..35
mol type = proteiln
organism = Influenza

SEQUENCE: 11

19
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APIMEFSNKMA RLGKGYMEFES KSMKLRTQIP AEMLA

SEQ ID NO: 12 moltype = AA length
FEATURE Location/Qualifiers
source 1..35
mol type = protein
organism = Influenza

SEQUENCE: 12
DOVRESRNPG NAEIEDLTFL ARSALILRGS VAHKS

SEQ ID NO: 13 moltype = AA length

FEATURE Location/Qualifiers
source 1. .33
mol type = proteiln
organism = Influenza

SEQUENCE: 13
SPGMMMGMEFN MLSTVLGVSI LNLGOQKKYTK TTY

SEQ ID NO: 14 moltype = AA length
FEATURE Location/Qualifiers
source 1..35
mol type = proteiln
organism = Influenza

SEQUENCE: 14
KKKSYINKTG TFEFTSEFEYR YGEFVANFSME LPSFEFG

SEQ ID NO: 15 moltype = AA length
FEATURE Location/Qualifiers
source 1..33
mol type = proteiln
organism = Influenza

SEQUENCE: 15
QSRMQEFSSLT VNVRGSGMRI LVRGNSPVEN YNK

SEQ ID NO: 16 moltype = AA length
FEATURE Location/Qualifiers
source 1..35
mol type = proteiln
organism = Influenza

SEQUENCE: 16
PDLYDYKENR FIEIGVTRRE VHIYYLEKAN KIKSE

SEQ ID NO: 17 moltype = AA length
FEATURE Location/Qualifiers
source 1..36
mol type = proteiln
organism = Influenza

SEQUENCE: 17
KHMAIIKKYT SGROQEKNPSL RMEKWMMAMKY PITADK

SEQ ID NO: 18 moltype = AA length

FEATURE Location/Qualifiers
source 1..36
mol type = proteiln
organism = Influenza

SEQUENCE: 18
KVAYMLEREL VRKTREFLPVA GGTSSVYIEV LHLTOQG

SEQ ID NO: 19 moltype = AA length
FEATURE Location/Qualifiers
gource 1..36
mol type = proteiln
organism = Influenza

SEQUENCE: 19
KYITRNQPEW FRNVLSIAPI MFEFSNKMARLG KGYMEE

SEQ ID NO: 20 moltype = AA length
FEATURE Location/Qualifiers
source 1..36
mol type = proteiln
organism = Influenza

SEQUENCE: 20
KAPIMESNKM ARLGKGYMFE SKRMKLRTQI PAEMLA

SEQ ID NO: 21 moltype = AA length
FEATURE Location/Qualifiers

20
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sOouUurce

SEQUENCE: 21

1..306
mol type
organism

protein
Influenza

KDOQVRESRNP GNAEIEDLIF LARSALILRG SVAHKS

SEQ ID NO: 22
FEATURE

SOUrce

SEQUENCE: 22

moltype

AZA  length

Location/Qualifiers

1..36
mol type
organism

protein
Influenza

KDLEALMEWL KTRPILSPLT KGILGFVETL TVPSER

SEQ ID NO: 23
FEATURE
SOoOurce

SEQUENCE: 23

moltype

AA length

Location/Qualifiers

1..306
mol type
organism

protein
Influenza

KAPIMFSNKM ARLGKGYMFE SKSMKLRTQI PAEMLA

SEQ ID NO: 24
FEATURE
sOource

SEQUENCE: 24

moltype

AA  length

Location/Qualifiers

1..34
mol type
organism

protein
Influenza

KSPGMMMGME NMLSTVLGVS ILNLGOKKYT KTTY

SskEQ ID NO: 25
FEATURE
source

SEQUENCE: 25

moltype

AZA  length

Location/Qualifiers

1..36
mol type
organism

protein
Influenza

KKKKSYINKT GTFEFTSEFFY RYGEFVANEFSM ELPSFEG

SEQ ID NO: 26
FEATURE
SOoOurce

SEQUENCE: 26

moltype

AA length

Location/Qualifiers

1..306
mol type
organism

protein
Influenza

KYITKNQPEW FRNILSIAPI MFEFSNKMARLG KGYMEFE

SEQ ID NO: 27
FEATURE
source

SEQUENCE: 27

moltype

AA  length

Location/Qualifiers

1..34
mol type
organism

protein
Influenza

KQSRMOQEFSSL TVNVRGSGMR ILVRGNSPVE NYNK

SEQ ID NO: 28
FEATURE
source

SEQUENCE: 28

moltype

AA  length

Location/Qualifiers

1..36
mol type
organism

protein
Influenza

KPDLYDYKEN RFIEIGVTRR EVHIYYLEKA NKIKSE

1-27. (canceled)

28. A sterile, dried mixture of fluorocarbon-linked pep-
tides, wherein the dried mixture comprises one or more
fluorocarbon-linked peptides comprising 20 to 350 amino
acid residues linked to a tfluorocarbon, at least 50% hydro-
phobic amino acid residues, an 1soe¢.
or equal to 7, and one or more T ce!
ing a contiguous sequence of 20 amino acid residues com-
prising more than 80% hydrophobic amino acid residues;

ectric point greater than
1 epitopes, not compris-

and wherein the mixture 1s in a solid form.
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36

36

34

36

36

34
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29. The dried mixture of claim 28, wherein the solid form

1s lyophilized as an amorphous cake or a powder.

30. The dried mixture of claim 28, wherein the solid form
1s dried by vacuum drying, spray-drying, ireeze drying or
fluid bed drying.

31. The dried mixture of claim 28, wherein the solid 1s
freeze dried.

32. The ¢
disposed 1n a vial, an ampoule or a syringe.

33. The drnied mixture of claim 32, further comprising a

ried mixture of claim 28, wherein the mixture 1s

pharmaceutically acceptable carrier.
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34. The dried mixture of claim 28, wherein the peptide
linked to the fluorocarbon i1s an immunogenic peptide having
a sequence derived from (1) a protein or peptide from a
pathogen or tumor cell or (11) an autologous protein.

35. The dried mixture of claim 28, wherein the one or
more T cell epitopes are from a pathogen, an autoimmune
protein, or allergen or a tumor antigen.

36. The dried mixture of claim 35, wherein the pathogen
1s a virus, bacterium, mycobacterium, parasite or fungus.

37. The dried mixture according to claim 28, wherein the
fluorocarbon comprises a chain from 3 to 20 carbon atoms,
wherein one or more fluorine moieties 1s optionally replaced
with a halogen moiety of Cl, Br, or I; a methyl group; or a
hydrogen.

38. The dried mixture according to claim 28, wherein the
fluorocarbon comprises the formula C.F,(CH,),.

39. The drnied mixture according to claim 28, wherein the
one or more fluorocarbon-linked peptides are present in
micelles.

40. A sterile, dried mixture of fluorocarbon-linked immu-
nogenic peptides, wherein the dried mixture comprises one
or more fluorocarbon-linked 1immunogenic peptides com-
prising 20 to 50 amino acid residues linked to a fluorocar-
bon, at least 50% hydrophobic amino acid residues, an
1soelectric point greater than or equal to 7, and one or more
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T cell epitopes, not comprising a contiguous sequence of 20
amino acid residues comprising more than 80% hydrophobic
amino acid residues:

wherein the immunogenic peptides are derived from

Hepatitis B virus (HBV); and,

wherein the mixture 1s 1n a solid form.

41. The dried mixture of claim 40, wherein the solid form
1s lyophilized as an amorphous cake or a powder.

42. The dried mixture of claim 40, wherein the solid form
1s dried by vacuum drying, spray-drying, freeze drying or
fluid bed drying.

43. The dried mixture of claim 40, wherein the solid 1s
freeze dried.

44. The dried mixture of claim 40, wherein the mixture 1s
disposed 1n a vial, an ampoule or a syringe.

45. The dnied mixture of claim 44, further comprising a
pharmaceutically acceptable carrier.

46. The dried mixture according to claim 40, wherein the
fluorocarbon comprises a chain from 3 to 20 carbon atoms,
wherein one or more fluorine moieties 1s optionally replaced
with a halogen moiety of Cl, Br, or I; a methyl group; or a
hydrogen.

4'7. The dried mixture according to claim 40, wherein the
fluorocarbon comprises the formula C.F,(CH,),.
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