WO 2009/015385PCT/US2008/071350 ANTIMICROBIAL PEPTIDE, COMPOSITIONS, AND
METHODS OF USE 5This Application claims priority to US Previsional Application60/952,059 filed
July 26, 2007, which is hereby incorporated by reference in its entirety. FIELD OF THE INVENTION
The inventioWFéPéif’é@Wﬁ'ntimicrobial'peptides for use n pharmaceutical andieosmegiic Happlications,
to treat or prevent microbial infections and/or prevent the recurrence of a microbial infection after
treatment. BACKGROUND OF THE INVENTION Small, cationic antimicrobial peptides (AMPs) are
naturally occurring antibiotics of the innate immune system. AIVIPs are widely distributed in animals
and plants and are among 15 the most ancient host defense factors. Their spectrum of activity may
include Gram-positive and Gram-negative bacteria as well as fungi and certain viruses. As resistance
of pathogenic MitfbB4EGE 0bivdnREFAATILIHHbEOYEEReN Sthese andogenpYscANtiljptics are an
important source for designing new therapies against a variety of nfectious diseases, including
therapies for chronic microbial infections as well as for routine and/or prophylactic use. 70 However,
for many applicatiéifs”8ukrpeptiteaniustie, inldd ditionstoneffactivessuffisientlysafe sng stable so as
to allow long term and/or routine use witnout negatively impacting the affected area. SUMMARY The
present didki¥<tre Provided dhtirmerobrirpastivea thftrxibit &braadtange of antimicrobial activity
against gram postve, and gram negative bacteria, as well as fungi,

FIELD OF THE INVENTION

The invention relates to antimicrobial peptides for use in pharmaceutical and cosmetic
10 applications, to treat or prevent microbial infections, and/or prevent the recurrence of &

microbial infection after treatment.
BACKGROUND OF THE INVENTION

Small, cationic antimicrobial peptides (AMPs) are naturally occurring antibiotics of

the innate ?mm&ne system. AMPs are widely distributed in animals and plants and are among

15 the most ancient host defense factors. Their spectrum of activity may include Gram-positive
and Gram-negative bacteria as well as fungi and certain viruses. As resistance of pathogenic
microbes to conventional antibiotics increases, these endogenous antibiotics are an mmportant
source for designing new therapies against a variety of infectious diseases, including
therapies for chronic microbial infections as well as for routine and/or prophviactic use.

20 However, for many applications, such peptides must be, in addition to effective, sufficiently
safe and stable 50 as to allow long term and/or routine use without negatvely impacting the

affected area,
SUMMARY

The present disclosure provides antimicrobial peptides that exhibit a broad range of

]
Uhy

antimicrobial activity against gram positive and gram negative bacteria, as well as fungi,



mold, and certain viruses. The peptides of the disclosure are cationic, containing positively charged

amino acigls;such asysine, arginine histidine, along with other non-charged amino acids such as
glycine or glutamine. The pépti(};hg %?pﬁ%ee%j%séljggﬁsr%log%eﬁ?ec,aaﬂ%‘&i?fé‘}tﬁﬁﬂ‘%ﬁ‘fﬁ’&éﬂﬂy stable to allow

long-terna ik SeRItlRE MS Ge ik %ﬂ%@éﬁ%%@%%ﬁﬁ:@ma\ﬂ%zﬁgg harmaceutical composition comprising a

y =

cationic peptide, wherein the cationic peptide comprises SEQD K5 HA B phatmassateally or

cosmetic ari i In one aspect, there is provided a composition
comprisir%%al@c%%%%%%%ﬁﬁf (—:-H,%li vﬁ%ﬁ%ﬁggﬁ%ﬁgﬁgéﬁdﬁfﬁg (ohIb] ﬁﬁ%’ ?%?eeab‘f"esent disclosure
further provdidefhantimiciabial composiliens-coptaining the  crobial peptide. The compositions are
stable, and thuinma be follnulated in a variety of forms including for routine use. Such compositions
are especially GBeTlF f6PIShi A EpIRTALIGR S Pherskipcuvissl naihposaiging curethsageataralcavity, nasal
passageperesipiratberesy ttemytopthaleigitegion: vargus MmycQsal 559%9(51%, C?gm&%&% gglected areas, to
treat, pr@éf%ﬂ&%}?@ﬁ’%’fﬁbﬁ% Jeoceurrence of, a microbial infection. The compositions dfthe present
disclosure, by reducing, inhibiting, or prevenﬁng microbial infection, improve the condition and/or
appearance of fh&Xf St [Bgie i, Bosdsiittdomgsicim optguting WStionic HagiREesgaLdisglosure further
provideskitsfopasadnsigmayamingothe condition or appearance of skin, nail, or other treated area.
These kits may contain components that facilitate dispensing and applying the compositions of the
disclosure, ahd)}:}rlweaé/ be d&;igned for convenient application and long-tetw storage of the compositions.
In one aspect, there i Provideds Kitthsy amidsisarimirmidenposiiom:thekitienapes the composition
as defined above and a dispenser. DETAILED DESCRIPTION OF THE INVENTION Peptide
fragmenfs SFRN AR u@éﬁ FCSHIGRER G Witk Botuklitis toxintte fradiedmoke.stable, more
effectivebgncc)i H%%fe}[mlfgéylgn m toxin compositions for therapeutic, aethetic, and/or cosmetic purposes.
These botulintim foxih contaming compositiohd sieraseissad AT dspScilpvisiduiakApplitation filed
Decemb%g '%agi%)@d Qti§l§9 "Compositions and Methods of Topical Application And Transderrnal
Delivery of Botulinum Toxing Stabilized $Fiti-PER/pépfitte PRigineris DesivedsramHAEFAT," which is
hereby 0 PCT/US2008/071350 incorporated by reference in its entirety. The present
inventorgy c%?g%ogegrégéiﬁtﬂﬁg? ‘b%%ztlfd\é FAgments ngrﬁﬁ\??FAaﬁda?fﬁqfeéﬁ%ﬁeé@MeQ heaterantisnicrobial
activity, and.are.4seful Ive ingredients in phaimaceutical and cosmetic compositions Such
peptidesggggas(;‘lg aﬁr%%J ff%?t%éﬁf%r 0?5 i.nen.',”rl%bgrpr%nl%ﬁéoﬁse 8% SoFBvETatEent dief protstinum toxin).

disclosure, by reducing, inhibiting, or preventing microbial infection, improve the condition

and/or appearance of the treated region, even with long term or routine use

The present disclosure further provides kits for use in improving the condition or

appearance of skin, nail, or other treated ares. These kits may contain components that

facilitate dispensing and applying the compositions of the disclosure, and may be designed for

convenient application and long-term storage of the COmpositions

In one aspect, there is provided & kit for administering a composition, the kit comprising

the composition as defined above and a dispenser,

DETAILED DESCRIPTION OF THE INVENTION

Peptide fragments of HIV-TAT were used in conjunction with botelinum toxin o

produce more stable, more effective, and safer botulinum toxin compositions for theranentic
- Fuhe ]

asthetic, and/or cosmetic purpeses. These botulinum toxin containing compositions are

disclesed in & U.S. Provisional Application filed December 29, 2006, entitled “Compositions

. £ Topical jcati Transd Delivery of i -
and Methods of Topical Application And Transdermal Delivery of Botlinum Toxing

Siwbilized With Polypeptide Fragments Derived From HIV-TAT” which is herehy

7



5Thus, one aspect of the present invention is a cationic peptide that comprises an HIV- TAT sequence
or reverse HIV-TAT sequence at the N- or C-terminus, or both the N-terminus and the C-terminus. For
example, the antimicrobial peptide may have an WV-TAT sequence, such as
Arg-Lys-LysVWeguar@ISIsh Arg-Arg-Arg (SEQ ID NO: 1), or reverse HIV TATE@Ga@a0e]30ch as
Arg-Arg-Arg-GIn-Arg-Arg-Lys-Lys-Arg (SEQ ID NO:2), at the N- 10or C-terminus or both the
N-terminus and the C-terminus. In one embodiment, the cationic peptide comprises an N-terminal
portion that is an HIV-TAT or reverse HIV-TAT sequence, a C-terminal portion that is an HIV-TAT or
reverse HIV-TAT sequence, and one or more cationic residues (e.g., Lys or Arg) between the
N-terminahporigaiethd the S aeemitaltp cmiontForldrampstenithevpeitiddipayerrivéhiope Bitls 20 15
cationic residues such as Lys between the N-terminal portion and the C-terminal portion, such as
about 12, fesamsobHANoUt 17 asstitsiatcrertatiass: havinmahielerhisianry Bitboditheist UkBirfvention is a
cationic peptide having the following sequence ) » )

Arg-Lys- 13 argients- Brbargaary et 419 soRRsHE APGIRYEUAPS: AT A RFBIKIA eARd AT (SEQ ID
NO:3), or Arg-Arg-Ar -GIn-Arg-Arg-Lys-Lys-Arg-GI)%gs)n- 2 . _
G|y-Arg-Aﬁ%[@559§@é‘?ﬁg%}“gfﬁ\?&-‘ﬁ&@‘i‘.‘i}&ﬂ?& (e .%}?%\R%Oek%‘é“ﬁ‘@lﬁ‘&ﬂ%‘%out 5 to about 20, such
as from about 10 to about 20. In one embodiment of the invention, the N-terminal portion of the
peptide is an HIVHTA Pseepperice dndirtiec-tavaninet portief wfthepelstitiet isapiidd-FnaHI¥equence. In
WO 2009/015385PCT/1JS2008/071350 another embodiment, the N-terminal portion is a reverse
HIV-TAT $édueasteranditiey €steinaldoresiriscaatabe Phecr Amsa qudnde trdi-tstarmie, the
antimicrobial peptide may have the following amino acid sequence:

Arg-Lys-LysL ARg- Argeesmuatg - Al APIGNAL yB5 1 SRR By Bapyiden e rgecinaArgi Rt Ay (SEQ ID
NO:5). 5In certain embodiments, the peptide contains a naturally occurring sequence of amino acids,

such as i HRICEATFLLEEREE BT Y SHE St EN SOt Sripr O Bt SFhE HRERGrERY occurring
to.J it t . Antimi jal tid ith i be i tified usi
o nssny L& HCEBG ke TAet RV T SAT LU AR b G pMie o intenton i

readllly biod “{eadable. 10G r%lgtébgﬁ#gsl;:r%bt@l gc_atgvatlves of the HIV-TAT and reverse HIV-TAT

or 10US or otgt e a6, Ef m%mus. . . .
sequence, which are contemplate nstant mvention, are characterized as haVIng a partlcularly

high content of Arg and Lys residues. For example, the peptide of the invention may contain at least
about 50%, colldetiaEeratosigiatidhyseinme puldde st urmbjceshrain@tikadtabbat 75%, or at
least about 80%, Arg and Lys residues. In these or other embodiments, such 15 derivatives may have
the amind A¥id $doieiieer st SEQIHINEIISI6F-4 Wit e PRiShHithe aeiES(<titridiESi#fsertions, or
deletionsogcéollectively), including 1, 2, 3, or 4 amino acid substitutigtns, insertions, or deletigns with

respect td SEOID RGSSr 49t Wsri TS SHitIsh S SUEh SubstittiGhs iR 8FtisHE B ddletions, are

located W)ng!ilttqiiggF plgr%i\éﬁ-rzél Qe 'EY eer%?naﬂll\}/égﬁl Sl?(%uegcggneple, the peptide may have from 5 to 20

15 cationic residues such as Lys between the N-terminal portion and the C-terminal portion,

such as about 12, about 12, or about 17 cationic residues.

In an exemplary embodiment, the invention is a cationic peptide having the following
sequence:  Arg-Lys-Lys-Arg-Arg-Gin-Arg-Arg-Arg-Gly-(Lys)n-Gly-Arg-Lys-Lys-Arg-Arg-
Gin-Arg-Arg-Arg (SEQ ID NO:3), or Arg-Arg-Arg-Gln-Arg-Arg-Lys-Lys-Arg-Gly-(Lys)n-

20 Gly-Arg-Arg-Arg-Gln—Arg—Arg~Lys—Lys~Arg (SEQ ID NO:4), where n is from about 5 to

about 20, such as from about 190 to about 20.

In one embodiment of the invention, the N-termina! portion of the peptide is ann HIV-

TAT sequence and the C-termunal portion of the peptide is an HIV-TAT sequence. In

Lad



20The antimicrobial peptides of the invention have a length of from about 15 amino acids to about 100
amino acids In certain embodiments, the cationic peptide is from about 25 to about 50, or from about
25 to about 40 amino acids in length. In an exemplary embodiment of the invention, the antimicrobial
peptide is aBBREEE/ARIFD acids in length. WO 2009/015385PCT/US2008f0743808/0713Fhe present
invention is effective for inhibiting, killing, and/or lysing various microbial organisms, and may have a
broad antimicrobial spectrum. Exemplary bacteria for which the invention may be bacteriostatic or
bactericidal include both gram-negative and gram-positive bacteria such as: Staphylococcus aureus,
Streptococcus pyogenes (group A), 5 Streptococcus spp. (viridans group), Streptococcus agalactiae
(group B)asitshtEEresuB®moyIEe Strésteretaustidhat foBit S dibY) ) Stfepeascud Bndthoniae,
Streptococcus mutans, Enterococcus spp., Neisseria gonorrhoeae, Neisseria meningitidis
BranhamSIRPERPHENE, BACTRIS ARG BAEARFESubTRG SBTBIRGnIBE BRI dRbSePtde

Corynebacterium diphtheriae, Listeria monocytogenes, Clostridium !elan!, Clostridiun dfJicile,
EecherioE LS OB AP AE R S Bl TR A PRL oA LK ARG KR aia

pneumoniae, SaJmonella spp., Shigella Campylohacter Acti illys actinomycetumcomitans,
Porphyror@gﬁaé'gllﬁégi‘\fgfls? E)B[?ajé é‘?f%dé%%?&%ﬁﬁ%%&%@%ﬁ%& Prevotella intermedia, and
Eubacterium nodatum. Thus, the antimicrobial peptide of the invention may be useful for inhibiting
such 515 bacteriéntergpieiorereimioipbig hefsttom@int tevtuelthe wikesliitosd whasiefomiéiinfection(s),
including: bacterem a, pneumonia, meningitis, osteomyelitis, endocarditis, dental caries, periodontal
disease, SFESItFICHNNIEE BIMK-dyle. FTHTRF tralt IREX AN tEIER S OB EHY FEFREC YT FRLS Al ke
gastroenteritis, impetigo, acne, acne posacue, wound infections, burn infectjons, fascitis, bronchitis,
and a varféiy Bl AISSCHE RS FONTEHAMRFELE S UHRFLOSHITTHEMERE RRATSNE™ PRI SEntimicrobial

tide of the i tion is al ffective for inhibiting the. th and ival of. f I ' h
e dormaTS LA o WIETOEAGr 8D, SOth e RpeTLT S SR ESebortit ibu, and

Microsporu seum); and Trichephyton .. such.as T. rubr T mentagrophytes, T Trichophyton,
T schoen é}lrr%%%{w%e‘?y% Eﬁﬁgﬁﬁg%&%iy&’%&%?%%%gé%ﬁlns), Acremonium spp., Fusarium
oxysporum, Scopulariopsis brevicaulis, Onychocola canadensis, Scytalidium dimidiaturn; yeasts (e.g.,
Can#fida albicanSe®rattpieanscoPstigrcahdva s 8ES; ahl Ddcerrshyces £érsdisiaed), Torulopsts

glabrata, Epidermophyton floccosum, Malassezia .furfur, Pityropsporon orbiculare or ovale,

CryptococdtisThaBrSHARS a8 il BEA SRS AL gBE Ridtdatish AR AgRTE FHGEY and other
Aspergillus spp., Zygomycetes (e.g., Rhizopus and Muc r%, Paracoccjdioides brasiliensis, .
Blastomy A AEHTLRASE PR OB A Eap DT RE CEHRGRISS Cnifte. SRS BBrothH Schencki
The antimicjobial peptds s terefare useful for intibiting fungal QrgaNiaS 9 UALS! BIRYSM
infections such as: spergillosis, stomycosis, Candidiasls,
about 75%, or at least about 80%, Arg and Lys residues. In these or other embodiments, such
15  derivatives may have the amino acid sequence of SEQ ID NO: 3 or 4, with from 1 to 5 amino
acid substitutions, insertions, or deletions {collectively), including 1, 2, 3, or 4 amine acid
substitutions, insertions, or deletions with respect to SEQ ID NO: 3 or 4 In certain

embodiments, such substitutions, insertions, or deletions, are located within the HIV-TAT or

reverse HIV-TAT sequence,

20 The antimicrobial peptides of the invention have a length of from about !5 amino
acids to about 100 amino acids. In cerfain embodiments, the cationic peptide is from about
25 to about 50, or from about 25 to about 40 amino acids in length. In an exemplary

embodiment of the invention, the antimicrobial peptide is about 35 amino acids in length.



10 Coccidioidomycosis, Cryptococcosis, Histoplasmosis, Paracoccidiomycosis, Sporotrichosis,
Zygomycosis. In certain embodiments of the invention, the antimicrobial peptide is effective for treating
or preventing Tinea pedis, Tinea versicolor, and Onychomycosis. Other fungal infections for which the
antimicrobialfepid&'5%%he invention is effective, include: Tinea barbae, FSBERS4E My cetoma,
Piedra, Pityriasts versicolor, Tinea capitis, Tinea corporis, 15 Tinea cruris, Tinea favosa, Tinea nigra,
Otomycosis, Phaeohyphomycosis, and Rhinosporidiosis. The present invention is also effective
against certain viruses, such as WV, herpes simplex viruses, cytomegalovirus, and human
papillomavirus. Thus, the antimicrobial peptide of the invention is also effective for preventing and
treating infectionSutiT 58 cHIY°PHEBres, %%?ﬁ%(?h@bé@?‘é’h@ﬁzaﬁgi}%d BVETRF prRRitting HIV
infection. he present invention %rovid sa harmac%l}ﬂical or cosmg_tic comp sition %ontaining the
b sy

antimicroBT PRBtTEBF HE iA0R AR h AT BRSNS EE AR BP0 RbcBPTSHIR PArrier and/or
dil t. G lly, th iti fthe i tiond t tai | WO .
2000101 B S0 T4 1 ot D e e SRS b

December,29. 200, nifled."camaosiians, Ad e orts of domical Applisation, Ang Transdermal

Delivery inum Toxins ilize ith Polypeptide Frag From TAT," and that

s incorposplegydsference fisien. S1AE LomRARIIGNS, O heHE QR A SOTRYIRS, capsist of or

consist essentially of, the antimicrobial peptide of the invention in an amount effective for antimicrobial

activity, in,somainationiwith e.eatrigsanslardilugnt HpJhis s eapaehine term)isonsistseasantially of
means that the composition contains only the antimicrobial peptide with pharmaceutically or

cosmeticaliyacesntiablecanians) ane/ordilient (8iant.may.nplionall-ceniaisiianadditional 10
antimicrobial agent(s), such as an antibiotic, or an anti-inflammatory agent (e.g., NSAID). For example,
when formulaikd feritepicabadministtationthecampositienohtheloventiondriay: eptiohallyecontain
Benzoyl peroxide, Clindamycin, Erythromycin, Tetracycline, Bacitracin, Neomycin, Mupirocin,
Polymyxid 8 ehticonazatercgerior Clotimézele (drmeertdilvembiodimeéfiisithe Karfrieicaind/opiiluent is an
aqueous carrier or diluent, such as buffered 15saline. The pharmaceutical or cosmetic
comiositibrrettrsfimvention raspberformiitatédefoiotopical adwiiisimtibirdwhiéh casrbiersaiielcome
alternative to systemic therapy for treating or preventing many microbial infections. In certain
embodiméft&otspical thétapy withghécompdisition 6FIRVIAbETEON is/adtiinistetedranstsgside a
systemic or other topical therapy to 20 provide either additive or synergistic results For example, the

antimicroBFRAIBEBIAV B R FRre sk BARP L6 Sy B EalPHE BAE of FiaFBYst BRRZEYHeroxide,

Clindamycin, Erythromycin, Tetracycline, Bacjtracm, Neomycin, Mupirocin, Polymyxin B, Miconazole,

Clotrimas e Geor SRR AR ES BI01 5385 CTUS20081071.350
Thus, the antimicrobial peptide of the mvention may be useful for inhibiting such

15  bacteria to ameliorate microbial infection(s), or reduce the likelthood of microbial
infection(s); including: bacteremia, pneumomnia, meningitis, osteomyelitis, endocarditis,

dental caries, periodontal disease, sinusitis, rhinitis, pink eve, urinary tract infections, tetanus,

gangrene, colitis, acute gastroenteritis, impetigo, acne, acne posacue, wound infactions, burn
infections, fascitis, bronchitis, and a variety of abscesses, nosocomial infections, and

20 opportunistic infections.

The antimicrobial peptide of the invention is also effective for inhibiting the growth
and survival of fungal organisms such as dermatophytes (e.g., Microsporium spp. such as
Microsporum canis, Microsporum audouinii, and Microsporum gypseum, and Trichophyton

spp., such as T. rubrum, T. mentagrophytes, T. Trichophyton, T. schoenleinii, and T

3



Treatment with the composition of the invention may not only clear various microbial infections, but is
also effective for preventing the occurrence of such infections in a first instance, and for preventing
recurrence of such infections. In this latter aspect, the present composition is administered to the
affected regid® aHEAEHBEIment with topical or systemic 5 therapy. To preVEAt ESEMFEREELS an
effectively treated infection, or to prevent occurrence of an infection in a first instance at a susceptible
region, the composition may be administered routinely (e.g., daily) for a long period of time, including
for days, weeks, or even years. When formulated for topical administration, the composition of the
present invention m’iliy contain ingredients typical in topical pharmaceutical or cosmetic compositions,
such as VG EHHer GEHOFEF SHBIIH TS PEHTREIRT Whe AR OBHICRE e GF #HEs (R reeiHipatible with
the tissues to which it will be applied, such as the skin, hair, nail, vagina, urethra, ear, oral cavity, nasal

passage, ?‘é’é‘ﬁ?gf&ysfyﬁgﬂ’i'f’@ﬁfﬁ%fﬂ@‘fégﬁﬁ?t%ﬁﬁ)’r nggé?%%r§pg§%ﬁiénﬂr &fSponents of

the invention are suitable for contacting infected tissues qr. for, use in patients In general without undue
oy, TR P g HEPITS CHaSes, e R e et S ocitons. of
the invention Iy, camprise any naredient cenventionally.used o the fisds jnder, consideration.

In terms ‘Jﬁtﬁe”) orm, compositl hs of :spl_r?vention may inclu esdgﬁ%%s,_en?u;p S qﬁgll_jdding
MICTAEMUIS QLZ 494 :BS%%%]SHQQ 51510895, D18, DAWAIRTS, OF, OlheT fyRicg 105 Gl
compositioﬁés) L1§sed fgr a plicétioét}ggqs?kiﬁ andu o?hefk?igsuezs Whé erthe 28 comg‘gsi |onsS r?%g!y’be used.
Such compgasifionsnay. gontain additignalantimicrehials, Maistusizers.andRydralion Agents.

penetration agents, preservatives, emulsifiers, natural or synthetic oils, solvents, surfactants,

detergentg, geingA0enis ameliens antioxidanisoRaganages, flespothickenerswaxes, odor

absorbers, dyestuffs, coloring agents, powders, viscosity-controlling agents and water, and optionally

including anesthetics, anti-itch ?Ctive , 8 WO 009/0%_5{3 5P&T/USZ%O8/871350 botanical extracts,
a U1

conditioning agen g,acrllgr gﬁ?r?@ o?efpgth %ﬁslr%ld‘ezfl%%gﬁets"fsa it ercfrﬁurﬁlélgt[% S, ﬁwlc%ﬁglﬁlﬁglrséltg, t|c13{a()21typhenols,

silicones or deri%%té\égs t@l%re%gg gunbsll(i)&lks, \éistamig%ébg%ﬂigggtomggaigtig}%l}%olﬁscert@i&bﬁ@gggiments, the
e abo redi ’ e

composition of the invention 1s formulated with th e ingredients so'as to be sta or a long

perigg of fme; A%iMaY beRevelidal awhereganinual o lopg:term ratmek isdpiendersis, The

compositions of the invention may be in the form of controlled-release or sustained-release

compositigps,wherein the aatimicraiaheaptide,alongwish addiienalaslive,agenisag.eneapsulated
or otherwise contained within a material, such that they are released onto the skin or affected area in a

controlledsspanaghovepisneitereampesitionm.af 1&sthadnventionyxayhecantained within or on
matrixes, liposomes, vesicles, microcapsules, microspheres and the like, or within or on a solid
particulaténfbaterialior whidmiristatonofithegompoesitianioftheomvertibotima)idduti: amnadfected or
susceptible region, for example, to the legs, shoulders, back (including lower back), axilla, palms, feet,
neck, groimro@rshobothetrandd oefeet, élisows Puppesiammsidohees uppeplegs] bsauttpeks, torso,
pelvis, or any other part of the body for which treatment or prevention of infection may be desired.
Suchitreafiment isralso cdmempiatestfor tiaetingiard/oPéressimgwotibshgnbbrzsetiss, sexhpes, and

burns to the skin, so as to treat or prevent infection of the wounded area.
Rhinosporidiosis. :

The present invention 15 aiso effective against certain viruses, such as HIV, herpes
simplex viruses, cytomegalovirus, and human papillomavirus. Thus, the antimicrobial
peptide of the invention is also effective for preventing and treating infections such as cold

20 sores, genital herpes, and warts, and effective for preventing HIV infection.

The present invention provides a pharmaceutical or cosmetic compesition containing
the antimicrobial peptide of the invention, and a pharmaceutically or cosmetically acceptable

carrier and/or diluent. Generally, the compositions of the invention do not contain botulinum



The compositions of the invention are suitable for use in physiologic environments 20 with a pH
ranging from about 4.5 to about 6.3, and thus, the compositions may be formulated at a similar or
equivalent pH. The compositions according to this invention may be stored either at room temperature
or under refiff@ @ E8fditions. WO 2009/015385PCT/US2008/071350 PCT/GR3808@Mpdsition of the
invention contains an amount of antimicrobial peptide effective for antimicrobial action. Generally, the
composition contains from about 0.01% (wt./vol.) to about 20% antimicrobial peptide. In certain
embodiments, the composition contains from about 0.5% to about 10% antimicrobial peptide, such as
about 0.5%, about 1%, 5about 5%, or about 10% antimicrobial peptide. In one embodiment, the
pharmacéotizal ofgdaitdnoftndifveiiashinral cleuhsation Mskiieerbeeinsdi afptitfsisturizers
of the invention may be particularly useful for conditioning the skin while treating and/or preventing a
microbial i‘rﬁ@%ﬁ@ﬁ%‘%ﬁf&%héﬁﬁé%emﬁ?ﬁ&ﬂréﬁﬁfﬁéB%g%H@Eﬁ%@%i@%&‘ﬁ&?émii%‘é‘ntion is
also effective for 10 preventing the reoccurrence of acne after the acne has effectively dissipated. In
this aspectoiRs cRIanSErbr WBist¥BFLY BEaBSREY 1 ThEerdeRd Hrea forindly ﬁ*@t 1s
approximateéy daily, %nd a continual or routine basis. For example, treatment may be continual for
days, weéﬁ%,]f%?{ﬁ%%, Of % %R%?e%?rgﬁh another embodiment, the composition of the invention is a
topical solution 15 effective against Athlete's feet (Tinea pedis), and/or onychornycosis. In this aspect,
the cémposition gy trermsi aopreolib solutiirfomspakingroe peintingoth eraffeste e segion e khis
embodiment, the invention is also effective for preventing the recurrence of the condition, by continual
daily treatifeptirurtabel periile s thfontisattredihidmet BH PERGHFCEsIZ HBE MR GSIHOH Of the
invention may be used alongside systemic therapy, such as, for example, 20 Lamisile, to provide
more effeEATWRESINS HHHAGHFHET P8 ettt oh WRtBTPsphdardFide GomssBamsentialy Phiner
embodiments, the composition of the invention is formulated as a mouth wash, oral spray, or oral gel.

In this aspRE T HEA SRS BP b FAPEEray BFHRE fRVERIFSADE! Ri'90 0610 PRSEEISEHA5S Bbs/071350

effectivethe prevention of dental caries, for, the treatment and/or prevention of periodontal disease, for
the treatGAT ST GO T EHE K 15 188 Gk S e MY B e B e Paomce o

activjty of microbes. When g rmylated as an.oral gel, the composition of the invention.is, effective for
the tl:glatmaélﬁllgn and %ﬁ\e/\\/?’ fitic %,O§us<:§r§§ %Lnroal?r%l(}?1 t ie’nﬁjm%%h,asdcl as cold ?o?ggnan%%éﬁker so$es. When

foimulated.gs & mosthwash -aral.eRiav: O aiRLogh g camposiion.deneially Gomaing fa,about

0.01% to about 10% of the antimicrobial peptide, such as about 1%, about 2%, about 3%, or about 5%
antimicrobjal,pepiid@ally contain Benzoyl peroxide, Clindamycin, Erythromycin, Tetracycline,

Bacitracin, Neomycin, Mupirocin, Polymyxin B, Miconazole, and/or Clotrimazole. In certain
embodiments, the carrier and/or diluent is an aqueous carrier or diluent, such as buffered

15 saline.

The pharmaceutical or cosmetic composition of the invention may be formulated for
topical administration, which can be a welcome alternative to systemic therapy for treating or
preventing many microbial infections. In certain embodiments, topical therapy with the
composition of the invention is administered alongside a systemic or other topical therapy to

20 provide either additive or synergistic results. For example, the antimicrobial peptide of the
invention may act synergistically with one or more of Benzoyl peroxide, Clindamycin,
Erythromycin, Tetracycline, Bacitracin, Neomycin, Mupirocin, Polymyxin B, Miconazole,

Clotrimazole and/or equivalent antimicrobial agents.



In yet another embodiment, the n en on is formulated as a cream or lotion. Such 10 formulations are.
particularly suitable for the treatment and/or prevention of herpes simplex virus infection or outbreak.
Thus, in certain embodiments, the invention is suitable for treatment genital herpes, cold sores, or
chicken poxWO 2099 88mposition of the invention may also be formulateRfag/azpefNapray effective
against rhinitis, or formulated as an eye drop effective against pink eye. 15In another aspect, the
invention provides a method for treating or preventing a condition associated with a microbial infection.
The method of the invention comprises administering the pharmaceutical or cosmetic composition of
the invention, containing the antimicrobial peptide, to a patient having or suspected of having a
microbial infectidreaimeaitaithehsrodnnsiisn wicleoinyrssion mry A9hTRIEteean torivis Jagehdfter
treatment of the 20infection, either with the composition of the nvention or with an alternative therapy,
to preventfGriISrRtirente. THePutidtt mayeBEnEnYORIARF O hasaTPat-RE 0 2 g

- compositions of the invention are useful for the treatment and/or prevention of local and systemic
bacterial JOHERI afRAVIPAIRFRERIEH 15 HEERMC e PaiR HHEORSi, The jesrer aspect. the present

2009/015385PC.T./U820(818/07135 vagina, the urethra, the ear, the oral.%avit ,tpe resgiratory system,
the opthaTI PEBIBR, e AR At AL G dER Thalars VAT PICAT ot oY SJstarittection by

various roujes, suh s itiavenously or subdleriall, Sychdiesases can i, fpL cxamIple.gene
including prop onicbacterium acne, onychomycosis, athelete's feet, genital herpes, caries, peridontal 5

disease, e A0 RIRGRY i RCIR IS ERIBAIMENS il edRIRRIAN %0 MIBOHRN Alrec

Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Candida albicans, Aspergillus

niger, andor3dMerReS SUPPIeX Sy peridd QAR (I RAINPIBY ARk OF RIEYeRLIREGACe of, microbial
infection, the anfimicrobial peptide may be administered at least once a day for at least about one

week. 10 Alternatively, the composition is administered at least twice a day for at least two days. In
certain embodim&hEE, %BWBggﬁi@ﬁ“@aﬁ?ﬁﬁ@f@%@aﬁﬁr@ﬁ‘mﬁgf?rﬂ8 If}%ea?lieésé’gf YRR llice a week,
weekly, or for about one month, In p?r.tajin emlb%jimentst.th comspo%tion of the invention is
administelBa fEP &R APET TSRS PR B A Te R TR Monthg! R Tonthe. BF abaut one vear or longer.

The Jventions e suiled for loggelerm e, WiIEh,may e L5 nadiuledy bensfiil (preventing
LIRS 5

, carrie ar K .
recurring nfection, of Yor preventing infectiort or conditions in at-risk or susceptiblé patients, including

immune Ggmpramisgd.palients;RuLhlgnddernurse maydnvalve tsatmentforafleasting.years, three
years, four years, or even five or more years. In another aspect, the composition of the invention is a
kit, which cQniains. e RRRUQE, respiratory system, opthalmic region, and/or mucosa.  The
compositions and components of the invention are suitable for contacting infected tissues or
for use in patients in general without undue toxicity, incompatibility, instability, allergic

15 response, and the like. As appropriate, compositions of the invention may comprise any

ingredient conventionally used in the fields under consideration.

In terms of their form, compositions of this invention may include solutions,
emulsions {(including microemulsions), suspensions, creams, lotions, gels, powders, or other
typical solid or liquid compositions used for application to skin and other tissues where the

20  compositions may be used. Such compositions may contain: additional antimicrobials,
moisturizers and hydration agents, penetration agents, preservatives, emulsifiers, natural or
synthetic oils, solvents, surfactants, detergents, gelling agents, emollients, antioxidants,
fragrances, fillers, thickeners, waxes, odor absarbers, dyestuffs, coloring agents, powders,

viscosity-controlling agents and water, and optionally including anesthetics, anti-itch actives,

8



20 or compositions of the invention packaged to facilitate dispensing and/or.applying the composition
to affected or susceptible regions. The packaging or dispenser may include a bottle, tube, spray bottle,
or other dispenser. In certain embodiments of the invention, the composition is packaged in a
concentratedvfo p9P&hth&diluted to a desired concentration upon WO PCT/US2008/071350
2009/015385PCT/US2008/071350 use by the end user. In this or other aspect, the composition is
formulated and packaged in a manner suitable for long-term storage to maintain efficacy of the
composition. The kit may further include additional components to facilitate application of the
composition to the affected area, such as, for example, a brush, sponge, cotton swab, or the like.
EXAMPL ESaaXAMPEEk EHfech oirPe daans, CorkditiogsoC hakanivizegr v didbiahwiieesol.  The
following experiments were designed to test the effects of a diluent formulation; however, surprisingly,
it was foumdcthaiRergatinalypepatie isheeies potdst aHiasclspal. IsePivaksdisiaveied aht the
peptide of the invention was not only safe for long-term use, but effective for treating and preventing,
including PrREVERRHETRISu rienta B ARRATIRSHRIItEN S RBORHRB P IVl NHESBIETRI THAEEHOH light of
these results, the effect of the peptide on microhial growth was tested in Example 2. Example 1.1 15A
15y oRHATS B R B RSB AR e GG B PBe Bt oA S O Ne)
formulation. twice a day, for 4 weeks.tThe cream forr(P lation was composed of the excipients cetyl
alcohol, is%%?&p%ﬂ%%ét%é?ﬁétgﬁﬂ ariaélgﬁ%?, Su’trf/‘iﬁal}e%&hydrosyxtoluene, polyoxyethylene stearyl ether,
polyoxyethylene stearyl ether, edetate disodium, and purified water. The acne disappeared in two
weeks with use dhtheawpicatiogforinthationeith sontihaeth ube apthe Forerulatigfeleaind gears, no

new breakouts or adverse events were observed. Example 1.2 . _ .
sustained-release compositions, wherein the antimicrobial peptide along with additional

aciive agents are encapsulated or otherwise contained within a material, such that they are
released onto the skin or affected area in a controlled manner over time. The compositions of
10 the invention may be contained within or on matrixes, liposomes, vesicles, microcapsules,

microspheres and the like, or within or on a solid particulate material.

Administration of the composition of the invention may be fo any affected or
susceptible region, for example, to the legs, shoulders, back {including lower back), axilia,
palms, feet, neck, groin, dorsa or the hands or feet, elbows, upper arms, knees, upper legs,

15 buttocks, torso, pelvis, or any other part of the body for which treatment or prevention of
- infection may be desired. Such treatment is also contemplated for treating and/or dressing
wounds, such as cuts, scrapes, and burns to the skin, so as to treat or prevent infection of the

wounded area.

The compositions of the invention are suitable for use in physiologic environments
20  with 2 pH ranging from about 4.5 fo about 6.3, and thus, the compositions may be formulated
at a similar or equivalent pH. The compositions according to this invention may be stored

either at room temperature or under refrigerated conditions.



WO 2009/015385PCT/1152008/071350 A 36.year-old female who had Tinea Pedis (Athlete's feet)
as exhibited by an irritating, itchy rash and oozing between her toes, had soaked her feet in a 5%
peptide (SEQ ID NO:5) forrnulation for 10 minutes before bedtime and applied topical 1% peptide
formulation tit&8@a3A%N the infected area and the rest of her feet. The Bfg&RAWANIAEEIN Swas
composed of the excipients cetyl alcohol, isopropyl myristate, stearyl alcohol, butylated
hydrosyxtoluene, polyoxyethylene stearyl ether, polyoxyethylene stearyl ether, edetate disodium, and
purified water. At week 1, the itchiness reduced and the oozing stopped. By week 4, the crusty
patches of skin were gone and there was no evidence of abnormal skin on her feet. She continued to
use 0.05% peptitlesfoampetiopnfops thealsvwitimocfuienes reakonint 0o ansiswiobmeExdample 1.3
A 78 year-old male was diagnosed with onychomycaosis after laboratory confirmation of fungal invasion
baSed orchferyscEpiesiaisiRRiAbACHAR chHtREDnAIcsErapiPgEs B eappingdmeadrittdddainting his
finger nails and surrounding nail-bed with 5% peptide 15 (SEQ ID NO:5) formulation twice a day. The
cream fortiratbn R edmlecth Brise BREipraR cefil SFEGHOICTRBSISRMRRERERPSRE1 alcohoal,
butylated hydrosyxtoluene, polyoxyethylene stearyl ether, polyoxyethylene stearc)/ll ether, edetate

disodium ARG PUFREHARGEY: 1% WHEBREAEE, T HATE NATS s 34 8P hd Ho?R94f teRture and

color._ He continyed using t eptide formulation for 2 years and his nails were all free of fungal
20inféctio?1.oél§<%%’p é%jﬁgt p&/gﬁ%gn 9%%’ -Igllcf3 ﬁgalfiee'was diagnosed with onychomycosis after laboratory
confirmation of fungal invasion based on microscopic examination and culture of nail scrapings or WO
2009/015385P Cll/ u1S$2008/ 71880ty sic bl sth praupsik or aff the rapgfoe hrfopltnfterward, he
started to paint his fingers nails and surrounding nail-bed with 10% peptide (SEQ ID NO:5) formulation
daily The BEEHFSIMUIAHRIHWaSEbMPBEEIFTEHE e BEsrECeiralS6neAriss %bwsrfrﬁ%i Ate, stearyl
alcohol, butylated hydrosyxtoluene, polyoxyethylene stearyl ether, polyoxyethylene stearyl 5 ether,
edetate d%’c?d‘i‘&ﬁﬂi%%élhﬁLﬁ%ﬁ%d%?eﬁ?ei?’ﬁ/é‘éﬂ@?ﬁéﬁ?ﬁ%@é@ﬁ&i&%&%@%r?%ﬂ}f‘ HadRimal texture

and color, He continued using peptide formulation for 2 years and his nails were gll free of fungi
tection AR HBFe WA U SBCR bt it AU HGE ot T FRG (e hales ELsipe 1%

10 preventing the reoccurrence of acne after the acne has effectively dissipated. In this aspect,
the cleanser or moisturizer may be applied to the effected area routinely, e.g., approximately
daily, and on a continual or routine basis. For example, treatment may be continual for days,

weeks, months, or even vyears.

In another embodiment, the composition of the invention is a topical solution

15 effective against Athlete’s feet (Tinea pedis), and/or onychomycosis. In this aspect, the
composition may be an aqueous solution for soaking or painting the affected region. In this
embodiment, the invention is also effective for preventing the recurrence of the condition, by
continual daily treatment. Further, when used for the treatment of onychomycostis, the
composition of the invention may be used alongside systemic therapy, such as, for examplie,

20 Lamisil®, to provide more effective results and to improve the condition and/or appearance

of the nails.

In other embodiments, the composition of the invention is formulated as a mouth

wash, oral spray, or oral gel. In this aspect, the mouthwash or oral spray of the invention is

16



10A 10 year-old boy who had a two-year history of dental caries used peptide (SEQ ID NO:5) mouth
wash for two weeks. The formulation consisted of normal saline and 1-5% peptide. His symptoms
were significantly relieved. He continued using the peptide mouth wash for two years with no new
tooth-cavity Bi§seaddsBrample 1.6 15A 36 year-old woman who had a c8{dr8sysesditmiaak in her
mouth applied a 1% peptide (SEQ ID NO: 5) formulation three times a day. The hydrogel formulation
was composed of 30% poloxamer. All core sores disappeared within two days. Example 1.7 A
24-year-old women who had genital herpes applied 1% peptide (SEQ ID NO:5) 20 twice a day for a
week to the affected area. The cream formulation was composed of the excipients cetyl alcohol,
isopropyl ¢fyeisvateostdlary bedearisinbafy ged hyarssy vl udne IpoReRy cthfien esicatethér,
polyoxyethylene stearyl ether, edetate disodium, and purified water. All symptoms disappeared at the
end of the@ersivREhEpEAsHd fonits XoamenSIRECITeIS 2068 /072t 35 CEE M EsE that AHel8-year-old
female with a three-year history of rhinitis used nasal spray@containin the peptide aof the invention

(SEQ ID ROBY I tibfeBISSaAH fOF 2WEEK O HRIfE R atiB R0 Bk AdARATELRGL fd 1-5%

peptide. She felt immediate relieve of symptoms such 5as itching, sneeze, and nasal congestion.
E xample SOGPOSIIRIEE 6 RPBHE R BT Bielc Ao PP (SEB T RBS formulation

o . ’ro : :
consising, oL iornal sel and.l. 596 pepld and e s ater, e SYRISIS SipapRe e
oral gel, the composition generally contains from about 0.01% to about 10% of the

antimicrobial peptide, such as about 1%, about 2%, about 3%, or about 5% antimicrobial

peptide.

In yet another embodiment, the invention is formulated as a cream or lotion. Such
10 formulations are particularly suitable for the treatment and/or prevention of herpes simplex
virug infection or outbreak. Thus, in certain embodiments, the invention is suitable for

{freatment genital herpes, cold sores, or chicken pox.

The composition of the invention may also be formulated as a nasal spray effective

against rhinitis, or formulated as an eye drop effeciive against pink eye.

15 In another aspect, the invention provides a method for treating or preventing a
condition associated with a microbial infection. The method of the invention comprises
administering the pharmaceutical or cosmetic composition of the invention, containing the
antimicrobial peptide, to a patient having or suspected of having a microbial infection. In
certain embodiments, the composition is administered to the patient after treatment of the

20 infection, either with the composition of the invention or with an alternative therapy, to

prevent further recurrence. The patient may be any veterinary or human patient.

The compositions of the invention are useful for the treatment and/or prevention of

local and systemic bacterial, fungal, and viral infection to the skin, the hair, the nail, the

11



- 10The antimicrobial activity was tested using an exemplary peptide of the invention in a panel of
gram-negative and gram-positive bacteria, and fungus. The exemplary peptide sequence was
Arg-Eys-Lys-Arg-Arg-GlIn-Arg-Arg-Arg-Gly-(Lys)15-Gly-Arg-Lys-Lys-ArgArg-Gin-Arg-Arg-Arg (SEQ ID
NO:5) and itWMaadteersssimulated in 15% Poloxamer 0.9% saline. The peplidl@swngentsitions were 3.3
mg/ml, 11 ug/ml, and 11 ng/ml, respectively. 15 The antimicrobial activities are shown in Tables 1-3.
The peptide demonstrated strong antimicrobial activity in a dose-dependent manner. Notably,
Pseudomonas aeruginosa, a gram-negative bacterium that is noted for its resistance to antibiotics, can
be inhibited with 0.33% peptide of the invention (Table 1). WO 2009/015385PCT/US2008/071350
Table 1.Antginicrbbiatcfutivilye s88. Sengant(0iB3%epsmideP IOt idnindiabogneaiaDys (CFU/mI)
28 Days (CFU/ml) Staphylococcus aureus ATCC 6538 x 10 7.45 125 3.8 log reduction <10

nasal, and various mucosal regions via topical route or systemic infection by various routes,

such as intravenously or subdermally. Such diseases can be, for example, acne including

propionicbacterium acne, onychomycosis, athelete’s feet, genital herpes, caries, peridontal

5 disease, rhinitis, and pink eye. In exemplary embodiments, the infection is an infection of

Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Candida albicans,

Aspergillus niger, and/or a herpes simplex virus,

In order to treat, prevent, or prevent recurrence of, microbial infection, the
antimicrobial pepiide may be administered at least once a day for at least about one week.

10 Aliernatively, the composition is administered at Jeast twice a day for at least two days. In
certain embodiments, the composition is administered approximately daily, at least daily,
twice a week, weekly, or for about one month. In certain embodiments, the composition of

the invention is administered for several months, such as at least two months, six months, or
about one year or longer. The invention is further suited for long-term use, which may be

15 vparticularly beneficial for preventing recurring infection, or for preventing infection or
conditions in at-risk or susceptible patients, including imrmune compromised patients, Such
long-term use may involve treatment for at least two years, three years, four years, or even

five or more years,

In another aspect, the composition of the invention is a kit, which contains the peptide

20 or compositions of the invention packaged to facilitate dispensing and/or applying the
composition to affected or susceptibie regions. The packaging or dispenser may include a
bottie, tube, spray bottle, or other dispenser. In certain embodiments of the invention, the

composition is packaged in a concentrated form, and diluted to a desired concentration upon

12



No increase Pseudomonas aeruginosaATCC 9027 1.1106 x < 100 > 4.0 log reduction <100 No
increase Escherichia coil ATCC 8739 5 5.5 x 10 <10 >4.7 log reduction <10 No increase Candida
albicansATCC 10231

WO 2009/015385 PCT/US2008/071350

use by the end user. In this or other aspect, the composition is formulated and packaged in a

manner suitable for long-term storage to maintain efficacy of the composition.

The kit may further include additional components to facilitate application of the
composition to the affected area, such as, for example, a brush, sponge, cotton swab, or the

like.

i

EXAMPLES

EXAMPLE 1. Effect of Peptide on Conditions Characterized by Microbial infection

The following experiments were designed to test the effects of a diluent formulation;

however, surprisingly, it was found that the cationic peptide is itself a potent antimicrobial. It

10 was. discovered that the peptide of the invention was not oniy safe for long-term use, but
effective for treating and preventing, inchuding preventing recurrence of, various conditions
associated with microbial infection. In light of these results, the effect of the peptide on

microbial growth was tested in Example 2.

Example 1.1

15 A 15-year-old male with a two-year history of acne was using topical 5% peptide
(SEQ ID NO:5) formulation twice a day for 4 weeks. The cream formulation was composed
of the excipients cetyl alcohol, isopropyl myristate, stearyl alcchol, butylated
hydrosyxtoluene, polyoxyethylene stearyl ether, polyoxvethylene stearyl ether, edetate
disodium, and purified water. The acne disappeared in two weeks with use of the topical

20 formulation. With continued use of the formulation for two years, no new breakouts or

adverse events were observed.

Example 1.2

i3



1.0 x 105 <10 No increase <10 No increase Aspergillus niger ATCC 16404 3.0 x.105 3.1 x 105 No
increase 3.0 x 105 No increase Table 2.Anti-microbial Activity at 11 jig/ml (0.0011% peptide)
Organism Initial Count 14 Days (CFU/m I) 28 Days (CFU/m1)

WO 2009/015385 PCT/US2008/071350

A 36 year-old female who had Tinea Pedis (Athlete’s feet) as exhibited by an
irritating, itchy rash and oozing between her toes, had soaked her feet in a 5% peptide (SEQ
1D NO:5) formulation for 10 minutes before bedtime and applied topical 1% peptide
formulation twice a day on the infected area and the rest of her feet. The cream formulation

5 was composed of the excipients cetyl alcohol, isopropyl myristate, stearyl alcohol, butylated
hydrosyxtoluene, polyoxyethylene stearyl ether, polyoxyethylene stearyl ether, edetate
disodium, and purified water. At week 1, the itchiness reduced and the oozing stopped. By
week 4, the crusty patches of skin were gone and there was no evidence of abnormal skin on
her feet. She continued to use 0.05% peptide formulation for 5 years with no further breakout

16 or adverse event.

Example 1.3

A 78 year-old male was diagnosed with onychomycosis after laboratory confirmation
of fungal invasion based on microscopic examination and culture of nail scrapings or
clippings. He started painting his finger nails and swrounding nail-bed with 3% peptide

15 {(SEQ ID NO:5) formulétion twice a day., The cream formulation was composed of the
excipients cetyl alcohol, isopropyl myristate, stearyl alcohol, butylated hydrosyxtoluene,
polyoxyethylene stearyl ether, polyoxyethylene stearyl ether, edetate disodium, and purified
water. 12 weeks later, the finger nails that grew in all had normal texture and color. He
continued using the peptide formulation for 2 years and his nails were all free of fungal

20  infection.

Example 1.4

A 63 vear-old male was diagnosed with enychomycosis after iaboratory confirmation

of fungal invasion based on microscopic examination and culture of nail scrapings or

14



Staphylococcus aureus ATCC 6538 5 7.0 x 10 < 10 >4.8 log reduction < 10 No increase
Pseudomonas aeruginosa ATCC 9027 1.2 x 106 4,3x 10 6 0.6 log increase 7 1.7x 10 0.6 log increase
Escherichia coli ATCC 8739 6.9 x 105

WO 2009/015385 PCT/US2008/071350

clippings. He started with oral therapy for I month. Afterward, he started to paint his fingers
nails and surrounding nail-bed with 10% peptide (SEQ ID NO:5) formulation daily. The
cream formulation was composed of the excipients cetyl alcohol, isopropyl myristate, stearyl
alcohol, butylated hydrosyxioluene, polyoxyethylene stearyl ether, polyoxyethylene steary!
5 ether, edetate disodium, and purified water. 12 weeks later, the finger nails that grew in all
had normal texture and color. He continued using peptide formulation for 2 years and his
nails were all free of fungi infection and there was no relapse of additional fungal infection in

his toe nails.

Example 1.5

10 A 10 year-old boy who had a two-year history of dental caries used peptide (SEQ ID
NO:5) mouth wash for two weeks. The formulation consisted of normal saline and 1-5%
peptide. His symptoms were significantly relieved. He continued using the peptide mouth

wash for two years with no new tooth-cavity observed.

Example 1.6

i5 A 36 year-old woman who had a cold sore outbreak in her mouth applied a 1%
peptide (SEQ ID NO: 5) formulation three times a day. The hydrogel formulation was

composed of 30% poloxamer. All core sores disappeared within two days.

Exampie 1.7
A 24-year-old women who had genital herpes applied 1% peptide (SEQ 1D NO:5}
20  twice a day for a week to the affected area. The cream formulation was composed of the
excipients cetyl alcohol, isopropyl myristate, stearyl alcohol, butylated hydrosyxtoluene,
polyoxyethylene steary! ether, polyoxyethylene steary! ether, edetate disodium, and purified

water. All symptoms disappeared at the end of the treatment period.

15



1.7 x 10" 2.6 log reduction <10 No increase Candida albicans ATCC 10231 1.6 x 105 2.1 x 103 No
increase 1M x 103 No increase Aspergillus niger ATCC 16404 4.6 x 105 2.5 x 105 No increase 5 2.2 x

10 No incregsg ,J}Q 20091015385PCT/US20081071350 POT/US2008/071350

Example 1.8

An 18-year-old female with a three-year history of rhinitis used nasal spray containing
the peptide of the invention (SEQ ID NO:5) three times a day for a week. The formulation
consisted of normal saline and 1-5% peptide. She felt immediate relieve of symptoms such

5  as itching, sneeze, and nasal congestion.

Example 1.9

A 8 year-old boy who had pink eyes, applied the peptide (SEQ ID NO:5) formulation

consisting of normal saline and 1-5% peptide. and two days later, the symptoms disappeared.

EXAMPLE 2. In Vitro Antimicrobial Activity

10 The antimicrobial activity was tested using an exemplary peptide of the invention in a
panel of gram-negative and gram-positive bacteria, and fungus. The exemplary peptide
sequence was Arg-Lys-Lys-Arg-Arg-Gin-Arg-Arg-Arg-Gly-(Lys);s-Gly-Arg-Lys-Lys-Arg-
Arg-Gln-Arg-Arg-Arg (SEQ ID NO:5) and it had been formulated in 15% Poloxamer 0.9%
saline. The pepiide concentrations were 3.3 mg/ml, 11 pg/ml, and 11 ng/ml, respectively.

15 The antimicrobial activities are shown in Tables 1-3. The peptide demonstrated strong
antimicrobial activity in a dose-dependent manner. Notably, Pseudomonas aeruginosa, a
gram-pegative bacterium that is noted for its resistance to antibiotics, can be inhibited with

0.33% peptide of the invention (Table 1).
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Table 3.Anti-microbial Activity at 11 ng/ml (0.0000011% peptide) Organism Initial Count 14 Days
(CPU/mI) 28 Days (CPU/mI) Staphylococcus aureusATCC 6538 7.0105 x <10 >4.8 log reduction < 10
No increase\,yég%%ggg@s aeruginosaATCC 9027 x 1.2106 3.9 x 106 POT/US2008/071350

Table 1. Anti-microbial Activity at 3.3 mg/ml (0.33% peptide)

Organism Initial Count i4 Days (CFU/mI) 28 Days (CFU/ml)
Staphviococcus aureus 7 4% 10° 125 <10
ATCC 6538 ’ 3.8 log reduction No increase
Pseudomonas aeruginosa 11x10° <100 <100
ATCC 9027 ) > 4.0 log reduction No increase
Escherichia coli 555 10° <10 <10
ATCC 8739 ) >4.7 log reduction No mcrease
Candida albicans 1.0 % 16° <if <i0
ATCC 10231 ' No increase No increase
Aspergillus niger 3.0 x 10° 3.1x10° 3.0x 10°
ATCC 16404 ' No increase | No increase
Table 2. Anti-microbial Activity at 11 pg/mi (0.0011% peptide)
Organism Initial Count 14 Days (CFU/m}) 28 Days (CFU/ml)
Staphylococcus aureus 70%10° <10 <10
ATCC 6538 ' >4.8 log reduction No increase
Pseudomonas aeruginesa 12 % 10° 43x10° 1.7 % 107
ATCC 9027 ' 0.6 log increase 0.6 log increase
Escherichia coli 6.9 x 10° 17 % 10° <10

1 ATCC 8739 ' 2.6 tog reduction No increase
Candida albicans 6% 10° 2.1 x 10° 1L.ox 10°
ATCC 10231 ) No increase No increase
Aspergillus niger 46x 10° 2.5%10° 22x%10°
ATCC 16404 ) No increase No increase
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0.5 log increase 5.6 x 106 No increase Escherichia coli ATCC 8739 6.9 x 105 4.0 x 104 1.2 log
reduction 860 No increase Candida albicansATCC 10231 1.6 x 105 3.8 x 104 No increase 3.1 x 104

No increasefspridiljs.higer ATCC 16404 4.6 x 10 5 2.9x 105 No increagg-g{axhaAgjncrease

Table 3. Anti-microbial Activity at 11 ng/m! (0.0000011% peptide)

Organism Initial Count 14 Days (CFU/ml) 28 Days (CFU/ml)
Staphylacoccus aureus 70%10° <10 <10
ATCC 6338 ’ >4.8 log reduction No increase
Pseudomonas aeruginosa 12 x 16° 2.9x 10° 5.6 10°
ATCC 9027 ' 0.5 log increase No increase
Escherichia coli 169x10° 4.0 x 10° 860

ATCC 8739 ’ 1.2 log reduction No increase
Candida albicans 6% 10° 3.8x 10 3.1 x 10
ATCC 10231 ’ No increase No increase
Aspergillus niger 46x 10° 29%10° 26x%10°
ATCC 16404 ' No increase No increase
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CLAIMS 1. A pharmaceutical composition comprising a cationic peptide, wherein the cationic peptide
comprises SEQ ID NO. 5; and a pharmaceutically or cosmetically acceptable carrier and/or diluent. 2.
The composition according to claim 1, wherein the composition is a topical composition. 3. A kit for
administering a composition, the kit comprising the composition according to claim 1 and a dispenser.
4. A kit for administering a composition, the kit comprising the composition according to claim 2 and a
dispenser. 5. The composition according to claim 2, wherein the composition is selected from the pow
consisting of solid compositions, liquid compositions, solutions, emulsions, microemulsions,
suspensiarsAddams, lotions, gels, and powders. 6. The composition according to claim 5, wherein the
composition is a solution. 7. The composition according to claim 5, wherein the composition is a
cream. 8.IThe cenmositieeaicebedingotattiaicobprdier i natirentopapiditiomésemlaitamatBnithe
composition according to claim 5, wherein the composition is a gel. 10. The composition according to
claim 5, whereinptiptidompopsisiorSisaIhnd4).shrayd 4 phaheconzositor@neaiciily socetaitid, wherein
the composition contains from about 0.01% to about 20% cationic peptlde

carrier and/or diluent.

2. The composition according to claim I, wherein the composition is a topical

composition.
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12. The composition according to claim 2, wherein the composition contains from about 0.01% to
about 20% cationic peptide. 13. The kit according to claim 3, further comprising a component to
facilitate application of the composition. 14. The kit according to claim 13, wherein said component to
facilitate application is selected from the group consisting of a brush, a sponge, and a cotton swab. 15.
The kit according to claim 4, further comprising a component to facilitate application of the
composition. 16. The kit according to claim 15, wherein said component to facilitate application is
selected from the group consisting of a brush, a sponge, and a cotton swab. 17. A composition
comprising.a catiokicfpeaiidmisdharemndhepcatitnictheptidens Sy ID NO. 5. 18. The composition
according to claim 17, wherein the composition is a topical composition. 19. A kit for administering a
composition, the kit cothprsingottigoncrpositigmataatdingdo claim 17 and a dispenser. 20. A kit for
administering a composition, the kit comprising the composition according to claim 18 and a dispenser.
21. The composition aecbsgimgeto claim 18, wherein the composition is selected from the group
consisting of solid compositions, liquid compositions, solutions, emulsions, microemulsions,
suspensions, creams, lotions, gels, and powders. 22. The composition according to claim 21, wherein
the composition is a solution. 23. The composition according to claim 21, wherein the composition is a
cream. 24 The éokiipositibninstoitinyoomaiasitian hetereimprésoamposition is a lotion. 25. The
composition according to claim 21, wherein the composition is a gel. 26. The composition according to
claim 21, wherein the ¢BffisoesH¢s sosarhngpayaim 2 and

a dispenser.
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27. The composition according to claim 17, wherein the composition contains from about 0.01% to
about 20% cationic peptide. 28. The composition according to claim 18, wherein the composition
contains from about 0.01% to about 20% cationic peptide. 29. The kit according to claim 19, further
comprising a component to facilitate application of the composition. 30. The kit according to claim 29,
wherein said component to facilitate application is selected from the group consisting of a brush, a
sponge, and a cotton swab. 31. The kit according to claim 20, further comprising a component to
facilitate application of the composition. 32. The kit according to claim 31, wherein said component to

facilitate applicatias isEpteiadbamthegrnp coRsstnomd sohishicd sPRNERdaRhAkotRswab.

SEQUENCE LISTING.<110> Re %gce Therapeuticsl, Inc. <120> Antimicrobjal Peptide, Compositions,
and Methods of 988 EP80>R A0 FRRRY S50 1345 0 452088 5 15507 880> 5
microemulsions, suspensions, creams, lotions, gels, and powders.
6. The composition according to claim 5, wherein the composition is a solution.
7. The composition according to claim 5, wherein the composition s a cream,
8. The composition according to claim 5, wherein the composition is a lotion.
9. The composition according to claim 5, wherein the composition is a gel.

10.  The composition according to claim 5, wherein the composition is a nasal spray.

11. 'The composition according to claim 1, wherein the composition contains from about 0.01%

to about 20% cationic peptide.

12. The composition according to claim 2, wherein the composition contains from about 0.01%

to about 20% cationic peptide.

13. The kit according to claim 3, further comprising a component to facilitate application of the

composttion.

14, The kit according to claim 13, wherein said component to facilitate application is selected

from the group consisting of a brush, a sponge, and a cotton swab,

15, The kit according to claim 4, further comprising a component to facilitate application of the

composition.

16. The kit according to claim 15, wherein said component to facilitate application is selected

from the group consisting of a brush, a sponge, and a cotton swab.

17. A composition comprising a cationic peptide, wherein the cationic peptide is SEQ ID
NO. 5.
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<170> Patentln version 3.5 <210> 1 <211> 9 <212> PRT <213> Human immunodeficiency virus
<400> 1 Arg Lys Lys Arg Arg Gin Arg Arg Arg 15 <210> 2 <211> 9 <212> PRT <213> Artificial
Sequence <220> <223> HIV TAT antimicrobial peptide <400> 2 Arg Arg Arg Gin Arg Arg Lys Lys Arg
15 <210> 3 <211> 40 <212> PRT <213> Artificial Sequence <220>

18.  The composition according to claim 17, wherein the composition is a topical
composition.
19. A kit for administering a composition, the kit comprising the composition according to

claim 17 and a dispenser.

20. A lat for administering a compostition, the kit comprising the composition according to

claim 18 and a dispenser.

21, The composition according to claim 18, wherein the composition is selected from the group
consisting of solid compositions, liquid compositions, solutions, emulsions,

microemulsions, suspensions, creams, lotions, gels, and powders.

22. The composition according to claim 21, wherein the composition is a solution.

23. The composition according to claim 21, wherein the composition is a cream.

24. The composition according to claim 21, wherein the composition is a lotion.

25. The composition according to claim 21, wherein the composition is a gel.

26. 'The composition according to clamm 21, wherein the composition is a nasal spray.

27.  The composition according to claim 17, wherein the composition contains from about

0.01% to about 20% cationic peptide.

28. The composition according to claim 18, wherein the composition contains from about

0.01% to about 20% cationic peptide.

29. The kit according to claim 19, further comprising a component to facilitate application of

the composition.

30. The kit according to claim 29, wherein said component to facilitate application is selected

from the group consisting of a brush, a sponge, and a cotton swab.
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<223> HIV TAT antimicrobial peptide <220> <221> MISC_FEATURE <222> (16)-(30) <223> Lys is
optional <400> 3 Arg Lys Lys Arg Arg Gin Arg Arg Arg Gly Lys Lys Lys Lys Lys Lys 151015 Lys Lys
Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Gly Arg 202530 Lys Lys Arg Arg Gin Arg Arg Arg
3540 <210> 4 <211> 40 <212> PRT

31. The kit according to claim 20, further comprising a component to facilitate application of

the composition.

32.  The kit according to claim 31, wherein said component to facilitate application is selected

from the group consisting of a brush, a sponge, and a cotton swab.
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<213> Artificial Sequence <220> <223> HIV TAT antimicrobial peptide <220> <221> mISC_FEATURE
<222> (16)-(30) <223> Lys is optional <400> 4 Arg Arg Arg Gin Arg Arg Lys Lys Arg Gly Lys Lys Lys
Lys Lys Lys 151015 Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Gly Arg 202530 Arg Arg
Gin Arg Arg Lys Lys Arg 3540 <210> 5 <211> 35
SEQUENCE LISTING

<110> Revance Therapeutics, Inc.

<120> Antimicrobial Peptide, Compositions, and Methods of Use

<130> REVA-001/01w0

<150> uUs 60/952,059
<151> 2007-07-26

<160> 5
<170> Patentin version 3.5

<2106> 1

<211> 9

<212> PRT

<213> Human immunodeficiency virus

<400> 1

Arg Lys Lys Arg Arg Gln Arg Arg Arg
1 5

<210> 2

<211> 9

<212> PRT

<213> Artificial sequence

<220> .
<223> HIV TAT antimicrobial peptide

<400> 2
Arg Arg Arg Gln Arg Arg LYyS Lys Arg
1 5

<210> 3

<211> 40

<212> PRT

<213> Artificial Seguence

<220>
<223> HIV TAT antimicrobial peptide

<220>

<221> MISC_FEATURE
<222> (16)..(30)
<223> Lys is optional
<400> 3

Arg Lys LYS Arg Arg Gin Arg Arg Arg Géy Lys Lys Lys Lys %gs Lys
1 5 1
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<212> PRT <213> Artificial Sequence <220> <223> HIV TAT antimicrobial peptide <400> 5 Arg Lys
Lys Arg Arg Gin Arg Arg Arg Gly Lys Lys Lys Lys Lys Lys 151015 Lys Lys Lys Lys Lys Lys Lys Lys
Lys Gly Arg Lys Lys Arg Arg Gin 202530 Arg Arg Arg 35

Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Gly Arg
20 25 30
Lys Lys Arg Arg GIln Arg Arg Arg
35 40

<210> 4

<211> 40

<212> PRT

<213> Artificial Sequence

<220> o _ ‘
<223> HIV TAT antimicrobial peptide

<220>

<221> MISC_FEATURE
<222> (16)..(30)
<223> Lys 1is optional
<400> 4

Arg Arg Arg GIn Arg Arg Lys Lys Arg Gly Lys Lys Lys Lys Lys Lys
1 5 10 15
Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Gly Arg
20 25 30
Arg Arg Gln Arg Arg Lys Lys Arg
35 40

<210> 5

<211> 35

<212> PRT

<213> Artificial Sequence

<220>
<223> HIV TAT antimicrobial peptide

<400> 5
Arg Lys LYS Arg Arg Gln Arg Arg Arg %8y Lys Lys LyS Lys igs Lys
1 5

Lys Lys Lys 555 Lys LyS Lys Lys Egs Gly Arg Lys Lys ggg Arg Gln

“"Arg Arg Arg
35
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