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Use o#f the cathelicidin LL-37 and derivatives thereof for
wound healing

The present invention refers to the peptide LL-37 a/d N-terminal fragments,
as well as fudnctional derivatives thereof, which peptides can be used for cell prolifera-
tion, epitheliaal repair, and wound healing, and to a pharmaceutical composition

comprising ore or more of said peptides.

BACKGROUND OF THE INVENTION
| Epithelia constitute the primary barrier between host ard the potentially

harmful environment, and therefore the protection of this interface iss vital. A wound
represents a broken barrier and immediately sets in motion a series of tightly
orchestrated evends with the purpose to promptly reinstate the integrily of the barrier.
Urgent wound clostire has evolved in higher organisms, diverging frorm the time-
consuming process of complete regeneration of tissue sesn in lower spaecies. Impaired
wound healing repressents a major challenge in clinical medicine ranging from the
relative delay in “normal” healing seen with increasing age to pathologic son-healing
ulcers.

Chronic ulcers constitute a major clinical problem and althoug.h our
understanding of the phwsiologic wound process has increased over the parst decades
only minor therapeutic inaprovements have been attained. Distinct etiologiess may
underlie the development of ulcerations in different clinical conditions but, winatever the
cause, non-healing ulcers are characterized by an inability of the epithelium to migrate,
proliferate and close the barrrier defect. The most common type of chronic skirr ulcers is
leg ulcers due to venous ins ufficiency. These patients develop peripheral venoeis
oedema with subsequent ulceeration of the skin, whereas the arterial circulation Fs intact.
Leg and foot ulcers due to ari@riosclerotic deficiencies are less common.

In addition, skin ulcers davalop in aszocistion with immuns dissases -such
25 pyoderma gangrenosum andct vasculitis. Current treziment includes long-ierm
systemic immunosuppression ard is not always effective. Epithelial defects and ulcers
in the oral, genital and gastrointe stinal mucous membranes are common and cause
much distress. The underlying pathomechanisms are not always clear, such as in
aphtae and erosive lichen and treatment is poor.

Traditional wound care involves removal, mechanically or enzymatica”
necrotic debris to allow formation of granulation tissue. Wounds that are heav”
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colonized with bacteria may require antiseptic treatment to prevent invasive infection.
Numerous topical anti-microbial agents are» used, such as iodine, chlorhexidine,
hydrogen peroxide, silver and antibiotics, b ut the risk of toxic effects of these agents on
the matrix and the neoepidermis must be considered. Once the wound is clean of
necrotic tissue, dressings should be used to promote granulation tissue formation. A
large variety of such dressings are available and numerous animal studies and clinical
trials have demonstrated their beneficial effect on wound healing.

A certain proportion of wounds remain therapy-resistant and there is need
for additional treatment. During the past de cade there has been much focus on the
potential use of growth factors to accelerate wound repair. Growth factors are mole-
cules, which control celiular processes that are critical in tissue repair, including cell
migration, proliferation, angiogenesis and dle novo synthesis of extracellular matrix. The
beneficial effeci of such growth factors has been suggested in a wide variety of trials
(Scharffetter-Kochanek ef al,, Basic Res Cardiol 23:1-3, 1999). However, to date growth
factor treatment of chronic uicers has been |argelhy disappointing in clinical practice. At
present becaplermin (Regranex®), licensed in U.S. and Europe but not in Sweden, is
the only growth factor for use, preferentially in diabetic foot ulcers. The reasons for
clinical failure of growth factors in the treatrment of chronic ulcers are thought to involve
delivery problems and rapid degradation.

In parallel, there has been development of tissue therapies using auto-
logous and allogenic materials in bioengine ered human skin equivalents. Cultured
epidermal keratinocytes constitute a functioning treatment for coverage of large areas of
injured skin in e.g. burn patients, but is expensive, time consuming and requires
laboratory facilities. To provide a dermal substrate multiple strategies have been used
zuch as acellular human cadzver and bovine collzgen with or without cells. All methods
available have considerablz dizedventeges such as poteniizl transmission of disszze
and high cosis and are hardly suiied Tor basic wound cars.

Antimicrobizl peptides are effecior molecules of the innate immune system,
which serve to protect the host against potexntially harmful microorganisms. They are
conserved through evolution and are widespread in nature. In human, only a handful
has been identified so far, among which the defensins and the human cathelicidin
antimicrobial peptide hCAP18 have been implicated in epithelial defense (Selsted et al.,
J Biol Chem 258:14485-14489, 1983).

WO 96/08508 relates to the hurman polypeptide FALL-39, as well as to
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pharmaceutical co mpositions containing said peptide and having an antimicrobial
activity against bacteria. The peptide was named FALL-39 after the first four amino acid
residues and consisted of the 39 amino acid C-terminal part of a pproprotein concomi-
tantly identified by three separate groups (Cowland et al., FEBS, ~1995; Agerberth et al.,
Proc Natl Acad Scf USA 1995; Larrick et al., FEBS Letters 1996). The peptide was
shown to have pbtent antimicrobial activity against both gram-pos itive and gram-
negative bacteria. FFurther characterization of the C-terminal pepticle demonstrated a
shorter sequence comprising 37 amino acids excluding the first twro (FA) resulting in LL-
37, which is the accepted current designation (Gudmundsson et aJd., Eur J Biochem
238:325-332, 1996).

The proprotein was named hCAP18, human cationic anti-microbial protein,
znd is @ member of the caihelicidin family of proteins consisting of cathelin, which has
been conserved through evolution and a C-terminzl part, variable i n different species. In
man, hCAP18 is the only member of this protein family, whereas ir other species, such
as mouse and pig, &here are several members. The C-terminal peptide LL-37 is thought
to function extracell ularly and there is no evidence for intracellular «<leavage of the pro-
protein. hCAP18/LL_-37 is present in leukocytes and in barrier orgaris such as skin,
mucous membranes, respiratory epithelium and reproductive orgars. The localization of
hCAP18/LL-37 to barrier epithelia seems to be consistent with a protective role for the
peptide in preventing local infection and systemic microbial invasiom. LL-37 is described
as a cysteine-free peptide that can adopt an amphiphatic, or in other words amphiphilic,
a-helical conformation. A high cationicity in combination with a stab-ilized amphiphatic a-
helical structure see ms to be required for the anti-microbial effect of such peptides
against gram-positiv-e bacteria and fungi, as has been shown experimentally (Gianga-
spero et al., Eur J BFochem 268:5588-5600, 2001). The amphiphatie: and a-heliczl
siruciure ssemes to ba lese critical for killing of gram-neaetive bacieria. In aszociation
with inflammaiion hCAFP{8/LL-37 iz upragulaied in skin epithelium (Frohm et 21, . Bio/
Chem 272:15258-15263, 1997) and mucous membranes (Frohm Nilsson ef al., Infect
Immun 67:2561-2566, 1999).

PRIOR ART
Dorschner et al., J Invest Dermatol 117:91-97, 2001, deemonstrated that the

expression of cathelicidins was increased in human and murine skire after incision, and
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that lack ©f the murine homologue cathelicidin gene fails to protect against invasion of
Group A sstreptococci in such mice.

WO 96/09322, Children’s Medical Center Cor poration, discloses that the
antibacterial peptide PR-39 possesses syndecan-1 and -4 inductive activity and
therefore simultaneously could reduce infection and, as a ssynducin, influence the action
of growth factors, matrix components, and other cellular effectors involved in tissue
repair. Th e synducins could be administered in a pharmaceeutical carrier, such as
conventio nal liposomes.

EP 0 935 965 A1, Toray Industries, Inc., referss to an antipylori agent
containing an anti-microbial peptide, such as the porcine pseptide PR-39, as an active
agent. It is concluded that exogeneous administration of PER-39 has anti-microbial
activity ag ainst Helicobacier pylori and accelerates healing of gastric ulcers in rat.
FALL3? is meniioned as one of the members of the catheli n family.

US 6,255,282, Helix Biomedix, Inc., discloses movel synthetic lytic peptides
sharing structural and functional properties of different knowwn lytic peptides. Especially
a peptide of 18 to about 40 amino acids and having an a-helical conformation is
described. The lytic cathelicidin peptides, however, are not mentioned.

Frohm Nilsson, Thesis, Karolinska Institutet, St-ockholm 2001, concomit-
antly demonstrated that human cathelicidin anti-microbial protein, hCAP18, is induced in
human skin wounding, with high levels and release of active C-terminal peptide, LL-37,
in physiolo gical healing but not in chronic non-healing ulcerss. hCAP18 was detected in
the wound bed and in the epithelium during normal wound healing but was absent in the
epithelium of chronic leg ulcers and was detected only in thes wound bed and stroma. It
was specullated that low levels of hCAP18 and the lack thereeof in the epithelium of
chronic ulcers contribute to impeired healing.

Zesloff, Maiure 415:362-395, 2002, in a review «f anli-microbial peplides
discuzses th2 diverse applications, which have been demormszirated for said pepiides ag
anii-infective agents, and anti-microbial peplides in pharmaceutical development are
described.

EP 1 358 888 A1, Bals et al., having a daie of pmblication of November 5,
2003, relates to the use of the peptide LL-37 for prevention or treatment of a disease
caused by reduced blood flow and arteriosclerosis and for treeatment of wounds due to
reduced arterial blood supply. The ability of LL-37 to induce ¥formation of new blood
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vessels and to stimulate proliferation of endothelial cells is shown. The invention relates
entirely to the angiogenetic effect and there is no mentioning of epithelia.

Although a therapeutic use of anti-microbial peptides, in particular LL-37,
has been suggested, this has so far not been realized. At high concentrations of the
peptide, LL-37 exerts a cytotoxic effect. The potential cytotoxic effects exerted by LL-37
are, however, inhibited in the presence of serum, but pharmaceutical formulations
containing serum should be a voided dlje to risk for transmitting diseases, restricted

accessibility and high costs.

SUMMARY OF THE INVENTION

The human anti-nnicrobial peptide hCAP18 is up-regulated in skin
epithelium as a normal resporse fo injury. However, in chronic non-healing leg uicers
only low levels of hCAP 18 were found. Notably, in the chronic leg ulcers, hCAP18 and
LL-37 were entirely absent in Ehe epithelium but present in the inflammatory infiltrate in
the wound bed and in the stroma. We have now shown that hCAP 18 is induced during
re-epithelialization of organ-cu ltured skin wounds, and that this re-epithelializati on was
inhibited by antibodies against LL-37 in a concentration-dependant manner. These
findings suggest that LL-37 plawys a crucial role in wound closure, functioning as a
growth factor. The invention concerns the use of LL-37 or a new synthetic peptide
derived from LL-37 or a functional derivative thereof, to compensate for the lack of
natural LL-37 produced in vivo. ,

It was also shown that up-regulation of hNCAP18 and/or adding LL-37
peptide stimulate proliferation of normal epithelial and stromal cells, suggesting that
normal wound healing and epit helial regeneration could also be enhanced.

It was also found that the cvicioxicity of LL-37 could be raduced in &

compogition comprising certain lipids.

BRIEF DESCRIFTION OF THE DRAWINGS

Figure 1 is a schematic drewing of the 18 kDa hCAP18 protein cons.isling of
a signal peptide, S.P., the conserved cathelin part, and the anti-microbial peptide LL-37,
which is enzymatically cut off in vivo.

Figure 2 is a schematic drawing of the cathelicidin protein family, illu strating
the diversity of C-terminal peptides in different species.
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Figures 3A, 3B, and 3C show the cDNA sequence of the pIRES2-EGFP
vector including the coding sequ-ence for hCAP18, used for transgenic expression of
hCAP18.

DESCRIPTION OF THE INVENTION

The present invention refers to a peptide having a sequence of at least 20
amino acids of the N-terminal fra gment of LL-37, with the proviso that LL-37 is
excluded, as well as to pharmaceutically acceptable salts and derivatives thereof. LL-37
has the amino acid sequence SEQ ID NO 1:

H-Leu-Leu-Gly-Asp—-Phe-Phe-Arg-Lys-Ser-Lys-Glu-Lys-lle-Gly-Lys-Glu-
Phe-Lys-Arg-lle-Val-Gin-Arg-lle-L.ys-Asp-Phe-Leu-Arg-Asn-Leu-Vail-Pro-Arg-Thr-Glu-
Ser-OH.

The M-terminal sequisnce of LL-37 refers to 2 sequence beginning with the
amino acid residue number 1 of leucine, Leu.

Pharmaceutically acceptable salts contain for instance the counterions
acetate, carbonate, phosphate, swiphate, trifluoroacetate, and chloride. A preferred salt
is the acetate. Esters and amides are examples of pharmaceutically acceptable
derivatives.

The peptide of the inwention should have an amino acid chain of no more
that 40 amino acids. The inventiom refers to a peptide having the sequence of LL-37 to
which 1-3 amino acids have been added in the C-terminal end. Any amino acid selected
from Ala, Arg, Asn, Asp, Cys, GIn, Glu, Gly, His, lle, Leu, Lys, Met, Phe, Pro, Ser, Thr,
Trp, Tyr, Val , as well as derivativess thereof can be added. An example of a peptide
having 38 amino acids, LL-38, SEQ ID NO 19, has the sequence of LL-37 to which
serine has been added in the C-fearminal end.

The inveniion especially refars to z paplide having & sequence of af lzasi
20 amino zcids 2nd selecied from tha group consisting of LL-38, LL-35, LL-34, LL-33,
LL-32, LL-31, LL-30, LL-22, LL-28, LL-27, LL-26, LL-25, LL-24, LL-23, LL-22, LL-217 and
LL-20, having the sequance SEQ ID NO 2, SEQ ID NO 3, SEQ ID NO 4, SEQ ID MO 5,
SEQ ID NO 6, SEQ ID NO 7, SEQ» ID NO 8, SEQ ID NO 9, SEQ ID NO 10, SEQ ID NO
11, SEQ ID NO 12, SEQ ID NO 13, SEQ ID NO 14, SEQ ID NO 15, SEQ ID NO 16,
SEQ ID NO 17, and SEQ ID NO 138, respectively.

Preferred peptides ares selected from the groups consisting of LL-36, LL-35,
LL-34, LL-33, LL-32, LL-31, LL-30, LL-29, LL-28, LL-27, LL-26, and LL-25.
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The amino acid sequences of the peptides of the invention are given in the
following table.

SEQ ID Peptide Amino acid sequence

NO
1 LL-37 LLGDFFRK SKEKIGKEFKRIVQRIKDFLRNLVPRTES
2 LL-36 LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVPRTE
3 LL-35 LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVPRT
4 LL-34 LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVPR
5 LL-33 LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVP
6 LL-32 LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLY
7 LL-31 LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNL
8 LL-30 LLGDFFRKSKEKIGKEFKRIVQRIKDFLRN
9 LL-29 LLGDFFRKSKEKIGKEFKRIVQRIKDFLR
10 LL-28 LLGDFFRKSKEKIGKEFKRIVQRIKDFL
i1 LL-27 LLGDFFRKSKEKIGKEFKRIVQRIKDF
12 LL-26 LLGDFFRKSKEKIGKEFKRIVQRIKD
13 LL-25 LLGDFFRKSKEKIGKEFKRIVQRIK
14 LL-24 LLGDFFRKSKEKIGKEFKRIVQRI
16 LL-23 LLGDFFRKSKEKIGKEFKRIVQR

16 LL-22 LLGDFFRKSKEKIGKEFKRIVQ
17 LL-21 LLGDFFRKSKEKIGKEFKRIV
18 LL-20 LLGDFFRKSKEKIGKEFKRI
19 LL-38 LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVPRTESS

The new peptides can be used as a medicament for cell proliferation,
epithelial regeneration, healing of normal or chronic wounds, and as antimicrobial
agents.

The new peptides are believed to have the potential to form an a-helical
structure at physiological conditions.

According to another aspect the invention refers to the use of & peptide
having 2n amino acid saquence selecied from the group consisting of

a) SEQID MO 1,
b) & s=quence confaining ai: Isest 20 arnino acids of ihe M-terminal fragnsnt
of SEQ ID MO 1;
and pharmaceutically acceptable salts or derivatives thereof, which peptide enhances
proliferation of epithelial and/or stromal cells through a non-lytic mechanism, for the
preparation of a medicament for epitheliial regeneration, and healing of wound

epithelium and stroma.
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The present invention especially refers to the use of the peptide LL-37
having the amino acid sequence SEQ ID NO 1, in the form of a salt, preferably an
acetate salt. |

The invention also refers to the use of a peptide, selected from the group
consisting of LL-20 to LL-36, as stated above. '

LL-37, as well as LL-25 to LL-36, possesses a net positive charge (+5 - +7)
at neutral pH due to the cationic amino acid ressidues of lysine and arginine in the primary
structure. Especially LL-34 and LL-35 have nest positive charge of 7. The other amino
acid residues are nonpolar/hYdrophobic or polar and neutral, or, to a less extent, polar
and negatively charged, which makes the whole peptide molecule amphiphatic. Peptides
of this type interact electrostatically with the negatively charged phospholipid microbial
cell walls inserting the hydrophobic face into the bilayer. A reduction of either
hydrophabicity and/or charge reduces the anti-microbial effect of the peplides. The
cytotoxic effect exerted by the peptides again st host cells, often assessed as hemolyiic
activity, is shown to correlate with their anti-muicrobial effects (Chen et al., FEBS Lett
236:462-466, 1988). Various studies have confirmed that this is true also for other
amphiphatic a-helical anti-microbial peptides.

Studies of the C-terminal peptider, having a length of 37 amino acids, of
rabbit CAP18 (Cap181¢6-142) Show that broad—spectrum antibacterial activity is retained in
the highly basic 20 residue N-terminal sequemnce, but not if the N-terminus is truncated
(Larrick et al., Antimicrob Agents Chemother 37:2534-2539, 1993).

LL-37, as well as the new peptides LL-20 to LL-36, can be synthesized
using an automatic peptide synthesizer and standard methods for peptide syntheses.

The invention especially refers to the use of the LL-37 peptide or anyone of
the peptides LL-20 to LL-36 for the preparation of 2t medicament for treatment of chronic
ulcers. Said chronic ulcars can be due to vamous insufficiency, such as leg ulcers,

etabolic aysfunction, such as diabeies, or imrnunclogical disezses, such as vasculiles,

3

and pyoderma gangrenosum. The peptides of the invention can also bes used for ireai-
ment of wounds due to trauma or burns. The described peptides can especially be used
for regeneration of epithelial tissue, and to enhance epidermal regeneration foliowing
microdermabrasion.

In addition to being toxic to the cell, LL-37 is rapidly degraded in the wound
environment. Serine proteinase 3 was recently shown to be responsible for extracellular
cleavage of hCAP18 (Sarensen et al., Blood 97:3951-3959, 2001).
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In order to prevent decomposition of the peptide amd also for reducing the
intrinsic cytotoxicity, the peptide can be formulated with a polar lipid carrier. Said
formulation should facilitate the administration of the peptide to the wound and will in
addition provide a sustained release of the peptide after admini stration. The stability of
the peptide will be improved both in vivo and in vitro.

Another object of the invention is thus a pharmaceuitical composition
comprisireg an anti-microbial cathelicidin peptide in the form of pharmaceutically
acceptabl e salts or derivatives thereof in combination with a car-rier consisting of a
bilayer-forming polar lipid and an aqueous solution.

The cathelicidin peptide can, in addition to LL-37 in human, be derived from
different zanimal species, and is for example SC5 from sheep, B2c5 from cow, PR-39
from pig, CRAMP from mouse, and p15 from rabbit, see Figure 2.

A bilayer normally refers to the lamellar arrangemenmts of polar lipids in
water. The acyl chains form the internal hydrophobic part and thtme polar head-groups the
hydrophilic part of the bilayer. As examples of such polar bilayer-forming lipids, either of
natural or synthetic origin, can be mentioned phosphatidyicholin e, phosphatidyiglycerol,
digalactos yl-diacyiglycerol, sphingomyelin and the like. Dependi ng on the concentration
of said pol ar lipids in polar solvents, such as water, liposomes or viscous gels of the
lamellar liquid crystalline type may be formed.

The pharmaceutical composition especially comprises a peptide having an
amino acid sequence selected from the group consisting of

a) SEQ ID NO 1;
b) a sequence containing at [east 20 amino acids of tke N-terminal fragment
of SEQ ID NO 1;
in the form of pharmaceutically accepteble salis or derivatives theraef in combinaiion
with 2 carrier congisting of a bilayer-forming polar lipid and an acguecus solution.

Praferred bilever-forming polear lipids io be mixad or formulatad wiih tha
pepiide are those, which are neutral in cherge. Especielly useful are the digalactosyl-
diacylglyce rols, and other glycalipids, such as the glycosyl ceramides, either naturzal or
synthetic, in which a non-ionic carbohydrate moietyv constitutes the polar head-group.
Less preferred, but still useful, are those polar lipids, which are zwvitterionic and neutral
at physiological conditions, such as phosphatidylcholine, phosphatidylethanolamine,
and sphingomyelin. Least preferred are those polar lipids, which zare negatively charged
and thus form strong complexes with the positively charged pepti-de.
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According to the invemtion said bilayer-forming polar lipid carrier is
preferably selected from the group consisting of phospholipids, galactolipids and
sphingolipids.

An especially preferrexd bilayer-forming polar lipid is digalactosyldiacyl-

“glycerol or polar lipid mixtures rich in digalactosyldiacylglycerols due to the extremely

good cutaneous tolerability of this class of polar lipids. Digalactosyldiacylglycerol is a
class of lipids belonging to the gly-colipid family, well known constituents of plant cell
membranes. One of the most abu ndant classes contains two galactose units, and the
commonly used nomenclature and abbreviation of this is digalactosyldiacylglycerol,
DGDG, sometimes referred to as galactolipids. Galactolipids, primarily DGDG and
DGDG-rich materials have been investigated and found to be surface active material of
interest in industrial applications s uch as food, cosmetics, and pharmaceutical products .
WO 96/20944 describes the use of DGDG-rich materizal, a "galactolipid material”, as a
bilayer-forming material in polar solvents for pharmaceutical, nutritional and cosmetic
use. Said application does not dis<close the use of galactolipids in combination with
peptides and proteins in general, particularly not a peptide of the present invention.

According to a preferred aspect the invention refers to a pharmaceutical
composition wherein the bilayer-forming polar lipid carrier is a polar lipid mixture rich in )
digalactosyldiacylglycerols.

Another preferred aspect of the invention is a pharmaceutical composition
wherein the peptide is in the form of acetate. A preferred peptide is LL-37 in the form of
an acetate salt. Especially preferred is a pharmaceutical composition comprising a
combination of an acetate of LL-3'7 and CPL-Galactolipid as the bilayer-forming lipid
carrier. CPL-Galactolipid is a frademark for a galactolipid fraction consisting of 50-70 %
by weight of digalectosyldiacylglycerols and 30-50 % or other polar lipids.

The ratio between the: papiide in the form of a salt and a gelectolipid carrier
in tha pharmacsuficzl composition should preferably be 1:5 to 1:50,

1:25 by weight.

In addition to th= bilay-er-forming lipid the carrier also contains an aqueous

especially 1:10 -

solution. An aqueous solution refe rs to a solution having physiologically or pharmaceau-
tically acceptable properties regarding pH, ionic strength, isotonicity etc. As examples

can be mentioned isotonic solutioms of water and other biocompatible solvents, aqueous
solutions, such as saline and glucose solutions, and hydrogel-forming materials. The

agueous solution can be buffered, such as phosphate-buffered saline, PBS.
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The pharmaceutical composition caan in addition comprise pharmaceutically
acceptable excipients, such as a preservative t« prevent microbial growth in the
composition, antioxidants, isotonicity agents, colouring agents and the like. in aqueous
suspensions the compositions can be combined with suspending and stabilising agents.

The colloidal nature of the compos ition makes it possible to prepare the
composition aseptically by using a final sterile Filtration'step.

In order to form a gel the peptide =an be preferably formulated with a
hydrogel-forming material. Examples of hydrogel-forming materials are synthetic
polymers, such as polyvinylalcohol, polyvinylpwrolidone, polyacrylic acid, polyethylene
glycol, poloxamer block copolymers and the likce; semi-synthetic polymers, such as
cellulose ethers, including carboxymethylcellulose, hydroxyethylcellulose, hydroxy-
propylcellulose, methylcellulose, methylhydrox ypropylcellulose and ethylhydroxy-
ethylcellulose, and the like; natural gums, such as acecia, carragenan, chitosan, pectin,
starch, xanthan gum and the like.

it is advantageous to use a hydrogel which is muco-adhesive. In that
respect it is particularly useful to use hyaluroni ¢ acid and derivatives thereof, cross-
linked polyacrylic acids of the carbomer and polycarbophil types, polymers that readily
form gels, which are known to adhere strongly to mucous membranes.

It is also advantageous to use blo<k copolymers of the poloxamer type, i.e.
polymers consisting of polyethylene glycol and polypropylene glycol blocks. Certain
poloxamers dispersed in water are thermorevesrsible: at room temperature they are low
viscous but exhibit a marked viscosity increasee at elevated temperatures, resulting in a
gel formation at body temperature. Thereby thwe contact time of a pharmaceutical
formulation administered to the relatively warrm wound may be prolonged and thus the
efficacy of the incorporated peptide may be improved.

The pharmaceutical composition «of the invention can ba formulated for
iopical or entaral, that is orzl, buccal, sublingLazl, mucozal, nasal, bronchial, ractal, znd
vaginal adminisiraiion.

NMon-limiting examples of pharma ceutical compositions for topical admini-
stration are solutions, sprays, suspensions, emmulsions, gels, and membranes. If
desired, a bandage or a band aid or plaster can be used, to which the pharmaceutical
composition has been added. Tablets, capsukes, solutions or suspensions can be used

for enteral administration.
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According to another aspect the invention refers to the use of a peptide
Faving an amino acid sequence selected from the group conssisting of
a) SEQIDNO 1;
b) a sequence containing at least 20 amino acids ©f the N-terminal fragment
of SEQ ID NO 1;
im the form of pharmaceutically acceptable salts or derivatives thereof for proliferation of
epithelial and/or stromal cells in vitro through a non-lytic mechanism. .

Said proliferation can especially be used for proliferation of human autolo-
gous epithelial and stromal cells in vitro.

The invention also refers to a growth medium for culturing eukaryotic cells,
such as epithelial and/or stromal cells, which comprises LL-37 or a peptide as described
im combination with a basal medium. A cytotoxicity reducing agent can be added, such
as serum. Apolipoprotein A-l (apoA-l) has been found to be the main LL-37 binding
protein in human plasma and works as a scavenger of LL-37 (Wang et al, J Biol Chem
273:33115-33118, 1998; Serensen et al, J Biol Chem 274:22445-22451, 1999),
suggesting a mechanism involved in the regulation of a cathelicidin peptide. The
cytotoxicity reducing agent can also be a bilayer-forming polar lipid, such as a lipid
sselected from the group consisting of phospholipids, galactolipids and sphingolipids, as
described above.

The basal medium of the growth medium of the invention is based on
double-distilied water, and a number of the following ingredie nts: inorganic salts, phenol
red, glucose, thymidine, hypoxanthinine, HEPES, sodium pyruvate, aminopterin, amino
acids and vitamins. For culturing of epithelial cells, such as e_g. keratinocytes, in vitro
thhe growth medium can consist of basal medium and a growt h promoting kit including
a) LL-37 peptide in a salt =olution, b) penicillin + streptomycin, ¢) insulin, d) transferrin,
=) triicdotyroning, f) hydrocornisone, @) choleratoxin, and a sexlected cytotoxicity reducing
zagz=nt, such 2z ssrum or & polar lipid. For culiuring of siromel c2llz, zuch as o.g. fibro-
kmlasts, in vitro, 2 growth madium can congsist of basel madiurm and a growth promoting
[Citincluding a) LL-37 peptide in a salt olution, b) penicillin + streptomycin, and a
sselected cytotoxicity reducing agent, such as serum or a polarr lipid.

Another object of the invention is a method of en hancing the expansion of
muman autologous epithelial and stromal cells in vitro for cell transplantation in vivo,
w/herein cells are isolated from an excised piece of healthy skin, said isolated cells are

c:ultivated in vitro in a growth medium according to the inventiion, and the cultivated cells
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are subsequently harvested and used for treatment of wounds, such as burn injuries
and ulcers.

The invention also refers to a growth promoting kit comprising the LL-37
peptide or a peptide as described, and a cytotoxicity reducing bilayer-forming polar lipid,
optionally in combination with antibiotics, basal media, and other conventional additives
in separate containers.

According to still another aspect the invention refers to transfection of a full-
length hCAP18 cDNA construct into autologous human keratinocytes for cell trans-
plantation of ulcers and burns. The cDNA construct is designed to allow regulation of
hCAP18 gene expression by a switch mechanism (Resnitzky et al., Mol Cell Biol
14:1669-1679, 1994). Autologous human kerétinocytes are obtained from a healthy skin
piece excised from the patieni. The keratinocytes are isolated and expanded in call
culture as described. The cDNA construct is transfected into keratinocytes. The
transfected keratinocytes aire further expanded in vifro and given back to the patiert.

The invention especially refers to the use of a gene construct comprisi ng
the complete cDNA sequence of hCAP18 having the sequence SEQ ID NO 20 for
transfection of epithelial and/or stromal cells in order to enhance proliferation of sa id
cells.

EXAMPLES

Example 1. Preparation of synthetic peptides

The LL-37 peptide was synthesized according to solid phase synthesi s with
the 9-fluorenylmethoxycarbonyi / tert-butyl strategy. The crude peptide, as the trifloro-
acetate salt, was purified with HPLC and finally isolated by lyophilization (lot 971/2286,
from PolyPeptide Laboratories A/S, Hillerdd, Denmark). The purity was determina d by
means of HPLC and arez integration and was found io be 22 %. The molecular weight
wze anglyzed using mass speciromsiry and corresponded io the theoraiical velu= of
4493 g/mol as the fres base. Analysis of composition of amino acids showed thai the
relative amounts of each amino acid carrespondad with the theoretical values for LL-37.
The peptide content was calculated from the results from the amino acid analysis and
found to be 73 %, the remainder being counterions and residual solvent.

Several batches of LL-37 were synthesized, and the LL-37 peptide used in

the following Examples 2 and 5 was in the form of the acetate salt.
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The peptides LL-36 and LL-38 were synthesizexd correspondingly, in the
form of acetate.

The different peptides used in the following exaamples and tests were as

follows.

P*eptide | Counter- | Lot Purity Peptide Wsed in Manufact.
ion area-% | content Year

% (wiw)

L.L-37 | Trifluoro- | YS 5253 |98 Ex. 3,4,6,7 | 1997
acetate Test 3

LL-37 | Trifluoro- |971/26 99 73 2002
acetate Test 5

L.L-37 | Acetate 990/37/A 99 83 Ex. 2,5 2003

Test 4
LL-38 | Acetate 990/38 Test 4 2003
LL-36 | Acetate 990/39 Test 4 2003

Example 2. Preparation of a pharmaceutical composition comprising a mixture of LL-37

peptide and lipid carrier

A pharmaceutical composition was prepared wising the following

ingredients:
Ingredient Concenutration
LL-37 100 ppm*
CPL-Galactolipid 0.20 %
2.6 % Glycerol in sterile ad 100 %
water

*ppm = parts per million (by weight)

The peptide LL-37, as the acetate salt (lot 990/37/A), and -the lipid carrier, CPL-
Galactolipid, obtained from Lipocore Holding AB, a lipid m aterial rich in digalzctosyl-
dizcylglveerolz and prepered from ozis, were waighed in & 50 ml glazs flask. The two
i ngredizniz were ganily mixed and than the glycerol solution was added. The mixture
vwas shaken vigorously for 120 min znd then allowed to staind for 1 h. The resulting

composition was a fine, homogenous dispersion. It was kept refrigerated until use.
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Example 3. Preparation of aqueous mixtures comprising the L1L-37 peptide and a lipid

carrier

Mixtures of LL-37, as the trifluoroacetate salt (loet 971/26) and a polar,
bilayer-forming lipid carrier were prepared using the followin g ingredients (percentages
in weight by weight):

- Table 1.

Ingredient A1 A2 B1 B2 C1 Cc2

LL-37 100 ppm - 90 | - 92 -

CPL-Galactolipd | 0.19% | 0.20% - - - -

Epikuron 200 - - 0.19 % 019 % - -

CPL- - -~ - - 0.19% | 0.12%
Sphingomyelin

DMEM ad 100 % | ad 100 % | ad 00 % | ad 1090 % | ad 100 % | ad 100 %

CPL-Galactolipid, obtained from Lipocore Hold ing AB, is a chromato-
graphically- purified galactolipid fraction from oats, Epikurora 200, obtained from Lucas
Meyer Gm bH, is phosphatidylcholine from soybean, and CIPL-Sphingomyelin, obtained
from Lipoc-ore Holding AB, is chromatographically purified sphingomyelin from bovine
milk. DME M, Dulbecco's Modified Eagle Medium, from Invitrogen Corp. is an aqueous
solution containing inorganic salts, glucose, phenol red, anmino acids and vitamins.

The peptide LL-37 and the lipid carrier were weeighed in a glass flask and
then DMEIM was added. The resulting dispersions were viggorously shaken, using a
Heidolph Promax mixer at a frequency of 200/min for 1.5 b, and allowed to equilibrate
and setile for about 3 h at room temperature. A visual assessment was then mads and
the followi ng rasults wers obiained: All samples were turbi d dispersions and thare ware
no differermecss in iurbidity between any of the samples B, B2, C1, and C2. The enly
observed difference was between samples A1 and A2: thes former, containing ihe
peptide, wras significantly less turbid than the latter, withoust the peptide. Sample A2 was
slightly lesss turbid than, in turn, samples B1, B2, C1, and C2. These observations
indicate a stronger interaction between the two components in sample A1, which results
in a smaller average particle size of the dispersion, compaared to the peptide-free
sample A2, but also compared to the rest of the correspording samples. After one day
of storages at room temperature samples A1 and A2 were unchanged, i.e. both were
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homogezneous dispersions and A1 less turbid than A2, whewreas the four other samples

had conesiderable sediments on the bottom of the glass flaskks.

All three mixtures of peptide and polar lipid carrier are useful for various

purpose=s, €.9. as delivery systems and for tests in cell cultueres; however, since the

shelf-life= of the mixtures of peptide and galactolipid is consiclerably longer (no sediment-

ation) th an that of the others, said mixtures are the most prexferred for practical use.

Example 4. Preparation of aqueous mixtures comprising a mnixture of LL-37 peptide and

lipid carrier

Samples of LL-37 as trifluoroacetate (lot 971/26-) and a polar, bilayer-

forming Bipid carrier were prepared using the following ingredients (percentages in

weight by weight):

Table 2.
Sample | Sample | Sample | Sample | Sample | Sample | Semple

Ingredient D E F G H | J

LL-37 96 100 100 103 1000 100 100
ppm ppm pPpmM ppm ppm pPpm ppm

CPL-Galactolipid [0.21 % |- - - 0.20% |- -

PC from - 0.21% |- - - - -

soybean, 40 %

PC from €gg yolk, |- - 0.21% |- - -

60 %

DOPC,929% - - - 020% |- - -

PC from ssoybean |- - - - - 020% |-

70 %

PC from - - - - - 0.20 %

soybean, 94 %

PBS ad 100 |ad 100 |ad 100 (ad 100 jad 100 |ad 100 |ad 100
% % % % % % %

CPL-Galaciolipid, menuiacturad by LTP Lipid Te«chnelogies Provider AB, is

a chromagographiczlly purifizd galaciclipid fraction from cats. The various phospholipids

used weres phosphatidylcholine (PC) from sovbhean, spproxim ately 40 % (Sigma; P-
3644); PC from dried egg yolk, approximately 60 % (Sigma; P-5394); synthetic
dioleylphosphatidylcholine (DOPC), approximately 99 % (Sigrma; P-6354); PC from

soybean, approximately 70 % (Lipoid S75); and PC from soyloean, approximately 94 %
(Lipoid S1 00). PBS is phosphate-buffered saline from Invitrog en Corp. (Dulbecco’s; cat.
no. 14190 -094).
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All the invesstigated polar lipids have chain melting phase transition
temperatures well below 0°C, i.e., in the range of —~10 to -15°C, when fully hydratexd.

The peptid e LL-37 and the lipid carrier were weighed in a 100 mi glasss flask
and then PBS was add ed. The total volume was about 30 ml. The samples were '
vigorously shaken, usirg an ST mixer (type B1, E. Biichler, Tiibingen) set at 5.5
(corresponding to an approximate frequency of 150/min) for 2 h, and allowed to
equilibrate and settle fosr about 30 min at room temperature. The turbidity of the re sulting
dispersions was then recorded at 400-800 nm on a Shimadzu UV-VIS Spectrophosto-
meter UV-160A. The measurements were made against pure water at room tempera-
ture using a 10 mm cuv-ette cell. Turbidity data in Table 3 are presented as % transs-
mission at 600 nm. Viswial assessments of the dispersions were also made. Turbidity
measurements were repeated after one and fwo days of storage at room temperat-ure of
the dispersions.

Teble 3. Turbidity data

Turbidity Sameple | Sample |Sample | Sample |Sample [ Sample | Sample
(A =600 nm) D E F G H l J

30 min 64.1 % |709% [51% [(1.7% |686% |186% |14 %

1 day 57.3 % |65.6% |- - 67.0% |19.8% |-

2 days 572 % |655% |- - 66.9% (20.5% |-

From the visual assessments it was concluded that all mixtures formedl
more or less turbid dispersions; samples D, E, H, and | formed the least turbid
dispersisns, manifested 3n the highest transmission of light in Table 3, whereas samnples
F, G, and J formed the nnost turbid dispersions and consequently gave rise to the lowest
trans-mission of light detected by the spectrophotometer. After onza daiy of storage =it
room temperaiurs, samp lss F, G, and J with the initizlly high turbidity (lov iransmission)
hed all sedim=niad end vvare noi measursd. Saraples D, E, H, z2nd | were zl] sizhle
dispersions and resulted in reproducible turbidity date, after one and two days after
preparation.

Samples D and H are duplicates, both containing CPL-Galactolipid but
sample H had a slightly h igher weight ratio of peptide to galactolipid. This resulted in'a
slightly lower turbidity (higher transmission) in sample H suggesting that the interaction
between peptide and lipidl in this sample is stronger than that in sample D, leading to

smaller complexes/aggregates which give rise to lower turbidity.
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Samples D, E, H, and | were further mionitored with respect to colloidal
stability at 2-8°C for 2 months.
Table 4. Stability data

Sample Appearance Stability

D fine turbid dispersion, slight sedimentation, easy | acceptable
to redisperse sediment

E turbid dispersion, slight sedimentation; microbial | not acceptable
growth

H fine turbid dispersion, slight sedimentation, easy | acceptable
to redisperse sediment

| turbid dispersion, slight sedimentation; microbial | not acceptable
growth

These data and observations show that two mixtures of peptide and polar
lipid carrier are better than the rest of the tested mizdures. The carriers containing CPL-
Galactolipid (sample D and H) and PC from soybeain, ca 40 % (sample E) gave rise fo
the most finely dispersed systems with the longest colleidal stability; however, it is only
CPL-Galactolipid which is acceptable for pharmace utical use, since the phospholipid
material with only 40 % phosphatidylcholine may be used for technical applications only.
These data again demonstrate the usefulness of the galactolipid material in various

pharmaceutical applications, e.g. as a carrier systern for peptides.

Example 5. Preparation of aqueous mixtures comprising varying contents of L L -37
peptide and varying contents of galactolipid

A stock solution of LL-37 peptide (acetate salt; lot 990/37/A) in PBS, 995
ppm, and a stock solution of CPL-Galactolipid, 1.00 %, in PBS were prepared. Aliquots
of the stock solutions plus additional PBS were mixed in 20 ml glass vials with rubber

stoppers and aluminum caps. The compositions of the mixtures are presented in Table
8. After equilibration at room temperzture for ‘i h, the vialz were shaken in horizonial
pozition on gn 3T mixer (typa B, E. Bichler, Tibingisn), sei zi 7.5 (corresponding 10 an
approximais frequency of 120/min), for 1 h. The mixtures were ihen allowed to
equilibrate and settle over night at room temperature. The appearances of the mixiures
after one and five days a 4°C were evaluated as: clear colloidal, slightly turbid, turbid,

milky, and the results are summarized in Table 5.
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Table 5.
Peptide:
Sample | LL-37 |Galacto- |Lipid Appearance after Appearance after
number | (ppm) |lipid (%) |(w/w) 1 day 5 days
turbid dispersion, turbid dispersion,
01 247 0.135 [1:55 sediment sediment
clear colloidal solution | clear colloi dal solution,
02 181 0.133 |1:74 slight sedirnent
clear colloidal solution | clear colloi dal solution
03 116 0.133 | 1:11
clear colloidal solution | clear colloi dal solution
04 50.5 0.135 |[1:27
slightly turbid slightly turkoid
05 16.5 0.133 | 1:81 dispersion, dispersion,
homogeneous homogeneous
turbid dispersion, turbid disp<ersion,
06 8.2 0.135 |1:165 homogeneous homogene=ous
turbid dispersion, turbid dispersion,
07 - 0.133 | - homogeneous homogenexous
clear colloidal solution | clear collo¥dal solution,
08 248 0.266 |(1:11 slight sedirnent
clear colloidal solution | clear colloi dal solution
09 182 0.267 |1:15
clear colloidal solution | clear coliosdal solution
10 116 0.266 |1:23
slightly turbid slightly turboid
11 49.8 0.268 |[1:54 dispersion, dispersion
homogeneous homogene=ous
slightly turbid slightly turkoid
12 17.1 0.266 [1:156 dispersion, dispersion.,
: homogeneous homogene=ous
slightly turbid slightly turboid
13 8.9 0.265 |1:298 dispersion, dispersion
homogeneous homogene-ous
slightly turbid slightly turkoid
14 - 0.265 | - dispersion, dispersion,
homogsneous homogene=ous
clear colloidal soluiion | clear colloi dal zolution
15 247 0.532 |1:22
zlighily turioid gligivily turioid
16 182 0.532 [1:29 dispersion, dispersion,
homogeneous homogene:ous
turbid dispersion, iurbid dispeersion,
17 116 0.533 |1:46 homogeneous homogene:ous
turbid dispersion, turbid dispeersion,
18 49.2 0.533 {1:108 homogeneous homogene-ous
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turbid dispersion, turbid dispersion,
19 16.5 0.534 |1:324 homogeneous homogeneous
turbid dispersion, turbid dispersion,
20 8.2 0.532 |[1:649 hormogeneous homogeneous
turbid dispersion, turbid dispersion,
21 - 0.533 | - hormogeneous homogeneous
turbid dispersion, turbid dispersion,
22 248 0.799 ]1:32 homogeneous slight sediment
milky dispersion, milky dispersion,
23 182 0.802 [1:44 homogeneous slight sediment
milky dispersion, milky dispersion,
24 115 0.801 |1.70 hormogeneous slight sediment
millky dispersion, milky dispersion,
25 50.1 0.799 |1:159 homogeneous slight sediment
milky dispersion, milky dispersion,
26 16.8 0.799 |1:476 homogeneous slight sediment
milky dispersion, milky dispersion,
27 8.6 0.798 |1:928 homrogeneous slight sediment
milky dispersion, milky dispersion,
28 - 0.798 | - homogeneous slight sediment

It is clear that certain ratios of LL-37 peptide and galactolipid give rise to
an appearance in solution, which indicate the presence of small complexes, smaller in
size than particles of the corresponding samples without LL-37. A clear solution

indicates a superior colloidal stability.

Examplz 6. Conforrnetional measuremenis

Meazsurements of circulzr dichroism (CD) of LL-37 in solution may revea|
information about conformational changes. The antibacterial activity of LL-37 is
dependent on the conformation: a high content of helical content results in a strong
antibacterial action and a high cytotoxic activity (Johansson ef al., J Biol Chem
273:3718-3724, 1998). It has been found that the a-helical conformation of LL-37 is
dependent on the counterion, the pH, and the peptide concentration (Johansson et al,, J
Biol Chem 273:3718-3724, 1998). It is also known that a certain fraction of the peptide
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has an o-helical structure in aqueous solution and that this struscture may be promoted
by the presence of additives such as lipids, transforming it from a random coil to an o-
helixc (Turner et al., Antimicrob Agents Chemother 42:2206-221-4, 1998).

Samples for circular dichroism (CD) measurementss were prepared in 10
mM aaqueous phosphate buffer solution, pH 7.0, containing 200 ppm LL-37 (as the
triflucroacetate, lot 971/26), with and without 0.40 % CPL-Galactolipid. The samples, 20
ml irm 50 ml glass flasks, were vigorously shaken with an ST mixzer (type B1, E. Buchler,
Tubingen) set at 7.5 (corresponding to an approximate frequency of 220/min) for 2 h.
They were then allowed to equilibrate and settle over night at 2—8°C.

CD spectra were recorded on a Jasco J-720 (Jasco Inc.) spectropolari-
meter. The sample compartment with the cuvette cell (1 mm pa-th iength) was placed
near the photomultiplier, in order to reduce effects of light scattering from the disper-
sions. The samples were measured at room temperature and scanned from 280 to 200
nm &t a rate of 20 nm/min, with a resolution of 1 nm and 3 accumulations per run. The
resullts are expressed as the mean residue ellipticity, [8], and the percentage of a-
helic al conformation at 222 nm is estimated by the following foremula: ([6]222 + 3900)-100
/ 41900.

The CD measurements on 200 ppm LL-37 in 10 mM phosphate buffer
solution, pH 7.0, revealed an a-helical secondary structure by d ouble dichroic minima at
208 aand 222 nm. The minimum at 222 nm was used to calculate the percentage o-
helical structure, which was found to be about 63 %. When the galactolipid was added
at a concentration of 0.40 % (w/w) in the same buffer solution the a—hélical structure of
LL-377 was practically unaffected, with an approximate a-helical structure of 64 %.

Enhanced helical conformation is related to increas-ed antibacterial activity.
It is speculated that the secondary structure is also ralevant for the wound healing
capa city of LL-37, whera a high percantage of a-halicel struciure maans enhancad
activiity. In an equeous buffer solution this alzo maesns high cyiodoxicily, bui in the
presence of galaciolipid the sacondary structure is retained, and thus the aciivity is
unaffiected, whereas the cytotoxicity is diminished.

An anionic synthetic phospholipid, palmitoyl-oleoyl-phosphatidylglycerol
(POPG; Sigma-Aldrich, P6956) was used as a reference and tessted using the same
experimental conditions as described above. A lower percentagee of a-helical structure,

58 % , was found when this lipid was present, indicating that the conformation and thus
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activity of LL-37 is more influenced by the negatively charged phospholipid than by the»
neutral galactolipid. However, more importantly, after one month of storage at 4°C the
sample had partially separated, with sediments on the bottom of the container. Gentle
shaking resulted in a coarse dispersion. At the same time-point, sediments were also
observed in the corresponding sample based on galactolipid, but to a lesser extent,.

which could be redispersed to a fine dispersion by gentle agitation.

Example 7. Cytotoxicity tests

In vitro cytotoxicity assays are valuable for the evaluation of the toxicity of
materials, which come into close contact with living tissues.

Selected formulations were tested for in vitro cytotoxicity in cultured
mammalian cells (L 929 mouse fibroblasis). The test design was based on the US
Pharmzcopeia 2gt edition, Method <87> and the 1SO 10993-5 standard.

Formulations D and E (see Example 4, Table 2) were mixed with complete
cell culture medium (HAM F12 medium with 10 % foetal bovine serum) at
concentrations of 10, 2, 0.4 and 0.08 % (v/v). These test solutions were used to treat
triplicate cell cultures for 24 h. Triplicate untreated cultures, negative controls (treated
with an extract of polypropylene) and paositive controls (treated with an extract of tin-
stabilised polyvinyl chloride) were included.

Both formulations showed no to slight toxicity (cytotoxicity grade 0-1) when

tested at 10 % (v/v) and no toxicity (cytotoxicity grade 0) at 2 %, 0.4 % and 0.08 % (v/iv).
Cytotoxicity test with a positive control solution containing 100 ppm LL-37 in
PBS caused mild toxicity (cytotoxicity grade 2) at all four concentrations tested (10, 2,
0.4 and 0.08 % mixtures of the solution with cell culture medium). This level of toxicity is
defined as 20-50 % of the cells being dead or showing merphological signs of toxicity.
The scale has a renge of 0 to 4 2nd when test exdracts of medical devices are tested,
grades 3 and 4 fail ihs tezl. Thie posiiive control soluiion is conzidersbly mora foxic tham

formulafion D and E which showad no or just slight toicity.

BIOLOGICAL EXPERIMENTS
Based on our recent findings that
- hCAP18/LL-37 is induced in skin and mucous membranes in association with
inflammation and wounding, and
- hCAP18/LL-37 is lacking in chronic ulcer epithelium despite massive inflammation,
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we hypothesized that hCAP18/LL-37 is involved in the regenerative capacity of skir
epithelium. The following e xperiments were performed to test this hypothesis.

Test 1. Investigation of the expression pattern of h\CAP18/LL-37 in non-inflammatory

human wound healing

Tissue samples

Human skin was obtained from routine abdominal or breast reduction
surgery. Under sterile cond itions, full-thickness wounds were made, on the epiderm al
side, with a 3-mm biopsy puinch. These ex vivo wounds were excised with a 6-mm
biopsy punch and subsequently transferred to 24-well plates and covered with 2 m! of
medium. Such wounds reproducibly re-epithelialize within 4-7 days (Kratz ef al. Sca nd J
Plast Reconstr Surg Hand Surg 28:107-112, 1994; Inoue ef al., J Invest Dermatol
104:479-483, 1995; Kratz e 1 al., Microsc Res Tech 42:345-350, 1998). Medium, DiMi EM
(Dulbecco’s modified Eagle®s medium, GIBCO) contzaining 10 % fetal calf serum (FCS)
and antibiotics (PEST = penicillin 50 U/ml and streptomycin 50 mg/ml), was changed
every third day. Wounds we=re harvested at different time-points, by 2, 4 and 7 days
post-wounding and snap froezen. In total, the experiment was repeated four times. Four
different donors were used and triplicate wounds were made for each condition in ewery
experiment. In each experiment, only skin from a single donor was used.

Preparation of RNA probes .

To detect mMRNA for the hCAP18 gene and immunoreactivity for
hCAP18/LL-37 we performed in situ hybridization and immunohisto-chemistry on
samples of wounds representing all time-points of sequential re-epithelialization. For in
situ hybridization we used **-S-labeled antisense and sense RNA probes and the
experiment was performed zas described (Frohm Nilsson ef al., Infect Immun 67:258 -
2566, 1922).

Freparation or LL-37 antibocfyv

For irnrnunohisicchemisiry we raised and prepared z polyclonal LL-37
antibady as follows: LL-37 peptide (lot YS 5253, EurcDiagnostica AB, Malmé, Swaden)
was prepared as a trifluoroacetate salt according to Fmoc-strategy using solid phase
synthesis (Fields and Noble, 1990) and purified by HPLC to a purity of 98 %. Biologic:al
activity of the peptide was co nfirmed in an antibacterial assay. The peptide was used for
immunization of three rabbits according to a standard protocol (AgriSera, Vannés,
Sweden). Polyclonal antiseru m was affinity-purified using synthetic LL-37 peptide and
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the purified antiserum was assessed with ELISA. IgG concentration of the immune
serum was diluted to Q.5 mg/ml. Pre-immune serum was collected fro m each rabbit and
the IgG concentration was 2 mg/ml.
Immunohistochemistry,

All biopsiexs were snap frozen and handled identically. In short, 6-7 pm thick
cryostat sections weres incubated with the LL-37 antibody at dilutions ~1:1000 and 1:2000
and stained according to the indirect peroxidase'method using a Vect=astain kit (Vector
Laboratories, Burlingasme, USA) and following the manufacturer’s instructions. Sections
were counterstained writh Mayer’s hematoxyline solution. All experime=nts were repeated
minimum three times t<o ensure reproducability. As controls, serial tiss ue sections were
processed in parallel without adding primary antibody and using pre-irmmune rabbit IgG
(DAKOQ, Glostrup, Den mark) as primary antibody.
Results '

At time-po-int 0 h there was moderate expression of hCAF 18 mRNA and LL-
37 protein in the basal layer of the epidermis throughout the tissue corsistent with our
previous findings of a constitutive hCAP18 expression in basal epiderrmis. Wounds
harvested at different tame-points during re-epithelialization demonstraated a distinct
signal for hCAP18 mRINA and LL-37 protein in the epithelium migratineg to cover the
wounded surface. No cells in the underlying dermal matrix were positiwe for hRCAP18/LL-
37. These results indicate that de novo synthesis of hCAP18 occurs imm keratinocytes
during re-epithelializatioon without inflammation and support our hypothaesis that h\CAP18

may be linked to epitheslial regeneration.

Test 2. Inhibition of re-=pithslializing of human skin wounds ex vivo witch LL-37 antiquy.
LL-37 antiloody, preparad in Test 1, was added in 2 ml me dium per wesll
(DMEM, + i0 % FCS a nd PEST) to a final antibody dilution of 1:10, 1:7100 and 1:1000.
As control wa used the corresponding pre-immune serum ai 2 final 1gG concentretion
edguzl to the :10 dilutiosn of the LL-37 entiserum and a set of wounds tweaiz=d only with
medium. Each experimental condition was made in triplicates and repesated twice. The
media were changed ewery third day and LL-37 antibody or pre-immuree serum was
added as described above. The ex vivo wounds were harvested 2, 4 amnd 7 days post-
wounding. All specimers were snap frozen, sectioned in completion ard mounted on
Superfrost Plus slides parior to staining with hematoxylin-eosine. Sectiomns representing

maximal re-epithelializa tion in the center of the wounds were selected #or evaluation.
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The proliferative capacity of keratinocytes was imvestigated through immunohisto-
chemistry with the proliferation marker Ki67 (mosuse monoclonal Ki67 antiserum (DAKO,
Glostrup, Denmark) at 1:25 dilution) in wounds representing all treatment conditions.
Results
Treatment with LL-37 antibody prodauced a concentration-dependant

inhibition of re-epithelialization. All wounds treatexd with the highest LL-37 antibody
concentration (1:10) failed to re-epithelialize. In t hese wounds only single keratinocytes
with a fragile flattened appearance had migrated from each wound edge. The wounds
treated with LL-37 at medium concentration (1:100) showed delayed re-epithelialization,
these wounds were mostly healed by day 7 but miot by day 4. Moreover, the epithelium
was thinner and the keratinocytes had a fragile a ppearance. Wounds treated with LL-37
antibody at the lowest concentration (1:1000) did not differ from control wounds, which
had all healed by day 4 with a 2-3 laver robust epithelium. Control wounds treated with
only medium and control IgG antibody healed eq ually. In the control wounds the
majority of cells in the re-epithelializing tongue were positive for the proliferation marker
Ki67, whereas there were no Ki67 positive cells im the wounds treated with LL-37 at
1:10. We concluded from this experiment that LL—37 may be critically involved in skin re-
epithelialization and that the proliferative capacity seemed preferentially affected, since
blocking with LL-37 antibody allowed the initial m igration of single cells from the wound

edge, but effectively prevented further proliferatiosn of the keratinocytes.

Test 3. Proliferation of HaCat cells by freatment with synthetic, biologically active LL-37

peptide per se and in combination with a polar lip id carrier.

HaCat cells were used for these experiments. HaCat cells are an
immortalized human keratinocyte cell line (Boukamp er al,, J Cell Biol 106:761-771,
1988), which is suitable for experimentzl keratinogvte rasearch. HaCat cells were
culiured in madium (DMEM, + 10 % FCS and PEST). Both types of czll culfures wers
trezted with synthetic, bioactive LL-37 (lot ¥S 5253). In addition & mixture of LL-37 (114
pa/mi) and CPL-Galactolipid (0.2 %) in medium ccoontaining serum at either 2 or 10 %
was added to evaluate the capacity to increase proliferation and inhibit cytotoxicity.
Cells were harvested at different time-points (24 i1, 48 h, 72 h and 96 h) and counted by
flowcytometry (Becton-Dickinson) and stained by Trypan-Blue to evaluate viability.

‘Positivity for Trypan-Blue indicates that the cell membrane has been damaged.
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Proliferation and viability were also ascertained by measuring mitochondrial activity
(WST-1, Roche, Cook et al. An al Biochem 179:1-7, 1989).

Table 6. Proliferation of HaCat cells at 96 h assessed by flowcytometry.

EGF LL-37 Serum Number Trypan Increased
(nM) | (ng/ml) Conc. of Cells Blue + Proliferation
(%) (Mean) (%) (%)
- - 10 32270 <1 0
1.7 - 10 42000 <1 30
- 25 10 36470 <1 13
- 50 10 40950 <1 27
- 100 10 66430 <1 100
- 25 2 32130 <1 0
- 50 2 53620 30-50 Mot relevant
Cytoioxic effect
- 100 2 15120 100 Not relevant
Cytotoxic effect

Increase in cell proliferation is calculated in comparison with baseline (-EGF). Mean
values from triplicate samples/co ndition in three separate experiments are presented

Table 7. Proliferation and viabilityr of HaCat cells at 48 h measured by mitochondrial
activity (WST-1).

EGF LL-37 Serum | Absorbance | Trypan Increased
(nM) | (ug/ml) Conc. Blue + Proliferation
(%) (%) (%)
- - 10 0.622 <1 : 0
17 - 10 1.107 <1 77
- 100 10 1.110 <1 78

Increase in cell proliferation is calculated in comparison with baseline (-EGF). Mean
values from 6 sampleg/condition i1 one experiment are presentad
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Table 8. Proliferation of HaCat cells at 72 h assessed by flowcytometry.
EGF LL-37 Lipid Serum Number Trypan Increased
(M) | (ug/ml) | (0.2%) | Conc. of Cells Blue + Proliferation
(%) (Mean) (%) (%)
- - - 10 55207 <1 0
1.7 - - 10 85050 <1 54
1.7 - + 10 87640 <1 58 ]
- 100 - 10 88853 <1 61
- 100 + 10 91980 <1 66
- 100 - 2 150500 100 Not relevant
Cytotoxic effect
- 100 + 2 87360 <1 58

Increase in proliferation is calculated in €omparison with baseline (-EGF). Mean valuedl
from triplicate samples / condition in one experiment are presented.

Results

The treatment of HaCat cells with LL-37 peptide resulted in a concentratior-
dependant increase in proliferation. This indicates that LL-37 peptide has ihe capacity Lo
stimulate the proliferation of keratinocytes to a level that equals or surpasses that of
EGF, the golden standard for epithelial cell proliferation. We have used EGF at 1.7 nM
since this has been established as optinal to stimulate proliferation of keratinocytes in
culture and has become a standard culture condition (Cohen ef al., Dev Biol 12:394-4077,
1965). HaCat cells are highly proliferating epithelial cells and it is interesting that LL-37
can increase the proliferation of these cexlls even further. The cytotoxic effect induced bw
LL-37 at 100 ng/ml, in 2 % serum was completely abolished when lipid was added to thee
mixture, indicating that the lipid is able to substitute for serum in this experimental
condition.

The test has shown that synthetic, bioactive LL-37 (25 -100 pg/ml) added to
cell cultures of HaCat cells, in media with 10 % Fetal Calf Serum (FCS), increases
proliferaiiion in @ concentration-dependen t manner. However, if ihe peptide (100 pg/ml)
waie added o 2 kerzlinocyts culivre in 2 rmadium contzining 2 % FCS, all of tha
keratinocytes beczame positive with Trypaan Elue sfaining, indicating & cyioioxic effect on
these cells.

The cytotoxic activity of cathelicidin is inhibited by the presence of serum, a
mechanism thought to protect the host cexlis from potentially harmful effects. Our data
confirms that the cytotoxic effect of LL-37 is inhibited in the presence of serum (10 %).

In addition, the mixture of LL-37 (25 uM) and polar lipid carrier (0.2 %), in medium

containing the lower serum concentration (2 % FCS), inhibits the cytotoxic effect and
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increases the proliferation. These= data suggest that the polar lipid carrier has similar
protecting capacity as serum, without interfering with the LL-37 bioactivity.
Primary data show th at human keratinocytes are proliferated in the same

way as HaCat cells.

Test 4. Proliferation of HaCat cells by treatment with the synthetic peptides LL-36, LL-37
and L1-38

HaCat cells were cult ured in medium (DMEM, + 10 % FCS and PEST).
HaCaT cells were plated in 96 we Il plates (Falcon, USA) at the concentration of 2000

cells per well. Cells were plated at -48 hours and stimulated with different concen-
trations of synthetic LL-37, LL-36, and LL-38 peptide by hour 0 and after 48 hours.

The testing was done in one experiment with 6 wells in each condition. 1
Ci/mmol of *H-Thymidine (THYMIEINE, [METHYL-*H}-740.0 GBg/mmol (20.00
Cifmmol) 1.0 ml of Ethanol:Water, 7:3, Perkin Elmer Life Sciences Inc. Boston MA.,
USA) was added to each well and incubated for 12-17 hours. Proliferation was
evaluated by *H-Thymidine incorp-oration a liquid scintilator (MicroBeta Perkin Elmer
Life Sciences Inc. Boston MA., USA) after 72 and 96 hours.

Table 9. Proliferation of HaCat cellls by LL-37 at 96 h assessed by *H-Thymidine
incorporation after 72 and 96 hours.

LL-37 Serum | Counts Perxr Standard Increased
(ng/mi) Conc. Minute Deviation Proliferation
(%) (Mean) (+-) (%)
0 10 52774 11639 0

1.00 10 75445 32827 43
5.00 10 102353 33808 94
10.00 10 73548 8424 39
25.00 10 76510 10550 45
50.00 10 6511¢ g5685 23

Increase in cell proliferation (Proliferation Index) is celeulated in comparison with
baseline (Control = 0 pg/ml). Miean values from four samples per condition in one

experiment are presented.
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Table 10. HaCat cells stimulated by LL-36 peptide. Proliferation assessed by *H-
Thymidine incorporation after 96 hours.

LL-36 Serum | Counts Per Standard Increased
(ug/ml) Conc. Minute Deviation Proliferation
(%) (Mean) (+/-) (%)
0 10 69323 7511 0
1.00 10 86253 10770 24
5.00 10 116381 14570 68
10.00 10 70157 3660
25.00 10 72674 7965 5
50.00 10 68560 11699 -1

Increase in cell proliferation (Proliferation Index) is calculated in comparison with

baseline (Control = 0 pg/ml). Mean values from four samples per condition in one
experime nt are presented.

Table 1. HaCat cells stimulated by LL-38 peptide. Proliferation zssessed by *H-
Thymidine incorporation after 96 hours.

LL-38 Serum | Counts Per Standard Increased
(ng/mil) Conc. Minute Deviation Proliferation
(%) (Mean) (+1) (26)
0 10 79191 15277 0
1.00 10 82008 7911 4
5.00 10 68694 16599 -13
10.00 10 57293 8512 -28
25.00 10 54294 14335 -31
50.00 10 48701 6080 -39

Increase in cell proliferation (Proliferation Index) is calculated i n comparison with
baseline (Control = 0 pg/ml). Mean values from four samples per condition in one
experiment are presented.

T=si 5. Proliteration of human fibroblagis by ireaiment with LL ~37 peniide

The peptide LL-37 used in this end following tesis was as described in
Example 1 (lot 971/26). The fibroblasts, a type of stromal cells, were obtainad from
injured and uninjured skin in patients with chronic leg ulcers duse to venous insufficiency:.
Punch-biopsies (4-mm) were taken from the wound margin including 50 % of the
epithelialized area and from uninjured skin in the knee region. Individuals with a history
of diabetes mellitus, arterial insufficiency or chronic inflammato ry disease were
excluded. Patients with signs of eczema in the ulcer margin, clinical signs of infection or

undergoing systemic or topical antibiotic treatment at the time for biopsy were also
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excluded. Patients included were all treated with inert local dressings and standard
compression bandaging.

Fibroblast were put in culture using explant technique (Hehenberger el al.,
Cell Biochem Funct 15: 197-201, 1997). Fibroblasts were plated in 96 well plates
(Falcon, USA) at the concentration of 2000 cells per well. Cells were plated at -48 rwours
and stimulated with different concentrations of synthetic LL-37 peptide by hour 0. The
testing was done in one experiment with 6 wells in each condition. Proliferation and
viability were ascertained by measuring mitochondrial activity (WST-1, Roche) after 24
h and 48 h. See Table 12 and Table 13 below. Increase in cell proliferation (Proliferation
index) is calculated in comparison with baseline (Control = 0 pg/ml). Mean values from

six samples per condition in one experiment are presented.

Teble 12. Human Wound Fibroblast stimulated by LL-37. Proliferation and viability of
Human Fibroblasts measured by mitochondrial activity (WST-1) at 48 hours.

LL-37 Lipid Serum Standard Increased

(ng/ml) | (0.2%) Conc. | Absorbance | Deviation Proliferation

(%) (+-) (%)
- - 10 0.785 0.020 0

25 - 10 1.171 0.242 49
. 60 - 10 1.073 0.199 37
100 - 10 0.955 0.187 22
100 + 2 0.960 0.122 22

Table 13. Human Normal Fibroblast stimulated by LL-37 peptide. Proliferation and
viability of Human Fibrobl asts measured by mitochondrial activity (WST-1) at 48 hourss.

LL-37 Serum Standard Increased
(po/mi) Conc. | Absorbance | Deviation Proliferation
(%) (/) (%)
- 10 0.560 0.01¢ 0
25 10 0.507 0.067 7
50 i0 0.626 0.076 12
100 10 0.669 0.051 19
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Test 6. Transgenic expression of hCAP18 in HE K293 cells and proliferation of HEK293-
hCAP18 cells

A Bfa1 fragment from Image clone 3057931 (ref) containing the entire

coding sequence for hCAP18 including the 16 bpp of the 5°-untranslated region, was
subcloned into the Sma7-site of the bycistronic wector pIRES2-EGFP (BD Biosciences,
Bedford, MA). Human embryonic kidney cells, H EK293, were transfected using Fugene
(Roche Diagnostics, Indianapolis, IN) under starsdard conditions, and selected for two
weeks with 400 ng/ml G418 antibioticum (Invitrogen, Paisley, UK). The cells were
sorted for EGFP expression with a MoFlo® high speed cell sorting flow cytometer
(DakoCytomation, Fort Collins, CO) using Summait™ software for data analysis, and
their expression of CAP18 was quantified by immunoblotting. Control cell lines were
similarly established by transfection with the vector only expressing EGFP.

For proliferation assay, cell lines were harvested at 70% confluence and
seeded in 24-well plates. After 24 hours, mediume was changed and cells were cultured
in 2 ml of medium (OPTIMEM, Gibco BRL, Life T echnologies, Scotland) supplemented
with § % FCS and PEST. All conditions were performed in triplicates. Medium was
changed every second day. Cell lines were then Rarvested at day 6 and counted by
Flow Cytometry. Cell viability was measured with Trypan Blue; under all conditions < 5
% of the cells were Trypan Blue positive. Increase in cell proliferation (Proliferation
Index) is caiculated in comparison with baseline ( HEK293-EGFP). Mean values from

triplicate samples per condition in one experiment are presented.

Table 14. Proliferation of HEK293-hCAP-18 cells at 144 hours assessed by flow-

cytometry.
Cell Serum Mumber of Standard Increased
Type Conc. | Cells (Mean) Deviation Proliferation
(%) (+1) (%)
HEK223-EGFP 5 162063 33726 Q
HEK223-hCAF & 5 485384 86168 187

The proliferation of the HEK293-hCAFP 18 cells was also assessed by

incorporation of *H-thymidine and the results obtai ned are presented in Table 15 below.

“The increase in cell proliferation (Proliferation Indexx) is calculated in comparison with

Bbaseline (HEK293-EGFP). Mean values from four samples per condition in one

experiment are presented.
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Table 15. Proliferation of HEK293-hCAP-18 cells at 144 hourss assessed by H-
Thymidine incorporation after 96 hours.

Cell Serum Counts Per Standard Increased
Type Conc. |Minute (Mean) Deviation Proliferation
(%) (+/-) (%)
HEK293-EGFP 0.1 364 118 0
HEZK293-hCAP18 0.1 796 206 111
HIEK293-EGFP 0.5 811 459 0
HE=K293-hCAP 18 0.5 2271 792 180
H EK293-EGFP 1 744 433 0
HEK293-hCAP18 1 2303 }359 209
H EK293-EGFP 2 767 334 0
HEK293-hCAP18 2 3483 771 354
HEK293-EGFP 5 058 414 0
HE K293-hCAP18 5 6088 1783 534
HEK293-EGFP 10 1806 - 664 0
HEK293-hCAP18 10 6541 2827 262

Test 7. Cuituring of human celis for transplantation in different growth media

Culttire of epithelial cells

A piece of skin, 1X1 cm, is excised from healthy sk in of the patient. The
skin is minced and treated with trypsin/EDTA (0.05/0.01%) and 2-5x10° of the recruited
keratinocytes are added to 1.5X1 0° mitomycin-pretreated (4 pg/ml, 2h) 3T3 cells in 75
cm? culture flasks. Growth medium A containing LL-37 peptide &s added. Cells are
harvessted by trypsination as sheets and transplanted onto the peatient.

Growth Medium A is used for culiurs of epithelial cells such gs e.¢.
kerat@nocytes in vifro and conzists of Besal Madium and a growich promoting kit (GPK)
incluciing a) LL-37 pepiide in & salt zolution, b) penicillin + sirzpi omycin, ¢) insulin, d)
transferring, e) triicdotyronine, ) hydrocertisone, g) choleratoxin , and a selected
cytoxicity reducing agent, such as serum or 2 polar lipid.

Culture of stromal cells

Stromal cells are obtained from a 4 mm skin biopsy, cleaned from
subcu taneous tissue and plated in cell culture dishes using the e=xplant technique to
obtain primary fibroblasts. Growth medium B is used for culturing the biopsy. Cells are
harvessted by trypsination and given back to the patient.
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Growth Medium B is used for culture of stromal cells such as e.g.
fibroblasts in vitro and consists of Basal medium and a growth promoting kit includireg a)
LL-37 peptide in a salt solution, b) penicillin + streptomycin, and a selected cytotoxicity
reducing agent, such as serum or a polar lipid.

Basal medium is based on double-distilled water containing inorganic sailts,
phenol red, glucose, thymidine, hypoxanthinine, HEPES, sodium pyruvate, aminopterin,

amino acids and vitamins

SUMMARY OF THE EXPERIMENTS

In summary, it has been demonstrated that LL-37 is produced in skin
epithelium during normal wound hezling and that LL-37 is required for re-epithelializax-
tion to occur. We have also shown that endogenous LL-37 is lacking in chronic ulcer
epithelium. We therefore propose that treatment wiih LL-37, as well as with N-terminail
fragmenis of said peptide, and functional derivates thereof provides a rational strategy
to promote healing of such ulcers. Furthermore, addition of LL-37 and transgenic
expression of hRCAP18/LL-37 aiso stimulates proliferation of healthy cells indicating that
LL-37 can be used to enhance bothg normal and deficient epithelial repair in vivo and
proliferation of epithelial cells in vitro for autologous cell transplantation. We have also
identified a suitable carrier and delivery system that reduces cytotoxicity and has the
potential to protect from rapid degradation in vivo of LL-37 and other cathelicidin

peptides.
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CLAIMS

1. A peptide havirg a sequence of at least 20 amino acids of the N -terminal fragment of
LL-37, SEQ ID NO 1, with the proviso that LL-37 is excluded, as wesll as pharmaceuti-

cally acceptable s-alts and derivatives thereof.

2. A peptide according to claim 1, wherein 1-3 amino acids have bexen added to the C-
terminal end of thes sequence of LL-37, SEQ ID NO 1.

3. A peptide accor-ding to claim 1, selected from the group consistirag of LL-36, /LL-35,
LL-34, LL-33, LL-32, LL-31, LL-30, LL-29, LL-28, LL-27, LL-26, LL-25, LL-24, LL-23, LL-
22, LL-21 and LL-220, having the sequence SEQ ID NO 2, SEQ ID NO 3, SEQ ID NO 4,
SEQ IDNO 5, SEQ IDNO 6, SEQ ID MO 7, SEQ ID MO 8, SEQ ID MO 9, SEQ ID NO
10, SEQID NO 11, SEQ ID NO 12, SEQ ID MO 13, SEQ ID NO 14, SEQ ID NO 15,
SEQ ID NO 16, SEEQ ID NO 17, and SEQ ID NO 18, respectively.

4. The peptide accoording to any of claims 1 - 3 for use as a medicarmnent.

5. The peptide according to any of claims 1 - 3 for the preparation of a medicament for
healing of wounds, cell proliferation, epithelial regeneration, and for use as anti-

microbial agent.

6. Use of a peptide having an amino acid sequence selected from th e group consisting
of

a) SEQ I D NO 1;

b) a sequence coniaining zi l2asi 20 amino acids of the M -tarminal fragment

of SEQ ID MO 1;

and pharmaceuiical Iy ecceptable salis aind derivaiives thersof, which peplide 2nhances
proliferation of epith«<lial and/or stromal cells through a non-lytic mecianism, for the
preparation of & medicament for epithelial regeneration, and healing ©f wound

epithelium and stroma.

7. Use according to «laim 6 of a peptide, which is LL-37, SEQ ID NO 1, in the form of an

acetate salt.
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8. Use according to claim 6 of a peptide selected from the group c-onsisting of LL-36,
LL-35, LL-34, LL-33, LL-32, LL-31, LL-30, LL-29, LL-28, LL-27, LL.~26, LL-25, LL-24, LL-
23, LL-22, LL.-21 and LL-20, having the sequence SEQ ID NO 2, SEQ ID NO 3, SEQ ID
NO 4, SEQ IID NO 5, SEQ ID NO 6, SEQ ID NO 7, SEQ ID NO 8, SSEQ ID NO 9, SEQ
ID NO 10, SEEQ ID NO 11, SEQ ID NO 12, SEQ ID NO 13, SEQ IDD NO 14, SEQ ID NO
15, SEQ ID MO 16, SEQ ID NO 17, and SEQ ID NO 18, respectivealy.

9. Use according to any of claims 6 — 8 of a peptide, for the preparation of a
medicament For the treatment of chronic ulcers due to venous insuffficiency, metabolic

dysfunction, or immunological dysregulation.

10. Use according to any of claims 6 — 8 of a peptide, for the prepa ration of a

medicament for the treatment of wounds due to trauma or burns.

11. A pharmacceutical composition comprising an anti-microbial cathelicidin peptide in
the form of ph armaceutically acceptable salts or derivatives thereof in combination with

a carrier consiisting of a bilayer-forming polar lipid and an aqueous solution.

12. A pharmaceutical composition comprising a peptide having an aamino acid sequence
selected from -the group consisting of
a) SEQIDNO 1,
b) a sequence containing at least 20 amino acids of the N -terminal fragment
of SEQID NO 1;
in the form of pharmaceutically acceptable salts or derivatives therecf in combination

with a carrier c-onsisting of & bilayer-forming poelar lipid and an aguaeous solution.

13. The pharrmaceuiical composition according io claim 11 or 12, wh erain the bilayer-
forming poler lipid is selected from the group consisting of phospholigoids, galactolipids

and sphingolipi ds.

14. The pharmaceutical composition according to any of claims 11 - 13, wherein the

peptide is in thes form of acetate.
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15. The pharmaceutical composition according to any of claims 11 - 14, wherein the
bilayer-forming polar lipid contains at least 50 % (w/w) of digalactosyldiacylglycerols.

16. The pharmaceutical composition according to any of the claims 12 - 15, wherein the

peptide is LL-37 in the form of an acetate salt.

17. The pharmaceutical composition according to any of claims 11 - 16, comprising a
complex of an acetate of LL-37 in combination with CPL-Galactolipid.

18. The pharmaceutical composition according to any of claims 11 - 17, wherein the
ratio between the peptide as a salt and a galactolipid carrier is 1:10 — 1:50 by weight.

19. Use of a peptide having an amino acid seguence selected from the group consisting
of
a) SEQIDNO1;
b) a sequence containing at least 20 amino acids of the N-terminal fragment
of SEQ ID NO 1;
in the form of pharmaceutically acceptable salts or derivatives thereof for proliferation of

epithelial and/or stromal cells in vitro through & non-lytic mechanism.

20. Use according to claim 19 for proliferation of human autologous epithelial and

stromail cells in vitro.

21. A growth medium for culturing epithelial and/or stromal cells, comprising LL-37 or a

peptide as described in any of claims 1 - 3 in combination with a basal medium.

22. A growth medium for culturing epithelial an d/or stromal cellz, comprising LL-37 or a
peplide as describad in any of clzims 1 - 3 in combinaiion with a bilayer-forming polar

lipid in & basal madium.

23. The medium according to claim 22, wherein the polar lipid is selected from the

group consisting of phospholipids, galactolipids and sphingolipids.

24. A method of enhancing the expansion of human autologous epithelial and stromal
cells in vitro for cell transplantation in vivo, wherein cells are isolated from an excised

piece of healthy skin, said isolated cells are cultivated in vitro in a growth medium
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according to any of claims 21 - 23, and the cultivated cel Is are subsequently harvesied

and used for treatment of wounds, such as burn injuries and ulcers.

25. AKit for culturing of epithelial and/or stromal cells cosmprising LL-37 or a peptide as
described in any of claims 1 - 3 and a cytotoxicity reduc ing bilayer-forming polar lipid,

optionally in combination with antibiotics, basal media, a nd other conventional additives.

26. Use of a gene construct comprising a cDNA sequence of hCAP18, SEQ ID NO 20,
for transfection and transgenic expression of epithelial a nd/or stromal cells in order to
enhance proliferation of said cells.
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The vector pIRES2-EGF P including the coding sequence for

hCAP18

TAGTTATTAA
TGGAGTTCCG
CCCAACGACC
ADACGCCAATA
AAACTGCCCA
CCTATTGACG
CATGACCTTA
TCGCTATTAC
TAGCGGTTTG
TGGGAGTTTG
ACAACTCCGC
GTCTATATAA
CCGGACTCAG
GCGGGCCCTA
GGCCACTCCC
GATGCCTCTG
TTCGTGCTAT
CGCCTCCTGG
GCCAAAGCCT
CACAGCAGTC
CGGTGTATGG
CAGTTGTGAT
GGAAATCTAA
ATCAAGGATT
CGCCCCTCTC
ATAAGGCCGG
CTTTTGGCAA
ATTCCTAGGG
TGTCGTGRAG
CTGTAGCGAC
CTCTGCGGCC
ACCCCAGTGC
TCTCCTCAAG
CATTGTATGG
TTAGTCGAGG
TTTTCCTTTG
GGGCGAGGAG
GCGACGTAAA
GCCACCTACG
GCCCGTGCCC
GCTTCAGCCG
GCCATGCCCG
CGGCAACTAC
TGAACCGCAT

TAGTAATCAA
CGTTACATAA
CCCGCCCATT
GGGACTTTCC
CTTGGCAGTA
TCAATGACGG
TGGGACTTTC
CATGGTGATG
ACTCACGGGG
TTTTGGCACC
CCCATTGACG
GCAGAGCTGG
ATCTCGAGCT
GAGGGAGGCA
TGGGGCGGTG
GCCATCATTG
AGATGGCATC
ACCTGGACCC
GTGAGCTTCA
ACCAGAGGAT
GGACAGTGAC
AAGGATAACA
AGAGAAGATT
TTTTGCGGAA
CCTCCCCCCC
TGTGCGITTG
TGTGAGGGCC
GTCTTTCCCC
GRAGCAGTTC
CCTTTGCAGG
AARAAGCCACG
CACGTTGTGA
CGTATTCAAC
GATCTGATCT
TTAAAAAAAC
AAAAACACGA
CTGTTCACCG
CGGCCACAAG
GCAAGCTGAC
TGGCCCACCC
CTACCCCGAC
AAGGCTACGT
AAGACCCGCG
CGAGCTGAAG

TTACGGGGTC
CTTACGGTAA
GACGTCAATA
ATTGACGTCA
CATCAAGTGT
TARATGGCCC
CTACTTGGCA
CGGTTTTGGC
ATTTCCAAGT
AANATCAACG
CARATGGGCG
TTTAGTGAAC
CAAGCTTCGA
GACATGGGGA
GTCACTGGTG
CCCAGGTCCT
AACCAGCGGT
CAGGCCCACG
CAGTGAAGGA
T"GTGACTTCA
CCTCAACCAG
A GAGATTTGC
G GCAAAGAGT
T CTTGTACCC
C-CCTAACGTT
TCTATATGTT
CGGAAACCTG
TCTCGCCARA
CTCTGGARAGC
CAGCGGAACC
TGTATAAGAT
GITTGGATAGT
ARGGGGCTGA
GGGGCCTCGG
GTCTAGGCCC
TGATAATATG
GGGTGGTGCC
TTCAGCGTGT
CCTGAAGTTC
TCGTGACCAC
CA CATGAAGC
CC AGGAGCGC
CC GAGGTGAA
GG CATCGACT

ATTAGTTCAT
ATGGCCCGCC
ATGACGTATG
ATGGGTGGAG
ATCATATGCC
GCCTGGCATT
GTACATCTAC
AGTACATCAA
CTCCACCCCA
GGACTTTCCA
GTAGGCGTGT
CGTCAGATCC
ATTCTGCAGT
CCATGAAGAC
CTCCTGCTGC
CAGCTACAAG
CCTCGGATGC
ATGGATGGNG
GACAGTGTGC
AGAAGGACGG
GCCAGGGGCT
CCTGCTGGGT
TTAAAAGAAT
AGGACAGAGT
ACTGGCCGAA
ATTTTCCACC
GCCCTGTCTT
GGAATGCAAG
TTCTTGAAGA
CCCCACCTGG
ACACCTGCAA
TGTGGAAAGA
AGGATGCCCA
TGCACATGCT
CCCGAACCAC
GCCACAACCA
CATCCTGGTC
CCGGCGAGGG
ATCTGCACCA
CCTGACCTAC
AGCACGACTT
ACCATCTTCT
GTTCGAGGGC
TCAAGGAGGA
(cont.

FIGURE 3A

AGCCCATATA
TGGCTGACCG
TTCCCATAGT
TATTTACGGT
AAGTACGCCC
ATGCCCAGTA
GTATTAGTCA
TGGGCGTGGA
TTGACGTCAA
AAATGTCGTA
ACGGTGGGAG
GCTAGCGCTA
CGACGGTACC
CCAAAGGGAT
TGGGCCTGGET
GAAGCTGTGC
TAACCTCTAC
ACCCAGACAC
CCCAGGACGA
GCTGGTGAAG
CCTTTGACAT
GATTTCTTCC
TGTCCAGAGA
CCTAGGGATC
GCCGCTTGGA
ATATTGCCGT
CTTGACGAGC
GTCTGTTGAA
CAAACAACGT
CGACAGGTGC
AGGCGGCACA
GTCAAATGGC
GAAGGTACCC
TTACATGTGT
GGGGACGTGG
TGGTGAGCAA
GAGCTGGACG
CGAGGGCGAT
CCGGCAAGCT
GGCGTGCAGT
CTTCAAGTCC
TCAAGGACGA
GACACCCTGG
CGGCAACATC
in Fig. 3B)
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(cont. from Fig. 3A)

CTGGGGCACA
GGCCGACAAG
ACATCGAGGA
CCCATCGGCG
CCAGTCCGCC
TGCTGGAGTT
TACAAGTAAA
GTAGAGGTTT
GAAACATAAA
ATAATGGTTA
TTTTTTTCAC
TTAAGGCGTA
TTTTGTTAAA
CCCTTATAAZ
TTTGGAACAA
CGAAAAACCG
ATCAAGTTTT
AAGGGAGCCC
AGAAAGGAAG
TGTAGCGGTC
CGCTACAGGG
CCTATTTGTT
ACAATAACCC
AGGCGGAAAG
CCCCAGGCTC
TCAGCAACCA
GCAAAGCATG
CGCCCATCCC
GGCTGACTAA
TGAGCTATTC
GCAAAGATCG
AGATGGATTG
GCTATGACTG
CGGCTGTCAG
CGGTGCCCTG
CCACGACGGG
GGAAGGGACT
ATCTCACCTT
GGCGGCTGCA
AAACATCGCA
TCAGGATGAT
TCGCCAGGCT
CATGGCGATG
TGGATTCATC
TAGCGTTGGC

AGCTGGAGTA
CAGAAGAACG
CGGCAGCGTG
ACGGCCCCGT
CTCAGCAAAG
CGTGACCGCC
GCGGCCGCGA
TACTTGCTTT
ATGAATGCAA
CAAATAALGC
TGCATTCTAG
AAT'TGTAAGC
TCA.GCTCATT
TCA ARAGAAT
GAG TCCACTA
TCT ATCAGGG
TTG GGGTCGA
CCGATTTAGA
GGAAGAAAGC
ACGCTGCGCG
CGCGTCAGGT
TATTTTTCTA
TGATAAATGC
AACCAGCTGT
CCCAGCAGGC
GGTGTGGAAA
CATCTCAATT
GCCCCTAACT
TTTITTTTTAT
CAGAAGTAGT
ATCAAGAGAC
CACGCAGGTT
GGCA_ CAACAG
CGCA GGGGCG
AATG.AACTGC
CGTTCCTTGC
GGCTGCTATT
GCTCCTGCCG
TACGCTTGAT
TCGAGCGAGC
CTGGACGAAG
CAAGGCGAGC
CCTGCTTGCC
GACTGETGGCC
TACCCGTGAT

3/4

CAACTACAAC
GCATCAAGGT
CAGCTCGCCG
GCTGCTGCCC
ACCCCAACGA
GCCGGGATCA
CTCTAGATCA
AAAAAACCTC
TTGTTGTTGT
AATAGCATCA
TTGTGGTTTG
GTTAATATTT
TTTTAACCAA
AGACCGAGAT
TTAAAGAACG
CGATGGCCCA
GGTGCCGTAA
GCTTGACGGG
GAAAGGAGCG
TAACCACCAC
GGCACTTTTC
AATACATTCA
TTCAATAATA
GGAATGTGTG
AGAAGTATGC
GTCCCCAGGC
AGTCAGCAAC
CCGCCCAGTT
TTATGCAGAG
GAGGAGGCTT
AGGATGAGGA
CTCCGGCCGC
ACAATCGGCT
CCCGGTTCTT
AAGACGAGGC
GCAGCTGTGC
GGGCGAAGTG
AGAAAGTATC
CCGGCTACCT
ACGTACTCGG
AGCATCAGGG
ATGCCCGACG
GAATATCATG
GGCTGGGTGT
ATTGCTGARAG

AGCCACAACG
GAACTTCAAG
ACCACTACCA
GACAACCACT
GAAGCGCGAT
CTCTCGGCAT
TAATCAGCCA
CCACACCTCC
TAACTTGTTT
CAAATTTCAC
TCCAAACTCA
TGTTAAAATT
TAGGCCGAAA
AGGGTTGAGT
TGGACTCCAA
CTACGTGAAC
AGCACTAAAT
GAAAGCCGGC
GGCGCTAGGG
ACCCGCCGCG
GGGGAAATGT
AATATGTATC
TTGAAAAAGG
TCAGTTAGGG
AAAGCATGCA
TCCCCAGCAG
CATAGTCCCG
CCGCCCATTC
GCCGAGGCCG
TTTTGGAGGC
TCGTTTCGCA
TTGGGTGGAG
GCTCTGATGC
TTTGTCAAGA
AGCGCGGCTA
TCGACGTTGT
CCGGGGCAGG
CATCATGGCT
GCCCATTCGA
ATGGAAGCCG
GCTCGCGCCA
GCGAGGATCT
GTGGAAARATG
GGCGGACCGC
AGCTTGGCGG
(cont.

FIGURE 3B
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TCTAT®ATCAT
ATCCGCCACA
GCAGA_ACACC
ACCTG.AGCAC
CACAT GGTCC
GGACG_AGCTG
TACCACATTT
CCCTGAACCT
ATTGCAGCTT
ARATAARGCA
TCAATGTATC
CGCGTTARAT
TCGGCAAAAT
GTTGTECCAG
CGTCARAAGGG
CATCACCCTA
CGGAACZCCTA
GARCGTGGCG
CGCTGGCAAG
CTTAAT®GCGC
GCGCGG-AACC
CGCTCA.TGAG
AAGAGT CCTG
TGTGGA_AAGT
TCTCAA"ITAG
GCAGAACGTAT
CCCCTAACTC
TCCGCCCCAT
CCTCGGCCTC
CTAGGCITTT
TGATTGARACA
AGGCTATTCG
CGCCGTETTC
CCGACCTGTC
TCGTGGCTGG
CACTGARGCG
ATCTCCT®GTC
GATGCAA.TGC
CCACCAA GCG
GTCTTGT CGA
GCCGAAC TGT
CGTCGTG-ACC
GCCGCTT=ITC
TATCAGGAACA
CGAATGGCGCT

in Fig. 3C)
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(cont. from Fig. 3B)

GACCGCTTCC
CGCCTTCTAT
CGAAATGACC
CCACCGCCGC
GCCGGCTGGA
CCACCCTAGG
GAACCCGCGC
GGGTCGTTTG
CGATACCCCA
TTTCCCCACC
AACGTCGGGG
TTAGATTGAT
TCCTTTTTGA
CACTGAGCGT
TTTTTTTICTG
CAGCGGTGGT
GTAACTGGCT
GCCGTAGTTA
TCGCTCTGCT
TGTCTTACCG
GTCGGGCTGA
CCTACACCGA
CTTCCCGAAG
AACAGGAGAG
ATAGTCCTGT
TGCTCGTCAG
TTTACGGTTC
CGTTATCCCC

TCGTGCTTTA
CGCCTTCTTG
GACCAAGCGA
CTITCTATGAA
TGATCCTCCA
GGGAGGCTAA
TATGACGGCA
TTCATAAACG
CCGAGACCCC
CCACCCCCCA
CGGCAGGCCC
TTAAAACTTC
TAA TCTCATG
CAG.ACCCCGT
CGCGTAATCT
TTGITTGCCG
TCAGCAGAGC
GGCCACCACT
AATCCTGTTA
GGTTGGACTC
ACGGGGGGTT
ACTGAGATAC
GGAGARAGGC
CGCACGAGGG
CGGGETTTCGC
GGGGGCGGAG
CTGGCCTTTT
TGAT TCTGTG

4/4

CGGTATCGCC
ACGAGTTCTT
CGCCCAACCT
AGGTTGGGCT
GCGCGGGGAT
CTGAAACACG
ATAAAAAGAC
CGGGGTTCGG
ATTGGGGCCA
AGTTCGGGTG
TGCCATAGCC
ATTTTTAATT
ACCAAAATCC
AGAAAAGATC
GCTGCTTGCA
GATCAAGAGC
GCAGATACCA
TCAAGRACTC
CCAGTGGCTG
AAGACGATAG
CGTGCACACA
CTACAGCGTG
GGACAGGTAT
AGCTTCCAGG
CACCTCTGAC
CCTATGGARA
GCTGGCCTTT
GATAACCGTA

GCTCCCGATT
CTGAGCGGGA
GCCATCACGA
TCGGAATCGT
CTCATGCTGG
GAAGGAGACA
AGAATAAAAC
TCCCAGGGCT
ATACGCCCGC
AAGGCCCAGG
TCAGGTTACT
TAAARAGGATC
CTTAACGTGA
AAAGGATCTT
AACAAAAARA
TACCAACTCT
AATACTGTCC
TGTAGCACCG
CTGCCAGTGG
TTACCGGATA
GCCCAGCTTG
AGCTATGAGA
CCGGTAAGCG
GGGAAACGCC
TTGAGCGTCG
AACGCCAGCA
TGCTCACATG
TTACCGCCAT

FIGURE 3C
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CGCAGCGCAT
CTCTGGGGTT
GATTTCGATT
TTTCCGGGAC
AGTTCTTCGC
ATACCGGAAG
GCACGGTGTT
GGCACTCTGT
GTTTCTTCCT
GCTCGCAGCC
CATATATACT
TAGGTGAAGA
GTTTTCGTTC
CTTGAGATCC
CCACCGCTAC
TTTTCCGAAG
TTCTAGTGTA
CCTACATACC
CGATAAGTCG
AGGCGCAGCG
GAGCGAACGA
AAGCGCCACG
GCAGGGTCGG
TGGTATCTTT
ATTTTTGTGA
ACGCGGCCTT
TTCTTTCCTG

GCAT
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