ANTIMICROBIAL PEPTIDE, COMPOSITIONS, AND METHODS OF USE 5This Application claims
priority to US Provisional Application No. 60/952,059 filed July 26, 2007, which is hereby incorporated
by reference in its entirety. FIELD OF THE NVENTION The invention relates to antimicrobial
peptides for use in pharmaceutical and cosmetic 10applications, 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. 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
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new therapies against a variety of infectious diseases, including therapies for chronic microbial
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peptides must be, in a n to eftecti ciently safe an e so as to allow long term and/or

routine US?WEQ}&G@Q%Y&MQm%m&%&%@%&@%%ﬁgF THE INVENTION The

present inverition provides antimicrobial peptides that exhibit a broad range of mold, and certain
viruses. The peptides of the invention are cationic, containing positively charged amino acids such as -

lysine, arginine, and histidine, along ngk@%fiﬁﬁr@[#ﬁ ino acids such as glycine or glutamine.
The peptides of the invention are safe; tive, u %\éﬁ@l&table to allow long-term or routine
use. 5The present invention further provides antimicrobial compositions containing the

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 a

microbial infection after treatment.
BACKGROUND OF THE INVENTION

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

the innate immune 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 important
source for designing new therapies against a variety of infectious diseases, including
therapies for chronic microbial infections as well as for routine and/or prophylactic use.

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

affected area.
SUMMARY OF THE INVENTION

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

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



antimicrobial peptide. The compositions are stable, and thus may be formulated in a variety of forms
including for routine use. Such compositions are especially useful for topical application to the skin,
hair, nail, vagina, urethra, ear, oral cavity, nasal passage, respiratory system, opthalmic region,
various mucosal regions, and other affected areas, to treat, prevent, 10 or prevent the reoccurrence
of, a microbial infection. The compositions of the present invention, 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 invention further provides kits for use in improving the
condition or rance of skin, naflh or ott%erstg E‘ed. area. These kits may cgntain components that
[
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aethetic, and/or cosmetic purposes. These botulinum toxin containing compositions are disclosed in a

U.S. Provggggfw{%@y@gigl@%%ﬂ &L 29x2808nentitled "Compositions and Methods of Topical

Application And Transdermal Delivery of Botulinum Toxins Stabilized With Polypeptide Fragments

Derived From HIV-TAT," which is hereby incorparated by reference in its entirety. The present
inventors discover¥d Eﬁ%ﬁﬁ%ﬁ??&f@%&‘gﬁ%% 8{%;9%%@%@%{9 SOPRYVERE ﬁgf}glgﬁﬁrﬁ%robial

activity, and are useful as active ingredients in pharmaceutical and cosmetic gompositions. Such
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or reverse sequence at - or C-terminus; or -terminus an e C-teiminus. For
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N-teiminus'and thé C-terminus. In one embodiment, the cationic peptide comprises an N-terminal

portigp thak-is@Rddl MhEATRELB¥RESEok] Y -TicFoseauRnasion. C-eigninal ertion thattis aRdsiM-TAT or
reverse HIV-TAT sequence, and one or more cationic residues (e.g., Lys or Arg) between the

N-terminalpegitn ahg R &Entermiratipgr oo mrHenhexamplecbhe péptite. MaphayekammbitioR0 15
cationic residues such as Lys between the N-terminal portion and the C-terminal portion, such as
about 12, ahiot dfpearaabouf tHé catiedicgesidees: with longreexemplanpensbodiment, the invention is a
cationic peptide having the following sequence:

Arg'Lys'LyS'Arg'ﬁfeg'&é@éﬁﬂ’gﬁ%ﬂﬁéﬁgf%}{él-gﬁ)&@yl&@%Y%Mﬁiﬁfﬂpﬁd'ﬁ%nﬂ@&b%&fﬂgo(sEQ ID
NO:3), or Arg-Arg-Arg-GIn-Arg-Arg-Lys-Lys-Arg-Gly-(Lys)n-
appearance of skin, nail, or other treated area. These kits may contain components that

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

convenient application and long-term storage of the compositions.
DETAILED DESCRIPTION OF THE INVENTION

Peptide fragments of HIV-TAT were used in conjunction with botulinum toxin to

produce more stable, more effective, and safer botulinum toxin compositions for therapeutic,

20 aethetic, and/or cosmetic purposes. These botulinum toxin containing compositions are
disclosed in a U.S. Provisional Application filed December 29, 2006, entitled “Compositions

and Methods of Topical Application And Transdermal Delivery of Botulinum Toxins

Stabilized With Polypeptide Fragments Derived From HIV-TAT,” which is hereby



20 Gly-Arg-Arg-Arg-GIn-Arg-Arg-Lys-Lys-Arg (SEQ ID NO:4), where n is from about 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 HIV- another embodiment, the N-terminal portion is a reverse HIV-TAT sequence and
the C-terminal portion is a reverse HIV-TAT sequence. For example, the antimicrobial peptide may
have the following amino acid sequence:
Arg-Lys-Lys-Arg-Arg-Gin-Arg-Arg-Arg-Gly(Lys)15-Gly-Arg-Lys-Lys-Arg-Arg-Gin-Arg-Arg-Arg (SEQ ID
NO :5). 5In certain embodiments, the peptide contains a naturally occurring sequence of amino acids,

such as an HIV-TAT. que{me but may alt,erpatiVﬁgé S:ﬁgggiq .imperﬁg%n@@gvgk@ghragtégﬁglxeoccurring
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readily biodegradable. 10Generally, antimicrobial derivatives of the HIV-TAT and reverse HIV-TAT

sequence, which argicaniemplated vdba insfeptitveniignpaimsharacierized as havingagarticularly

high content of Arg and Lys residues. For example, the peptide of the invention may contain at least
about 50%epliectyelyn PiMORRG kS @é@tﬁ%@ﬁﬂﬁ@ﬁ%@ﬁ% bebanaveantaimat least about 75%, or at
least about 80%, Arg and Lys residues. In these or other embodiments, such 15 derivatives may have

the amino acid seguence of SE@{ NO: 3 or 4, V\{ith frspmcét% 5Cargi%%ea§lig gggsggts%tsionsr_#r{;_ertions, or
deletiéns (collec )?li’ﬁcaiﬁﬁﬁ% , ,@?%?Ph%‘fﬁﬁ?%&masu%sﬂ%uﬁoﬁs, mserﬂong, or deletions with
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embodiments, the cationic peptide is 50, or from about 25 to about 40 amino

acids in leggth.  jn a&a%gmlfgtz}%nmgmemgzameA%@&goﬂrgQgIﬁa%ttmig@taigld}qeua%émbout 35
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amino acids in length. The present invention is effective for inhibiting, killing, and/or lysing various

microbial fm?@éﬁﬁén@é?QJ&@M&AY%&QIR@Q@MMQIQP@&M@H% Eempharychay;teriséonwhich the

invention may be bacteriostatic or bactericidal include both gram-negative and gram-positive bacteria

suchjas: Saphylecaceus uiraus NSiraplacosslithpyogana{group A), 5 Streptococcus spp. (viridans
group), Streptococcus agalactiae (group B), Streptococcus bovis, Streptococcus (anaerobic species),

Streptococcus prfeumoniagd SUrentaeoce %%%g&%gggﬁgéﬁg%tggscgﬁ RQ@T%?I: eng gonarrhoeae,

. . . .gQne L1 : : .
Neisseria menlngﬁlals, ranhamella catar racis, Bac btilis, Propionibacterium

acnes, CopyRe-preteriim.diphieraer Listrra.manacypas e Sestidiumieienk £lastidiym difficile,

Escherichia coli, 10 Enterobacter spp., Proteus mirablis, Pseudomonas aeruginosa, Klebsiella
pneumoniggy, SairrongliaRPand el ShiRe CAMBYIPOAGISE JQIEN (ACHIORAGIBdSveen the N-
actinomycetumcomitans, Porphyromonas gingivalis, Bacteriodes forcythus, Treponema denticola,
Prevotellaiplginmgdiaioans EGRaTIRFMNEEIEHN For example, 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 15, or about 17 cationic residues.

In an exemplary embodiment, the invention is a cationic peptide having the following
sequence:  Arg-Lys-Lys-Arg-Arg-Gln-Arg-Arg-Arg-Gly-(Lysin-Gly-Arg-Lys-Lys-Arg-Arg-
Gln-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 15 from about 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 HIV-

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



Thus, the antimicrobial peptide of the invention may be useful for inhibiting such 15 bacteria to
ameliorate microbial infection(s), or reduce the likelihood of microbial infection(s), including:
bacteremia, pneumonia, meningitis, osteomyelitis, endocarditis, dental caries, periodontal disease,
sinusitis, rhinitis, pink eye, urinary tract infections, tetanus, gangrene, colitis, acute gastroenteritis,
impetigo, acne, acne posacue, wound infections, burn infections, fascitis, bronchitis, and a variety of
abscesses, nosocomial infections, and 20opportunistic infections. The antimicrobial peptide of the
invention is also effective for inhibiting the growth and survival of fungal organisms such as

dermatophytes (e.g., Microsporiuqy spp..such as Microsporum %%I}SI‘ icrosporum audpuipii, and
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floccosum, Malassezia furfur, Pityropsporon orbiculare or ovale, Cryptococcus neoformans, 5
Aspergillug fumioaiis AIREIGHIS RidulansiAsRergillus-pi@ar@end Rthss Aspergillus spp., Zygomycetes
(e.g., Rhizopus and Mucor), Paracoccidio ides brasiliensis, Blastomyces dermatitides, Histoplasma
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corporis, Tinea cruris, Tinea favosa, Tinea nigra, Otomycosis, Phaeohyphomycosis, and

Rhinosporigigsisments, TepRpeRerimantianis alse-gffecive-against certain viruses, such as HIV,
herpes simplex viruses, cytomegalovirus, and human papillomavirus. Thus, the antimicrobial peptide
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December 2006, entitléd "Compositions and Methods of Topical Application And Transdat nal

Delivery of Botulimam Iexins piatiizedyith Belnentided rramenisdsrivetl mditDi TAk." and that
is incorporated by reference herein.
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 amino 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 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 lepgth. In an exemplary

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



5The compositions of the invention may comprise, consist of, or consist essentially of, the
antimicrobial peptide of the invention in an amount effective for antimicrobial activity, in combination
with a carrier and/or diluent. In this respect, the term "consists essentially of' means that the
composition contains only the antimicrobial peptide with phaxinaceutically or cosmetically acceptable
carrier(s) and/or diluent(s), and may optionally contain an additional 10 antimicrobial agent(s), such as
an antibiotic, or an anti-inflammatory agent (e.g., NSAID). For example, when formulated for topical
administration, the composition of the invention may optionally contain Benzoyl peroxide, Clindamycin,
Eythromycin, Tefacyellns, Baciadn NeamuelD MURIGERAE MR Buticguagole, adior
Clotrimazole. In certain embo |mentn, the carrier and/or diluefit is an %queous carriér or diluent, such

as buffered,1osaliie .. FeRRAMAGRNCR O coRmEic samA0slian ok be ivention maybe

formulated for topical’administration, which can be a welcome alternative to systémic therapy for

treating orpreNEAUNGVRAR: Hsohab RISEHARS. 15 G@aréé&@cmpmmpg}gﬂ-ﬂagaaw With the

composition of the invention is administered alongside a systemic or other topical therapy to 20
provide eithgnafditive phevnerQisticiesulit,frb&xanpexshsapinisiahialpeptide abthedpvention
may act synergistically with one or more of Benzoyl peroxide, Clindamycin, Erythromycin, Tetracycline,
Bacitracing/Nearayeins Muypirosidnelyraysn Birblicenarsle:dalotimrazotenadiyr Sesialanis

antimicrobial agents. Treatment with the composition of the invention may not only clear various
microbial kfestidnepladbis:alsenatiebiyedaripiesering dbe:.o gerrrencaofBughoidactionsima first
instance, and for preventing recurrence of such infections. In this latter aspect, the present
compositidiris administere dvVtdsthe affectedhvegio Vefiter o entmegii With Ropibaletis ystermizBstherapy.
To prevent recurrence of an effectively treated infection, or to prevent occurrence of an infection in a
first instanBecdiua sudceqitibheedbiomatibsc Sropéuitinatenaybecadniimisterba rourmelp e iodaily) for a
long period of time, including for days, weeks, or even years. When formulated for topical
administraisisrihe erAPISRIHESof e SSTidurt iFRiertiok ey eantaifiifgiedidiiebeisiial inddpical
pharmaceutical or cosmetic compositions, such as a 10 carrier, vehicle or medium. Specifically, the

carriéP, veRiEREOBIHKE By i EIRSatibTgiith fHE/FedirgetoRRIBR A hil Se 5l SHEA"EE the skin,
hair, nail, vagina, yrethra, ear, oragl cayity, nasal passage, respiratory system, opthalmic region, and/or
mucosa. Tﬁﬁ’g’%ﬁ{%’ositio‘%'and c%‘ﬁg%‘ﬁentsg%'f'the ir@g'i’ﬁ%ﬂggfée’éuitaﬁ%”f%’r con%ggﬁ%%afﬁ%ég‘éted

tissues or for,use in patients in ggpera}ql without undue t(}xici%, ir)comanati ilit instaPiIit allergic 15
acz‘zgotrﬁch MCOMIAnS, Porpiyromonds. .%‘mgw? Iﬁ, acieriodes Jorevthus,  Ireponema © .
response, an ike. As appropriate,;’compositions of the invention may comprisé any ingredient

conventionally c%%?c},;,g Jﬁ?l}c&e}% #%‘e%&,%?xﬁ '_ gﬁ?g 9%%%?2,%9“ their form, compositions of this

invention may incluide 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 thahus, the antimicrobial peptide of the invention may be useful for inhibiting such

15  bacteria to ameliorate microbial infection(s), or reduce the likelihood of microbial
infection(s), including: bacteremia, pneumonia, meningitis, osteomyelitis, endocarditis,
dental caries, periodontal disease, sinusitis, rhinitis, pink eye, urinary tract infections, tetanus,
gangrene, colitis, acute gastroenteritis, impetigo, acne, acne posacue, wound infections, 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.

5



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 absorbers, dyestuffs, coloring agents, powders, viscosity-controlling agents and water, and
optionally including anesthetics, anti-itch actives, botanical extracts, conditioning agents, darkening or
lightening agents, glitter, humectants, mica, minerals, polyphenols, silicones or derivatives thereof,
sunblocks, vitamins, and phytomedicinals. In certain embodiments, the composition of the invention is

foil lulated with the a?ove ingredients.so as to be stable far a long periad of ti may be beneficial
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active agents are enc or otherwise contained within @ material, such
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compositions of 10the invention may be Contained within or on matrixes, liposomes, vesicles,

microcapsiles, gL RERARLSR: FG AN lie ALWERNIBBlARA: R RRIGYIHS SRRl B ormans,
Administration of the composition of the invention may be to any affected or susceptible region, for

example, intbe-80s mhnILerSipeeklinclidingAQWephadils asiia. RrlnsdestReak.grgp, dorsa or
the hands or feet, elbows, upper arms, knees, upper legs, 15 buttocks, torso, pelvis, or any other part
of the bodgianwyhiely treatmerhionate verdtiothabinfe Cinacmeayhede svadiSush, réaimenids also
contemplated for treating and/or dressing wounds, such as cuts, scrapes, and burns to the skin, so as
to treat or qwenenidedetiiorpGisthe avpurided afeacfhedes mpasiticng Spiheinirertieonchie 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 {arRiales Al s AR SRUEIENERHu DR SORRRSItapaRGRordig:to this
invention may be stored either at room temperature or under refrigerated conditions.
or prevent infections such as:  Aspergillosis, Blastomycosis, Candidiasis,
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 antimicrobial peptide of the invention is effective, include: Tinea
barbae, Lobomycosis, Mycetoma, Piedra, Pityriasis 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 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 composition 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 composition 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%, 5 about 5%, or about 10% antimicrobial peptide.
In one embodiment, the pharmaceutical composition of the invention is a cleanser or moisturizer.
Cleansers and moisturizers of the invention may be particularly useful for conditioning the skin while
treating and/or preventing a microbial infection, such as acne including propionicbacterium acne. This

aspect of the inventjon is also effective for 10 preventing the repccurrence of ac ter the acne has
effectiveIytaji‘égip%ﬁéids.’cllrcfSﬁf‘ﬁs“ééﬁ‘?écﬁl,‘¥hég IE%%?H%@ gﬂ%@?@?ﬁﬁzﬁ&%%ﬁ B RShiRs %@ ﬁe eé’ffé%?id area
routinely, e.9., approximately daily, and.on a continual or routine basis. FQr.exam treatment may be
continual fo?%éé,%%nék%n,gng%eﬁ%?é S 8? Ce}\‘?gﬁcai}ea?g 1 i éor?oﬁ?éé:?m So%‘iTrnnae'r%?,e%th Igo%%}géﬁ%ﬁr%f the
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iti the a

In this aspect, the’compaosition may n aquedus solution for soaking or painting ected region.

In this emg&‘éj@?&%{e& inyentionis also effective for preventing the recurrence of the condition, by
continual daily treatment. Further, when used for the treatment of onychomycosis, the composition of

the invention may be used alongside systemjc therapy, such as, for example, 20 Lamisil(r), to provide
more &ffective reﬁaﬁyaﬁa%tﬁ?ﬁﬁﬁf@éeth@f%mmﬁyammr%ﬁ@a?aﬁt.eé 6F feesilirssentigy gther
embodiments, the composition o%he invention |s formulated as a mquth wash, oral spray, or oral gel.
I this aspRECBIPHFBUIALSERTS: BN AR T THRIBH 6 BHEC Ve Tr B AL HOR oF dental

caries, for the treatment and/or prevention. of peripdgntal disea or the treatment of. sore throat, or to
treat or pr@%“r?t"i’m%ﬂ% g}iét&%farﬁrlgeﬁ or Qﬂ%e 8115 respect %gé {e . "COILS1Sts essentl oft

fhe Catisé By the presenceé or activity of microbes. When
formulatedm%%n %r%ﬁé %%loth% gomposition of the,invention. i .e{feect{}/ forthheh%reatme .(ang,dopreventlon
of sores around the 5" m

o contains oni HOVSRIR JBS W1 FACE
outh, such as Cold Sofes and canker sorés. When formulated as a
mouthwash, e Ria%- kol deh e ForRasiiaB aeneiallipNaIon o ALY Mthdpsnbout 10%
of the antimicrobial peptide, such as about 1%, about 2%, about 3%, or about 5% antimicrobial
peptige. In,ygh-a00ihar %ahggl,i '_Elii‘:'ﬂtvag“ﬁzi%ﬁBi@ﬁ,i%F%%Hﬁt%%ﬁﬁ@?Q%%t|Q&i.%.r}_-Iﬁ%&&h)}:o
formulations are particularly suitable for the treatment and/or prevention of herpes simplex virus

infection or quikEaAke e iR SelaiRdermbRging ignihRHBNeRlioR iositabledurrtiratmentigenital
herpes, cold sores, or chicken pox. The composition of the invention may also be formulated as a

nasal spray.gffegitvenalgiinsithimitiSeniofdrmutaiedeasGinéyediop EifebtiveagainFepirkaye, 15In
another aspect, the invention provides a method for treating or preventing a
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.



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
vagina, the urethra, the ear,.the oral cavity, ther spirator.g system, the opthalmic regian, the nasal,
and various mucOEEI FEGoRY %%E%%‘Fsr‘gﬁféogr SRR ﬁ\éﬁ%’igﬁtﬁ)ﬁya Bt POUtES 40 1%3

ntravenously or subdrmaally, Such diseases can be forexample, acs nduding eropiogigpacterium
acne, onyChomyCosis, athdlete’s feet, genital herp onta

ee , caries, peri disease, rhinitis, and pink
eye. In exemplary embodiments. the infection | infegt| f I I Pseudomonas
aeruginosgl%gﬁeﬁlc érc%ﬁ%y %%#&i 3%9%%%%%%5 g‘gcgle%%lﬁeﬁ%g esir?gﬁ (%//g?[ gﬁ%ﬁges’ gﬁgns%ﬁe%ﬁv%ijrus. In

order to trgg, praYERY OF RIRYERIIPERNGR Rl MicIRbIAldRleclam he.aniipistaPial RSRide may be

administered at least once a day for at least about one week. 10 Alternatively, the composition is

adminjstergd atJeast fniceadaynforabieast fuaidaysrinseiainRmbedimentsythe.crueHRe IO is

administered approximately daily, at least daily, twice a week, weekly, or for about one month. In

certain empogiments ithe mempasiienof thedauantondsadministgragiior sevesalaaniRersuich as at
least two months, six months, or about one year or longer. The invention is further suited for long-term

use, whichonayebe(d g padticufarly bepefitial taripreVventintne tirding, inetips; arfoyqieventing
infection or conditions in at-risk or susceptible patients, including immune compromised patients. Such

longterm use maynYglve, HERUMEPLI0L 2 J8ASH WA SRTR. LIRS YERIR JPHISALEN O GYeN fve or

iy .
more years. In another aspect, the composition of the invention 1s a kit, which contains the peptide 20

or composiigns, afiRGBNRRIRN PRckegad e AGItAIe disRansing aRd{otanBbing {hecgmpgsition to

affected or susceptible regions. The packaging or dispenser may include a bottle, tube, spray bottle, or

other gispensgr. Weeltaln srabediments ofdhe imkanting, thecMNBOSILRN S Rackagetinith

concentrated form, and diluted to a desired concentration upon use by the end user. In this or other

aspect, theneampRsitoRisdeimuinted antianckaged MasmanRer, siuliabie:fer longhtermustorage to
maintain efficacy of the composition. The kit may further include additional components to

facilitate agppliegtiansal thawegaposiivnie theaffecied@tanRuck sy foreXamplecasbrusiiisponge,
cotton swab, or the 5like. EXAMPLES

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 whete 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 absorbers, dyestuffs, coloring agents, powders,

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

8



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 only safe for long-term use, but effective for treating and preventing, including
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 15A
15-year-old male with a two-year history of acne was using topical 5% peptide (SEQ ID NO:5)
formulatio thce for 4 weeks, The cream f rmulatlo s composed é XCI |en$ cetyl
alcohol, |3E rﬁﬁf 5k gﬁ?‘f}f]&%gﬁg}t%w R, %g}xet%lﬂ?e enﬁ%l xye’th;l/xlm UreSaryl ether,

polyoxyethylene stear Ieth isodium, and purified water, The aene d| eared in two
weeks wﬂﬁthe RIS o’prpc0 P@E B?rﬁhl% i6n. Wi ﬁ% cdgﬁ ?]néee us{f\le of ¥hes‘1m tlation %H two yecgrs no

new breckl or AYEESe SN ROIIANED. EXAMBIR L o ASYERY 4 omplaabo had

Tinea Pedis (Athlete's eet) as exhibited by an irritating, |t y rash and oozing etween her toes, had

soaked hey feekin 4200 ﬁg&%@'&l{?&%%% NOLfermulation fondQ prnHes.befare bedtipreiand applied

topical 1% peptide formulation twice a day on the infected area and the rest of her feet. The cream
formubtlom@ggmge%g%ﬂgﬁ@&%@g%ﬁ@l&ghoI isopropyl myristate, stearyl alcohol,
butylated hydrosyxtoluene, polyoxyethylene stearyl ether, polyoxyethylene stearyl ether, edetate
disodium, and purlfled water, At week 1, the |tch|nessr duced.and the o ZI%%

crusty patches of éﬁmcwai’@%%?é d ‘Eﬁe%‘%’é"hd’?\% $1¢8 SFaBAEEn? 'O éa'r?iere

0
coninued i 56,9 052ALeDIS, SHTM US98 e R MILNRS IIRL RN oL AErap vent

Week 4, the

active 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 to any affected or
susceptible region, for example, to the legs, shoulders, back (including lower back), axilla,
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 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 refrigerated conditions.



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 surrounding nail-bed with 5% peptide 15 (SEQ ID NO:5) formulation 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

20infection. Example 1.4 A 65 year-ald male was diagnosed with onychomycasis after. laboratory
confirmation of f af?%%ﬁg}?%a%}(eéﬂ n' R PORL OB AR n%a?%ﬂ%oo%ﬁﬁw@%?o%éﬁ? s%?%tﬂ)(%ﬁgs or

cippings. e stared with el nerapy for mont, Aflevard, e siascin paint s fngegs el and

surroun nail- 0 pepti eriS formtilation dai e cream formulation was
composed.of th cipien | alcohol..isopropyl myristate, ste Ig{ ohal, tyé fed. i
hyd rosyx%ﬁgﬁ(gjgéqyaoi@uiéﬁ& 3%@ Iélé"rﬂ/ béﬁ & ﬁ%}gﬁioxﬁ%ﬁ %%e%%gry%gge%hg% e§ etg?glg?snod ium,

and purified Walers1 Weeles 1adet, e, fingsy, dallsIpaere il rd normal exddreand;eglor. He

continued using peptide formulation for 2 years and his nails were all free of fungi infection and there

was ng relgpse @%mggﬁaid%mgﬁg@ggﬁpﬂ%g@e;oe nails Example 1.5 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 consjsted of normal saline and 1-5% peptide. His, sym t%ms were sjgnificantly relieved. He
continued using tAPepREaHRUh hadhFsrasETa. @Wﬁﬂsﬁgﬁé\’/& olfﬂ’i%%ﬂﬁ/lgﬁs(&%% Ekample 1.6

15A 36 year-old woman, who had aacold sore outbtrgrak in_her.mouth agglied a Jfgé gg}gtiﬁl}? %{%_EQ ID
: | BB 55005

NO: 5) forfCkHEA Thres Timessaday T PRE e S F m St WAL comBass poloxamer. All

core Sore%gri}ﬁ?tpc%%iaéetgewsif(%n&WﬁedéggtinnggnrH%F plr'gventing a microbial infection, such as acne
including propionichacterium acne. This aspect of the invention is also effective for

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 years.

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 agueous 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 onychomycosis, the
composition of the invention may be used alongside systemic therapy, such as, for example,

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

10



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 myristate, stearyl alcohol, butylated hydrosyxtoluene, polyoxyethylene stearyl ether,
polyoxyethylene stearyl ether, edetate disodium, and purified water. All symptoms disappeared at the
end of the treatment period. 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 inmediate relieve of symptoms

such 5as itching, sneeze, and nasal congestign. Example 1.9 A 8 year-o0ld boy who had_ pink eyes,
applied thS%r:h?@B% e?géﬁ Iﬁrﬂlét}gf?or?gu a |td%1 S%E?Sti%)é St hofia seg m%ng/:?a f-‘é%“ﬁ‘é’b‘ti&g? and two

days Iate, the symploms dsappeatel, EXANELE 20 ire ATUcrobtal Agig QTS aggmicrobial
S teste ;5)

activity w using an exemplary peptide of the invention in a panel of gram-negativé and

gram-positiy ia, i I id .
Arg-Lys-ﬂéé%‘?g%fé;m%gé’f%%f&% y-(Lys %&%%%%r&&%ﬁ_@%g%rﬁg%I%?A(}S}Agrzlf,&lria (SEQ ID

NO:5) and,iihadiheeafarmulaiachinid epe Foloxamer L a-aring pIhe ReRtide crRsratratiaps were 3.3

mg/ml, 11 jig/ml, and 11 ng/ml, respectively. 15 The antimicrobial activities are shown in Tables 1-3.
The peptidg,damRatiaieiipag.ad imiriP Al aClity bddessddrRaRIGRWVARNDRI. kgl
Pseudomonas aeruginosa, a gram-negative bacterium that is noted for its resistance to antibiotics, can
be inhibiteghavie 0. 33%0-pephariof thenkrpntihi@abledh BsgRTIT. 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 freatment 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 pox.

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

against rhinitis, or formulated as an eye drop effective 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



Initial Count 14 Days (CPU/ml) 28 Days (CFU/ml) Staphylococcus aureus ATCC 6538 x 10 7.45 125
3.8 log reduction < 10 No increase Pseudomonas aeruginosaATCC 9027 1.1106 x <100 > 4.0 log
reduction

vagina, the urethra, the ear, the oral cavity, the respiratory system, the opthalmic region, the
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
propionichacterium 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 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 embodiments, the composition is administered approxirﬁately daily, at least daily,
twice a week, weekly, or for about one month. In certain embodiments, the composition of

the inveniion 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 particularly beneficial for preventing recurring infection, or for preventing infection or
conditions in at-risk or susceptible patients, including immune 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 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 concentrated form, and diluted to a desired concentration upon

12



<100 No increase Escherichia coltATCC 8739 5.5 x 105 <10 >4.7 log reduction <10 | No increase
Candida albicansATCC 10231 1.0 x 105 <10 No increase <10 No increase Aspergillus niger ATCC
16404

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

manner suitable for Jong-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

5  lHke.
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 only safe for long-term use, but
effective for treating and preventing, including 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

is5 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 muyristate, stearyl alcohol, butylated
hydrosyxtoluene, polyoxyethylene stearyl ether, polyoxyethylene 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

13



3.0 x 105 3.1 x 105 No increase 3.0 x 105 No increase Table 2.Anti-microbial Activity at 11 jig/m1
(0.0011% peptide) Organism Initial Count 14 Days (CFU/m I) 28 Days (CPU/m1) Staphylococcus -
aureus ATCC 6538 7.0 x 105 <10 >4.8 log reduction <10 No increase

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 alcobol, 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

10 or adverse event.

Example 1.3

A 78 year-old male was diagnosed with onychormycosis after laboratory confirmation
of fungal invasion based on microscopic examination and culture of nail scrapings or
clippings. He started painting his finger nails and surrounding nail-bed with 5% peptide

15  (SEQ ID NO:5) formulation 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 65 year-old male was diagnosed with onychomycosis after laboratory confirmation

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

14



Pseudomonas aeruginosa ATCC 9027 1.2 x 106 4.3 x 10 0.6 log increase 1.7 x 107 0.6 log increase
Escherichia coli ATCC 8739 6.9 x 105 1.7 x 103 2.6 log reduction <10 No increase Candida albicans
ATCC 102315 1.6 x10

clippings. He started with oral therapy for 1 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 hydrosyxtoluene, polyoxyethylene stearyl ether, polyoxyethylene stearyl
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 natls.

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.

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 aleohol, isopropyl myristate, stearyl alcohol, butylated hydrosyxtoluene,
polyoxyethylene stearyl ether, polyoxyethylene stearyl ether, edetate disodium, and purified

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

| &



2.1 x 103 No increase 1.0 x 103 No increase Aspergillus niger ATCC 16404 4.6 x 105 2.5 x 105 No
increase 9.2 x 105 No increase Organism Initial Count 14 Days (CFU/m1) 28 Days (CFU/ml)
Staphylococcus aureus ATCC 65385 7 .0 x 10

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 1-3% 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-Gln-Arg-Arg-Arg-Gly-(Lyshs-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 peptide 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-negative bacterium that is noted for its resistance to antibiotics, can be inhibited with

0.33% peptide of the invention (Table 1).

16



<10 >4.8 log reduction <10 No increase Pseudomonas aeruginosa ATCC 9027 1.2 x 106 6 3.9 x 10
0.5 log increase 5.6 x 106 No increase Escherichia colt ATCC 8739 6.9 x 1054 4.0 x 10 12 log

reduction
Table 1. Anti-microbial Activity at 3.3 mg/ml (0.33% peptide)
Organism Initial Count 14 Days (CFU/ml) 28 Days (CFU/mb)
Staphylococcus aureus 74 % 10° 125 <10
ATCC 6538 ’ 3.8 fog reduction No increase
Pseudomonas aeruginosa 11 x 10° <100 <100
ATCC 9027 ) > 4,0 log reduction No increase
Escherichia coli 55 % 10° <10 <10
ATCC 8739 ’ >4.7 log reduction No merease
Candida albicans 1.0 % 10° <10 <10
ATCC 10231 ’ No increase No increase
Aspergillus niger 3.0 % 10° 3.1x10° 3.0x 10°
ATCC 16404 ) No increase No increase
Table 2. Anti-microbial Activity at 11 pg/ml (0.0011% peptide)
Organism Initial Count 14 Days (CFU/ml) 28 Days (CFU/ml)
Staphylococeus aureus 70 % 10° <10 < it
ATCC 6538 ) >4.8 log reduction No increase
Pseudomonas aeruginosa 1.2 x 10° 43x10° 1.7x 197
ATCC 9027 ’ 0.6 log increase 0.6 log increase
Escherichia coli 6.9 % 10° 1.7 x 10° <19
ATCC 8739 X 2.6 log reduction No increase
Candida albicans 16x 10° 2.1 x10° 1.0x10°
ATCC 10231 OX No increase No increase
Aspergillus niger 46x 10° 2.5 x 10° 2.2x 10°
ATCC 16404 Ox No increase No increase

17




860 No increase Candida albicans ATCC 10231 1.6 x 105 3.8 x 104 No increase 3.1 x 104 No
increase Aspergillus niger ATCC 16404 5 4.6 x 10 2.9 x 105 No increase 2.6 x 105 No increase What
is claimed is: 1. A composition consisting essentially of a cationic peptide in an amount effective for
antimicrobial activity, and a pharmaceutically or cosmetically acceptable carrier and/or diluent,

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

Organism Initial Count 14 Days {CFU/ml) 28 Days (CFU/mi)
Staphylococcus aureus 7 0% 10° <10 <10
ATCC 6538 ’ >4.8 log reduction No increase
Pseudomonas aeruginosa | | 5 . 1u6 3.9x10° 56x10°
ATCC 9027 ’ 0.5 log increase No increase
Escherichia coli 6.9 x 10° 40x10° 860

ATCC 8739 ’ 1.2 log reduction No increase
Candida albicans 16x 10° 3.8x10° 3.1 x 10
ATCC 10231 ’ No increase No increase
Aspergiifus niger 46x10° 2.9x10° 2.6x10°
ATCC 16404 ’ No increase No increase

I8



wherein said cationic peptide comprises at least 50% Arg and Lys residues. 2. The composition of
claim 1, wherein said cationic peptide contains an HIV-TAT, reverse HIV-TAT, or derivative thereof. 3.
The composition of claim 1 or 2, wherein the composition is formulated for topical administration. 4.
The composition of any one of claims 1 to 3, wherein the composition contains from about 0.01% to
about 20% cationic peptide. 5. The composition of any one of claims 1 to 3, wherein the composition
contains from about 0.5% to about 10% cationic peptide. 6. The composition of any one of claims 1 to
3, wherein the composition has about 0.5%, about 1%, about 5%, or about 10% cationic peptide.
moisturizewgﬁgsti&%%%gi{lst acne, including acne caused by propionicbacterium. 8. The composition
of any one of claims 1 to é‘, wherein the composition is effective against Athlete's feet. 9. The

composition of any one of claims 1 to 6, wherein the composition is effective against Onychomycosis.
1. A composition consisting essentially of a cationic peptide in an amount effective for

antimicrobial activity, and a pharmaceutically or cosmetically acceptable carrier and/or

diluent,

wherein said cationic peptide comprises at least 50% Arg and Lys residues.

2. The composition of claim 1, wherein said cationic peptide contains an HIV-TAT,

reverse HIV-TAT, or derivative thereof.

3. The composition of claim 1 or 2, wherein the composition is formulated for topical
administration.
4. The composition of any one of claims 1 to 3, wherein the composition contains from

about 0.01% to about 20% cationic peptide.

5. The composition of any one of claims 1 to 3, wherein the composition contains from

about 0.5% to about 10% cationic peptide.

6. The composition of any one of claims 1 to 3, wherein the composition has about

0.5%, about 1%, about 5%, or about 10% cationic peptide.
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10. The composition of any one of claims 1 or 2, wherein the composition is formulated as a mouth
wash or oral gel. 11. The composition of claim 10, wherein the composition is effective to prevent
caries and/or ameliorate periodontal disease, and/or treat cold sores. 12. The composition of claim 10

or 11, wherein the compasition contains from about 0.01% to about 20% cationic peptide. 13. The
composition of any one of claims 1 to 6, wherein the formulation is effective against genital herpes.
spray. 14. The composition of claim 13, wherein the composition is effective against rhinitis. 15. The
composition of claim 13 or 14, wherein the composition contains from about 0.01% to about 20%

cationic pepide. 16, TNSOMpoplion aLelpilen 2, WNeIekn g compasiian s fqimulaied as an eve

drop. 17. The compositi 5, wherein the composition is'e Ive against pink eye. 18. The

compositig KRISrRLibE LRIPINGLAMRRSLIAD CONAIRS (oM. ARRUL Ao to about 20%

cationic peptide. 19. The comiposition of claim T'or 2, wherein the cationic peptide comprises at least
about 75% Arg and Lys residues. 20. The composition of claim 1 or 2, wherein the cationic peptide
comprises at least about 80% Arg and Lys residues. about 50 amino acids in length.

8. The composition of any one of claims 1 to 6, wherein the composition is effective

against Athlete’s feet.

9. The composition of any one of claims 1 to 6, wherein the composition is effective

against Onychomycosis.

10.  The composition of any one of claims 1 or 2, wherein the composition is formulated

as a mouth wash or oral gel.

11, The composition of claim 10, wherein the composition is effective to prevent caries

and/or ameliorate periodontal disease, and/or treat cold sores.

12.  The composition of claim 10 or 11, wherein the composition contains from about

0.01% to about 20% cationic peptide.

~y

13.  The composition of any one of claims 1 to 6, wherein the formulation is effective

against genital herpes.
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22. The composition of claim 1 or 2, wherein the cationic peptide is from about 25 to about 40 amino
acids in length. 23. The composition of claim 1 or 2, wherein the cationic peptide is about 35 amino
acids in length. 24. The composition of claim 1 or 2, wherein the cationic peptide comprises an
HIV-TAT or reverse HIV-TAT sequence. 25. The composition of claim 24, wherein the HIV-TAT
sequence is the amino acid sequence of SEQ ID NO:1 and the reverse HIV-TAT sequence has the
amino acid sequence of SEQ ID NO:2 26. The composition of claim 1 or 2, wherein the cationic
peptide comprises: an N-terminal portion that is an HIV-TAT or reverse HIV-TAT sequence, a

C-terminallg)ortiogﬁhat is an.k IV-'IIZA or reverse HIV-TAT sequenc andfone r.more Iysin% residues
. ) ) COI’IfL QS0 o aumn CO_I‘ wherein {ie”co gD&lﬁ](’g 15 tormulat as a(rj\asa

between said N-termina If)or Ion and said C-terminal portion.” sal erminal portion and said
C-terminag r%é;ion. 28. The composition of claim 26 or 27, wherein said N-terminal portion is an
HIV-TAT séquence and said C-terminal portion is an HIV-TAT sequence. 29. The composition of
claim 26 or 27, wherein said N-terminal portion is a reverse HIV- TAT sequence and said C-terminal
portion is a reverse HP/-TAT sequence. 30. The composition of any one of claims 26 to 29, wherein
said peptide has about 15 lysine residues between said N-terminal and C-terminal portions. 31. The

compositiad.of clahn cepukickeinSaidneplidddias the amppraiacidiseffuanecaphin QifxNO: 5.

15. The composition of claim I3 or 14, wherein the composition contains from about

0.01% to about 20% cationic peptide.

16.  The composition of claim 1 or 2, wherein the composition is formulated as an eye

drop.
17.  The composition of claim 15, wherein the composition is effective against pink eye.

18, The composition claims 16 or 17, wherein the composition contains from about

0.01% to about 20% cationic peptide.

19.  The composition of claim 1 or 2, wherein the cationic peptide comprises at least about

75% Arg and Lys residues.

20.  The composition of claim 1 or 2, wherein the cationic peptide comprises at least about

80% Arg and Lys residues.

21



32. The composition of any one of claims 1 to 31, wherein the composition consists of said cationic
peptide and a pharmaceutically acceptable carrier and/or diluent. 33. A method for treating or
preventing a condition associated with a microbial infection comprising administering the composition
of any one of claims | to 32 to the affected or susceptible region of a patient having or suspected of
having a microbial infection. 34. The method of claim 33, wherein said microbial infection includes an
infection of Propionicbacterium, Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia colt,
Candida albicans, Aspergillus niger, or a herpes simplex virus. 35. The method of claim 33, wherein
said condition is acne, athlete's feet, onychomycosis, caries, periodontal disease, cold sore, genital
herpes, rhinitis, and/or pink eye. 36. The method of any one of claims 33 to 35, wherein the
composition is administered at least once a day for at least one week. 37. The method of any one of
claims 3334-35, Wit reimnpstonspodion livadmmmistere datqaietamenida sy foratheas£fvs days. 38.
The method of any one of claims 33 to 35, wherein the composition is administered for about one year,
or greateraPfaH %@%&r.am@@%rﬂ%hﬂod for preventing recurrence of a microbial infection, comprising,
administering the composition of any one of claims 1 to 32 to the affected or susceptible region of a
patient, said patient having been treated for a microbial infection. 40. A kit comprising the composition
of any one of claims 1 to 32, and a dispenser andJor applicator. TEXTSL.txt SEQUENCE LISTING

22.  The composition of claim 1 or 2, wherein the cationic peptide is from about 25 to

about 40 amino acids in length.

23.  The composition of claim 1 or 2, wherein the cationic peptide is about 35 amino acids
in length.
24.  The composition of claim 1 or 2, wherein the cationic peptide comprises an HIV-TAT

or reverse HIV-TAT sequence.

25. The composition of claim 24, wherein the HIV-TAT sequence is the amino acid
sequence of SEQ ID NO:1 and the reverse HIV-TAT sequence has the amino acid sequence

of SEQ ID NGO:2

26.  The composition of claim 1 or 2, wherein 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 lysine residues between said

N-terminal portion and said C-terminal portion.
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<110> Revance Therapeutics, Inc. <120> Antimicrobial Peptide, Compositions, and Methods of Use
<130> REVA-001/01W0 <150> US 60/952,059 <151> 2007-07-26 <160> 5 <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

27.  The composition of 26, wherein said peptide has from 5 to 20 lysine residues between

said N-terminal portion and said C-terminal portion.

28.  The composition of claim 26 or 27, wherein said N-terminal portion is an HIV-TAT

sequence and said C-terminal portion is an HIV-TAT sequence.

29.  The composition of claim 26 or 27, wherein said N-terminal pertion is a reverse HIV-

TAT sequence and said C-terminal portion 1s a reverse HIV-TAT sequence.

30.  The composition of any one of claims 26 to 29, wherein said peptide has about 15

lysine residues between said N-terminal and C-terminal portions.

31.  The composition of claim 26, wherein said peptide has the amino acid sequence of

SEQ ID NO: 5.

32.  The composition of any one of claims 1 to 31, wherein the composition consists of

said cationic peptide and a pharmaceutically acceptable carrier and/or diluent.
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Arg Arg Arg GIn Arg Arg Lys Lys Arg 15 <210> 3 <211> 40 <212> PRT <213> Atrtificial Sequence
<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 Gly Lys Lys Lys Lys Lys Lys 151015 Lys
Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Gly Arg

33. A method for treating or preventing a condition associated with a microbial infection
comprising administering the composition of any one of claims 1 to 32 to the affected or

susceptible region of a patient having or suspected of having a microbial infection.

34, The method of claim 33, wherein said microbial infection includes an infection of
Propionichacterium, Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coll,

Candida albicans, Aspergillus niger, or a herpes simplex virus.

35, The method of claim 33, wherein said condition is acne, athlete’s feet,
onychomycosis, caries, periodontal disease, cold sore, genital herpes, rhinitis, and/or pink

eve.

36.  The method of any one of claims 33 to 35, wherein the composition is administered at

least once a day for at least one week,

37.  The method of any one of claims 33 to 35, wherein the composition is administered at

least twice a day for at least two days.

38.  The method of any one of claims 33 to 35, wherein the composition is administered

for about one year, or greater than one year.
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202530 Lys Lys Arg Arg Gin Arg Arg Arg 3540 TEXTSL.txt <210> 4 <211> 40 <212> PRT <213>
Artificial Sequence <220> <223> HIV TAT antimicrobial peptide <220> <221> MISC_PEATURE
<222> (16)..(30) <223> Lys is optional

39. A method for preventing recurrence of a microbial infection, comprising,
administering the composition of any one of claims 1 to 32 to the affected or susceptible

region of a patient, said patient having been treated for a microbial infection.

40. A kit comprising the composition of any one of claims 1 to 32, and a dispenser and/or

applicator.
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<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 <212> PRT <213> Atrtificial Sequence <220> <223> HIV TAT antimicrobial peptide

<400> 5 Arg Lys Lys Arg Arg GIn Arg Arg ArngI¥ Lys Lys Lys Lys Lys Lys
EXTSL. txt
SEQUENCE LISTING

<110> Revance Therapeutics, Inc.
<120> Antimicrobial Peptide, Compositions, and Methods of Use
<130> REVA-001/01wo

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

<160> 5
<170> PatentIn version 3.5

<210> 1

<211> 9

<212> PRT

<213> Human immunodeficiency virus

<400> 1
érg LYs Lys Arg Arg GIn Arg Arg Arg
5

<210> 2

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> HIV TAT antimicrobial peptide

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

<210> 3
<211> 40
<212> PRT

<213> Artificial sequence
<220>
<223> HIV TAT antimicrobial peptide

<220>

<221> MISC_FEATURE
<222> (16)..(30)
<223> Lys s optional

<400> 3

Arg Lys Lys Arg Arg GIn Arg Arg Arg Giy Lys Lys LYS Lys Lys LysS

1 5 10 15

Lys Lys Lys E%S Lys Lys Lys Lys Eys Lys Lys Lys Lys Lys Gly Arg
5 30

Lys Lys Arg Arg Glin Arg Arg Arg
35 40
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151015 Lys Lys Lys Lys Lys Lys Lys Lys Lys Gly Arg Lys Lys Arg Arg GIn 202530 Arg Arg Arg 35

TEXTSL. Xt
<210> 4
<211> 40
<212> PRT
<213> Artificial sequence

<220> . _
<223> HIV TAT antimicrobial peptide

<220>

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

<400> 4
%rg Arg Arg Gln Arg Arg Lys Lys Arg ggy Lys Lys Lys Lys Lgs Lys
5 1

Lys Lys Lys Lys Lys Lys Lys Lys Lys LyS LyS Lys Lys Lys Gly Arg
20 25 30

Arg Arg GIn Arg Arg Lys Lys Arg
35 40

<210> 5

<211> 35

<212> PRT

<213> Artificial Seguence

<220> o i

<223> HIV TAT antimicrobial peptide
<400> 5

Arg Lys LYys Arg Arg GlIn Arg Arg Arg Gly Lys Lys Lys Lys Lys Lys

1 5 10 15

Lys Lys Lys ;ys Lys LYS Lys Lys Lys Gly Arg Lys Lys Arg Arg Gln
0 25 30

Arg Arg Arg
35
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