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, mold, and certain viruses. The
peptides of the disclosure are cationic, containing positively charged amino acids such as lysine,

arginine, and histidine, along with othergion-chargetsminge@acids such as glycine or glutamine. The
peptides of the disclosure are safe, effective, and sufficiently stable to allow long-term or routine use.

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,



In one aspect, there is provided a pharmaceutical composition comprising a cationic peptide, wherein

the cation| i 1| ID.NO. 5. and a pharmaceutically or cosmetically acceptable
carrier ar?(&zlgloc?rﬁ d%fegﬁﬁgﬂl%%%ghé%%s qé%e fr?eérléeig%%\%ﬂ%%f%%fiﬂ?ﬂf@§ﬁf5ﬂr&%%ﬁﬂﬁé‘i@a cationic
peptide, whesei thencation ide js.SEQ ID:NO, 5, ThHe. present disclosure further provides
antimicrobial compositio!ﬁl)gH c%%%)l%?r?g} %ﬁ% leé% ia %%&%%&?ﬁe%%‘?ﬁp‘@%i&ﬁ?%@ 28nd thus
may be f i 1] f forms inglugi . routine use.. Such composijtions are especially
useful fo%&?%p%l%gﬁgﬁﬁr%h%ékin, h:%i'r%%%%{é&sn%ﬁg?eiS?gfsggr?rgr%ﬁj%ﬁﬁfﬁ?ﬁ%sal passage,
respiratosycsystentopthabnricreBion jatiods Mucosal regions, and other affected areas, to treat,
prevent, Or pr%e_nt the reoccurrence of, a microbial infection. The compositions of the present
disclosure, by rédO&ingPRThibRHY SoPBretntimbamershinkinfootonitimprovertkiacondiienand/or
appearaprpeidt thbdreated regiaric expndyitlong:terrer routing use,. 4 aT@lglﬁgeglgp%ﬂis%Irosure further
provide%&gge[g&rawgci&gmgoe/&r}%t% &)(%raﬂgéop or appearance of skin, nail, o Qt‘ﬁer feated area.
These kits may contain components that acilitate dispensing and applying the compositions of the
disclosure, andhf&y B@esigiet fordérizentempappicationisng longdawsisaoeefdhexgcompositions.
In one aspret: hiprRidsyIRVIdeda kit for administering a composition, the kit compris the composition
as defined above and a dispenser. DETAILED DESCRIPTION OF THE INVENTION Peptide
fragments of HI-TAT were used in conjunction with botulumm toxin to produce more stable, more
effective, and safer f%‘fﬂiiéﬁ?ﬁofﬁﬁ@E@ﬁﬁﬁ&iﬁ%ﬁ%ﬂr@b@em@p%ﬂmﬂﬁnﬁmﬂﬁgﬁmsmetic purposes.
These b%%%,lin]qm .tpéfinpcongaiaj g compaositions are disclosed in a U.S. Provisional Application filed
December 29, 2008, &ititiéd "Conpoahioieard MtitoasdtiTopival Wphliationdine Trangdermal
Delivery ¢ d%otuliquf? %oggigs Stabilized With Polypeptide Fragments Derived From HIV-TAT," which is
hereby WO 2009/015385PCTIUIE260807 1358 iriieRssiited bycreterende instaentireyiZhe present
inventoriﬁéﬁg&y&{% {Fggiggpggg fralqments of HIV-TAT, and related peptides, have antimicrobial
activity, and are useful as active ingrediehtein Phimste tiehrant cosmkticseampesiiians;Such
peptidessﬁggrﬁggﬁ,ﬁggngﬁ%%ive for.lon ih%‘ésiﬂ or routine use (e.d., in the absence of botulinum toxin).

5Thus, one aspect of the presént INvention 1s d eAtiohiE Hettidesfiegiedmprises mntHeyTAT sequence

or reversg BIM-JATsequence L1he-N- or.C-terminus, or both the N-terminus and the C-terminus. For
example, tr?él antimicrobial peggde may ﬁ%ﬁléotglﬁ SR sediantanRYEHES of the present

Arg-Lys-4iysoAre-ALd=40; 'GrAGsAL0 %I NO: 1), or reverse HIV TAT sequence, such as
Arg-Arg-Arg-GIn-A%{-Argjl-rll_Ag)r/s-Lys-A%{JjD(zDEe Tg“r%%‘i O ke Rior ggreote thsirasigenoth the

N-terminug/ang:the-@rtehninusreated i gie embadiment, the cationic peptide comprises an N-terminal
portion that is an HIV-TAT or reverse HIV-TAT sequence, a C-tetmin4l portion that is an HIV-TAT or

reverse HIV-TAT seqsuence, and one or more cationic residues (e.g., Lys or Arg) between the

SR EIRTTHE e REP B oresH e Ftsdrample, ithe peptitde eagihave from 5 to 20

N-terminal portion an
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
> Futh ]

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

disclosed in & U.S. Provisional Application filed December 29, 2006 , entitied “Compositions

. £ Topical jcati Transd Delivery of i -
and Methods of Topical Applicaion Ané Transdermal Delivery of Botulinum Toxins

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

7



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-LysVWegOar§ISIsh Arg-Arg-Arg-Gly-(Lys)n-Gly-Arg-Lys-Lys-Arg-ARGHusaeesATsArg (SEQ ID
NO:3), or Arg-Arg-Arg-GIn-Arg-Arg-Lys-Lys-Arg-Gly-(Lys)n- 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-TAT sequence and the C-terminal portion of the peptide is an HIV-TAT sequence. In
WO 2009/015388RE D JSRO080 1 350eantstier dhfbotisaehtnisaiNtaehvinepbrivh petifsverse
HIV-TAT sequence and the C-terminal portion is a reverse HIV-TAT sequence. For example, the
antimicrobiggpetde ey have e felfdudimgriidinohatidasbaienki activity, and are useful as
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). 5IACERAMERTE I BRTSDATESERtisR CORRSHS aoﬁ&tﬁsrléwl%céﬂﬁkldij’@é‘%iﬁ&ﬁ%éaég &fino acids,
such as a gIV-TAT sequence, but may alternatively contain jmprovements of the naturally occurring
cequence T BV OBty RHRIR Sbiad PepaAC Uit rBTO VA0 HRRy may be identified using
an assay as described or exemplified herein. In certain embodiments, the peptide of the invention is
readify biodegratibiveoddGpsve kel re gmtisent iobiatide ivatbesstof thptd/ABAToamd yeverd8 VHV-TAT
sequence, which are contemplated by the instant invention, are characterized as having a particularly
high contértlosesrgrsd iy resitl&s T Edrsesapnpiat the Neptifetombpinvebtibribndytesntaih at least
about 50%, collectively, of Arg and Lys amino acid residues, but may contain at least about 75%, or at
least abo&#PB0Ys, AréFEREEYS reideEsnpeihdse BYStHE BanbsdtdentBas UYL sdEHVatives may have
the amino acid sequence of SEQ ID NO: 3 or 4, with from | to 5 amino acid substitutions,_insertions, or

deletions (EBIRREGVERTY! Aciiding STLBs- 4 g g B S it aion LDinka b g 'EYEadtidhs with
1t ID NO: 3 4.1 tai di ts, bstituti i ti leti ,
oot WA TR TIOE 6 Fa e T R e S I e e 2

invention h a length of fro ut 15 aming, acids to.about 100 amino acids In certain
emb@dimgﬁg%?ﬁglga iglfgljé) té‘e%]%}%?fesnﬁ%%sa %?ﬁe;gq %ﬁg ot 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 |éagiE WOIHOB0 IBISBPET/LFBGOSIITIESE an Nrikaprasentlinvehtiol ireffective
for inhibiting, killing, and/or I¥singrvarious microbial organisms, and may have a broad antimicrobial

spectrumEXehil 4 Bactera 1o witi ShatsaGma htSH Y etsadarsstadd sy badefisidgifclude both

gram-negative and gram-positive bacteria such as; Staphylococcus aureys, Streptococcus pyogenes
(group A)™e ShrehtBERES 2P, Widaf B SapIStrs 568&’3%%1&’&%@2&?%%6@)?& \ptococcus

bovis, Streptacoccus. (anaerobic, species), Streptacoccus moniae, Streptococcus.mutans,
te%nln F 1%6 ‘C‘:‘-%V % 0Tl g%c p&?\gﬂrﬂg%%al .1"0{3 5@9

e
ai 70 Tl Arid . Tining O Exarnple c,De < .
Enterocoteus Spp. Neisesria gonGnnosas, Neisseria meningitidi, ella catarrhalis, Bacillus

amh{é“:isbﬁ%‘%!!!:“%ﬁfzﬁ%@?%ngﬂ%’i‘i??%%%@%’“tﬁé&%?}?e:%?ﬂé{ﬁ e@ﬁ%‘? rix“uﬁ‘ltgépﬁﬁ?&%%ﬁai LiRtea,

monocytogenes, Clostridium !elant, Clostridiun dfJicile, Escherichia colr,

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
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10 Enterobacter spp. Proteus mirablis, Pseudomonas aeruginosa, Klebs ella pneumoniae, Salmonella
spp., Shigella Campylobacter Actinobacillus actinomycetumcomitans, Porphyromonas gingivalis,
Bacteriodes forcythus, Treponema denticola, Prevotella intermedia, and Eubacterium nodatum. Thus,
the antimicrdia?{§&ptidésof the invention may be useful for inhibiting sucPCIBUSHBRNAIW ameliorate
microbial infection(s), or reduce the Likelihood of microbial infection(s), including: bacterem a,
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
infectionsaHeED GEHIE IS B InFEdHoMEal Portie AhtiniriigBtaiPeptite SrerRéRtiohssalso
effective for inhibiting the growth and survival of fungal organisms such as dermatophytes (e.g.,

MicrospoffiiSHpPutieR SsMifTspdrihi tah REMAEr6sporlm atasuif, AHaNRSSEhBraRtgypseum:
and Trichophyton spp., such as T. rubrum, T mentagrophytes, T Trichophyton, T schoenleini and T
WO 2000RHE BB CET DO 1386 o SUTHRE e S iy ST LU S8,
Scopularigpsis brevicaulis, Onychocala canadensis, Scytalidi imidiaturn; yeasts (e.g., Candida
albicans, @?yﬁ“?r‘éb{ﬁc&%sfgéi?ﬁ%é% 8‘5%?%5%’Q&gé%%éﬁ}%%é@c%r@m%?é%'cerevisiae), Torulopsts
glabrata, Epidermophyton floccosum, Malassezia .furfur, Pityropsporon orbiculare or ovale,
Cryptbcoccus nébfeiainen i dimsarsyilsHenilyaosams sergidin praans e Aspereined gee and other
Aspergillus spp., Zygomycetes (e.g., Rhizopus and Mucor), Paracoccidioides brasiliensis,
B|astomyéé@%é%ﬁﬁo@sm&éﬁﬂgwwsmﬁt%y@B@aaﬁ'afraéscai#ﬁmié{naﬁa’@%%tﬁf&h&chenckn.

The antimicrobial peptide is therefore useful for inhibiting fungal or anisms_éo treat or prevent

infections™ SR SO KEP RGBS I A (BIRYAGSIE RSt a I Y 6 O REIBIAT YO S €K btococcosis,
Histoplasmosis, Paracoccidio osis, Sporotrichosis, Zygomycosis. In_certain emhodiments of the
invention FHESHUHARr DA LB R SrrEb Ve Hor iSRG or BroeRIG ik feail: THEL versicolor,
and Onycho osis. Qther fungal.infections for which the antimicrobial peptide of the invention is
effective, fhe tﬁ)é%n?eﬁﬁ%%%?%égeg#o 8#7%8%%?5}, ng;[} nggf%%%‘é?%ityriasts versicolor, Tinea capitis,
Tinea corporis, 15 Tinea cruris, Tinea favosa, Tinea nigra, Otomycosis, Phaeohyphomycosis, and
Rhiri(@sporidiosié.}enera*h’}é*ﬁ#@éé‘w@ﬁbéﬁﬁ%i}éﬂ%ﬁél@ffﬁé‘f%gﬁlﬁé?t@??aiﬂ‘\“i'rr gsf:eﬁii'él*?%ts WV,
herpes simplex viruses, cytomegalovirus, and human papillomavirus. Thus, the antimicrobial peptide

of the invéfitioh He1eB BRBIAERA T8 eteitih § 5l 48R § W EREstich i 8 AP PHSBIEY! genital
iilsheulilrh ot d i stoenifa il et B A e M
 ation e B ST P L0 S0 IES LA A e
ronlicaso g AoRI lon, IR PeeTRE Al ARSI 3l e e T iadae | Topeal

Deriyed Fom N TAL h AndiBahimNEQPUAIad DY GIR5aRCR HEI&IN4, 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.



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 antithitF8BI&EHEPtide with pharmaceutically or cosmetically acceBfebl&S ¥R IEHEY 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, Erythromycin,
Tetracycline, Bacitracin, Neamycin, Mupirgcin, Polymyxin B, Micanazole, and/or Clotrimazole. In

certain embodimd¥its? e CaEPant/or GHTEHYTs GK dEIBEIRS At or RNy SHen R Bliffered
15saline. . é&h harmaceutical or cosmetic compositian of the invenﬁi%nm %e formulated for
topical adFIFRIIAAHHTEN R HE 5016 e R HPTIOR 1 SSIEHc THOVER FRor SR br
preventin%@&nﬁlmicrob'al infectigg% IQ (%ert in eorpl%odimerg{tsi, 1Ir? ic?z?el gc')%{a%é with th composition of

. LEIVETIIION Cteriostgtic aciericida ~negatve an ..
the invention’is agmlnlsrferecflgj\%ngsufe a systemic or other oplcaut erapy Eb P Vldee either additive

or Sy”ergi%ﬂ&%és‘ﬂﬁe’ﬁc%ﬁ”&ﬂé%té's‘:e’sgc?ﬁﬁ;bg))%%éﬁ} Depiide @?é%ij@gﬁg%%&gé’% aé%cﬁ}’ grgistically

with one 6r more of Benzoyl peroxide amycin, Erythromy tracm, Neomycin,

MupiEocing Palymyxin By Mi Cloimazale andlar equivalent antimigsobi WO
O0SI0L DT 200 B i (he e memoevees! ot only

clear varigysimigrepistpieciong byt i%@@&ﬁfﬁ(?&?%&f}}&ﬂ?%@ﬂ%@gi&l@?Q%B%@% ohssh infections
in a first instance, and for preventing recurrence of such infections. In this latter aspect, the present
compositigariscadrinisieredidndheafiseied agion.alienireriment wpiapicatlsystomig b, therapy.
To prevent recurrence of an effectively treated infection, or to prevent occurrence of an infection in a
first instaee idl.asubeentiHetégion)tlis compositiondriay: besadniiniste bad ¢cutinglyh(Begigzdaily) for a
long period of time, including for days, weeks, or even years. When formulated for topical
administratiger;ithereompositios.of thesprésent maventiob/maydcontaddiiagre diBntatygical imtopical
pharmaceutical or cosmetic compositions, such as a 10 carrier, vehicle or medium. Specifically, the
carrigr, véhitieborcredium iSreompatibied With/thediggoess tositekoiowilk bésapfdliete stiehias the skin,
hair, nail, vagina, urethra, ear, oral cavity, nasal passage, respiratory system, opthalmic region, and/or
mucosa. TREEBrIBosItiEs-and TORTFEnentiPBf the InGEANIGY & suitabiefor coftidnAgitiected
tissues or for use in patients in general without undue toxici‘t%,vincompatibility instability, allergic 15

response S TRE KB RE BB ro pREIE, COPOSIHERE &Y the RAEAtRIT miET &t rig8 AR HGredient
conventio%all %J{seé; in th%fields‘un er %%?ic#eratiqn. In terms of their form, compositions of this
invention 3@% Eidd & Sbilifl SHE B As BN RERIEHY RIG B  iuls ons), suspensions, creams, lotions,
gels, powders, or other typical solid or liquid compositions used for application to skin and other
tissues where theh28 ¢ompositiondimayebedasddihs ushestmpusitionsursdyl dontaimbadditional
antimicrobials, moisturizers and hydration agents, penetration agents, preservatives, emulsifiers,
natural orosgisiietit oREISkAshtELsIPATtaliis cHetéTh e Ats r6&ltAg thg e hisiiBanslliehtsnsrtidgidants,
fragrances, fillers, thickeners, waxes, odor absorbers, dyestuffs, coloring ag?_e_nts, powders,
viscosity-E5RESINEY aiEHtdingd Wsteraiad SpHRANFNBIEHIG Enestiietiig Hnt -Refrstids, 8 wo

2009/015385PCT/US2008 0713(?,0 o s ) . i
ental caries, periodontal disease, sinusitis, rhinitis, pink eye, urinary tract infections, fefanus,

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



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 formulated with the above ingredients so as
to be stable YOP a9/ B&Yiod of time, as may be beneficial Swhere continB&IE G FEMEKER treatment is
intended. The compositions of the invention may be in the form of controlled-release or
sustained-release compositions, wherein the antimicrobial peptide along with additional 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 gver time, The compositions of 10 the invention may be
contained SRKIATS! ot IHANTER SHBo OB &M &eHIBY HHic AR LR T B epHE <L ARkPa9& ke, or
within or on a solid particulate material. Administration of the compasition of the invention may be
to any affECEaEr SuSCUBHBIE GIBR Mo BT ot IEHE: SHEHRYS, TEER EfETUBIN 16wer back),

t, neck, groin, or the hands or feet, elbow r arms, knees, }Jgrper legs, 15

axilla, palms, fee orsa s, u ;

putioske, Kb 205 O BATE B the A AICH iRy 6o SRR Tbction may
be desireq, Such iregiment s alse,conlsmplated for.iieating. andior dressing mounds, sich as cuts.
scrapes, R BUmMS 10 the oki , 0'as {0 tréa or prevenlf infection of the wounded area. The’
compositions, of g IRyEDYen als, suitahle for,use I pRYSIRIRYS eNEaNIRRtS 20 Wiih,a pi ranging
from about%%%zo abgfjt g.s, énd%h%s, the éompo’siti%%sgmay begformulated at %sff\élnilgr #%huivalent
pH. The cgmpasitions &c\%?rdng@m@d@vm&@,m%Q%&@m%}h%mggm}egz@ﬁw& or under
refrigerated conditions. WO 2009/015385PCT/US2008/071350 The composition of the invention
contains a@;amexntofansimisreliabneptide etiestvadar artimiciabigacing. Gengually, the
composition contains from about 0.01% (wt./vol.) to about 20% antimicrobial peptide. In certain
embodiments, t comtpositi%n onttagwes.gr{ m oeut 0. uo ofto a %uéa 10050 ag}imigarél)bial E)e%tidte, such as
about 0.5%, about 18%. BaBout 5% 6r about 1 B antimicrobia ]pleb ene CIl?"Forllsem(—i"?’m(f)od|ament, the
pharmaceutical compositi the invention is a ¢lean r_Moistur| leans . isturizers
of the invgﬁtioﬁl’%ﬁ‘gf} e Sgg?géfgrly gge ul f%? 'con%%%?g%o% e sk%%%ﬁ%ytcr%ﬁ%ngeé%ﬁ%‘%%@é)i/enting a

micrpbial ifeghaNaGch.aR ACRRINGILAING RIPRIpNIChACIErM, ARy JAIR AsPest abiergyention is

also effective for 10 preventing the reoccurrence of acne after the acne has efféctively dissipated. In

this aspectythe cleansen QemRistHzeBaY berrpplieddotheeifected AepTOHIREY e BBtive

approximately daily, and on a continual or routine basis. For example, treatment may be continual for
days, weeks nemnhsr prexenenised panotiTerenbeiimeantdh e spenpestian oftheinvapiion is a
topical solution 15 effective against Athlete's feet (Tinea pedis), and/or onychornycosis. In this aspect,
the compasitiemay:beldthatueatmsobitisnsftgniseaking.oinpainting thefaffecteddediontibshis
embodiment, the invention is also effective for preventing the recurrence of the condition, by continual
daily treatment, Futirayonhervisedth for, thedreatmentsof anychbmyiGosissdbke G dimpe sitigr:of, the
invention may be used alongside systemic therapy, such as, for example, 20 Lamisile, to provide
moréSeffetiigs results.anditedmprovie.thd eeaditisgrand/serappesranteaotitiphnailsosis, |adther
embodiments, the composition of the invention is formulated as a mouth wash, oral spray, or oral gel.
In this aspetrogReTHIshwash or oral spray of the invention is '

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



WO 2009/015385PCT/US2008/071350 effectivethe prevention of dental caries, for the treatment
and/or prevention of periodontal disease, for the treatment of sore throat, or to treat or prevent halitosis
that might be caused by the presence or activity of microbes. When formulated as an oral gel, the
composition BPtHEIEIfon is effective for the treatment and prevention 8£3diexdeBTrtP the mouth,
such as cold sores and canker sores. When foimulated as a mouthwash, oral spray, or 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 n
en on is formulated as a cream or lotion. Such 10 formulations are particularly suitable for the
treatmenttexichorspessdoienibikeipSs Braprsogirdsmedtivn @ﬁ@@@?@ﬁ!@ﬁﬁg&zﬁpéeﬁ%ﬂed
embodiments, the invention is suitable for treatment genital herpes, cold sores, or chicken pox.

The compdsitivEtiane Meratidhay Heiye erHaitd-as Arrasarspt&f bieRiagiRgPrhinitis, or
formulated as an eye drop effective against pink eye. 15In another aspect, the invention provides a
method for Featinte8Hfsrevetith o2 Wenritn HesB e FRitira hiefbitinféttion®hdHiethod of the
invention comprises administering the pharmaceutical or cosmetic composition of the invention,
containinénﬁ?égé)ﬁ?fﬁﬂ%%ﬁgqrﬁ%cﬁ?%&% a patient having or suspected of having a microbial infection. In
certain embodiments, the composition is administered to the patient after treatment of the 20infection,
eithefwith the cdimpewhiersiobtiie hirentivenoewititancaieirativedierdpy, tongievispatfigthyerirecurrence.
The patient may be any veterinary or human patient. The compositions of the invention are useful
for the treBipaiAOR P eRE iONST TBvItERdR pBtamie s stertbieripigatiadcnial JpfsEtiol to the
skin, the hair, the nail, the WO 2009/015385PCT/US2008/071350 vagina, the urethra, the ear, the
oral cavity OB IPEHRT YR A gaash 205 Sbtsvic Fe s TeaRECh 85I TEMd GRS FRsebaly @gions via
topical route or S}X%[emic infection by various routes, such as intravenou_sly§%r subdermg{ly. Such

diseases BEABE A S ETHIE Aeh SIREINIY P rop Bt A rRPAER &V Bhy eSS RB SR i elete's

feet, genital herpes, caries, ridonta)cg diseasg, rhiy iéis and pink eye. In exemplary embodiments, the
infecton Ao SF SR BL L at  P o eRae e e e

Can'aalbica.nsAperil(lc.)l niger, and/or a herpes simplex virus. In, order to tk vent, or
%d antlmlcmbwﬁf ar%lc% Sg’i E;.sf%n hS ag gnﬁ?mo%cg Or E&)Ia% mt‘lraHZmr%tgl b%o%% rg;ffn%) ‘%@%I‘gﬁ

prevent recurrence of, ection, the antimic pepti stere east once

a day for af least about.ane week:. Lo Allernatively: 1he compositiopis adminisiergd atlergtiwice a

day for at least two days. In certain embodiments, the composition is administered approximately daily,
at least d"i’ﬂé(y t\%ﬁ%ﬁaﬂﬁee&ﬂi’aﬁﬁk@e%cfﬁr ahautigne Mmepthyiviceriainemprdiments.thsgemposition
of the invention is administered for several months, such as at least two months, six months, or about
one year gnloRgarn, Nedhvantanssdurhes suitechfor lang-dermeusel/ whith-mayde. 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.



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 SGHIBLRIGADS the invention is a kit, which contains the pepti®€ 2OVL¢BIAI6sitions 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 WO 2009/015385PCT/US2008/071350 use by the end user. In this or
other aspect, tha i€8imsasiBh Befepmprateenaidisaexagininey Meliidy S\GRRBIE P IBHGORAM storage
to maintain efficacy of the composition. The kit may further include additional components to
facilitate ApfsHEabrPst thelsormssitionts Hievandricdansa BaRtr £, el bridhssponge,

_ cotton swab, or the like. EXAMPLES EXAMPLE |.Effect of Pe de on. Conditions Characterized b

Microbial fif@forind fof RECHSRORNG SXpaimeh i R dri-ahetned (5t e e e b L Htient
formulation; however, suil; r.isjng%ﬁjit W%S fag%md hat the ¢ tionictpe tide is itself cgotent antimicrobial.

It 10 was REESTEIZY thATTHEBEHE SPIHE fiTventich WS Hot 6T L 1S TR e (& ™5 ut effective

for treating and preventing, including pr ve%ﬁ'n recurrence. of, various, conditions associated with
microial o & TR S LT e b S el S P p R AR e i

Example gg mrample;t-1 rlaAdevearaldm W&tne%as\ﬂoms%gmgaa&yogfn@gnse%mm&é@pica' 5%

peptide (SEQ ID NO:5) formulation twice a da 11‘or 4 Weeks. The ¢ream formulation was composed of

the excip&%%e@%%'%?%?# IRARrRRY FaxHsRtenRiearhalcoha! abutviatad hydrosyxigiuene,

polyoxyethylene’s er, polyoxyethylene stearyl ether, edetate disodium, and purified water. The
acne disappeared in two weeks with use of the topical 20formulation.

Wi I’h;ontinued use.of the
formulation for tW0'§RAPETHE REW HIERKBLABIAIRLIE B TRISHEE k?élé SUCERAHBRES

may contain ingredients typical in topical pharmaceuiical or cosmetic compositions, such as a
10 carrier, vehicle or medium. Specifically, the carrier, vehicle, or medium is compatible with
the tissues to which it will be applied, such as the skin, hair, nail, vagina, urethra, ear, oral
cavity, nasal passage, respiratory S}lfstefn,ﬁ 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



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 WxXAt@leP&assein the infected area and the rest of her feet. The BegarAvsaiaisn 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%qpeptileformiglationlifdringesgenivitiatkefinther brddkune roentadgbiise dvawctEkample 1.3

A 78 year-old male was diagnosed with onychomycosis after laboratory confirmation of fungal invasion
baSed onPrifieroRdegsklsexaripBRRSIS arid EoMeR cObf 4all SEYapiHyS G -cRpPRFKSHE MY painting his
finger nails and surrounding nail-bed with 5% peptide 15 (SEQ ID NO:5) formulation twice a day. The
cream forARIaMSHiIGEE T orih 688a T PR dseipiéntaceRRtetingl a6 i SpYFHORidiafemeiialfd1 alcohol,
butylated hydrosyxtoluene, polyoxyethylene stearyl ether, polyoxyethylene stearyl ether, edetate
disodium,"ﬁm:itbﬁﬁh%‘ée\kf%‘.hi”étw@eﬁ‘fs%li’gr?‘ﬂ}?éefméé‘rlﬂ’%f?ﬁgfygorgevﬁﬁ afl ad )é%epﬁ%fl‘é? ure and
color._ He crﬂntinued. USiﬂf? Hhegge tidte f%[ﬂmulatio? f rg years and his nails were all free of fungal
20inféctio‘ﬁ. Eﬁzﬁ%ﬁ%%. rlongz yrg‘ér-gfg thale I\1N<'aets'dia\gnosed with onychomycosis after laboratory
confirmation of fungal invasion based on microscopic examination and culture of nail scrapings or WO
2009/015385P CTiit) S2008A7a850{chppimysniHm swftetowith Gralitherapyformphsénteaateivard, he
started to paint his fingers nails and surrounding nail-bed with 10% peptide (SEQ ID NO:5) formulation
daily The BtEaREIOTPHERS GATRSIEBRTpOYICHT tHE reipiEHpY sy rRikshBioT€opidpyiddiiEthte, stearyl
alcohol, butylated hydrosyxtoluene, polyoxyethylene stearyl ether, polyoxyethylene stearyl 5 ether,
edetate dROORIALSARPRUFMEPWASE 10 WEaRStater e finyarh IS et &Ur intiat Y Aimal texture

and color. He continued using peptide formulation for‘z ears and his.nailirlyere all free of fungi
| |

infection ARGAHFErEN0AE I PRRIFEES SEL ATt M AIRINGAITHFERHEH M Hid e ndf< BB 10A 10

year:old boy who had a two-year history of dental caries used peptide &SE ID NO:5) mauth wash for
i Gt b shen R e s b St R

significantly. elioyed. Fie,R0ied USinG 1% RERIE AN AESY prvo years with no new

tooth-cavity ODSerV

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.



Example 1.6 15A 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 herp&steNEHEI8% peptide (SEQ ID NO:5) 20 twice a day for a week/t6aheé/eiffésited 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. WO
2009/015385PCT/US2008/071350 Example 1.8 An 18-year-old female with a three-year history of
rhinitis used nasEispaysiiaing the paptiterofcthgingemtici@GEQID adB) ek Henedea day for a
week. The formulation consisted of normal saline and 1-5% peptide. She felt immediate relieve of
symptoms &eriy s Aer ieHindcrehtEd Astighd FEsaTabhdbefeoREraivpIontgns ron aheirbid Boy who
had pink eyes, applied the peptide (SEQ ID NO:5) formulation consisting of normal saline and 1-5%
peptide, dRA-t9G 0y Shatdr2tie epHpERREAdiBapiarett. ESKAN TR SR o Bhn GATEISHEPACtivity
10The antimicrobial activitz)was tested usinég an exemplary %?E%tide of the invention jn a panel of

gram-neg iR OGS PSR HAREHAY A NGRS HEPEEnTB A Fept Saq E s
rg- -Lys-Arg-Arg-GIn-Arg-Arg-Arg-Gly- -Gly-Arg-Lys-Lys-ArgArg-GIn-Arg-Arg-Ar
Arg-Eys ?&%ﬁ\a% gﬁeu{ﬁ&ﬁmgiﬁigg%)é%%?&g Gly-Arg-Lys-Lys-ArgArg-Gin-Arg-Arg-Arg (SEQ ID

NO:5) an SEATOImUIAE amer 0.9% saline. The peptide concentrations 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 derfonstratethdtrot. ahtirlierobraitictviyninesidosextibsanvaion dnnelcaeadly,
Pseudomonas aeruginosa, a gram-negative bacterium that is noted for its resistance to antibiotics, can
be inhibit@eHHLDB3% Seitide sitHaMETISH (Tabfeityention 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 invention is aiso 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 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



WO 2009/015385PCT/US2008/071350 Table 1.Anti-microbial Activity at 3.3 mg/ml (0.33% peptide) |

Organism Initial Count 14 Days (CFU/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 redudti@anes/015385 PCT/US2008/071350

effective for the prevention of dental caries, for the treatment and/or prevention of
periodontal disease, for the treatment of sore throat, or to treat or prevent halitos:s that might
be caused by the presence or activity of microbes. When formulated as an oral gel, the
composition of the invention is effective for the treatment and prevention of sores around the
5 mouth, such as cold sores and canker sores. When formulated as a mouthwash, oral spray, or
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



- <100 No increase Escherichia coil ATCC 8739 5 5.5 x 10 <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 3.0 x 105 3.1 x 105 No increase

WO 2009/015385 _ PCT/US2008/671356

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
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



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 1) 28 Days (CFU/m1) Staphylococcus aureus ATCC 65385 7.0 x 10 < 10

>4.8 log reduction < 10 No increase Pseudomonas aeruginosa ATCC 9027 1.2 x 106 4,3x 10 6
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



0.6 log increase 7 1.7x 10 0.6 log increase Escherichia coli ATCC 8739 6.9 x 105.1.7 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

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



2.2 x 10 No increase WO 20091015385PCT/US20081071350 Table 3.Anti-microbial Activity at 11
ng/ml (0.0000011% peptide) Organism Initial Count 14 Days (CPU/ml) 28 Days (CPU/ml)
Staphylococcus aureusATCC 6538 7.0105 x <10 >4.8 log reduction < 10 No increase Pseudomonas
aeruginosaAYCBPERT385x 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



1.2106 3.9 x 106 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 Ngv'@%g%ftsﬁyergillus niger ATCC 16404 4.6 x 10 5 2.9x 105 N?rjﬂgfﬁ&?&%s%x 105 No
increase

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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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 compow@%%&{gggg to claim 1, wherein the composition is a toplcalL&:; ‘B&é{lﬂqs 3 A kit for
administering a composition, the kit comprising the composition according to cla 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,

suspensi creams, lotions, gels rs.,0. T S|t|o cording to claim 5, wherein the
P %%?, g ;S 6’ﬁ1 ?7 9’ L Act?w % § 3 ﬁme{(gﬁ) $§§ rg[!ﬁ T) 9
composit soluti e composm n“aceora crains Bherein the composition is a
cream. 8. The composition according to claim 5, wherein the comoosmm is a lotion. 9. The
compositiggasissording to claipiBiahmnein the compdsiisn(iEegel. 10. TRE 'duyripbditidn aog%rding to
claim 5, p };}%Ioréom composition is a nasal spray. 11,sThe composition accgrding to claim 1 herein
the compoﬁﬁ@@gpntalns fron abBIR 0.01% to abo BEQ?@;»&&H@@;C peptidevdlizsrle composition
according-to-claim-2,-wherein-the composition-contains-from-about-0-:01%- te-about-20%-catiofic
peptide.| Feudheokit aceording 10, clajm 3, further ¢ mpﬂ@lng a componertitfacilitate application of the
compositih:C 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° 3.1x 10° 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 <30
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
FEscherichia coli 6.9 % 10° 1.7x 10° <10
1 ATCC 8739 7 X 2.6 tog reduction No increase
Candida albicans 6% 10° 2.1 x 10° 1Lox 10°
ATCC 10231 bx No increase No increase
Aspergillus niger 46x 10° 2.5%10° 22x%10°
ATCC 16404 OX No increase No increase
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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 g,g0mpRReRkto facilitate application of the composition. 16. The-Kif;&caekHiRgqto 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. 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
accordingrig, gaim 17 and;a,disRERnei % HulPLefmYesta peqmpgsljon, the kit comprising the
composition according {0 Clal dl penser e composition according to claim 18,
wherein the composition is selected fmm the group consisting of solid r‘nmnncn‘innq liguid
compositi%iﬁ%“i%lutions emulTFE SAroemulsionls REBENEIRE, cream® HdiE GBS, and powders.
22. Theic osition according to claim 21, whereih the composition is a sol tion. 23. The composition
accordin % % C?‘l"“{iﬁﬁserelmtinewémposition isa ggéqg&&%ﬂm‘g e com pﬁgllggigagccording toiclaim 21,
wherein the composmon is a Jotion. 25. The compasition according to claim 21, wherein the
compositign is a gel, 26, The composition according;tg,clgim 21, wherein the, ggmposition is g nasal
spray. 27, dwesgemposition acédrdifg to claim 17, /\mer@ﬁhmessomposn ol eeRtains from abdut 0.01%
to about-20%-cationic-peptide-28--Fhe-composttior acccrding to-ctatm-18;whereinrthe-compasition
contains frofar&biowt.01% ta ghqut;20% cationic AetiEd’29. The kit acc¥iéling to claim 19, further
compris ri“gT %¢Hionent to fdcilitate application of tHE E&HTPEERbn. 30. THE R %&ording to claim 29,
wherein/said component to facilitate application is sglectgd from the groug congisting of a brush, a

ICaNs

sponge, an¢a Goiton swab. | 1 63 10° No increase No increase
Aspergillus niger 46x 10° 29%10° 26x%10°
ATCC 16404 ox No increase No increase
5
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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. SEQUENCE LISTING
<110> Revance Therapeutics, Inc. <120> Antimicrobial Peptide, Compositions, and Methods of Use
<130> REVA-001/01WO0 <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

CLAIMS

I. A pharmaceutical composition comprising a cationic peptide, wherein the cationic

peptide comprises SEQ ID NO. 3; and a pharmaceutically or cosmetically acceptable

carrier and/or diluent.

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

composition.
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<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> <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

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.

20



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 <213> Atrtificial 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

10.

11.

12.

13.

14.

I5.

16.

17.

The composition according to claim 2, wherein the composition is selected from the group
consisting of solid compositions, liquid compositions, solutions, emulsions,

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

The composition according to claim 5, wherein the composition is a solution.
The composition according to claim 5, wherein the composition s a cream,

The composition according to claim 5, wherein the composition is a lotion.

The composition according to claim 5, wherein the composition is a gel.

The composition according to claim 5, wherein the composition is 2 nasal spray.

"The composition according to claim 1, wherein the composition contains from about 0.01%

to about 20% cationic peptide.

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

to about 20% cationic peptide.

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

composttion.

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,

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

composition.

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.

A composition cdmprising a cationic peptide, wherein the cationic peptide is SEQ D
NO. 5.
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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 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

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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31.

32.

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

the composition.

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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