WD 2012/ 000054PCT/ AU2011/ 000826 1 LACTOFERRI N SEQUENCES, COWVPCOSI TI ONS AND
METHODS OF CORNEAL WOUND TREATMENT Field of the invention The present

i nvent i orWoebEY®80s#o phar maceuti cal conpositions cont ai RCRAU200{000826i n, or
fragments of it, and their use in the treatnent of wounds, particularly
corneal wounds. 5 Background of the invention The cornea is the transparent
front part of the eye that covers the pupil, iris and anterior chanber. One
of the inportant functions of the cornea is to naintain normal vision by
refracting light onto the Iens and retina. The human cornea i s conposed of

five layers, of wpiaehd ﬁEﬁlﬂNVMEI@@Eéf@bM\*@Slﬁdl\lseAﬁBtl\ﬁT%DQDSt l'ayer and
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physi cal barrier preventing, for exanple, mcrobial invasion of the deeper,
nor e vuFielt efitheinyventiont ures. The stroma is underneath the epitheliumand is
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retina itsanfitheflagedbarireatrieny af woeds, pakicalbily ¢drmyeabivodrde corneal epitheliumto

undergo continuous renewal. Epithelial renewal is essential because it

enabl es t?k:kgsr,l isftegﬁ 1o act as a barrier that protects the corneal interior

f r on? be BAFEREMdS ‘i'é‘ﬁe’&? noxi ous environmental agents. The renewal process

al so maintains the smooth optical surface of the cornea. This rate of
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| ens wear or by surger¥ Most cor neal eplthellal wounds heal  pronptly.

However antprprapiyblayes aad formas thy suréace pEtE 6dPed nj ury, heal i ng of the corneal
epitheliumis delayed, |eaving the underlying stroma vul nerable to
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the WO 2012/ 000054PCT/ AU2011/ 000826 2 corneal surface. In serious cases

this le e I i
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renewal is essential because it enables this tissue to act as a barrier that protects the comeal interior
from becoming infected by noxious environmental agents. The renewal process also maintains the
smooth optical surface of the cornea. This rate of renewal is closely maintained by an integrated

balance between the processes of corneal epithelial proliferation, differentiation and cell death.

20  Damage to the corneal epithelium can be caused by foreign bodies (e.g. sand and grit), microbial
insult or chemical insult, during contact lens wear or by surgery. Most comeal epithelial wounds
heal promptly. However, in some cases, such as chemical injury, healing of the corneal epithelium
is delayed, leaving the underlying stroma vulnerable to infection and ulceration. In addition, the eye

is not able to maintain normal hydration, leading to cloudiness that reduces vision.

25  Alkali injuries are of particular concern and cause acute inflammation characterized by rapid
infiltration of neutrophils into the cornea, followed by chronic inflammation, which involves the

migration and recruitment of inflammatory cells over extended périods, further damaging the



Nat ural epithelial wound healing appears to depend on a conplex interaction
of various cellular 5 conponents that cooperate through a network of

i nteractiwe2osmo@k| i ng nol ecul es. A nunber of these nolpeTNR811/000820N as
grow h factors, play inmportant roles in corneal wound healing. Epidernal
grow h factor (EGF), keratinocyte growmh factor and platel et-derived growh
factor (PDGF) are sone of the growth factors known to stinulate corneal
wound healing. Interleukin (IL)- 1 a and I1L-6 have al so been found to be
strongly induced early after corneal alkali burn by the 10 regenerating
epithelium suggesting that they may play a role in regenerating the
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to the amino- (N-lobe) and carboxy (C-lobe) terminal halves of the protein. Each lobe contains one
15  iron-binding site. Lactoferrin has a number of functions, including inflammation reduction, immune
response modulation and antibacterial activity. It is a protein found in many species and

accordingly reflects some inter-species sequence variation.

Takayama et al (The bovine lactoferrin region responsible for promoting the collagen gel contractile
activity of human fibroblasts, Biochem Biophys Res Commun 2002; 299: 813-817) examines the
20  ability of the N- and C-lobes of bovine lactoferrin to promote the contraction of collagen gels by

human fibroblasts.

US patent number 7,524,814 relates to a composition comprising whole lactoferrin or an N-terminal
lactoferrin variant, in which at least the N-terminal glycine residue is truncated or substituted for use

as a treatment for wound healing.

25  There remains a need for a non-irritating composition that can stimulate corneal epithelial wound

repair by means of a practical dosage, i.e. one that is sufficiently potent per unit of mass.

Reference to any prior art in the specification is not, and should not be taken as, an acknowledgment

or any form of suggestion that this prior art forms part of the common general knowledge in



WD 2012/ 000054PCT/ AU2011/ 000826 3 Australia or any other jurisdiction or
that this prior art could reasonably be expected to be ascertai ned,

under st oosioant/mweqgar ded as rel evant by a person skil | edpCm/Atze112000826 Sunmar y
of the invention The present invention relates to a nethod of treating
corneal wounds, which conprises 5 adm nistering to a subject in need

t hereof a pharnaceutical conposition conprising an effective anount of a
pol ypeptide or peptidom nmetic conprising the C-|obe of lactoferrin, or
functionally active fragments or varignts thereof. The present invention
also relates to a pharmaceutical conposition conprising an effective anount
of a pol ypeptide or peptjdonm nmetic caonsisting essentially of the. C-I|gbe of
| act of e‘WSB'ﬁ‘}a 8 anp thﬁhd:‘msg‘ﬁ%‘?"r gr hat i1 Frien Gresanld gpsqrably b5 €PE drge) " In
one e”%@rﬁﬁ@&,m&é?ﬁodd%&?égﬁfd&&&sﬂeﬁvabx@ujrﬁl?erkmkmfe&mmﬂml n one enbodi ment,

t he peptide or peptidom netic consists of, or consists essentially of, the
C-lobe of lactoferrin. In this specification, "consists essentially of'
nmeans, Summagygfihe igyentioBept i de or peptidomi netics, an anmino acid sequence
of any |l ength having substantially the sane activity as the 15 C- | obe of
bovi ne 1acthRk&Hk Mhfenfion aehRYe® RYmbhed roft heding essiidabarbundl, owhieln ceowdprisds i s at
| east 60% i dentical to the sequence of that, G-|obe. .As iIIustrat%d bel ow,

t he S\ | asipunisteing e &ibjegicingreed ?hefFOIfia\}@ma?aF?l@F rfomResifion ¢3mATSINg RE EfBe and

t her ef of biSGerRl IR icEmblidte tHe WLRIbE lof IRBEEAA, G fluxctiohallyt he
C-| obe 35’?0 nggkggﬁpn %Iglggédrt\lot I ncl ucdlg V\:hO% e lactoferrin. Conveniently,
det er mi attingfragnentser varanwthaewfaci d sequence has substantially the sane

activity as the C | obe of bovine lactoferrin can 20 be routinely assayed by

t he cel rolif. .] I i . : i RedeWive lathome
enbodi n’Jgh -?resteﬁtég%?lhégggelmﬁg%egtt%?he %‘ifqucrdgté eo lsﬁggégr?bv\ho e lactoferrin.
Pref er apf y, péliyeptideobe geptidomimepspusisting asseatidivboflitherfi-lobe el lagiefedmeretin i s
bovine [actoferrin. Optional ly.it | t,ai e I Snrt her
embHdi nidetonaliy, aciypfrgments 0F ‘%ﬂ%ﬁ%m%???éﬁﬁ%%ﬁ%ﬁ‘?%%%fa%%?fm thsﬂté subj ect
has, orabefeddr. suspected of. having, a corneal epithelial wound or injury.
This nmay be separate fromor in addition to another injury or injuries. In

et = { OvansemoaBEt featrid REPERROREI G oBER et AT idl e PO e
wound. of jactoferrin.  In this specification, “consists essentially of” means, in respect of a peptide or
peptidomimetics, an amino acid sequence of any length having substantially the same activity as the
15  C-lobe of bovine lactoferrin as assayed by the method described below and which is at least 60%
identical to the sequence of that C-lobe. As illustrated below, the N-lobe and whoie lactoferrin have
different activity to the C-lobe and therefore a peptide or peptidomimetic that “consists essentially
of” the C-lobe of lactoferrin does not include whole lactoferrin. Conv¢niently, determining whether
an amino acid sequence has substantially the same activity as the C-lobe of bovine lactoferrin can

20  be routinely assayed b'y the cell proliferation and/or migration assays described below.

In one embodiment, the C-lobe is obtained by proteolysis of whole lactoferrin. Preferably, the
protease is trypsin. In one embodiment, the lactoferrin is bovine lactoferrin.  Optionally it is

obtained from cows’ milk.

In another embodiment, the subject is a human patient. In one embodiment, the subject has, or is
25  suspected of having, a corneal epithelial wound or injury. This may be separate from or in addition
to another injury or injuries. In a further embodiment, the corneal wound is an epithelial corneal

wound. In yet a further embodiment, the epithelial corneal wound is an alkali-induced wound.
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phar maceuti cal conpositions containing the C|obe of lactoferrin, or

functi onavbyomotiose fragments or variants thereof. |n omeTatodioves?t, the
pharmaceutical conposition is in a formsuitable for admnistration to the
eye. Preferably, the pharmaceutical conposition is an aqueous solution. The.
phar maceuti cal conposition is 5adm nistered topically. The present
invention also relates to a nmethod of treating a corneal wound conpri sing
adm nistration of a therapeutically efaf ecti ve anount of a pol ypeptide or
pepti dom netic conprising the C1lobe of |actoferrin, or functionally active
fragnments or variants thereof. he present invention.also tel t he
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15  In one embodiment, the invention provides a peptide or peptidomimetic comprising the C-lobe of

lactoferrin, or functionally active fragments or variants thereof, when used in a method of treating

comeal wounds.

In one embodiment, the invention provides a pharmaceutical composition for treatment of a corneal
wound comprising as an active ingredient a polypeptide or peptidomimetic consisting essentially of

20 the C-lobe of lactoferrin, or functionally active fragments or variants thereof. In another
. embodiment, the invention provides a pharmaceutical composition for treating a corneal wound
comprising a polypeptide or peptidomimetic consisting essentially of the C-lobe of lactoferrin, or

functionally active fragments or variants thereof as a main ingredient. '

The present invention also relates to a method of treating a comeal wound comprising
25  administration of a therapeutically effective amount of a polypeptide or peptidomimetic consisting

essentially of the C-lobe of lactoferrin, or functionally active fragments or variants thereof.

The present invention also relates to the use of a therapeutically effective amount of a polypeptide |

or peptidomimetic consisting essentially of the C-lobe of lactoferrin, or functionally active



fragments or variants thereof, for the treatnment of corneal wounds. The

i nvention also includes use of this polypeptide or peptidomnetic for the
manuf act we 20f2/moosedi canent for the treatnent of cornealPChund=/000826 The
present invention also relates to a nethod of treating a corneal wound
conprising the steps of: 5 - identifying a subject having a corneal wound,
and - adm nistering a pharmaceutical conposition conprising an effective
anount of a pol ypeptide or peptidom netic consisting essentially of the
C-l obe of lactoferrin, or functionally active fragnents or variants

t hereof, or - administering a therapeutically effective anount of a

pol ypeptide or peptidom neti¢c consi sti 1Qessentially of the.Cilobe of

| act of efregmentsar vemaRes theserf) foy thedreptnent ?{;fg%%t‘%"“a - b-g? ?r&ﬁ?tkonta% ?'é%‘fdgs e
present 4 tﬂfé%ﬁ)’g%d@l ot Peptiloffifstict Br teBiduR ! ofE aRlIRAMEI T B GButienoéf a
corneal wou onprising admnistering to a subject in need thereof: - a

phar macenmédatwburdenposi ti on conpri sing an effective .anount of a pol ypepti de
or peptidom netic consisting essentially of the C1lobe of |actoferrin, or

funct | opal L. Aoklctfiof NAARRRL b AheHad diRthigloRRERM Qomprishgltiesignt [ cal | y
ef fective anount of a polypeptide or peptidom netic consisting essentially
of the C-1obe of lactoferrin, or functionally active fragnents or variants
therﬁofeidhmﬁfyinglesumblwd'inmmpsletﬂhm“édﬁasldprovi ded a kit for use in a nethod
of the invention nentioned above, the kit including: 20 - a container

hol di ng_ gd,gﬁg%iﬂg 2 phA e'fé}!&i@a'l '&E&nk&it%_ BhRRIRE sytfiGale SRGROST & polgpatidd be

i nvention; an or package insert wth witten instructions for

use. Pr pémidainyetit hensisting essentias of the (G-lohs obleeteterrise oy Bactismally,actiye {ragipents

met hod or use gf the invention. In other enbodinents there is provided a
kit wheff 'Q-Rkt hod of the invention nentioned above, the kit |

including: WO 2012/ 000054PCT/ AU2011/ 000826 6 - a | abel or package. i.nsert
Wit h wri bi@inisteng rauhénpmscdlyreflactive amoufieofzh pglypentidepr papEdoIIASHE GRRSISHRES

descri be use of .the kit in nmet hed ' -] certain
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ingredients for treatnment of a corneal wound. -

The present invention also relates to a method of accelerating closure of a comeal wound

comprising administering to a subject in need thereof:

- a pharmaceutical composition comprising an effective amount of a polypeptide or peptidomimetic

consisting essentially of the C-lobe of lactoferrin, or functionally active fragments or variants

15  thereof, or

- a therapeutically effective amount of a polypeptide or peptidomimetic consisting essentially of the

C-lobe of lactoferrin, or functionally active fragments or variants thereof.

In other embodiments there is provided a kit for use in a method of the invention mentioned above,

the kit including:
20 - a container holding a peptide, peptidomimetic or pharmaceutical coniposition of the invention; and

- a label or package insert with written instructions for use. Preferably the written instructions

describe use of the kit in a method or use of the invention.

In other embodiments there is provided a kit when used in a method of the invention mentioned

above, the kit including:

25 - acontainer holding a peptide, peptidomimetic or pharmaceutical composition of the invention; and



5 Brief description of the drawings / figures Figure 1. SEQ ID NO 1
(publicly available fromthe Sw ss-Prot database under accessi on nunber
P24627- 1,weegLeane@s4ver sion 2). Figure 2. Basic corneal aoataanyiifmwoszsned
wi th hemat oxylin and eosin) showing the epithelium which is the anterior
nost |ayer form ng the external surface of the cornea. 10 Figure 3.

Rel ative closure of alkali-induced HCLE wounds after 24 hours incubation
with 12.8 p. M bovine lactoferrin: native (BLF); iron free (a-BLF); iron
saturated (h-BLF); deglycosylated witlg TFM5 (BLF TFMS); exposed to
zwitterionic detergent 2% CHAPS (BLF CHAPS); exposed to chaotrope 6 M

Gdn-HCl (BLFE Gdn-HCl); redyced and al kyl ated; apd.LFcin B t.ide conpared
to BSA TH EL[BFIO‘W. pagkags psep el apte ‘ﬁuc-“r‘x@[;o( 1) T1¢ ?ys ﬂ‘ﬁt‘?”%ﬁ’?‘c’ﬁ? tions

si gni i eadHbe did JraeaBGR a GRRRALLGe b Metikveitdn, ve BLF (p>0.1). #Statistically
significant decrease conpared with native BLF (p<0.001). Figure 4. Chem cal

degl ycosyl ation of BLF was confirped by 7.5% SDS- PAGE under non-reducing
condi t i 18regrtaim gmBedimpnssithgikit nagseRawng omsfoﬁmlee,&)a%\'&twgpgiﬁf; ingrggicqp for

[ ncubattgeqm??ﬁo__ ,omegw%dvm th TMSF. Figure 5. Fractions fromserine

protease affinity colum: (A) BLF injected onto colum; (B) protein 20

standard; (C) unbound fraction, and (D) eluted fraction. Visualised on 12%
SDS-PABriefrst¢saription of thedrawings £ figwres and stained with Coonassie R 250. Figure
6. Rate of hydrolysis of the serine protease substrate 30 pM Z- Phe- Arg- AMC

by 0.1 . qf sitoBbNo.BLiublty SARabICHbAIR SWiBs-Blobdaffisdlufdet dceaskiefl nuinbdt | pM
PIVSF. Da%a represents nean + SD. (n=3 for p-BLF, n=6 for BLF, NI obe,

C- | obe, P42 BLeaustceBierjon DSt at i stical |y significant 25difference conpared
wi th p-BLF (p<0.005). *Statistically significant difference conpared with

nati ve k(D0 men A AAR0 MBREAKRI bAPBSRA FolingUhe eriineirmsur e

of alk I nduced HCLE woun In the presence of 12. and 252 p. M

nat i ve Bhifh sdipaanteriotmpstiayerformipg Sreesteyal surfpegpfdlepmsad prot eol ytic (p- BLF)
fractions, with and wi thout serine protease inhibition. by 1 nM PVSF. Data

o e e A R e e B R e Ceciar od.
t o PNVSPbdvireahetofefrins BatD@SBLAS iz fitei (6d3LF); isorgsatirated th-BEF X, fdegleensdated ithir ed t o
1120th flglolge(gt[ﬁaltf'll\ﬂ@, (‘:Qp%gecp %Qwitterionic: detergent 2% CHAPS (BLF CHAPS); exposed to
c;haotrope 6 M Gdn-HCI (BLF Gdn-HCI); reduced and alkylated; and LFcin B peptide compared to
BSA control. Data represents mean + SD (n=8). *No statistically significant difference compared

15  with native BLF (p>0.1). #Statistically significant decrease compared with native BLF (p<0.001).

Figure 4. Chemical deglycosylation of BLF was confirmed by 7.5% SDS-PAGE under non-
reducing conditions and stained with Coomassie R-250. (A) native BLF; (B) BLF incubated for 30
minutes with TMSF.

Figure 5. Fractions from serine protease affinity column: (A) BLF injected onto column; (B) protein
20 standard; (C) unbound fraction; and (D) eluted fraction. Visualised on 12% SDS-PAGE under

reducing conditions and stained with Coomassie R-250.

Figure 6. Rate of hydrolysis of the serine protease substrate 30 uM Z-Phe-Arg-AMC by 0.1 pM of |
p-BLF, BLF, N-lobe, C-lobe, np-BLF and BLF treated with 1 pM PMSF. Data represents mean +
SD. (n=3 for p-BLF, n=6 for BLF, N-lobe, C-lobe, np-BLF and BLF). *Statistically significant

25  difference compared with p-BLF (p<0.005). *Statistically significant difference compared with
native BLF (p<0.05).



Figure 8. Fractions fromthe tryptic digestion and purification of

N-1obe and C-lobe: (A) Protein standard;g (B) trypti(F:) di gest of BEF Elalr: 4
hours; (GyvoQGeixaloeospurified from"B" by cation exchange a&ou/Adi2ed/00082kusi on
chromat ography; (D) BLF, (E) tryptic digest of BLF for 0.5 hour; (F, 10 G
H BLF, partially digested C1lobe, and N-lobe, respectively, isolated peaks
from size exclusion chromatography of "E'. Visualised on 12% SDS- PAGE under
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Figure 9. Closure of alkali-induced HCLE wounds treated with native BLF, BLF N-lobe, BLF C-
lobe, and BSA at 1.28, 6.4, 12.8, 64 and 128 uM concentrations. Data represents mean + SD (n=8).

15  *Statistically significant increase compared to equimolar native BLF (p<0.05) and BLF N-lobe
(p<0.001). *Statistically significant decrease compared to equimolar native BLF (p<0.005)
“Statistically significant decrease compared to equimolar BSA (p<0.05).

Figure 10. Closure of debridement wounds in guinea pig eyes treated with 64 uM BLF, N-Lobe, C-
lobe, or PBS (Vehicle) expressed as average wound diameter + standérd deviation. Dosing with 25

20  pL every 3 hours for the first 24 hours and then 3 times a day until wound closure. ~ C-Lobe
wounds smaller than N-Lobe treated wound (p<0.04) # C-Lobe wounds smaller than PBS treated
wounds (p<0.005) * C-Lobe wounds smaller than BLF treated wounds (p=0.02).

Figure 11. Closure of alkali wounds in guinea pig eyes treated with 64 uM BLF, N-Lobe, C-lobe, or
PBS (Vehicle) expressed as average wound diameter + standard deviation. Dosing with 25 uL. every
25 1 hour for the first 8 hours and then 3 times a day until wound closure. # C-Lobe wounds

significantly smaller than Vehicle treated wounds (p=0.013).

Figure 12. Proliferation of Human Comeolimbal Epithelial cells in Medium (M) supplemented with
either Bovine Serum Albumin (BSA), Bovine Lactoferrin (BLF), N-Lobe, or C-Lobe at
concentrations of 1.28, 6.4, 12.8, 64, and 128 uM. Measured by CyQuant after 0, 8, 16 and 24 hours
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G eater proliferation than equi nolar BSA (p<0.05). Figure 13. Wund cl osure
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inhibited with 1 mM hydroxyurea in Medium (M supplenented with either
Bovine Serum5 Al bumn (BSA), Bovine Lactoferrin (BLF), N-Lobe, or C Lobe
at concentrations of 1.28, 6.4, 12.8, 864, and 128 M n=8 for all groups.
Measurenents taken at 0, 8, 16 and 24 hours after mgration barrier renoved
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term nal hal ves of the protein. Each | obe contains one iron-binding site.
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equence of the Clobe 1s that given in Figure 1 (defined as SEQ
D NO 1)nveri[i¢easdnfmndbx3ﬂwebatr@nds to all published sequences of lactoferrin

and the C-|1obe sequence they contain. W) 2012/ 000054PCT/ AU2011/ 000826 9
15  One skilled in the art will recognize many methods and materials similar or equivalent to those

described herein, which could be used in the practice of the present invention. The present invention

is in no way limited to the methods and materials described.

The term “C-lobe of lactoferrin” refers to the C-terminal lobe of lactoferrin. As discussed
previously, the protein is composed of a single polypeptide chain, which is folded into two globular
20  domains. These domains are termed the N- and C-lobes, which correspond to the amino- (N-lobe)
and carboxy (C-lobe) terminal halves of the protein. Each lobe contains one iron-binding site. It has
been shown that the lactoferrin protein is approximately 690 amino acids long, with the C-lobe |
corresponding to the amino acid sequence from approximately amino acid 364 (at least for bovine
llactoferrin) to the C-terminal end (e.g. amino acid 690). The N-terminal end of the C-lobe may be
25 located at amino acid 364, or within two to three amino acids of that position (e.g. amino acid 361
to amino acid 366). In one embodiment, the amino acid sequence of the C-lobe is that given in
Figure 1 (defined as SEQ ID NO 1). The invention extends to all published sequences of lactoferrin

and the C-lobe sequence they contain.



In a preferred enbodi mnent, the C-lobe is derived frombovine lactoferrin
and has the sequence according to SEQID NO 1. As stated herein, the
present iwoentzmmsal so i ncl udes variants, for exanpl e spetiAaRomaniant s or
pol ynor phic variants, including an am no acid sequence as described bel ow
where any one or nore of the O amno acids in parenthesis replace the am no
acid preceding 5it.
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of the fﬁrﬁtﬁ’ﬁe‘nt or variant. A functionally active fragnent can be easily
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protein will also vary. The present invention is intended to cover all functionally active fragments

and variants of the C-lobe that exhibit the same activity as assayed by the method described below.
20  This also includes apo- and holo-forms of the C-lobe, post-translationally modified forms, as well as
glycosylated or de-glycosylated derivatives. The C-lobe may optionally include the interlobe region,
or part thereof, which occurs between the C-lobe and N-lobe in whole lactoferrin. The interlobe

region may have a sequence of any isoform or species variant of lactoferrin.

The term “functionally active” in relation to a fragment or variant of the polypeptide sequence of
25  the C-lobe of lactoferrin means that the fragment or variant (such as an analogue, derivative or
mutant) that is capable of healing corneal wounds, by, for example, being applied to the wound to
be treated as assayed by the method described below. Such variants include naturally occurring
variants and non-naturally occurring variants. Additions, deletions, substitutions and derivatizations
of one or more of the amino acids are contemplated so long as the modifications do not result in loss

30  of functional activity‘of the fragment or variant. A functionally active fragment can be easily



Where non-natural variations occur, the fragnment nmay be called a

peptidom netic, which are also 5 within the scope of the invention. For
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al - Qbei @i mefibol bBbwt echnol 1998; 9: 205-223; Hruby Curr Opin Chem Biol 1997;
1. 114-119; GOsterganrd Mol Divers 1997; 3 :17-27; Ostresh Methods Enzynol
1996; 267; 0-234. ,Preferably i i I (g 0, 40,
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than the natural amide bond (“peptide bond”) linkages; b) non-natural residues in place of naturally

15  occurring amino acid residues; or ¢) residues which induce secondary structural mimicry, i.e., t0
induce or stabilize a secondary structure, e.g., a beta turn, gamma turn, beta sheet, alpha helix

conformation, and the like.

Peptidomimetics can be synthesized using a variety of procedures and methodologies described in
the scientific and patent literatures (e.g., Organic Syntheses Collective Volumes, Gilman et al. (eds)

20  John Wiley & Sons, Inc., NY; al-Obeidi; Mol Biotechnol 1998; 9: 205-223; Hruby Curr Opin Chem
Biol 1997; 1: 114-119; Ostergaard Mol Divers 1997, 3 :17-27; Ostresh Methods Enzymol 1996; 267:
220-234.

Preferably, the functionally active fragment is 30, 40, 50, 60, 70, 80, 90 or greater amino acids in
length. Preferably, the functionally active fragment or variant has at least approximately 60%
25  identity to the relevant part of SEQ ID NO 1 to which the fragment or variant corresponds, more
preferably at least approximately 65%, 70%, 75%, 80% or 85% identity, even more preferably 90%
identity, even more preferably at least approximately 95%, 96%, 97%, 98%, 99% or 100% identity.
The functionally active fragment or variant may correspond to, or have identity with, a contiguous

sequence of amino acids from the C-lobe of lactoferrin, however it is also contemplated that a



WO 2012/ 000054PCT/ AU2011/ 000826 11 functionally active fragment corresponds
to, or has identity with, sequences of amno acids that are clustered
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15  percent amino acid sequence identity of B to A.

In calculating percent identity, exact matches are counted. The determination of percent identity
between two sequences can be accomplished using a mathematical algorithm. A non-limiting
example of a mathematical algorithm utilized for the comparison of two sequences is the algorithm
of Karlin and Altschul Proc Natl Acad Sci 1990 USA; 87: 2264, modified as in Karlin and Altschul
20  Proc Natl Acad Sci USA 1993; 90: 5873-5877. Such an algorithm is incorporated into the BLASTN
and BLASTX programs of Altschul er al. J Mol Biol 1990; 215: 403. To obtain gapped alignments
for comparison purposes, Gapped BLAST (in BLAST 2.0) can be utilized as described in Altschul
et al. (1997) Nucleic Acids Res 25: 3389. Alternatively, PSI-Blast can be used to perform an iterated
search that detects distant relationships between molecules. See Altschul ef al. (1997) supra. In one
25  preferred embodiment, utilizing BLAST, Gapped BLAST, and PSI-Blast programs, the default
parameters of the respective programs (€.g., BLASTX and BLASTN) are used. Alignment may also
be performed manually by inspection. Another non-limiting example of a mathematical algorithm
utilized for the comparison of squehces is the Clustal W algorithm (Higgins et al. Nucleic Acids Res
1994; 22: 4673-4680). ClustalW compares sequences and aligns the entirety of the amino acid or
30  DNA sequence, and thus can provide data about the sequence conservation of the entire amino acid

sequence. The ClustalW algorithm is used in several commercially available DNA/amino acid



25 preferred enbodi ment, utilizing BLAST, Gapped BLAST, and PSI - Bl ast
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subst i t Yi QRS aPAMN 30 Weighh@sigudEble, 41idpdengdi panaltaoi 15) and b gapyenahpofieis one
of the sane class, the classes being as follows: 15Non-polar: Ala, Val,
Leu, || esed mhen assessingpercemagp idopiar ged polar: Gy, Ser, Thr, Cys, Tyr, Asn,
Gn Acidic: Asp, GQu Basic: Lys, My, Hs

The term “conservative amino acid substitutions” refers to the substitution of an amino acid by

another one of the same class, the classes being as follows:
15 Non-polar: Ala, Val, Leu, Ile, Pro, Met Phe, Trp
Uncharged polar: Gly, Ser, Thr, Cys, Tyr, Asn, Gin
Acidic: Asp, Glu
Basic: Lys, Arg, His
Other conservative amino acid substitutions may also be made as follows:
20 Aromatic: Phe, Tyr, His
Proton Donor: Asn, Gln, Lys, Arg, His, Trp
Proton Acceptor: Glu, Asp, Thr, Ser, Tyr, Asn, Gln

The terms “treating” or “treatment” refer to administering to a subject a therapeutically effective
amount of a composition comprising the peptide or peptidomimetics (such as the C-lobe of
25  lactoferrin), such that the subject has an improvement in the condition to be treated (e.g. a comeal

wound). It will be recognised that the treatment may improve the condition, but may not provide a



O her conservative am no acid substitutions may al so be made as foll ows:
20Aromatic: Phe, Tyr, His Proton Donor: Asn, Gn, Lys, Arg, H's, Trp Proton
Accept or :wQ@i2012/088034 Thr, Ser, Tyr, Asn, G n The terns "Presting/o0e826
"treatnent” refer to admnistering to a subject a therapeutically effective
anount of a conposition conprising the peptide or peptidorninetics (such as
the C-1obe of 25lactoferrin), such that the subject has an inprovenent in
the condition to be treated (e.g. a corneal wound). It will be recognised
that the treatnent nmay inprove the comdition, but may not provide a WO
2012/ 000054PCT/ AU2011/ 000826 13 conplete cure for the condition. The
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" subj eqhctofeintsront Or Mo fadttiomlly haiveliagiierds eroapass théreer. cont ai ni ng the C | obe
of lactoferrin is admnistered. In a preferred enbodl ment, the subj ect is a

human patient (s .sufferin und Th I bly a
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veterinary purposes. The invention is useful for the treatnent ofB‘FV\ﬁ%nds

as descwoisddThewennl isi prefarghly s pameshweends aad dm ogg epbpdiment asgpresy! € s and
poul t ry 15‘18%9 @P xﬂwg\?oé Yl a5plication ANRARYSihe GRFEnAGY iR BIsdRIssful 1R The
terms "Y erapeu Ica ective anount" or "effective anount" refer to an
amount vaiermbm oebésd é‘h@ mvpmmnud oseifuldor de tisatmenteefuvounds, ras dascribgst bereineint  or
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of a dl&ga,s@d@@oajﬁxﬁag,der, or as a result of an acm_dent i nci dent or
surgical procedure (e.g. LASIK or PRK). For exanpl e, the 15 wound may be an

abraS| o which is cau cont ac » Of e cornea.. e

(e. tf SR h‘éﬁrﬁ?%‘@fﬁlp'qu%gve aﬂ’n(ém\/\oﬁrncF ﬁﬁtg/vebaem%uné orre%%a % %%gm{)l ngf% udi ng
speci fi ﬁe%hbé/oxapéf)ﬂﬂ@ﬂﬁ{eu@ﬂlai Rlltsin atOiipgovetnegiedriremediation afroneicr mouré obtheer
wound or |nj ury) that is a result of an alkali injury, i.e. an

al kal i - symptesPlsiigaser cofifitiopt her chemical burn. The ul cer may be of

i nfectious, inflamatory or autoi nmune origin. The |esion may be a

NON- healfd\gms QAR rf@$ ol injifyesu0R WdEh WTBY oRlcSion g adesdf of £distase of disordiry eye

condi ti on.
or as a result of an accident, incident or surgical procedure (e.g. LASIK or PRK). For example, the

15  wound may be an abrasion, which is caused by contact of the cornea with foreign bodies (e.g. sand)
or contact lenses. The wound may be a comeal wound (including specifically a corneal epithelial
wound, together with or without other wound or injury) that is a result of an alkali injury, i.e. an

" alkali-induced wound, or any other chemical burn. The ulcer may be of infectious, inflammatory or
autoimmune origin. The lesion may be a non-healing corneal lesion. The wound may also be a

20 result of a dry eye condition.

The term “pharmaceutical composition” refers to a composition comprising the peptide or
peptidomimetics (such as the C-lobe of lactoferrin), which is dispersed in a pharmaceutically
acceptable carrier. The pharmaceutical composition may comprise the C-lobe of lactoferrin, or one
or more functionally active fragments or variants thereof. The composition may further include one
25  or more additional excipients, such as diluents, emulsifiers, buffers, stabilizing agents, binders,
fillers, and the like. Optionally it may also include an effective amount of other pharmaceutically '
active components. For example, an antibiotic could also be included, such as a member of the
quinolone family or a combination of aminoglycoside and a beta-lactam. Other antibiotics

including, but not limited to, chloramphenicol, tetracyclines and macrolides could also be used.



The term "pharmaceutical conposition” refers to a conposition conprising
the peptide or peptidomnetics (such as the C-lobe of lactoferrin), which
i s di sperwoaoianososphar maceutically acceptable carrier. Phe/Aiharivmes2eti ca
conposition may conprise the Clobe of lactoferrin, or one or nore
functionally active fragnents or variants thereof. The conposition may
further include one 25 or nore additional excipients, such as diluents,
emul sifiers, buffers, stabilizing agents, binders, fillers, and the |ike.
Optionally it may al so include an effegtive anmount of ot her
pharmaceutically active conmponents. For exanple, an antibiotic could also
be included, such as a nenber_ of the quinolone famly or a conbi nation of

ani nogl Ketder, the camposition sray inchude or¢ oapers antippflapmstare agepts drat Ben ge Sterg t
limted Q.G (e af=Yel tracyclines and nacrolides could also be
used. %%%@%%@83%4 PC%%%&% 000826 14 Further, the conposition may
include one or nore anti-inflamuatory agents that rmay_ be steroidal Oé
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anmoni ajhe reuftiof, fot ©ARMIES chemiend irdfies) wetnay thowndusetl dy lek pasure T ¢hei aye énalkadh al so
assists to mnimse entry of pathogens .intp.the cornea.. Al kali e
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25 i'nfections) can occur. Severe injuries can also result in recurring
epithelial ulcerations, chronic stromal ulcers, profound stronal

neovas c Wlkalii exposvon causempritelial \eall dsqtar danatiration f sEQBA cbReratndpEeBl 4P§ on.
Vo 2012/c9r919a9 gnd'f g[ér@hlljzeglg’ 16 Q00888 b%'Sforeign bodies and pathological agents. Alkali-induced

wounds are characterized by a heightened inflammatory response and impeded wound healing,

which prolongs the risk period in which sight-threatening secondary complications (e.g. microbial
25  infections) can occur. Severe injuries can also result in recurring epithelial ulceration_s, chronic

stromal ulcers, profound stromal neovascularization, conjunctival overgrowth, or even corneal

perforation.



O her cornea wounds that may be treated with a peptide or peptidom netic of
the invention or by a nethod or use of the invention are wounds ari sing

f r om debrwoenenposabr asi ons, scratches or any ot her abr @&siada20mnyooszs These
wounds are generally considered to be non-inflammatory wounds. The
applicants have found that the C1obe of lactoferrin is able to increase
wound cl osure rates nore 5Spotently than either the N-1obe or native (i.e
whol e) lactoferrin. The pronotion of healing of a different part of the
cornea, corneal stromal wound healingisby native |actoferrin has been
previously attributed to its stinulation of fibroblast proliferation (which

results in the synthesis of extracellular, matrix)..Iln c rast, th resent
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Or i W@F-&x@ﬁllﬁ%fpathm closure of a wound treated by a peptide or
peptidom netic of the i nvention is accelerated in conparison to an

untreat ed wound and/or a eat e ctoferri C ed
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addi tion, accelerating wound closure results in a rapi.d resqoluti
vi sual faffirgtyi onan inbititopy litech drogh dier NrleRse Y cxpmls. sltiﬁp“é'ﬂf% 1the g‘l%’]?? forﬂ‘é’ Pt
that the,Clos Af Khabt Bk Mlob 6l iificORER MRsRicABhS Yiabl @ dpirfiathrknown
to the skIfY person including, but not limted to: reconbi nant

t echBui quagst Bipding esite, stheebyn praonatiog nwoudd healing. Atternabish, grasiy of theneatirris)

synt hesi s techni ques; isolation fromnatural sources (e.g. mammalian mlKk),
purification and proteolysis; and purchase fromcomercial sources. In this
way, the C-1obe may be purified, isolated, reconbi nant or




20synthetic. In a preferred enbodi nent, the C|obe is obtained by
proteolysis of naturally sourced, reconbinant or commercially avail able

| act of er rwo 20rwoosts N- and C-|1 obes. Preferably, the preCeadrousesss
trypsin. The N and C-|obes can then be separated from each ot her using any
nunber of techniques known to the skilled person e.g. chromatography.

Cati on exchange and size excl usion 25 chromatography are suitabl e nethods.
The concentration of the peptide or peptidonm netics, such as the C-Iobe,
present in the pharmaceutical conpositiéons of the present invention may be,
for exanple, between 10 to 70 )11A. WD 2012/ 000054PCT/ AU2011/ 000826 17
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trypsin. The N- and C-lobes can then be separated from each other using any number of techniques

~ known to the skilled person e.g. chromatography. Cation exchange and size exclusion

25  chromatography are suitable methods.

The concentration of the peptide or peptidomimetics, such as the C-lobe, present in the

pharmaceutical compositions of the present invention may be, for example, between 10 to 70 uM.

The pharmaceutical composition of the present invention may be an ophthalmic composition, which

is a composition suitable for administration or application to the éye. Examples of ophthalmic



WO 2012/ 000054PCT/ AU2011/ 000826 18 The conposition according to the present
i nvention may conprise at |east one gelling agent. CGelling agents suitable
for use iwophmraoweaseuti cal conpositions are well known t@crhageligoosasdi nary
skill in the art and include, for exanple, xanthan gumand its derivatives,
carbonmer and its derivatives, acrylate based copolynmers and cross polyners,
sodi um pol yacrylate and its derivatives, cellulose 5 and its derivatives,
and starch and agar and their derivatives. The selection of the gelling
agent according to the present inventidn is inportant in providing a clear,
gel . The anount of gelling agent added to the conposition nmay be readily

determ ned hy one of. ordinary skill in the i - N1 .
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of water provide the active ingredient in admixture with a dispersing or wetting agent, suspending

agent and one or more preservatives. Suitable dispersing or wetting agents and suspending agents

are exemplified by those already mentioned above.



10 contam nations during use caused by bacteria and fungi. In other
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conpositions nmay conprise further non-toxic excipients, such as, for

exanple, emulsifiers, wetting agents or fillers. such as, f exannpl e, the
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sa p s the lacrimal fluid or the pH of the solution should lie within
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25  propylene glycol, or dextrose. The aqueous solutions of the present invention are typically adjusted

with tonicity agents to approximate the osmotic pressure of normal lachrymal fluids.

In certain embodiments, the compositions of the invention additionally comprisc a preservative. A
preservative may typically be selected from a quaternary ammonium compound such as
benzalkonium  chloride  (N-benzyl-N-(Cg~Cys  alkyl)-N.N-dimethylammonium chloride),

30  benzoxonium chloride or the like. Examples of preservatives different from quaternary ammonium



An exenpl ary ophthal mc solution is: Peptide or peptidom netic of the
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waterq.s. where the pH of the solution is adjusted to a physiol ogical pH or
a pHwthin the ocular confort range with any bioconpatible acid and/or

al kali, such as sodi um hydroxi de and hydrochloric acid. 25 The
pharmaceutical conpositions of the present invention nmay contain other
active ingredients that are effectiveipn the treatnent of wounds e.qg.
growth factors, cleansers and antibiotics. The phar maceuti cal conpositi on
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treating condi ave a steri access port for;f | e the
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pier %eagllp%a-?%e hxy 8 Odeg—@}c(fode%ﬁ%g 'p%bsﬁe@glloﬁéxmn), polysorbate 20, polysorbate 80 or

mixtures of those compounds. A specific example of an especially preferred solubilizer is a reaction

product of castor oil and ethylene oxide, for example the commercial products Cremophor EL® or
Cremophor RH40%®. Reaction products of castor oil and ethylene oxide have proved to be
particularly good solubilizers that are tolerated extremely well by the eye. Another preferred
25  solubilizer is selected from tyloxapol and from a cyclodextrin. The concentration used depends

especially on the concentration of the active ingredient. The amount added is typically sufficient to

solubilize the active ingredient.

The compositions may comprise further non-toxic excipients, such as, for example, emulsifiers,
wetting agents or fillers, such as, for example, the polyethylene glycols designated 200, 300, 400
30 and 600, or Carbowax designated 1000, 1500, 4000, 6000 and 10000. The amount and type of



25 The | abel or package insert indicates that the peptide, peptidomnetic
or pharmaceutical conposition is used for treating the condition of choice.
I n one emvodnrembtgs4t he | abel or package insert includespPcmstinrontooas?s f or
use and indicates that the therapeutic conposition can be used to treat a
corneal wound. WO 2012/000054PCT/ AU2011/ 000826 22 enbodi nent of the
invention may further conprise a package insert indicating that a peptide,
pepti dorninmetic or pharmaceutical conposition and other active principle
can be used to treat a corneal wound.pAlternatively, or additionally, the
kit may further conprise a second (or third) container conprising a
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pr epar qgwglga 5L Hisbededpotsson et al (Metal -conbi ning properties of human
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reaction. Eur J Biochem 1968; 6: 579-584) with nodifications. The iron of a

1% sol uhR ssmplarypphthaimigispltionigm pr Andrew Brown, Mirray Goul burn
Co- operative, Cobram WVIC, Australia) was

Peptide or peptidomimetic of the invention 0.3%-0.5% (w/v)
Sodium chloride 0.9% (wlv)

20  Sodium dihydrogen phosphate dihydrate 0.08% (w/v)
Benzalkonium chloride 0.005% (Q/v)
Sterile water q.s.

where the pH of the solution is adjusted to a physiological pH or a pH within the ocular comfort

range with any biocompatible acid and/or alkali, such as sodium hydroxide and hydrochloric acid.

25  The pharmaceutical compositions of the present invention may contain other active ingredients that
are effective in the treatment of wounds e.g. growth factors, cleansers and antibiotics. The

pharmaceutical composition can also be administered in combination with a treatment such as skin
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centrifugal ultrafiltration device (10 kDa cut-off Amcon Utra; MIIlipore,
Bedf ord, WB)o0mt00di34 The resulting clear solution was theoThafbarioeseeéhanged
to phosphate buffered saline (PBS) and concentrated by ultrafiltration.

I ron-saturated (holo) bovine lactoferrin (h-BLF) was prepared by the
addition of the iron conplex 5 ferric-nitrilotriacetate (Fe-NTA) by a
simlar nmethod to Bates et al (The reaction of ferric salts with
transferrin. J Biol Chem 1973; 248: 32R8-3232). A 1% solution of BLF in 20
mM Tris-HCL buffer pH 7.4 with 5 nM bi carbonate added i mredi ately prior to
conbination with a 2:1 nol ar cess A and cubated.for hour. The
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degree of intraocular penetration by the chemical agent, and the concentration and nature of the

agent involved. In one embodiment, the composition is administered every half hour or hourly, up

to, for example, eight times a day.

The kit or “article of manufacture” may comprise a container and a label or package insert on or

20  associated with the container. Suitable containers include, for example, bottles, vials, syringes,
| blister pack, etc. The containers may be formed from a variety of materials such as glass or plastic.
The container holds a peptide, peptidomimetic or pharmaceutical composition which is effective for
treating the condition and may have a sterile access port (for example the container may be an
intravenous solution bag or a vial having a stopper pierceable by a hypodermic injection needle).

25 The label or package insert indicates that the peptide, peptidomimetic or pharmaceutical
composition is used for treating the condition of choice. In one embodiment, the label or package

insert includes instructions for use and indicates that the therapeutic composition can be used to

treat a corneal wound.

The Ht may comprise (a) a peptide, peptidomimetic or pharmaceutical composition; and (b) a

30 second container with a second active principle or ingredient contained therein. The kit in this



WO 2012/ 000054PCT/ AU2011/ 000826 24 bound fractions were eluted at pH 2.0
into a collection buffer restoring pH to physiological |evels. Irreversible
i nhi bi ti omoab12Biobospr ot eol ytic activity was by addition eCTAUZM1/000826

phenyl met hanesul phonyl fluoride (PMSF; Flub Analytical, Buchs, SG
Switzerland) at a 10:1 nol ar excess subsequently renoved by buffer
exchange. Quantification of BLF proteolytic activity Swas adapted from
Massucci et al (Proteolytic activity of bovine lactoferrin. Biometals 2004,
17: 249-255). Serine protease activitg2nmeasurenents were nade with the
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per manufacturer's directions. 25 The | obes were purified by cation
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activities, and those of the BLF lobes, were quantified by hydrolysis of the synthetic serine protease

substrate Z-Phe-Arg-7-amide-4-methyl-coumarin. The promotion of wound healing by these
70 moieties and of BLF (iron-free, iron-bound, deglycosylated, zwitterionic detergent exposed,
chaotrope denatured, reduced and alkylated, and lactoferrin B peptides (LFcin B)) were assessed by

incubation with confluent monolayers of human comeolimbal epithelial cells wounded with filter

paper discs soaked in 0.1 M sodium hydroxide.

BLF endotoxin content was analysed with Limulus amoebocyte lysate assay (QCL-1000; Lonza,

25  Walkersville, MD) as per the manufacturer’s instructions.

Iron-free (apo) bovine lactoferrin (a-BLF) was prepared as described by Masson et a/ (Metal-
combining properties of human lactoferrin (red milk protein). 1. The involvement of bicarbonate in
the reaction. Eur J Biochem 1968; 6: 579-584) with modifications. The iron of a 1% solution of
BLF (a gift from Dr Andrew Browﬁ, Murray Goulburn Co-operative, Cobram, VIC, Australia) was



bact eri ophage T4. Nature 1970; 227: 680-685) on 12% Tris-HCl1 gel s stained
w th Coonassi e Blue R 250 (Bio-Rad Laboratories). Apparent nol ecul ar wei ght
of reduceap 2oeawodenat ured sanpl es was cal cul at ed agai neCTb A0SR andar d
(Precision Plus, Bio-Rad) using 1-D gel analysis software (Quantity One,
Bio-Rad). 5 Identity of BLF fragnments by N-term nal sequencing of the first
5 am no acids of polyacrylam de gel bands extracted by passive el ution was
prepared to verify the fractions collected. Cell Culture Inmortalized human
corneal -linbal epithelial (HCLE) cell23(a gift fromDr Ilene G pson,
Schepens Eye Research Institute, Boston, MA) were cultured as previously
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was phoisegsaphed at 50x nagnification before and after 24 hours incubation
in the treatnent solution at 37C in 5% CO2. Areas of wounds were quantified
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per cent age wound cl osure, the reduction in wound area conpared to initial

wound area. The treatnent splutions f al kal i _bum n ' nodel
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CHAPS eRAs&H me®dn 15iGhe R pOSBAatidrestuse@inangrchl Biydham eBlophen 1987, BE9:r52857).
(American Peptide, Vista, CA) to 12.8 }AM in tissue ful.t ur.ae fﬁ&g“@b&ﬁs WO
2012/ 00BDE apei0%iselution ®o$inswbaed in anhydrous trifluoromethanesulfonic acid ( ; Sigma
15  on ice for 30 minutes followed by neutralization with 60% pyridine at -20°C then buffer exchanged
to PBS. Progress was monitored by reduction in apparent molecular weight of the BLF bands with
sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) in 7.5% tris-HCI

polyacrylamide gel.

A preparation of reduced and alkylated BLF was prepared as follows. A 1% solution of BLF in 0.6
20 M Tris-HC! pH 85 and 2% (3-((3-cholamidopropyl) dimethylammonio)-1-propanesulfonate

(CHAPS; Sigma) with and without 6 M guanidine hydrochloride (Gdn-HCl; Sigma) was reduced

by incubation with B-mercaptoethanol (Sigma), in a 50 fold molar excess to the disulphide bonds,

for 4 hours. Alkylation was by addition of freshly prepared iodoacetamide (Sigma) to a

concentration slightly below the reducing agent (e.g. 6 mM).The solution was protected from light
25  during the 15 minute incubation before buffer exchange to PBS at 4°C.

Serine Protease Activity and Isolation

Fractions of BLF with proteolytic activity were purified with a benzamidine serine protease affinity
column (GE Healthcare, Uppsala, Sweden) used according to the manufacturer’s protocol. Briefly,

BLF was loaded onto the column in 50 mM Tris-HCI buffer with 0.5 M NaCl at pH 7.4 and the



di scussed above). Benzam di ne columm fractions reconstituted to the
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each experinment. The LFcin B used was synt hesi sed de novo and corresponds
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Figure %}mlty co‘I’)’umn }‘rgctlgrr'tsg %ILF(?ObGIS Qr(x:c{ e%gg pro{éase inhibited BLF were made using 30 uM Z-
Phe-Arg-AMC.

15 - BLF Lobe Purification

Separation of BLF into N-lobe and C-lobe fragments was modified from Legrand (Characterization
and localization of an iron-binding 18-kDa glycopeptide isolated from the N-terminal half of human
lacto&aﬁsferrin. Biochim Biophys Acta 1984; 787: 90-96). BLF in 0.1 M Tris-HCl buffer pH 8.2
containing 25 mM CaCl, was digested with 25 TAME units of immobilised trypsin (Pierce,
20  Rockford, IL) per mg substrate at 37°C with moderate agitation (one TAME unit hydrolyses 1
pmole of p-toluenesulphonyl-L-arginine methyl ester (TAME) per minute at 25°C and pH 8.2, in
the presence of 10 mM calcium). Incubation times of 0.5 and 4 hours were used to maximise yield
of N-lobe and C-lobe respectively. The reaction was terminated by centrifugal separation of trypsin

gel from the sample as per manufacturer’s directions.

25  The lobes were purified by cation exchange chromatography using a Mono S 5/50 GL column (GE
Healthcare) equilibrated in 50 mM HEPES pH 8.0. Elution was carried out by a linear gradient up
to 1 M NaCl in the same buffer. The isolated peaks were applied to a size exclusion column Bio-Gel
P-60 26/1000 (Bio-Rad Laboratories, Hercules, CA) in 10% acetic acid (Legrand, referenced
above) and 150 mM NaCl at 0.4 mL/min. Visualisation of BLF and fragments by SDS-PAGE with

30 the Laemmli system (Cleavage of structural proteins during the assembly of the head of



wound cl osure conpared to the BSA control was found for a-BLF, native BLF
and h-BLF at 12.8 uM concentrations. WD 2012/ 000054PCT/ AU2011/ 000826 27
Renoval oWvogbizomoss4f rom BLF did not alter its pronoti onpPofi/aandobs2al i ng.
Chem cal degl ycosylation was conpleted after 30 mnutes with no further
decrease in apparent nol ecul ar wei ght observed by SDS-PAGE (Figure 4). An
equi val ent apparent nol ecul ar wei ght change was observed for BLF
enzymati cal |y degl ycosyl ated with peptide-Ngl ycosi dase F under denaturing
5 conditions (data not shown). Degl yczssyl ated BLF significantly increased
cl osure of al kali-induced corneal wounds conpared to BSA (p<0.001, Figure
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HCLE Alkali Burn Wound Healing Model

To determine the effect of BLF derivatives on healing of alkali-induced burns, confluent
monolayers of HCLE cells were wounded using filter paper discs soaked in 0.1 M sodium
20  hydroxide. Cells were immediately rinsed by three culture medium (1:1 K-SFM:low Ca®
DMEM/F12) changes to restore pH and remove cellular debris. The wound area was photographed
at 50x magnification before and after 24 hours incubation in the treatment solution at 37°C in 5%
CO,. Areas of wounds were quantified using image analysis software (ImageJ 1.40g; National
Institutes of Health, Bethesda, MD). Results were expressed as either relative wound closure, this is
25  the reduction in wound area as a multiple of the control, or percentage wound closure, the reduction

in wound area compared to initial wound area.

The treatment solutions for the alkali burn wound healing model were prepared by diluting
concentrated BLF; apo, holo, deglycosylated, CHAPS exposed, Gdn-HCl exposed, reduced and '
alkylated, and LFcin B (American Peptide, Vista, CA) to 12.8 uM in tissue culture medium (as



(Figure 9). Serine protease inhibition of the benzam di ne colum fractions
at these concentrations only significantly reduced the pronotion of wound
heal i ng fwo 2p12BI0B05¢p<0. 001, Figure 7). When the concent Patriaanonfooed2b
fractions was increased 20 fold the healing response was markedly | ess for
native BLF and p-BLF conpared to their respective | ow concentration
preparations 5 (p<0.001, Figure 7). Serine protease inhibition of these
concentrations of native BLF and p-BLF restored the wound heal i ng effect
(p<0.005, Figure 7) to the level of tye np-BLF (p>0.5, Figure 7). BLF
subjected to limted tryptic digestion foll owed by ion-exchange and size

excl usi on chromat ogr aphy, was separated and purified into its N-|obe .and
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| ess. At 128 pMthe N-l1obe pronoted | ess wound cl osure than BSA (p<0. 05,
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Statistical significance was taken as p<0.05. Analysis was performed using commercial statistical

analysis software (SPSS; SPSS Inc., Chicago, IL).

20  Resuits

Endotoxin content was found to be less than 4 EU/mg, as determined by the LAL assay, in all BLF

used in these experiments.

Iron saturation of BLF did not alter the promotion of wound closure following alkali injury to
HCLE monolayers. Spectroscopic analysis indicated iron saturation to be less that 10% for a-BLF
25 and more than 90% for h-BLF. A significant increase in wound closure was found for a-BLF, native
BLF and h-BLF compared to the BSA control (p<0.001; Figure 3). A 3 fold order of increase in
wound closure compared to the BSA control was found for a-BLF, native BLF and h-BLF at 12.8

1M concentrations.
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15  Comparison of the total protein content of the unbound and eluted fractions from the serine protease

affinity column showed approximately 5% of native BLF bound to the benzamidine substrate. All
fractions were the same apparent molecular weight as BLF by SDS-PAGE with no visible

contaminating bands in the eluted fraction (Figure 5).

The proteolytic activity of BLF eluted from the benzamidine was found to have a K, of 34 + 4 uM

20  and a key 0.3 + 0.08 min for the serine protease substrate Z-Phe-Arg-AMC in pH 7.0 at 25°C. This
fraction of BLF, proteolytic (p-BLF), had substantially greater proteolytic activity than native BLF
or the unbound, non-proteolytic (np-BLF), BLF (p<0.005, Figure 6). Hydrolysis of the serine
protease substrate was found to be significantly greater by native BLF and the N-lobe (p<0.05,
Figure 6) compared to the C-lobe, np-BLF and PMSF inhibited BLF.

25  To determine the relative contributions of the p-BLF and np-BLF fractions to the promotion of
wound healing by BLF they were initially tested at the concentrations, 0.6 pM and 12.0 uM
respeétively, estimatéd to be present in 12.6 pM native BLF. Wounds incubated with 0.6 pM p-BLF
or 120 puM np-BLF produced a similar degree of wound closure (p>0.5, Figure 7). This

concentration of p-BLF was lower than that required for native BLF to promote wound closure
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The C-lobe promotes greater wound healing than equimolar levels of intact BLF and the N-lobe for

concentrations 6.4 uM to 128 uM (p<0.05 and p<0.001, respectively; Figure 9). At 6.4 pM the C-
lobe promotes a 4 fold increase in wound closure over BSA compared to 3 fold for native BLF
(Figure 9). The N-lobe promotes less healing than intact BLF at concentrations of 12.8 uM to 128
15  pM (p<0.005, Figure 9) with the only significant increase above BSA observed at 6.4 uM (p=0.014,
Figure 9). For N-lobe concentrations above this level wound closure becomes progressively less. At

128 M the N-lobe promoted less wound closure thap BSA (p<0.05, Figure 9).

The following experiments in Guinea pigs show that the isolated C-Lobe promotes more rapid

healing of corneal wounds in vivo than the vehicle, N-Lobe or whole BLF.
20  Guinea Pig Debridement Wound: Method

Full thickness epithelial debridement wounds were created in the centre of the cornea by first
demarking the area with a 3 mm diameter trephine and then gently scaping the epithelium away
down to the basement membrane. These eyes were treated with 25 uL of either vehicle (PBS ph 7.4)
or vehicle with 64 uM BLF or vehicle with 64 pM BLF N-Lobe or vehicle with 64 pM BLF C-
25  Lobe. Each treatment group contained 9 guinea pigs with no significant difference in age, weight, or
health. Dosing was immediately after debridement, then every three hours for the first 24 hours and
then three times a day until completely healed. Wound closure was monitored by imaging the eye

every 6 hours, in the presence of sodium fluorescein for contrast, until no staining was observed.
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Areas of wounds were calculated using ImageJ 1.440 (National Institutes of Health, USA) and then

converted to an average wound diameter at each time point.
Guinea Pig Alkali Wound: Method

Alkali burns of approximately 3 mm diameter were created in the centre of the comea by
application of a filter paper disc impregnated with 1 M sodium hydroxide for 20 seconds followed
by extensive irrigation with saline. This removed the epithelium down to the basement membrane.
These eyes were treated with 25 uL of either vehicle (PBS pH 7.4) or. vehicle with 64 uM BLF or
vehicle with 64 uM BLF N-Lobe or vehicle with 64 pM BLF C-Lobe. Each treatment group
contained 9 guinea pigs with no significant difference in age, weight, or health. Dosing was
immediately after irrigation, then every hour for the first 8 hours and then three times a day until
completely healed. Wound closure was monitored by imaging the eye every 12 hours, in the
presence of sodium fluorescein for contrast, until no staining was observed. Areas of wounds were
calculated using ImageJ 1.440 (National Institutes of Health, USA) and then converted to an

average wound diameter at each time point.
Guinea Pig Models: Statistical Analysis

Results were analysed to determine differences between treatments within each time point using
one-way analysis of variancé followed by post hoc multiple comparisons with Bonferroni
correction. Further analysis of the number of wounds completely closed at particular time points
was by Fisher’s exact test with comparison to the vehicle control and correction for multiple

comparisons.

These in vitro experiments show the effect the isolated C-lobe has on wound healing related cellular

activity.
Cell Proliferation Assay: Method

Immortalised human comeolimbal epithelial (HCLE) cells were seeded at 40% confluence in 96
well tissue culture plates and allowed to attach overnight at 37°C in a 5% CO2 atmosphere. The
next day the medium was replaced and supplemented with either bovine serum albumin (BSA) or
BLF or BLF N-Lobe or BLF C-Lobe at concentrations of 1.28 uM, 6.4 uM, 12.8 uM, 64 uM and

128 uM, each with 8 replicates, and incubated for 24 hours. Cell proliferation was then measured by
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Results were expressed as averages for each treatment at a concentration and compared to

equimolar BSA by ANOVA with Bonferroni correction.
Cell Migration Assay: Method

Immortalised human comeolimbal epithelial (HCLE) éells were seeded at 100% confluence in 96
10 well Oris Cell Migration Assay (Platypus Technologies, USA) tissue culture plates coated with
fibronectin and allowed to attach overnight at 37°C in a 5% CO2 atmosphere. In the morning the
plugs were removed allowing the cells to migrate into the central 2 mm diameter area of the well.
The medium was replaced and supplemented with 1 mM hydroxyurea to inhibit proliferation and
either bovine serum albumin (BSA) or BLF or BLF N-Lobe or BLF C-Lobe at concentrations of
15 128 pM, 6.4 pM, 12.8 pM, 64 uM and 128 uM, each with 8 replicates, and incubated for 16 hours.
Migration of the cells was monitored by fluorescent confocal microscopy using CellTracker Green
CMFDA (Molecular Probes, USA) to stain the cytoplasm. Images were analysed using ImageJ
1.440 (National Institutes of Health, USA) to calculate the area of the wound remaining. The results
were expressed as average area + standard deviation and compared to equimolar BSA by ANOVA

20  with Bonferroni correction.
Results

Figure 10 shows the time course of wound closure in the guinea pig debridement model in which
the isolated C-Lobe promoted more rapid healing than the vehicle, N-Lobe or whole BLF (Table 1).
The C-lobe treated wounds are significantly smaller than those treated with vehicle only (p<0.005)

25 by 12 hours and remain smaller until closure.

Figure 11 shows the time course of wound closure in the guinea pig alkali burn model in which the
isolated C-Lobe and whole BLF promoted more rapid healing than the vehicle or N-Lobe (Table 1).
Those wounds treated with C-lobe are significantly smaller than vehicle treated wounds at 24 hours

(p=0.013).
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Figure 12 shows that in vitro the C-Lobe at concentrations of 6.4 pM and 12.8 uM increases Human
Comneolimbal Epithelial cell proliferation rates by 24 hours (p<0.001) while whole BLF and the N-

5 Lobe in isolation reduce proliferation (p<0.05) at all concentrations with the exception of BLF at
1.28 uM which has no effect. All other C-Lobe concentration have no significant impact on

proliferation relative to equimolar BSA.

Figure 13 shows that in vitro the C-Lobe increases the rate of migrétion of Human Corneolimbal
Epithelial cells at 16 hours for concentrations at and above 6.4 uM while whole BLF and the N-
10 Lobe show a concentration dependent slowing of cell migration that becomes significant at a

concentration of 128 uM (p<0.001).

Thus the in vitro system indicates the C-lobe has a different effect on Human Corneolimbal

Eplthehal cells in terms of prohferanon migration and wound healing. In the guinea pig model the

C-Lobe out performs whole BLF and the isolated N-Lobe in the debridement model while being as
15 effective as whole BLF in the alkali burn model. ’ |

" 1t will be understood that the invention disclosed and defined in this specification extends to all
alternative combinations of two or more of the individual features mentioned or evident from the

text or drawings. All of these different combinations constitute various alternative aspects of the

invention.
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fragments or variants thereof.
5 2 A pharmaceutical composition according to claim 1, wherein the lactoferrin is bovine
lactoferrin.
3. A pharmaceutical composition according to claim 1 or 2, wherein the polypeptide or

peptidomimetic consists essentially of the amino acid sequence shown in SEQ ID NO: 1.

4. A pharmaceutical composition according to any one of claims 1 to 3, wherein the
10 polypeptide or peptidomimetic consists of the C-lobe of lactoferrin.
5. A pharmaceutical composition according to any one of claims 1 to 4, wherein the

functionally active fragment is a polypeptide or peptidomimetic having an amino acid
sequence of greater than 30 amino acids in length and greater than 65% identity with a

contiguous sequence of SEQ ID NO: 1.

15 6. A pharmaceutical composition according to claim 1 or 2, wherein the C-lobe is obtained by

proteolysis of whole lactoferrin.

7. A pharmaceutical composition according to any one of the preceding claims, which isin a

form suitable for administration to the eye.

8. A pharmaceutical composition according to any one of the preceding claims, which is an
20 aqueous solution.
9. A pharmaceutical composition according to any one of the preceding claims, wherein the

composition is in the form of eye drops.

10. A method of treating a corneal wound comprising administering to a subjectin need thereof

a pharmaceutical composition according to any one of the preceding claims.

25 11. A method according to claim 10, wherein the subject is a human patient.
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A method according to claim 10 or 11, wherein the comeal wound is an epithelial corneal

wound.

A method according to claim 12, wherein the epithelial corneal wound is an alkali-induced

wound.

A method according to any one of claims 10 to 13, wherein the subject has been identified

as having a corneal wound.



