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Annexin A1 N-terminal peptide formulations and methods

Technical field

The present invention relates to pharmaceutical formulations comprising an Annexin
A1 (AnxA1) N-terminal-peptide with improved solubility and/or stability, including liquid
formulations; freeze-dried formulations derived therefrom, as well as reconstituted
formulations or solutions. The liquid formulations have apH > 6, or 2 < pH < 3, and
comprises a therapeutically effective amount of an Annexin A1 (AnxA1) N-terminal-
peptide and a solvent selected from the group consisting of water, such as ultrapure
water; and an essentially non-ionic or low-ionic, and/or essentially isotonic, solution,
optionally comprising an isotonicity modifier, such as a carbohydrate and/or a sugar
alcohol. The disclosed formulations are particularly effective for use in the treatment of

Ischemic and inflammatory conditions.

Background

The Annexin super-family consists of 13 calcium phospholipid binding proteins with
significant biological and structural homology. Annexins are structurally divided into a
highly conserved core domain and a variable N-terminal domain. Annexin A1 (ANXA1,
37 kDa — SEQ ID NO:1) 1s an anti-inflammatory protein that inhibits extravasation of
blood-borne polymorphonuclear leukocyte (PMN) into the surrounding tissue. The
protein binds to the N-formyl peptide receptor (FPR) 2 or FPR-L1 receptor, where it
INitiates a cascade of signaling events. Following an inflammatory stimulus, migration
of blood-borne polymorphonuclear leukocyte (PMN) into the surrounding tissue takes
place. Transmigration or extravasation of PMN Is regulated by mediators such as
adhesion molecules, cytokines and proteases, which control the pro-inflammatory and
anti-inflammatory processes. The disruptive potential of the PMN i1s high and potentially
self-damaging. Thus, controlling extravasation of PMN and the inflammatory response

IS Important.

For therapeutic purposes as an anti-inflammatory agent, the full Annexin A1 protein
has numerous disadvantages relative to functional fragments or modified versions
thereof. The large size of the protein makes it more difficult to deliver by techniques
that are possible with a smaller polypeptide (e.g. transdermally or transmucosally). For
use to treat inflammation of the eyes, a smaller molecule is expected to be better able

to penetrate the corneal epithelium. Also, susceptibility to proteolytic degradation is a
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particular concern for all peptide pharmaceuticals, especially large ones and especially

If oral delivery (preferred by many patients) is contemplated.

Some Annexin A1 derivatives lacking significant regions on the N-terminal side of the
polypeptide have been shown to lack significant activity in some assays of
INflammation and mediator release, whereas the full length N-terminus N-acety!
Annexin A1 was deemed biologically active in several systems. A number of peptides
primarily derived from the unique N-terminal portion of the Annexin A1 protein have
been shown to possess anti-inflammatory properties. One of the most extensively
studied Annexin A1 peptides Is peptide Ac2-26, which mimics the 2nd to the 26th
amino acids of the 54-amino acid N-terminal region. Like the Ac 1-188 fragment (and
the native protein), it has an N-terminal acetylation to increase its stability, and possibly
its half-life. It has been show that Annexin A1 and its N-terminal peptide (Ac2-26) exert
the majority of their anti-inflammatory action through the FPR2/Lipoxin A4 (FPR2/AlX)
receptor. In vivo the Ac2-26 peptide has been shown to exert an anti-inflammatory
effect iIn models of myocardial ischaemia reperfusion (I/R), mesentery I/R, glycogen
peritonitis and IL1 airpouch, where it was reported to significantly reduce the

recruitment of neutrophils to the site of injury/inflammation.

Shorter versions of the Ac2-26 peptide, such as peptides Ac2-12 and Ac2-6, have also
been shown to elicit some degree of anti-inflammatory effects in acute models of
iINnflammation. Longer polypeptides with anti-inflammatory effects, such as polypeptides

corresponding to amino acid residues 2-48, 2-50 and 11-48, have been disclosed,
iIncluding protease-resistant VV24L variants (WO 2012/174397).

Peptide therapeutics have the potential to self-associate, leading to aggregation and/or
fibrillation. To prepare stable peptide formulations the native peptide conformation
should be maintained. Stable formulations and long-term stability are important in the
development of effective therapeutic compositions that retains bioavailability, and
which can be used In delivery devices that expose the peptide to mechanical stress

(e.g. continuous Infusion systems).

The solubility of peptides In agueous solutions iIs highly dependent on a number of
factors Iincluding choice of buffering systems, tonicity provider and the concentration

and form of the peptide (e.g. salts and other modifications).
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Given the therapeutic potential of Annexin A1 (AnxA1) N-terminal-peptides there is a
need for developing safe, effective and stable formulations that can be administered by

various routes of administration.

Summary

Annexin A1 (AnxA1) N-terminal-peptides, such as Annexin A1 2-48 VV24L (SED ID
NO:8) are shown herein to be poorly soluble with a very high fibrillation propensity in
saline at neutral pH around /7,3 and as such not suitable for pharmaceutical
administration. To overcome problems with solubility and stability the present inventors
have developed stable solutions of Annexin A1 N-terminal-peptides, which reduce the
propensity to form fibrils and particles, and preserve the peptide during optional freeze-

drying to render it stable during storage of same.

The present disclosure relates to the finding that Annexin A1 N-terminal-peptides
display a clear pH-dependent fibrillation profile, being completely insoluble at pH 6 and
below In any solvent tested (saline, ultrapure water and essentially non-ionic and
Isotonic solutions). Hence maintaining a pH above 6 or below 3; such as above 6,5 or
below 2,5; and In some embodiments maintaining an essentially non-ionic or low 1onic
strength (e.g. 1 uM to 50 mM) solution, such as by avoiding the presence of salts
INcluding saline; and optionally maintaining an essentially isotonic solution; markedly
and unexpectedly increases solubllity and stability of said Annexin A1 N-terminal-

peptides.

The pharmaceutical formulations disclosed herein with improved solubility and/or
stability comprise a therapeutically effective amount of an Annexin A1 N-terminal-
peptide and a solvent selected from the group consisting of water, such as ultrapure
water; and an essentially non-ionic or low-ionic, and/or essentially isotonic solution,
said solution optionally comprising an isotonicity modifier, such as a carbohydrate

and/or a sugar alcohol, wherein said formulations maintains a pH > 6, or 2 < pH < 3.

The pharmaceutical formulations are particularly useful in the treatment of iIschemic

and inflammatory conditions.
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It Is an aspect of the present disclosure to provide a liguid pharmaceutical formulation
of pH > ©; or 2 < pH < 3; said formulation comprising
a. atherapeutically effective amount of an Annexin A1 (AnxA1) N-terminal-
peptide selected from the group consisting of
5 AMVSEFLKQ AWFIENEEQE YVQTVKSSKG GPGSAVSPYP
TFEFNPSSDVAA LHKA (AnxA1 2-54;: SEQ ID NO:3),
and a fragment thereof, and a variant thereof, and a variant of a
fragment thereof; and
b. a solvent selected from the group consisting of
10 . water, such as ultrapure water; and
. an essentially non-ionic or low-ionic, and/or essentially isotonic,
solution,
optionally comprising an isotonicity modifier, such as a
carbohydrate and/or a sugar alcohol.

15
In one embodiment said Annexin A1 N-terminal-peptide Is selected from the group
consisting of:
AMVSEFLKQAWFIENEEQEYVQTVKSSKGGPGSAVSPYPTEFNPSSDVAA (SED ID
NO:4;: Annexin A1 2-50),

20 AMVSEFLKQAWFIENEEQEYVQTVKSSKGGPGSAVSPYPTEFNPSSDV (SED ID
NO:5; Annexin A1 2-48), and
AMVSEFLKQAWFIENEEQEYVQTVKSSKGGPGSAVSPYPTENPSS (SED ID NO:6;
Annexin A1 2-40),
and a variant of any one of SEQ |ID NOs:4-6, including variants having a V24L

25 substitution and C-terminal amidation.

It Is also an aspect of the present disclosure to provide a lyophilized pharmaceutical
formulation obtained by lyophilizing the liquid pharmaceutical formulation as disclosed
herein. Also disclosed Is a reconstituted solution of said lyophilized pharmaceutical

30 formulation. Also disclosed is the liguid pharmaceutical formulation, and a reconstituted
solution of said lyophilized pharmaceutical formulation, as disclosed herein for use as a
medicament, such as for use In the treatment of an ischemic condition and/or an

iInflammatory condition.
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Description of Drawings

Figure 1: Results from the ThT assay indicating a reverse relationship between
concentration and stability from the increase in lag-time when concentration is lower. It
IS seen that at 6.4 mg/mL, possibly 5.0 mg/ml, and above, the sample is already

degraded by the formation of fibrils at time zero.

Figure 2: Photo of 5 mg/mL AnxA1 in Milli Q® water, 0.9% NaCl (154 mM) at pH=8;
pH=6; pH=4 and; pH=2.Al solutions are opaque indicating limited solubility of AnxA1

Figure 3: Concentration (A280) as a function of pH for 3 peptide concentrations. Three
samples of AnxA1 was prepared at pH 9 in MiliQ® water, 0.9 % NaCl (154 mM) at
concentrations 3.3, 1.6 and 0.8 mg/mL. pH was adjusted by addition of 0.1 M NaOH
and the concentration determined using UV-VIS spectroscopy. It is clearly seen that

below pH 6.0 solubllity 1s very low.

Figure 4: Graphical representation of results presented in table 2 of Example 4.

Figure 5: Photograph of the visual appearance of samples containing AnxA1 at

different pH values. A clear solution was observed = 7.4 and from 2.6 — pH 2.0.

Figure 6: Photograph of visual appearance of solution in Milli Q® water with and
without mannitol from pH 2 to 10. A clear solution is observed at pH 8 and 10, both with

and without mannitol.

Figure 7: Graphical representation of the data presented in table 5 of Example 7.

Figure 8: AnxA1 purity in reconstituted solutions after up to 3 months storage of
lyophilised formulation at 40°C, with measurements conducted at 0 months (T=0), 1
month (T=1), 2 months (T=2) and 3 months (T=3).

Figure 9: Graphical representation of lag times (hours) determined using the ThT assay
for the formulations represented In table 9. No fibrillation i1s observed at pH 8.3 within
analytical method (60 hours) independent of the tonicity provider, whereas at pH 7.5

the solution fibrillates after 35 hours. When comparing to the reference solution in PBS
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and the formulation in saline (both at pH 7.4) it is also clear that using carbohydrates as

tonicity providers Is advantageous.

Figure 10: Contour plot of the experimental data from example 10. lllustrating the effect
of pH, AnxA1 concentration and concentration of glycyl-glycine on lag time in the ThT
assay (Indicated by the numbers In the white boxes and with darker colours indicating
longer lag-times). From the contour plot it iIs seen that physical stability (long lag-time)
IS dependent on 1.a. low concentration of glycyl-glycine, low concentration of AnxA1
and high pH.

Figure 11: Contour plot of the experimental data from example 10. lllustrating the effect
of pH, AnxA1 concentration and concentration of glycyl-glycine on lag time in the ThT
assay (Indicated by the numbers In the white boxes and with darker colours indicating
longer lag-times). From the contour plot it Is seen that the physical stability (long lag-

time) 1s dependent on 1.a. low concentration of glycyl-glycine, low concentration of
AnxA1 and high pH.

Definitions
The singular forms "a," "an,” and "the" include plural referents unless the context

clearly dictates otherwise.

The term "subject” or “individual” for purposes of treatment includes any subject, and
preferably I1s a subject who is In need of treatment of an ischemic and inflammatory
condition. The subject is typically an animal, more typically a mammal. Preferably, the

mammal 1S a human.

A "therapeutically effective amount” refers to an amount of an Annexin A1 N-terminal-
peptide that 1s nontoxic but sufficient in treating, preventing or ameliorating the severity

of an ischemic and inflammatory condition.

As used herein, "percent,” "percentage” or the symbol "%" means the percent of the
component indicated in the composition based on the amount of the carrier present In
the composition, on a weight/weight (w/w), weight/volume (w/v) or volume/volume (v/v)
concentration, as indicated with respect to any particular component, all based on the

amount of the carrier present in the composition. Thus, different types of carriers can
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be present In an amount of up to 100% as indicated, which does not preclude the
presence of the API, the amount of which can be indicated as a % or as a certain
number of mg present in the composition or a certain number of mg/mL present, where
the % or mg/mL Is based on the amount of the total carrier present in the composition.

Certain types of carriers can be present in combination to make up 100% of the carrier.

A "pharmaceutically acceptable carrier” as used herein is non-toxic or has certain toxic
attributes that are not dose limiting to achieve therapeutic advantages to recipients at
the dosages and concentrations required and is compatible with other ingredients of

the formulation.

The term "pharmaceutically acceptable excipient,” includes vehicles, adjuvants, or
diluents or other auxiliary substances, such as those conventional in the art, which are
readily available to the public, and which are non-toxic or have acceptable toxicities to
recipients at the dosages and concentrations employed, and is compatible with other
iIngredients of the formulation. For example, pharmaceutically acceptable auxiliary
substances include pH adjusting and buffering agents, tonicity adjusting agents,

stabilizers, anti-oxidants, preservatives, solubllizes, wetting agents and the like.

The term "pharmaceutical composition” or "pharmaceutical formulation” i1s intended to
encompass a drug product including the active ingredient(s), pharmaceutically
acceptable excipients that make up the carrier, as well as any product which results,
directly or indirectly, from combination, complexation or aggregation of any two or more
of the Ingredients. Accordingly, the pharmaceutical compositions of the present
disclosure encompass any composition made by admixing the active ingredient, active
iIngredient dispersion or composite, additional active ingredient(s), and

pharmaceutically acceptable excipients.

Detailed description
Annexin A1 N-terminal-peptides, such as Annexin A1 2-48 V24L (SED ID NO:8) are
poorly soluble in saline at neutral pH around 7,3 and as such not suitable for

pharmaceutical administration.

On the basis of that, there is a need for developing safe, effective and stable

formulations that can be administered by various routes of administration. The



10

15

20

25

30

35

WO 2022/038281 PCT/EP2021/073186

formulations according to the present disclosure are provided in the form of a liquid
pharmaceutical formulation which are stable and also suitable for freeze-drying, and as
a water-soluble freeze-dried pharmaceutical formulation, that may be able to be stored
for a satisfactorily long period of time prior to use. The water-soluble freeze-dried
pharmaceutical formulation is intended for reconstitution to obtain a reconstituted

solution prior to use.

Liquid formulation
It 1Is an aspect to provide a liquid formulation, such as a liquid pharmaceutical
formulation, of pH > 6; or 2 < pH < 3, said formulation comprising
a. an Annexin A1 (AnxA1) N-terminal-peptide, such as a therapeutically effective
amount of an Annexin A1 (AnxA1) N-terminal-peptide, selected from the group
consisting of
AMVSEFLKQ AWFIENEEQE YVQTVKSSKG GPGSAVSPYP TENPSSDVAA
LHKA (AnxA1 2-54; SEQ ID NO:3),
and a fragment thereof, and a variant thereof, and a variant of a fragment thereof;
and
b. a solvent selected from the group consisting of
. water, such as ultrapure water; and
. an essentially non-ionic or low-ionic, and/or essentially isotonic, solution,

optionally comprising an isotonicity modifier.

In one embodiment said essentially non-ionic or low-ionic, and/or essentially isotonic,
solution comprises an isotonicity modifier, such as a carbohydrate and/or a sugar

alcohol.

An ‘Isotonicity modifier’ is an agent that is added to adjust the tonicity of a solution.

In one embodiment the liguid pharmaceutical formulation according to the present

disclosure has improved physical stability.

In one embodiment the liquid pharmaceutical formulation comprising an Annexin A1 N-
terminal-peptide according to the present disclosure has improved solubility and/or

reduced insolubility.



10

15

20

25

30

35

WO 2022/038281 PCT/EP2021/073186

In one embodiment said liquid pharmaceutical formulation comprising an Annexin A1
N-terminal-peptide according to the present disclosure has reduced tendency to form

fibrils, such as does not form fibrils.

In one embodiment the liquid pharmaceutical formulation according to the present

disclosure comprises essentially no fibrils.

In one embodiment the liguid pharmaceutical formulation according to the present
disclosure has low fibrillation propensity. In one embodiment the liquid pharmaceutical
formulation according to the present disclosure has a low probability of forming fibrils.
In one embodiment the liquid pharmaceutical formulation according to the present

disclosure has a low probability of forming fibrils upon storage.

In one embodiment the liguid pharmaceutical formulation according to the present

disclosure comprises essentially no visible particles.

In one embodiment the liquid pharmaceutical formulation according to the present

disclosure comprises essentially no visible and/or subvisible particles.

In one embodiment the liguid pharmaceutical formulation according to the present

disclosure comprises essentially no visible and/or subvisible proteinaceous particles.

Subvisible particles are usually defined as being in the size range 0.1um to 100um,
often above the upper size imit for measurement by size-exclusion chromatography
but not sufficiently large to be readily detectable by eye. Such particles may be

proteinaceous (aggregates or proteins adsorbed onto other contaminants).

In one embodiment the liquid pharmaceutical formulation according to the present
disclosure comprises essentially no proteinaceous particles of = 0,1 um.

In one embodiment the liquid pharmaceutical formulation according to the present
disclosure comprises essentially no proteinaceous particles of = 1 um.

In one embodiment the liguid pharmaceutical formulation according to the present
disclosure comprises essentially no proteinaceous particles of = 10 um.

In one embodiment the liquid pharmaceutical formulation according to the present

disclosure comprises essentially no proteinaceous particles of = 100 pm.
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In one embodiment the lyophilised pharmaceutical formulation according to the present
disclosure has improved chemical stability. In one embodiment the lyophilised
pharmaceutical formulation according to the present disclosure has improved purity,

such as reduced impurity, such as improved content.

In one embodiment the liquid pharmaceutical formulation comprising an Annexin A1 N-
terminal-peptide according to the present disclosure has

a. Improved physical stability,

b. Improved solubility and/or reduced insolubility,

c. reduced tendency to form fibrils,

d. Improved chemical stability, and/or

e. Improved purity, and/or reduced impurity, and/or improved content,
as compared to a liguid pharmaceutical formulation with a pH of 3 < pH <6, such as 3
<pH<6,5 suchas 3<pH <7, suchas 3 <pH <7,4; and/or
as compared to a saline liquid pharmaceutical formulation; and/or
as compared to a solution having an ionic strength of > 50 mM; and/or

as compared to a solution without an isotonicity modifier.

A solution Is a homogeneous mixture composed of two or more substances. In such a

mixture, a solute I1s a substance (such as a peptide) dissolved in another substance,

known as a solvent.

pH Is defined as the decimal logarithm of the reciprocal of the hydrogen ion activity,
aH+, In a solution. Typically, the pH of solutions will change as temperature changes.
Hence, iIn one embodiment, reference herein to a certain pH value 1s meant to indicate
a pH value at room temperature and/or ambient temperature. Ambient temperature is a
term which refers to the actual temperature of the air (or other medium and
surroundings) In any particular place, as measured by a thermometer, or the
temperature which surrounds an object. In a particular embodiment pH Is measured at

approx. 25 degree Celsius.

Maintaining pH at the prescribed level plays an important role in the stability of the
Annexin A1 N-terminal peptides in solution. Specifically, maintaining a pH above 6; or 2

< pH < 3; I1s essential in avoiding fibrillation (decreased physical stability), and the
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iInventors have found that maintaining the pH of the pharmaceutical formulation at
around 7 to 9, such as 8 — 8,5, for example around 8,3 Is advantageous in some
embodiments. Typical peptide formulations have a more neutral pH of around 7 — 7,8,

or even an acidic pH.

pH

In one embodiment the liguid pharmaceutical formulation of the present disclosure has
apH>06; or2<pH <3; at room temperature. In one embodiment said liquid
pharmaceutical formulation has a pH > 6; or 2 < pH < 3; at ambient temperature. In one

embodiment said liquid pharmaceutical formulation has a pH > 6; or 2 < pH < 3; at
around 25°C.

In one embodiment the pH of the liquid pharmaceutical formulation is pH = 6,5.

In one embodiment the pH of the liquid pharmaceutical formulation is pH = 6,5, such as
pH = 7,0, such as pH = 7,5, such as pH = 8,0. In one embodiment the pH of the liquid

pharmaceutical formulation is pH = 7,4.

In one embodiment the pH of the liguid pharmaceutical formulation is pH = 7,4, such as
pH= 7,5 suchaspH=76, suchaspH=7,7, suchas pH= 7,8, suchas pH = 7,9, such
as pH = 8,0.

In one embodiment the pH of the liquid pharmaceutical formulation is pH < 12, such as
pH < 11,5, such as pH = 11, such as pH =< 10,5, such as pH < 10, such as pH = 9,5,
such as pH <9, such as pH < 8,5.

In one embodiment the pH of the liguid pharmaceutical formulation i1s 6 > pH < 6,5,
suchas6,5zpH=</,suchas/7zpH=<7,5 suchas /7,5=2pH =<8, suchas 8=pH <8,5,
suchas 8,5=zpH =<9 suchas9z=zpH=<9,5, suchas 9,5=2pH <10, suchas 10 = pH <
10,5, suchas 10,5z pH <11, suchas 11 =z pH =< 11,5, such as 11,5 = pH <12.

In one embodiment the pH of the liquid pharmaceutical formulationis 7,0 =2 pH < 7,5,
suchas 7,5=2pH <8, suchas8=pH=<8,5,suchas 85=pH =<9, suchas 9=pH=<9,5,
such as 9,5z pH =10, such as 10 =z pH < 10,5.
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In one embodiment the pH of the liquid pharmaceutical formulationis 7,0 =2 pH < 7,5,
suchas 7,5=zpH=<8,suchas8z=zpH<8,5 suchas 8,5=2pH =<9, suchas 9=pH <9,5.

In one embodiment the pH of the liquid pharmaceutical formulation is such as 7,5 = pH
<8,suchas8=z=zpH=<8,5, suchas 8,5=2pH =<9.

In one embodiment the pH of the liquid pharmaceutical formulation is 8 = pH < 8,5,
such as 8,5 = pH < 9. In one embodiment the pH of the liquid pharmaceutical

formulation is 8 = pH < 8,5.

In one embodiment the pH of the liquid pharmaceutical formulation i1s (approximately)
/4 suchas /75 suchas 76, suchas 7,7, suchas 7.8, suchas 7.9, such as 8,0, such
as 8,1, such as 8,2, such as 8,3, such as 8,3, such as 8,4, such as 8,5, such as 8.6,

such as 8,7, such as 8,8, such as 8,9, such as 9,0.

In one embodiment the pH of the liquid pharmaceutical formulation is 8 = pH < 8,5.

In one embodiment the pH of the liquid pharmaceutical formulation is approximately
3,3.

In one embodiment the pH of the liquid pharmaceutical formulation is 2 < pH < 3.

In one embodiment the pH of the liquid pharmaceutical formulationis 2 < pH < 2,6.

In one embodiment the pH of the liquid pharmaceutical formulation i1s pH < 3,0, such as

pH < 2,5, such as pH of approx. 2,5.

In one embodiment the pH of the liquid pharmaceutical formulation is pH = 8; or 2 < pH
<2,6.

Solubility / Concentration

In one embodiment the Annexin A1 N-terminal-peptide has an aqueous solubility at pH

>0, suchaspH=6,5 suchasat6>pH=<6,5 suchas6,5=zpH<7,suchas7zpH=

7,5, suchas/7,5=2pH=<8,suchas8=2pH=<8,5, suchas85=pH <9, suchas 9=pH =<

9,9, such as 9,52 pH < 10, of at least 1,0 mg/ml, such as of at least 1,5 mg/ml, such as
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at least 2,0 mg/ml, such as at least 2,5 mg/ml, such as at least 3,0 mg/ml, such as at
least 3,5 mg/ml, such as at least 4,0 mg/ml, such as at least 5,5 mg/ml, such as at least

5,0 mg/ml, such as at least 7,5 mg/ml, such as at least 10,0 mg/ml.

In one embodiment the Annexin A1 N-terminal-peptide has an aqueous solubility of at
least 0,1 mg/ml, such as at least 0,5 mg/ml, 1,0 mg/ml, such as at least 1,5 mg/ml,
such as at least 2,0 mg/ml, such as at least 2,5 mg/ml, such as at least 3,0 mg/ml, such
as at least 3,5 mg/ml, such as at least 4,0 mg/ml, such as at least 5,5 mg/ml, such as

at least 5,0 mg/ml, such as at least 7,5 mg/ml, such as at least 10,0 mg/ml.

In one embodiment the Annexin A1 N-terminal-peptide has an aqueous solubility of at
least 0,8 mg/ml, such as at least 1 mg/ml, such as at least 1,6, such as at least 2, such

as at least 2,5, such as at least 3, such as at least 3,3, such as at least 3,5 mg/ml.

In one embodiment the liguid pharmaceutical formulation comprises said Annexin A1
N-terminal-peptide in a concentration of 0,1 to 50 mg/ml; such as in a concentration of
0,1to 0,5 mg/ml, such as 0,5to 1, such as 110 2, such as 2 to 3, such as 3 to 4, such
as4tod5 suchasb5to6, suchaso6to /7, suchas 7to 8, suchas 8109, such as 9to 10,
such as 10 to 11, such as 11 to 12, such as 12 to 13, such as 13 to 14, such as 14 to
15, such as 1510 16, such as 16 to 17, such as 17 to 18, such as 18 to 19, such as 19
to 20 mg/ml, such as 20 to 21, such as 21 to 22, such as 22 to 23, such as 23 to 24,
such as 24 to 25, such as 25 to 26, such as 26 to 27, such as 27 to 28, such as 28 to
29, such as 29 to 30 mg/ml, such as 30 to 31, such as 31 to 32, such as 32 to 33, such
as 33 to 34, such as 34 to 35, such as 35 to 36, such as 36 to 37, such as 37 to 38,
such as 38 to 39, such as 39 to 40 mg/ml, such as 40 to 41, such as 41 to 42, such as
42 to 43, such as 43 to 44, such as 44 to 45, such as 45 to 46, such as 46 to 4/, such
as 47 10 48, such as 48 to 49, such as 49 to 50 mg/ml.

In one embodiment the liguid pharmaceutical formulation comprises said Annexin A1
N-terminal-peptide in a concentration of at least 0,1 mg/ml, such as at least 0,5 mg/ml,
such as 1,0 mg/ml, such as at least 1,5 mg/ml, such as at least 2,0 mg/ml, such as at
least 2,2 mg/ml, such as at least 2,5 mg/ml, such as at least 3,0 mg/ml, such as at least
3,9 mg/ml, such as at least 4,0 mg/ml, such as at least 4,5 mg/ml, such as at least 5,0

mg/ml.
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In one embodiment the liquid pharmaceutical formulation comprises said Annexin A1
N-terminal-peptide in a concentration of at least 0,8 mg/ml, such as at least 1 mg/ml,
such as at least 1.6, such as at least 2, such as at least 2.5, such as at least 3, such as

at least 3,3, such as at least 3,5 mg/ml.

In one embodiment the liguid pharmaceutical formulation has a pH >6 and the Annexin
A1 N-terminal-peptide has an aqueous solubility of at least 0,8 mg/ml, such as at least
1 mg/ml, such as at least 1,6, such as at least 2, such as at least 2,5, such as at least
3, such as at least 3,3, such as at least 3,5 mg/ml; and/or said formulation has a
concentration of said Annexin A1 N-terminal-peptide of at least 0,8 mg/ml, such as at
least1 mg/ml, such as at least 1,6, such as at least 2, such as at least 2,5, such as at

least 3, such as at least 3,3, such as at least 3,5 mg/mi

In one embodiment the liguid pharmaceutical formulation has a pH = 7,4, such as pH =
8,0, such as = 8,3, and the Annexin A1 N-terminal-peptide has an agueous solubility of
at least 4,0 mg/ml, such as at least 4,5 mg/ml, such as at least 5,0 mg/ml, such as at
least 6,0 mg/ml, such as at least 7,0 mg/ml, such as at least 8,0 mg/ml, such as at least
9,0 mg/ml, such as at least 10,0 mg/ml, such as at least 15,0 mg/ml; and/or said
formulation having a concentration of said Annexin A1 N-terminal-peptide of at least
4.0 mg/ml, such as at least 4,5 mg/ml, such as at least 5,0 mg/ml, such as at least 6,0
mg/ml, such as at least 7,0 mg/ml, such as at least 8,0 mg/ml, such as at least 9,0

mg/ml, such as at least 10,0 mg/ml, such as at least 15,0 mg/ml.

Solvent
The liguid pharmaceutical formulation comprises a solvent. In one embodiment said

solvent Is water, such as ultrapure water.

Ultrapure water (UPW), high-purity water or highly purified water (HPW) 1s water that
has been purified to stringent specifications, and has the highest levels of purity for all
contaminant types, including: organic and inorganic compounds; dissolved and
particulate matter; volatile and non-volatile, reactive and inert; hydrophilic and

hydrophobic; and dissolved gases.
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The liquid pharmaceutical formulation comprises a solvent, which solvent preferably is
not saline. In one embodiment the liquid pharmaceutical formulation comprises a non-

saline solvent.

In a preferred embodiment the solvent comprise little or essentially no salts.

In one embodiment said solvent is essentially non-ionic, or low-ionic. In one
embodiment said solvent has low-1onic strength. In one embodiment reference herein
to ‘essentially non-ionic’ and ‘low-ionic’ iIs meant to refer to a solvent having low ionic

strength.

The ionic strength of a solution iIs a measure of the concentration of ions In that
solution. lonic compounds, when dissolved in water, dissociate into ions. One of the
main characteristics of a solution with dissolved ions is the 1onic strength. lonic strength
can be molar (mol/L solution) or molal (mol/kg solvent). The molar ionic strength, /, of a

solution Is a function of the concentration of all ions present in that solution.

In one embodiment the solvent has an ionic strength of 1 uM to 50 mM.

In one embodiment the solvent has an ionic strength of 1 uM to 50 mM, such as 1 uM
to 5 uM, such as 5 to 10 uM, such as 10 to 25 uM, such as 25 to 50 uM, such as 50 to
75 uM, such as 75 to 100 uM, such as 100 to 200 uM, such as 200 to 300 uM, such as
300 to 400 uM, such as 400 to 500 uM, such as 500 to 750 uM, such as 750 to 1000
uM (1 mM), such as 1 mM to 2 mM, such as 2 to 3 mM, such as 3 to 4 mM, such as 4
to 5 mM, such as 5to 10 mM, such as 10 to 20 mM, such as 20 to 30 mM, such as 30
to 40 mM, such as 40 to 50 mM.

In one embodiment said solvent is an essentially isotonic solution. In one
embodiment said solution has a tonicity of 100% +/- 100%. In one embodiment said

solvent is a solution having a tonicity of 100% +/- 100%.

|sotonicity means having equal tension; denoting solutions possessing the same
osmotic pressure or tonicity; more specifically, limited to solutions in which eukaryotic

cells neither swell nor shrink (no net flow of water across the semipermeable cell
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membrane). Thus, a solution that is isosmotic with intracellular fluid will not be i1sotonic

If It Includes solute, such as urea, that freely permeates cell membranes.

An Isotonic solution can be defined as having a tonicity of 100%, or approx. 300

5 mOsm.

In one embodiment said solution has a tonicity of approx. 100%, such as a tonicity of

100% +/- 100%, such as a tonicity of 0,1 % to 200 %; such as 80-85%, such as 85-

90%, such as 90-95%, such as 95-100%, such as 100-105%, such as 105-110%, such
10 as 110-115%, such as 115-120% tonicity.

In one embodiment said solution has a tonicity of 100% +/- 20%, such as a tonicity of

80% to 120%: such as 80-85%, such as 85-90%, such as 90-95%, such as 95-100%,

such as 100-105%, such as 105-110%, such as 110-115%, such as 115-120% tonicity.
15

A tonicity of 100% +/- 20% Is acceptable for regulatory purposes, while a tonicity of

100% +/- 100% Is acceptable with justification.

In one embodiment said solution is 0-20% hypertonic, such as 0-5%, such as 5-10%,
20 such as 10-15%, such as 15-20% hypertonic.

In one embodiment said solution is 0-20% hypotonic, such as 0-5%, such as 5-10%,

such as 10-15%, such as 15-20% hypotonic.

25 In one embodiment said solvent comprises an isotonicity modifier. In one
embodiment said solvent is a essentially i1sotonic solution comprising an isotonicity

modifier.

In one embodiment said isotonicity modifier is selected from the group consisting of

30 carbohydrates and sugar alcohols.

Sugar alcohols and carbohydrates share the same feature in their backbones, 1. e. ;-
CHOH-CHOH-. The sugar alcohols include such compounds as sorbitol, mannitol,
glycerol, and polyethylene glycols (PEGs). These compounds are straight-chain

35 molecules. The carbohydrates, such as sucrose, mannose, ribose, trehalose, maltose,

glycerol, inositol, glucose and lactose, on the other hand, are cyclic molecules that may
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contain a keto or aldehyde group. These two classes of compounds are effective In
stabilizing protein against denaturation caused by elevated temperature and by freeze-

thaw or freeze-drying processes.

In one embodiment said isotonicity modifier Is selected from the group consisting of a
carbohydrate, a sugar alcohol, and a combination of a carbohydrate and a sugar

alcohol.

In one embodiment said solvent comprises a carbohydrate isotonicity modifier.

In one embodiment said solvent comprises a sugar alcohol isotonicity modifier.

In one embodiment said solvent comprises a carbohydrate and a sugar alcohol

Isotonicity modifier.

In one embodiment said sugar alcohol i1s not a liquid sugar alcohol, as these are not as
useful for lyophilisation. In one embodiment said sugar alcohol is a solid sugar alcohol,

such as a sugar alcohol which is solid at the conditions required for lyophilisation.

In one embodiment said isotonicity modifier i1s selected from the group consisting of
pentose monosaccharides, hexose monosaccharides, disaccharides and

trisaccharides.

In one embodiment said solution comprises one or more pentose monosaccharides
(MW 150,13).

In one embodiment said solution comprises one or more pentose monosaccharides

having a total weight percentage (w/v) of approx. 4.5% (isotonic).

In one embodiment said solution comprises one or more pentose monosaccharides
having a total weight percentage (w/v) of 0,1 to 9%, such as 0,110 0,5, such as 0,5 to
1,0, suchas 1,5t02.,0, suchas 1,5, to 2,0, such as 2,0to 2,5, such as 2,5 to 3,0, such
as 3,0to 3,5, suchas 3,5t04,0, suchas40to45 suchas45to 5,0, suchas 50to
55 suchas 551t06,0, suchas6,0t06,5, suchas 7,0to 7,5, such as 7,5 to 8,0, such
as 8,0 to 8,5, such as 8,5 to0 9,0% (w/v).
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In one embodiment said solution comprises one or more pentose monosaccharides
having a total weight percentage (w/v) of 3,6 t0 5,4%; such as 3,6 to 3,8, such as 3,8 to
40 suchas40tod42 suchas42to4.4 suchas44to4,06, such as 4,6 to 4,8, such
as 4,8 to 5,0, such as 5,0 t0 5,2% (w/v).

In one embodiment said solution comprises one or more hexose monosaccharides
(MW 182,17).

In one embodiment said solution comprises one or more hexose monosaccharides

having a total weight percentage (w/v) of approx. 5.5% (isotonic).

In one embodiment said solution comprises one or more hexose monosaccharides
having a total weight percentage (w/v) of 0,1 to 10,9%, such as 0,1 to 0,5, such as 0,5
to 1,0, suchas 1,510 2.0, suchas 1.5, to 2,0, suchas 2,0to 2,5, such as 2,5 to 3,0,
such as 3,0to 3,5, such as 3,.5t04.0, suchas 4,0to 4.5, such as 4,5 to 50, such as
501055 suchas 55t06,0, suchas 6,0t0 6,5, suchas 7,0to 7,5, such as 7.5 to 8,0,
such as 8,010 8,5, such as 85 to 9,0, such as 9.0to 9,5, such as 95 to 10,0, such as
10,0 to 10,5, such as 10,5 to0 10,9 % (w/v).

In one embodiment said solution comprises one or more hexose monosaccharides
having a total weight percentage (w/v) of 4,4 to 6,6%, such as such as 4,4 to 4,6, such
as46to48 suchas4.8t050, suchas 501052, suchas 521to054 such as 54 to
56, suchas 56 to 58, such as 5,810 6,0, such as 6,0 to 6,2, such as 6,2 to 6.4, such
as 6,4 10 6,6% (w/v).

In one embodiment said solution comprises one or more disaccharides (342,3).

In one embodiment said solution comprises one or more disaccharides having a total

weight percentage (w/v) of approx. 10,3% (isotonic).

In one embodiment said solution comprises one or more disaccharides having a total
welight percentage (w/v) of 0,1 to 20,5%, such as 0,1 to 1, such as 1-2, such as 2-3,
such as 3-4, such as 4-5, such as 5-6, such as 6-7, such as /-8, such as 8-9, such as
9-10, such as 10-11, such as 11-12, such as 12-13, such as 13-14, such as 14-15,



10

15

20

25

30

35

WO 2022/038281 PCT/EP2021/073186

19

such as 15-16, such as 16-1/, such as 1/-18, such as 18-19, such as 19-20, such as
20-20,5% (w/v).

In one embodiment said solution comprises one or more disaccharides having a total
welight percentage (w/v) of 8,2 to 12,3%, such as 8,2 to 8,5, such as 8,5t0 9, such as 9
to 9.5, such as 9.5 to 10, such as 10 to 10,5, such as 10,5 to 11, such as 11 to 11,5,
such as 11,5to 12, such as 12 to 12,3% (w/v).

In one embodiment said solution comprises one or more trisaccharides (MW 504,42).

In one embodiment said solution comprises one or more trisaccharides having a total

weight percentage (w/v) of approx. 15,1% (isotonic).

In one embodiment said solution comprises one or more trisaccharides having a total
weight percentage (w/v) of 0,1 to 30,3%, such as such as 0,1 to 1, such as 1-2, such
as 2-3, such as 3-4, such as 4-5, such as 5-6, such as 6-7, such as 7-8, such as 8-9,
such as 9-10, such as 10-11, such as 11-12, such as 12-13, such as 13-14, such as
14-15, such as 15-16, such as 16-1/, such as 1/7-18, such as 18-19, such as 19-20,
such as 20-21, such as 21-22, such as 22-23, such as 23-24, such as 24-25, such as
25-26, such as 26-27, such as 27-28, such as 28-29, such as 29-30, such as 30-30,3%
(W/V).

In one embodiment said solution comprises one or more trisaccharides having a total
weight percentage (w/v) of 12,1 to 18,2%, such as 12,1 to 12,5, such as 12,5 to 13,
such as 13 to 13,5, such as 13,5 to 14, such as 14 to 14,5, such as 14,5-15, such as
15 to 15,5, such as 15,5 to 16, such as 16 to 16,5, such as 16,.5to 17/, such as 17.5 to
18, such as 18 to 18,2% (w/v).

In one embodiment said carbohydrate isotonicity modifier i1s selected from the group
consisting of: sucrose, trehalose, mannose, ribose, maltose, glucose, lactose,

galactose and arabinose.

In one embodiment said sugar alcohol isotonicity modifier is selected from the group
consisting of: mannitol, sorbitol, inositol, glycerol, xylitol, propylene glycol, polyethylene

glycols (PEGs) and polypropylene/ethylene glycol copolymer.
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In a particular embodiment said solution comprises sucrose or trehalose.

In a particular embodiment said solution comprises sucrose. Sucrose i1s shown herein
to be efficient in providing chemical stability.

In one embodiment the solution comprises approx. 10% (w/v) sucrose.

In one embodiment the solution comprises 8-12% (w/v) sucrose, such as 8-9, such as
9-10, such as 10-11, such as 11-12% (w/v) sucrose.

In one embodiment the solution comprises approx. 1% (w/v) sucrose.

In one embodiment the solution comprises 1-5% (w/v) sucrose, such as 1-2, such as 2-

3, such as 3-4, such as 4-5 (w/v) sucrose.

In one embodiment the solution comprises 0-20% (w/v) sucrose, such as 0,1-1, 1-2, 2-
3, 3-4, 4-5, 5-6, 6-7, /-8, 8-9, 8-9, 9-10, 10-11, 11-12, 12-13, 13-14, 14-15, 15-16, 16-
17, 17-18, 18-19, 19-20% (w/v) sucrose.

In a particular embodiment said solution comprises mannitol.

In one embodiment the solvent comprises approx. 5% (w/v) mannitol.

In one embodiment the solution comprises 4-6% (w/v) mannitol, such as 4 to 6% (w/v)
mannitol, such as 4 t0 4,5, suchas 4.5to 5, such as 5to 5,5, such as 5,5 to 6%
mannitol.

In one embodiment the solvent comprises approx. 4% (w/v) mannitol.

In one embodiment the solution comprises 3-5% (w/v) mannitol, such as 3 to 5% (w/v)
mannitol, such as 3 t0 3,5, such as 3,.5to 4, such as 4 to 4,5, such as 4,5 to 4%

mannitol.

In one embodiment the solution comprises 0-10% (w/v) mannitol, such as 0,1-1, such
as 1-2, such as 2-3, such as 3-4, such as 4-5, such as 5-6, such as 6-7, such as /-8,
such as 8-9, such as 9-10% (w/v) mannitol.

In one embodiment said solution comprises mannitol, and sucrose or trehalose.

In one embodiment said solution comprises mannitol and sucrose.
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In one embodiment the solution comprises 0-20% (w/v) sucrose, such as 0,1-1, 1-2, 2-
3, 34, 4-5, 5-6, 6-7, 7-8, 8-9, 8-9, 9-10, 10-11, 11-12, 12-13, 13-14, 14-15, 15-16, 16-
17, 17-18, 18-19, 19-20% (w/v) sucrose, and comprises 0-10% (w/v) mannitol, such as
0,1-1, such as 1-2, such as 2-3, such as 3-4, such as 4-5, such as 5-6, such as 6-/,

such as /-8, such as 8-9, such as 9-10% (w/v) mannitol.

In one embodiment said solution comprises approx. 4% (w/v) mannitol and approx.

2.9% sucrose.

In one embodiment said solution comprises 3 to 5% (w/v) mannitol and 2 to 3% (w/v)

SUCIrose.

In one embodiment said solution comprises approx. 4% (w/v) mannitol and approx. 1%

SUCrose.

In one embodiment said solution comprises 3 to 5 % (w/v) mannitol and 0,5 to 2%

SUCIrose.

In one embodiment said solution comprises 0 to 8 % (w/v) mannitol and 0 to 5% (w/v)
sucrose. In one embodiment said solution comprises 0 to 8 % (w/v) mannitol, such as O
to 1, suchas 1to 2, such as 210 3, such as 3to 4, such as 4 to 5, such as 5 to 6, such
as 6 to 7, such as 7 to 8% (w/v) mannitol; and 0 to 5% (w/v) sucrose, such as 0 to 1,

such as 110 2, such as 2 to 3, such as 3 to 4, such as 4 to 5 (w/v) sucrose.

In a particular embodiment said isotonicity modifier preserves the peptide against
chemical degradation during lyophilisation. It is observed that carbohydrates are well-
suited for this purpose. In one embodiment the liquid pharmaceutical formulation
comprises one or more carbohydrates, such as one or more carbohydrates that

Improve chemical stability, such as that preserve the peptide during lyophilisation.

In one embodiment the liguid pharmaceutical formulation comprises one or more
carbohydrates selected from the group consisting of sucrose and trehalose. In one

embodiment the liquid pharmaceutical formulation comprises sucrose.
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Also disclosed is a liguid pharmaceutical formulation of pH > 6, or 2 < pH < 3, said
formulation comprising
a. atherapeutically effective amount of an Annexin A1 (AnxA1) N-terminal-
peptide selected from the group consisting of
AMVSEFLKQ AWFIENEEQE YVQTVKSSKG GPGSAVSPYP
TFEFNPSSDVAA LHKA (AnxA1 2-54;: SEQ ID NO:3),
and a fragment thereof, and a variant thereof, and a variant of a
fragment thereof; and
b. a solvent selected from the group consisting of
. water, such as ultrapure water; and
. an essentially non-ionic or low-ionic, and/or essentially isotonic, solution
optinally comprising an isotonicity modifier, such as a carbohydrate
and/or a sugar alcohol;

and a buffer.

In one embodiment the liguid pharmaceutical formulation comprises one or more

buffers, such as a buffer.

The choice of buffer can also affect stability of peptide formulations in part because the
choice of buffer affects the pH. The buffers used in the present disclosure preferably
provides a buffering capacity above 6, for example above 7, such as above 8. There
are few pharmaceutically acceptable buffers in the alkaline range, and phosphate

pbuffers typically used in peptide formulations cannot maintain a pH above 8.

In one embodiment said buffer aids in stabilizing the pH of the liquid formulation. pH is

iImportant for the physical stability of the AnxA1 N-terminal-peptide.

In one embodiment the liquid pharmaceutical formulation comprises one or more
buffers selected from the group consisting of Acetate buffer, TRIS, Amine-containing
buffers, Amino-acid based buffers such as lysine, hydroxy-lysine histidine and glycyl-

glycine, non-phosphate buffers, bicarbonate buffers, Polysorbate-80 (e.g. Tween 80),
HEPES and borate.

In one embodiment the liguid pharmaceutical formulation comprises glycyl-glycine.

In one embodiment the liguid pharmaceutical formulation comprises TweenZ20.
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In one embodiment the liquid pharmaceutical formulation comprises glycyl-glycine and
Tween20. In one embodiment the liguid pharmaceutical formulation comprises 1 to 20
mM glycyl-glycine and 0,001 to 0,1% Tween20. In one embodiment the liquid
pharmaceutical formulation comprises 10mM glycyl-glycine and 0,01% Tween20.

In one embodiment the liquid pharmaceutical formulation comprises histidine.

In one embodiment the liguid pharmaceutical formulation further comprises a
preservative. In one embodiment said preservative 1s selected from the group
consisting of m-cresol, benzyl alcohol, methyl, ethyl, propyl parabens, butyl parabens,

methyl parabens, and phenol.

Preparing liguid formulation
It Is also an aspect of the present disclosure to provide a process of preparing a liquid
pharmaceutical formulation as defined herein above, said process comprising the steps
of
a. mixing an Annexin A1 N-terminal-peptide, as defined herein above, with
a solvent selected from the group consisting of
. water, such as ultrapure water; and
. an essentially non-ionic or low-ionic, and/or essentially isotonic,
solution, optionally comprising an isotonicity modifier, such as a
carbohydrate and/or a sugar alcohol,
b. optionally filtering the mixture of step a., and
c. adjusting the pH of said liquid pharmaceutical formulation to pH < 6; or 2

< pH < 3.

In one embodiment the pH of said liquid pharmaceutical formulation is adjusted to 6 >
pH<6,5 suchas6,52pH=<7,suchas/7=zpH=<7,5 suchas /7,5=2pH <8, suchas 8=
pH <8,5, suchas85=2pH =<9, suchas 9= pH =<9,5, such as 9,5= pH <10, such as
102 pH =£10,5, such as 10,5=zpH <11, suchas 11z pH =< 11,5, such as 11,52 pH <
12.

In one embodiment the pH of said liquid pharmaceutical formulation i1s adjusted to =
7,4. In one embodiment the pH of said liquid pharmaceutical formulation is adjusted to

= (,5, such as = 8, such as = 8,5, such as = 9.
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In one embodiment the pH of said liguid pharmaceutical formulation is adjusted to 2 <

pH < 3, such as pH = 3,0, such as pH = 2,5, such as approx. pH of 2,5.

In one embodiment the process comprises mixing of saild Annexin A1 N-terminal-
peptide at a concentration of at least 0,1 mg/ml, such as at least 0,5 mg/ml, such as at
least 1,0 mg/ml, such as at least 1,5 mg/ml, such as at least 2,0 mg/ml, such as at least
2,5 mg/ml, such as at least 3,0 mg/ml, such as at least 3,5 mg/ml, such as at least 4,0
mg/ml, such as at least 5,5 mg/ml, such as at least 5,0 mg/ml, such as at least 7,5

mg/ml, such as at least 10,0 mg/ml.

In one embodiment the process comprises mixing of saild Annexin A1 N-terminal-
peptide at a concentration of 0,1 to 50 mg/ml; such as in a concentration of 0,1 to 0,5
mg/ml, such as 0,5 to 1 mg/ml, such as 1 to 2 mg/ml, such as 2 to 3, such as 3 to 4,
suchas4to5, suchas5to6,suchas6to/, suchas 7to8, suchas 8109, suchas 9
to 10, such as 10to 11, such as 11 to 12, such as 12 to 13, such as 13 to 14, such as
14 to 15, such as 15 to 16, such as 16to 1/, such as 17 to 18, such as 18 to 19, such
as 19 to 20 mg/ml, such as 20 to 21, such as 21 to 22, such as 22 to 23, such as 23 to
24, such as 24 to 25, such as 25 to 26, such as 26 to 27, such as 27 to 28, such as 28
to 29, such as 29 to 30 mg/ml, such as 30 to 31, such as 31 to 32, such as 32 to 33,
such as 33 to 34, such as 34 to 35, such as 35 to 36, such as 36 to 37, such as 37 to
38, such as 38 to 39, such as 39 to 40 mg/ml, such as 40 to 41, such as 41 to 42, such
as 42 to 43, such as 43 to 44, such as 44 to 45, such as 45 to 46, such as 46 to 47/,
such as 47 to 48, such as 48 to 49, such as 49 to 50 mg/ml.

Lyophilized formulation

In one embodiment the liquid pharmaceutical formulation according to the present
disclosure is lyophilised, or freeze-dried. Lyophilization is a water removal process
typically used to preserve materials, to extend shelf life and/or make the material more
convenient for transport. Lyophilization works by rapid freezing and dehydration of the

frozen product under high vacuum (low pressure).

In one embodiment the liquid pharmaceutical formulation according to the present

disclosure iIs lyophilised.
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In one embodiment there Is provided a stable, such as shelf-stable, lyophilized

pharmaceutical formulation, as disclosed herein.

In one embodiment the peptide Is protected against chemical degradation during
lyophilisation, to obtain a stable, such as a shelf-stable, lyophilized pharmaceutical

formulation

It 1Is an aspect of the present disclosure to provide a process of preparing a lyophilized
pharmaceutical formulation, saild method comprising the steps of
a. providing a liguid pharmaceutical formulation of pH > 6; or 2 < pH < 3,
said formulation comprising a therapeutically effective amount of an
Annexin A1 N-terminal-peptide selected from the group consisting of
AMVSEFLKQ AWFIENEEQE YVQTVKSSKG GPGSAVSPYP
TENPSSDVAA LHKA (AnxA1 2-54; SEQ ID NO:3),
and a fragment thereof, and a variant thereof, and a variant of a
fragment thereof; and a solvent selected from the group consisting of
. water, such as ultrapure water; and
. an essentially non-ionic or low-ionic, and/or essentially isotonic,
solution, optionally comprising an isotonicity modifier, such as
a carbohydrate and/or a sugar alcohol;
and optionally a buffer, and

b. lyophilizing said liguid pharmaceutical formulation of step a.

In one embodiment there Is provided a process of preparing a lyophilized
pharmaceutical formulation, saild method comprising the steps of
a. freezing a liquid pharmaceutical formulation as defined herein above,
b. primary drying (sublimation phase), comprising lowering pressure and
heating, and

C. secondary drying (desorption phase)

It Is also an aspect of the present disclosure to provide a lyophilized pharmaceutical
formulation obtained by the process of providing a liquid pharmaceutical formulation
according to the present disclosure, and lyophilizing said liquid pharmaceutical

formulation.
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In one embodiment there Is provided a lyophilized pharmaceutical formulation, said
lyophilized pharmaceutical formulation being obtained by the process of
a. providing a liquid pharmaceutical formulation of pH > 6; or 2 < pH < 3,
said formulation comprising a therapeutically effective amount of an
Annexin A1 N-terminal-peptide selected from the group consisting of
AMVSEFLKQ AWFIENEEQE YVQTVKSSKG GPGSAVSPYP
TEFNPSSDVAA LHKA (AnxA1 2-54;: SEQ ID NO:3),
and a fragment thereof, and a variant thereof, and a variant of a fragment
thereof; and a solvent selected from the group consisting of
. water, such as ultrapure water; and
. an essentially non-ionic or low-ionic, and/or essentially isotonic,
solution, optionally comprising an isotonicity modifier, such as a
carbohydrate and/or a sugar alcohol; and optionally a buffer, and

b. lyophilizing said liquid pharmaceutical formulation of step a.

In one embodiment said lyophilized pharmaceutical formulation is stable, such as a

shelf-stable, during storage.

Reconstituted liquid formulation / solution
It I1s a further aspect of the present disclosure to provide a method of making a
reconstituted solution comprising an Annexin A1 N-terminal-peptide, said method
comprising
a. providing a lyophilized pharmaceutical formulation according to the
present disclosure, and

b. dissolving said lyophilized pharmaceutical formulation in a solvent.

In one embodiment the resulting solution has apH > 6; or 2 < pH < 3. In one

embodiment said solution has apH of 6 > pH <6,5, suchas6,5=2pH <7, suchas 7 =
pH=<75 suchas/7,52pH =8, suchas8=pH=<8,5,suchas852pH =<9, suchas 9=
pH <95, suchas 9,5=pH <10, suchas 10=pH =< 10,5, such as 10,5 = pH =< 11, such
as 11 zpH=11,5, such as 11,5 =z pH =< 12. In one embodiment said solution has a pH

of 2 <pH < 3, such as pH < 3,0, such as pH < 2,5, such as pH of approx. 2,5.

In one embodiment said solvent is selected from the group consisting of

a. water, such as ultrapure water; and
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b. an essentially non-ionic or low-ionic, and/or essentially isotonic, solution
optionally comprising an isotonicity modifier, such as a carbohydrate

and/or a sugar alcohol.

In a particular embodiment said solvent is water, such as ultrapure water.

In one embodiment the solvent has a pH > 6; or 2 < pH < 3. In one embodiment said
solventhasapHof6>pH<6,5 suchas6,5=zpH<7,suchas/7z=zpH=<7,5, such as
/,5o2pH =<8, suchas8=zpH=<8,5 suchas8,5=pH =<9, suchas 9= pH =<9,5, such as
9,92 pH =10, suchas 10=pH =10,5, such as 10,5z pH =11, suchas 11 =z pH <
11,5, such as 11,5 2 pH = 12. In one embodiment said solvent has a pH of 2 < pH < 3,

such as pH = 3,0, such as pH = 2,5, such as pH of approx. 2,5.

Also disclosed Is a reconstituted solution obtained by the method of making a

reconstituted solution comprising an Annexin A1 N-terminal-peptide disclosed herein.

Annexin A1 N-terminal peptide

On the cell surface the Annexin A1 (AnxA1) protein is exposed to extracellular fluids
and In the presence of calcium undergoes structural re-organization, consequent to
iInteraction with phospholipids via the core region of the protein (~280 amino acid long),
which leads to the exposure of the N-terminal region (~50 amino acid long). This
conformational change is thought to lead to the interaction of the AnxA1 N-terminus

with specific receptors. The N-terminus of AnxA1 comprises amino acids 1-54 (SEQ |D
NO:2).

In addition to representing the pharmacophore of the protein affording interaction with
counter-ligands, the N-terminus is also a highly regulated region. It can undergo
phosphorylation on specific Tyrosine or Serine sites, a pre-requisite for secretion in
certain cell types, or can be cleaved by serine proteases. A number of proteases have
been shown to cleave at specific sites within the AnxA1 N-terminal region and it Is

plausible that this process is not an in vitro artifact but of biological significance.

Both human recombinant AnxA1 and the N-terminal peptide Ac2-26 exert anti-

INnflammatory and pro-resolving effects in a variety of experimental models.
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A number of peptides primarily derived from the uniqgue N-terminal portion of the

Annexin A1 protein have been shown to possess anti-inflammatory properties.

An Annexin A1 N-terminal-peptide as defined herein Is a peptide comprising or
consisting of the amino acid sequence AMVSEFLKQ AWFIENEEQE YVQTVKSSKG
GPGSAVSPYP TENPSSDVAA LHKA (AnxA1 2-54; SEQ ID NO:3), including any
shorter fragments thereof, any variants thereof, as well as any variant of said shorter

fragment thereof.

The present disclosure provides a liquid pharmaceutical formulation comprising a
therapeutically effective amount of an Annexin A1 N-terminal-peptide selected from the
group consisting of

AMVSEFLKQ AWFIENEEQE YVQTVKSSKG GPGSAVSPYP TENPSSDVAA LHKA
(AnxA1 2-54; SEQ ID NO:3),

and a fragment thereof, and a variant thereof, and a variant of a fragment thereof; and

a solvent.

In one embodiment said Annexin A1 N-terminal-peptide Is selected from the group
consisting of

AMVSEFLKQ AWFIENEEQE YVQTVKSSKG GPGSAVSPYP TENPSSDVAA LHKA
(AnxA1 2-54; SEQ ID NO:3),

and a fragment of SEQ ID NO:3, wherein said fragment comprises 5 to 52 consecutive
amino acids of SEQ ID NO:3, such as 5-10, such as 10-15, such as 15-20, such as 20-
25, such as 25-30, such as 30-35, such as 35-40, such as 40-45, such as 45-50, such
as 50-53 consecutive amino acids of SEQ ID NO:3,

and a variant of SEQ ID NO:3, wherein said variant comprises 1 to 6 individual amino
acid substitutions, such as 1 amino acid substitution, such as 2 amino acid
substitutions, such as 3 amino acid substitutions, such as 4 amino acid substitutions,

such as 5 amino acid substitutions, such as 6 individual amino acid substitutions.

In one embodiment said fragment of SEQ ID NO:3 comprises or consists of 5 or more
consecutive amino acids of SEQ ID NO:3, such as comprises or consists of 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, or 52

consecutive amino acids of SEQ ID NO:3.
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In one embodiment said Annexin A1 N-terminal-peptide is selected from the group

consisting of:

AMVSEFLKQAWFIENEEQEYVQTVK (SED ID NO:10; Annexin A1 2-26),

and a variant of SEQ |ID NO:10, wherein said variant comprises 1 to 6 individual amino
acid substitutions, such as 1 amino acid substitution, such as 2 amino acid
substitutions, such as 3 amino acid substitutions, such as 4 amino acid substitutions,

such as 5 amino acid substitutions, such as 6 individual amino acid substitutions.

In one embodiment said Annexin A1 N-terminal-peptide Is selected from the group

consisting of:
AMVSEFLKQAWFIENEEQEYVQTVKSSKGGPGSAVSPYPTENPSSDVAA (SED ID

NO:4;: Annexin A1 2-50),
AMVSEFLKQAWFIENEEQEYVQTVKSSKGGPGSAVSPYPTENPSSDYV (SED ID

NO:5; Annexin A1 2-48), and
AMVSEFLKQAWFIENEEQEYVQTVKSSKGGPGSAVSPYPTENPSS (SED ID NO:6;

Annexin A1 2-406),

and a variant of any one of SEQ ID NOs:4-6, wherein said variant comprises 1 t0 6
Individual amino acid substitutions, such as 1 amino acid substitution, such as 2 amino
acid substitutions, such as 3 amino acid substitutions, such as 4 amino acid

substitutions, such as 5 amino acid substitutions, such as 6 individual amino acid

substitutions.

In one embodiment said variant comprises 1 to 6 individual amino acid substitutions,
such as 1 to 2 amino acid substitutions, such as 2 to 3 amino acid substitutions, such

as 3 to 4 amino acid substitutions, such as 4 to 5 amino acid substitutions, such as 5 to

6 Individual amino acid substitutions.

INn one embodiment said one or more amino acid substitutions are conservative amino

acid substitutions. In one embodiment said one or more amino acid substitutions are

non-conservative amino acid substitutions.

A variant of a peptide as defined herewith can in principle have one or more

substitutions at one or more positions. Individual amino acid residues in the disclosed
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sequences can be substituted with any given proteinogenic or non-proteinogenic amino

acid.

The genetic code specifies 20 standard amino acids naturally incorporated into
polypeptides (proteinogenic): Ala, Arg, Asn, Asp, Cys, GIn, Glu, Gly, His, lle, Leu, Lys,
Met, Phe, Pro, Ser, Tyr, Thr, Trp, Val, and 2 which are incorporated into proteins by
unique synthetic mechanisms: Sec (selenocysteine, or U) and Pyl (pyrrolysine, O).

These are all L-stereoisomers.

Aside from the 22 standard or natural amino acids, there are many other non-naturally
occurring amino acids (non-proteinogenic or non-standard). They are either not found
IN proteins, or are not produced directly and in isolation by standard cellular machinery.
Non-standard amino acids are usually formed through modifications to standard amino
acids, such as post-translational modifications. Examples of unnatural amino acid
residues are Abu, Aib, Nle (Norleucine), DOrn (D-ornithine, deguanylated arginine), Nal
(beta-2-naphthyl-alanine), D-Nal (beta-2-naphthyl-D-alanine), DArg, DTrp, DPhe and
DVal.

Any amino acids according to the present disclosure may be In the L- or D-

configuration. If nothing Is specified, reference to the L-isomeric form Is preferably

meant.

The term polypeptide also embraces post-translational modifications introduced by
chemical or enzyme-catalyzed reactions, as are known in the art. Such post-
translational modifications can be introduced prior to partitioning, If desired. Also,
functional equivalents may comprise chemical modifications such as ubiquitination,
labeling (e.g., with radionuclides, various enzymes, etc.), pegylation (derivatization with
polyethylene glycol), or by insertion (or substitution by chemical synthesis) of amino

acids, which do not normally occur in human proteins (e.g. ornithine).

Polypeptides as defined herein with N-terminal alkylations and C-terminal
esterifications are also encompassed within the present disclosure. Functional
equivalents also comprise glycosylated and covalent or aggregative conjugates formed
with the same molecules, including dimers or unrelated chemical moieties. Such

functional equivalents are prepared by linkage of functionalities to groups which are
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found in a fragment including at any one or both of the N- and C-termini, by means

known In the art.

In one embodiment said Annexin A1 N-terminal-peptide comprises at least 1 amino
acid substitution, wherein the valine (V) at position 24 of any one of SEQ ID NOs:3-6

and 10 1s substituted with any other standard or non-standard amino acid.

In one embodiment said Annexin A1 N-terminal-peptide comprises at least 1 amino
acid substitution, wherein the valine (V) at position 24 of any one of SEQ ID NOs:3-6
and 10 1s substituted with an amino acid residue independently selected from the group
consisting of glycine, alanine, serine, threonine, cysteine, leucine, isoleucine,
methionine, proline, phenylalanine, tyrosine, tryptophan, aspartic acid, glutamic acid,

asparagine, glutamine, histidine, lysine and arginine.

In one embodiment said Annexin A1 N-terminal-peptide comprises at least 1 amino
acid substitution, wherein the valine (V) at position 24 of any one of SEQ ID NOs:3-6
and 10 i1s substituted with leucine (L) (Val24Leu or V24L). In some embodiments the

Val24Leu mutation increases protease stability.

In one embodiment said Annexin A1 N-terminal-peptide Is selected from the group
consisting of:

AMVSEFLKQAWFIENEEQEYVQTLK (SED ID NO:11; Annexin A1 2-26 V24L),

and a variant of SEQ ID NO:11, wherein said variant comprises 1 to 6 individual amino
acid substitutions, such as 1 amino acid substitution, such as 2 amino acid
substitutions, such as 3 amino acid substitutions, such as 4 amino acid substitutions,
such as 5 amino acid substitutions, such as 6 individual amino acid substitutions, such

as wherein said variant comprises V24L.

In one embodiment said Annexin A1 N-terminal-peptide Is selected from the group

consisting of:
AMVSEFLKQAWFIENEEQEYVQTLKSSKGGPGSAVSPYPTFNPSSDVAA (SED ID

NO:7; Annexin A1 2-50 V24L),
AMVSEFLKQAWFIENEEQEYVQTLKSSKGGPGSAVSPYPTENPSSDYV (SED ID NO:8;

Annexin A1 2-48 V24L), and
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AMVSEFLKQAWFIENEEQEYVQTLKSSKGGPGSAVSPYPTENPSS (SED ID NO:S;
Annexin A1 2-46 VV24L),

and a variant of any one of SEQ ID NQOs:7-9, wherein said variant comprises 1 t0 6
Individual amino acid substitutions, such as 1 amino acid substitution, such as 2 amino
acid substitutions, such as 3 amino acid substitutions, such as 4 amino acid
substitutions, such as 5 amino acid substitutions, such as 6 individual amino acid

substitutions;

such as wherein said variant comprises V24L.

In one embodiment said one or more amino acid substitutions are conservative amino

acid substitutions.

In one embodiment the alanine residue at position 10 of any one of SEQ ID NOs:3-11

IS substituted with any other standard or non-standard amino acid.

In one embodiment the alanine residue at position 10 of any one of SEQ ID NOs:3-11
IS substituted with an amino acid residue independently selected from the group

consisting of leucine, aspartic acid, methionine, glutamic acid, isoleucine and arginine.

In one embodiment the amino acid residue at position 10 of any one of SEQ ID NOs:3-

11 Is not alanine; 1.e. Is any amino acid except for alanine.

In one embodiment the valine residue at position 21 of any one of SEQ ID NOs:3-11 s

substituted with any other standard or non-standard amino acid.

In one embodiment the valine residue at position 21 of any one of SEQ ID NOs:3-11 is
substituted with an amino acid residue independently selected from the group

consisting of leucine, aspartic acid, methionine, glutamic acid, isoleucine and lysine.

In one embodiment the residue at position 21 of any one of SEQ ID NOs:3-11 is not

valine, 1.e. Is any amino acid except for valine.

In one embodiment the alanine residue at position 10 and the valine residue at position
21 of any one of SEQ ID NOs:3-11 are both substituted with an amino acid residue

iIndependently selected from the group consisting of leucine, aspartic acid, methionine,
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glutamic acid, isoleucine, arginine and lysine; such as the group consisting of leucine,
aspartic acid and methionine; such as leucine. In one embodiment residue 10 and
residue 21 of any one of SEQ ID NOs:3-11 are identical.

In one embodiment the valine residue at position 35 of any one of SEQ ID NOs:3-9 is

substituted with any other standard or non-standard amino acid.

In one embodiment the valine residue at position 35 of any one of SEQ ID NOs:3-9 is
substituted with an amino acid residue independently selected from the group
consisting of glycine, alanine, serine, threonine, cysteine, leucine, isoleucine,
methionine, proline, phenylalanine, tyrosine, tryptophan, aspartic acid, glutamic acid,

asparagine, glutamine, histidine, lysine and arginine.

In one embodiment the residue at position 35 of any one of SEQ ID NOs:3-9 is lysine.

In one embodiment the residue at position 35 of any one of SEQ ID NOs:3-9 is not

valine, 1.e. Is any amino acid except for valine.

In one embodiment said Annexin A1 N-terminal-peptide is selected from the group
consisting of:
AMVSEFLKQAWFIENEEQEYVQTVKSSKGGPGSAVSPYPTENPSSDVAA (SED ID
NO:4; Annexin A1 2-50),
AMVSEFLKQAWFIENEEQEYVQTVKSSKGGPGSAVSPYPTEFNPSSDV (SED ID
NO:5; Annexin A1 2-48)<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>