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met hods for wound healing, and particularly to the use of EP4 agonists for
treatment in wound lieal AnyhedenBcote NV hisrup, anddRebertMy Bpeki r .  BACKGROUND OF
THE | NVENTI ON 15Prostanoid EP4 receptor is a G protein-coupl ed receptor
that medi ates the actions of prostaglandin E2 (PGE2) and is characterized
by the longest intracellular C term nus | oop when conpared to ot her
prostanoid receptors. M nl yREERABRAPPLICATIONGl e to G and nedi ate

el evations in cAVWP concentration, alt houaﬁkﬂst hey do participate_ in_ other

pat hways as Wd$ 12PPigrdio  glpinss dife beaefinabieSedrovisipiic fpalicatienweeil BS99 and
EP4 re oY I 0,.o r : S Al : di NKL
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and f erfiled Deatmber, 2,il080 dash ERdlosegubhtvbschcdrodwraby ahcdrperatdat ubeinentéeiyosus.
Expr essi on of I§P4 receptors is controlled by various physi ol ogi cal and

pat hopﬁ%fi“& '€ “Dprocesses as these receptors participate in ovul ation
andofertilization, induce bomgrpPOFatHENVENGIEGNt agai nst inflammatory
bowel disease, facilitate Langerhans cell 25 mgration and nmaturation and
medi at e j oi nkheiinfdngionatlrion génerallyrtogempositiond dndgesthodsdaredund hdatingiand anong

ot hers . ki,n bl em.shes suc s flesh woun scars and winkl es can
oeoor ® gnrignarty T, ReRT Ao & RaPoalm ity WBHRG Reqt RES e RRRGASH, LGS |
body, fsrld@phing | ocal or systemic traumas such as nechanical injury,

surgery, burn, radiation and poi soning, and r%&resents a failure of
30honeost ati ¢ processes BAGIGROIANSHPHEINVENTION at t he wound sites.

W il@kl es OC%Bstgfgid &p4 receptor is a G protein-coupled receptor that mediates the actions of

prostaglandin E2 (PGE2) and is characterized by the longest intracellular C terminus loop
when compared to other prostanoid receptors. Mainly, EP4 receptors couple to Gs and
mediate elevations in cAMP concentration, although they do participate in other pathways as
well. There are some redundancies in function between EP2 and EP4 receptors. For example,
20 both receptors induce PGE2-mediated RANKL through cAMP. However, EP2 is involved in
cumulus expansion in ovulation and fertilization, whereas EP4 regulates closure of the ductus
arteriosus. Expression of EP4 receptors is controlled by various physiological and
pathophysiological processes as these receptors participate in ovulation and fertilization,
induce bone formation, protect against inflammatory bowel disease, facilitate Langerhans cell
25  migration and maturation and mediate joint inflammation in a model of collagen-induced

arthritis, among others

Skin blemishes such as flesh wounds, scars and wrinkles can occur on any area of the
body. Scarring may occur in all parts of adult body, following local or systemic traumas such
as mechanical injury, surgery, burn, radiation and poisoning, and represents a failure of

30  homeostatic processes to restore normal structure at the wound sites. Wrinkles occur for a
variety of reasons and are a common sign of aging. Both scars and signs of aging can

typically considered undesirable.



variety of reasons and are a common sign of aging. Both scars and signs of
aging can typically considered undesirable. WO

2012/ 0161WORGR/W&®911/ 045833 Accordi ngly, an agentctrhstoigaizssy and
effectively treats or prevents such skin blem shes is highly desirable.
SUMVARY OF THE | NVENTI ON 5The di scl osure provides conpositions and net hods
for wound healing and scar reduction. The conpositions and nethods of the
i nvention i %édaﬁﬁn@, drBARht ﬂma%?ﬂa@cg@m&&e@%a&%kgbvlaﬁtrs%héh skfpunds and or
scars that can be tfeated by the conpositiohs and thods of the invention
can ar itdenfshens bighht desgallh. as surgery, traumm, disease, nmechanical injury,
burn, radiation, poisoning, and the |like. 10l n one enbodi nent of the
invention, there are proviiig RHROS ar Nty eathkg skin bl em shes. Such
met hods can be perforned, for examte, oy admrrtstering to a subject in
need ther eofTi® disitdsareprolidal tomgsitRmb b¥@maiiRds forafoumld hegiaft ardneaEP4

agoni st, thereby treating the skin bl em sh. I n one enbodi nent, a

net hod Pdughieny Tae gompesiti@r|and goshags of ehetipeantion énliertest iwsiricHiR agonisy to a

thod 1 teg ol o it
ot 1 bot 1<yLeaaERh ofVoEl B TERR A b G BRI (P RolABN AR i of e

| i ne rape esemich daheripe &sansenBsuchbsanegrpftraamapdidtBe hocuhanichl, infd2y, bisth,and R4
are each independently selected fromH and C1-C6 |inear alkyl; 20R5 is

hal ogerfadigfoteRopRipe, angrthehikess gl kenyl; R6 is H, Cl-C6 al kyl, Cl-C6

al kenyl, a salt thereof, or an amne thereof; nis 0-7; and Xis S or O.

10 In one embodiment of the invention, there are provided methods for treating skin

blemishes. Such methods can be performed, for example, by administering to a subject in
need thereof a therapeutically effective amount of at least one EP4 agonist, thereby treating

the skin blemish.

In one embodiment, a method is provided for healing a wound that includes
15  administering to a subject in need thereof a composition comprising a therapeutically
effective amount of a compound having a structure:
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wherein each dashed line represents the presence or absence of a double bond;
R' R’ R’ and R* are cach independently selected from H and C;-Cg linear alkyl;
20 R’is halogen, C,-C; alkyl, or C;-C¢ alkenyl; R is H, C;-Cs alkyl, C,-Cs alkenyl, a salt

thereof, or an amine thereof; n is 0-7; and X is S or O.

In another embodiment, a method is provided for treating a flesh wound that
comprises administering a composition comprising a therapeutically effective amount of a

compound having a structure:



I n anot her enbodi nent, a nmethod is provided for treating a flesh wound that
conpri ses adm ni stering a conposition conprising a therapeutically

ef fecti vewarmoumtiewp a conpound having a structure: WD PCT/US2011/045833

2012/ 016109PCT/ US2011/ 045833 oR6 wherein each dashed line represents the
presence or absence of a double bond; R, R2, R3 and R4 are each

i ndependent |y selected fromH and Cl1-C6 I|ne PRaIkyI; R5 i s hal ogen, Cl1-C6
al kyl', or G AC6 alkenyl; R6 is G - |, Cl1-C6 al kenyl, a salt
5thereof, or Qn anlns thereof 0-7; a d Xis S or 0, wherein the wound
heal s ngre ng [ iti
In yet and
conpri si he
therapeBtlca
wherein each 3
bond; R R3 and R4 are/e
i near alki?b R5 is hal ogefd, o
al kyl, Cl-C6 alkenyl, a salt thereof, or sl N
is Sor O, 15wherein the appearance of the WFink

s

hodi nent, a nethod of reducing the appearance of a winkle
4t eri ng to said winkle axconposition conprising a
Lyesanount of a coppomyd having a structure: 10
absence of a double

ed fromH and Cl1-C6
kenyl; R6 is H G -C6
ereof; nis 0-7; and X
e i s>di mnished.

wherein each dashed line represents the presence or absence of a double bond;

R' R’ R’ and R* are cach independently selected from H and C;-Cg linear alkyl;

R’ is halogen, C,-Cs alkyl, or C;-Cg alkenyl; R%is H, C;-Cs alkyl, C,-Cs alkenyl, a salt
5  thereof, or an amine thereof; n is 0-7; and X is S or O,

wherein the wound heals more normally than without administration of the composition.

In yet another embodiment, a method of reducing the appearance of a wrinkle
comprising administering to said wrinkle a composition comprising a therapeutically
effective amount of a compound having a structure:
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wherein each dashed line represents the presence or absence of a double bond;

R',R* R’ and R* are cach independently selected from H and C;-Cg linear alkyl;

R’ is halogen, C,-Cs alkyl, or C;-Cg alkenyl; R%is H, C;-Cs alkyl, C,-Cs alkenyl, a salt
thereof, or an amine thereof; n is 0-7; and X is S or O,

15  wherein the appearance of the wrinkle is diminished.

DETAILED DESCRIPTION OF THE INVENTION

Disclosed herein are compositions and methods for wound healing and scar reduction.
In one embodiment the compositions described herein comprise compounds having a general

structure:



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Di scl osed herein are

conposi tions and net hods for wound healing and scar reduction. In one
enbodi mrerwot2be/aerwposi ti ons descri bed herein conprise cecpasead/onsss ng a
general structure: oR6 wherein each dashed |ine represents the presence
or absence of a double bond; R, R2, R3 and R4 _are each independently
selected fromH and C1-C6 |inear alkyl;, R5 i Oﬁalogen, Cl-C6 al kyl, or

G -C6 alkenyl\\ R6 is H, O C6 al kyl, | kenyl, a salt 5thereof, or an
am ne thereof\ [ . A certain enbodi nents, R4 is H,
R3 is Hzand er enbodi nment and R2 are CH3. In a further
O . I'n yet another enbodlﬂent the conmpound is: Conpound

-
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R* OH |
(R%)

2

wherein each dashed line represents the presence or absence of a double bond;
R' R’ R’ and R* are cach independently selected from H and C;-Cg linear alkyl;
R’ is halogen, C,-Cs alkyl, or C;-Cg alkenyl; R%is H, C;-Cs alkyl, C,-Cs alkenyl, a salt
5  thereof, or an amine thereof; n is 0-7; and X is S or O.
In certain embodiments, R* is H, R* is H, and X is S.
In another embodiment, R! and R? are CH;.
In a further embodiment, R° is Cl.

In yet another embodiment, the compound is:

10 HO Cl

Compound 1



I n anot her enbodi nent, the conpositions of the invention include at | east
one EP4 agoni st having the structure: 5 wherein: each of Z1 to Z6 is

i ndependewol2g12B160d9 0, or S; Ais -(CH2)6-, or ci®2CTU2GHEHE33 CH2) 3-,
wherein 1 or 2 carbons may be substituted with S or 0; or 10Ais
-(CH2) m Ar - (CH2) 0- erein Ar is aryl.ene or heteroarylene, the s of m and
ois from1 Ifl&nzat%%% REFY; heSRBPeHZOR]f thenggmian pddeasishons B 0 R1 s
H al kydooniiedviid) iy kery@séal kyl, hydroxyal kyl, al kenyl, oxyal kenyl, or

hydr oxyal kenyl ; "15R2 i s al kyl, hydroxyl, halide, or oxo; J is alkyl,

cycl oal kyl, oxyal kyl, hydroxyal kyl ; Eis C1_12 alkyl, R3, or -Y-R3
wherein Yis CH2, S, or 0, and R3 is aryl oroheteroaryl;

|
z
( z) Nz AT O,
Ro— |
Zs\ e 23\%—\ —FE
Z, - J
5
wherein:
cach of Z; to Zs is independently C, N, O, or S;
A 18 «(CH;)g-, or cis -CH,CH=CH-(CH,);-, wherein 1 or 2 carbons
may be substituted with S or O; or
10 A 18 (CHz)m-Ar-(CH3),- wherein Ar is arylene or heteroarylene, the
sum of m and o is from 1 to 4, and wherein one CH, may be substituted with S
or O;
R, is H, alkyl, cycloalkyl, oxyalkyl, hydroxyalkyl,
alkenyl, oxyalkenyl, or hydroxyalkenyl;
15 R; is alkyl, hydroxyl, halide, or oxo;
Jis alkyl, cycloalkyl, oxyalkyl, hydroxyalkyl;
E is Cy.17 alkyl, R3, or -Y-R3 wherein Y is CHy, S, or O, and Rs s aryl
or heteroaryl;
nis0or1;
20 and wherein a dashed line represents the presence or absence of a

bond.

In another embodiment of the invention, a method is provided for treating a skin
blemish that comprises administering a composition comprising a therapeutically effective

amount of at least one compound having a structure:



nis 0 or 1; 20and wherein a dashed line represents the presence or absence
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In another embodiment of the invention, a method is provided for treating a skin

blemish that comprises administering a composition comprising a therapeutically effective

amount of at least one compound having a structure:



OOFF I n anot her enbodi nent of the invention, a nethod is
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conposi t iwo 206i08i Ng a t herapeutically effective anourCTafS2@t/okzsast one
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In another embodiment of the invention, a method is provided for treating a skin

blemish that comprises administering a composition comprising a therapeutically effective

amount of at least one compound having a structure:



Met hods of preparing the disclosed conpounds and additi onal conpounds
suitable for use in the nethods disclosed herein, can be found in, e.g.,
Donde, etweI2012/a161090- Di al kyl Prostanoi ¢ Aci d Deri vati ve®CaaSAge0y3s83s or
Lowering Intraocul ar Pressure, U S. Patent 6,875,787, Donde, et el.,

10, 10-Di al kyl Prostanoic Acid Derivatives as Agents for Lowering

10l ntraocul ar Pressure, U S Patent Publ i cati on 2004/ 0235958; Donde, et

al ., Treatmeht, of Inflammtpry BoWel.Drs 48 U.S. Patent Publication
2005/0164%92 Teach of whichiis ereby i icorporated by reference inits
entirety="wzs"" Ae”ueed'heEE4nﬂithe“ term "skin blem sh" includes a flesh
wound, scar, or WW|n&Ie n any reglon of the skin of a body. 15A "fl esh
wound” can be any aréatt ~whi ch the structural integrity of the exterior
surface of the skin is conpromised. A flesh wound can be due to incision,

| aceration, abrasion, thermal burn, chem cal burn, radiation or puncture
of the skin The mound can be superficial or extend to the deeper |ayers of
t he derm s,~ :Qubcutaneous deep ta30|a%\nu§cle bone or other internal
organs. Al'scar” is an are L;b ous ﬁlssue (fibrosis) that replaces

nor mal sk-n\t@t dUher~5t|s fter infury or disease. Scar types include
hypertﬂdphlc scars, ‘?ecassed”scars and stretch marks. Hypertrophic scars
occur when the body QMerpLoduces col | agen, which causes the scar to be

rai sed above the surrdUndlng skin. An exanple of a hypertrophic scar is a
kel oi d scar. Atrophic, or recessed scars, have a sunken appearance and
result when underlying support structure in the skin is |ost. Stretch marks
(striae) occur when skin is 10 stretched rapidly (i.e., due to significant
wei ght gaim:Qr growth spurt), anmhentskmn is put under “t ensi on during the
heal i ng p;oce%s typlcallﬁ neafr a|§0|di As-Used. hefej byt he term "scar”
encompasses sy, typ\"@f sear Jn.the skbn due ¥o apy cause.” As used herein,
the ter'th "winkle" |s aj fol d rlﬂge crease, furrow, pit, crater, or sunken
area in the skin that» n&be caused by habitual facial expressions, |oss of
col | agen
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Methods of preparing the disclosed compounds and additional compounds suitable for
use in the methods disclosed herein, can be found in, ¢.g., Donde, et el., 10,10-Dialkyl
Prostanoic Acid Derivatives as Agents for Lowering Intraocular Pressure, U.S. Patent
6,875,787; Donde, et ¢l., 10,10-Dialkyl Prostanoic Acid Derivatives as Agents for Lowering

10 Intraocular Pressure, U.S. Patent Publication 2004/0235958; Donde, et al., Treatment of
Inflammatory Bowel Disease, U.S. Patent Publication 2005/0164992, each of which is hereby

incorporated by reference in its entirety.

As used herein, the term “skin blemish” includes a flesh wound, scar, or wrinkle on

any region of the skin of a body.

15 A “flesh wound” can be any area in which the structural integrity of the exterior

surface of the skin is compromised. A flesh wound can be due to incision, laceration,

9



15and/or elasticity due to aging, sun damage, snoking, poor hydration, and
various other factors. A winkle can range froma deep crease to a fine
i ne. WiwRl2ep/@ewarri ng on any part of a body, in partiPCulEse11misakl es on
head or neck of a subject are contenplated herein. Winkles that can be

treated in. accordance wth.the disgl asure includ but e not limted to,
2 br ow PES B BRI GBEmcLEST iR by H_}ncaﬁ_%ogiheﬁgweaﬁrhe ndif@RPC t he
eyes Orsuﬁ@trﬁ\éﬁﬁﬂr Hhgéndo t@é’@ee@étol or's @f'ﬁileQigﬁﬁ's,nﬁbbﬁﬁ!&oh@ﬁfe)@ﬁ?ascia, musclés used

herein, “"treatnment” neans to alleviate (or to elimnate) one or nore

f eat ur dmnofr athskinteridlongawh. ei t her tenporarily or permanently. \Wen the
conpositions are admnistered to treat a wound, the conpositions pronote
normal heal i pg_conpared t wound wi-t hout .t he adm nistration. .That is, the
o 7o (1 engt He xapt b ah e OB BRI RRY a6 Feliesh faptel S B oglelo

t extur aisdlic)tahter infigpbedisvRyNgcdray i sGhs® hyperfopit Ralofcb@ked wtar; ampunded
tissue. In this regard, treatnent of a wound with the discl osed
conposistictshdnakn Ryrayeerhic peap acuewhen thepedy everpwdaegscatagrde wafchgagses
formati i f I f e di scl osed
corrpositﬁ?%C%ilg%:jt]!r)éellagsg(rinafr)l(lg)\?ttgggl!ldJr c?%ld?lrgesia(?l' a%%%ﬁ‘i@%ﬁ@%%ﬁ?%@% Treated if
t he appetridnce. atrophionvrirecsscdodcatshieavera sakken dppeamtsscdng resultchhami cal |y

30di m nished. That is the ] ength and/ or depth |s decreased conpared to the
wri nkl émﬁf:ﬁmlg PPnoFskuRRuEE I tﬂ? PP Alopty étS?FC%tm%f $ E?érﬂﬁes ESHIT PdiTp sKigds

Pr QenthBRno raidth [IN] dhchd siphliafGOALM cah!'6: (b BRAS of WHRASKIiPRS can be
applied to a region of the skin that tfpl cally develops a winkte, such as
a f or ehmdd; tehsips durayethi dsglinggsodcabitabicdllyl rbar s foimt. Usdeed hereay éic tom bet ween
the eye. brows in order iyo pr.event thg. d(fvgl opnent of a wrinkle The

di scl 0s 88 c SRPSUEHIS ALY BRG %S fhiNGisEfUsd0 e (18¢ent scar formation not
associated with a wound, such as a stretch mark, or scars resulting from
acne, chi ckess RY¥ heRifE AR ©Fm OtvriakRels Hfc3@ar@e sdrédsesfurrbW, fRI dr@er or

enbodi nents, the disclosed conpositions are adm nistered to the area of

ski n expaken aer intheplee that sapbecasnged Piohapituplbiaciel cxpirshiogs dess of collagease

di : L il . ¢ |
ebdgeniasy slabi GGk BhaBE O PO AR ABE LERLOBNES 8 2TE
ski n i Sastusceptwrinkée tan deyelropiandep ceasy to alfthEHmec Wpnided d@nainpaon e

adm ni stered prior to, concurrently with, and/or after the ,
part of a b%dy, in particular, wrinkles on head or neck of a subject are contemplated herein.

Wrinkles that can be treated in accordance with the disclosure include, but are not limited to,
a brow furrow, crows feet, nasolabial fold, one or more lines under the eyes or between the

20  eye brows, and combinations thereof.

As used herein, “treatment” means to alleviate (or to eliminate) one or more features
of a skin blemish either temporarily or permanently. When the compositions are
administered to treat a wound, the compositions promote normal healing compared to a
wound without the administration. That is, the size (length, depth, height and/or width),

25  character, color and/or texture of the treated wound more closely resemble normal, non-
wounded tissue. In this regard, treatment of a wound with the disclosed compositions can
prevent, minimize or improve the appearance of a scar formation resulting from healing of
the wound. Further, when the disclosed compositions are administered to treat a wrinkle, the
wrinkle is treated if the appearance or prominence of the wrinkle is visibly or clinically

30  diminished. That is the length and/or depth is decreased compared to the wrinkle prior to
treatment. Alternatively, treatment can comprise prevention of a wrinkle. In this regard, the
disclosed compositions can be applied to a region of the skin that typically develops a

10



devel opment of the skin blem sh. For instance, the disclosed conpositions
can be adm nistered prior to an incision, during a surgical procedure,
and/ or anyotoreipwst operatively, and then additionally a&dmiuseetieusds after
t he procedure as the heal i ng process occurs. In another exanple, the
conposrtr m ni stere dur| re cy to 15prev nt stretch
mar ks, VARR e rSya forﬂea%waoeref el BRE SR i dSTaP e i PEPYERhC

devel OFE%'BYOV% in®ridr&FhRNent the develdnaPPPORHkRNS My be admi ni st er ed
between”1 and 7 days a week, for a period of tine necessary to achieve the
desired results, which may be several days to several nonths. The
conposrtlonéﬂwahﬂﬁﬁeédwmp®$ﬁ@ﬁ6@nbn@émUhﬁ@@dérH@V@ﬂﬁé@ﬁbgmﬂ®nn¢t or nore
times) ependi o t he .desi red certain odi pent s,

a55001 ec? Wltg a'wo Igngla as a sttret%; Hla scais reﬁultlgg frﬁrn qocne 60hlcrﬂ?m ’?Oﬁays

t he conpositions gan'o mhnis In
anothermerkedl oot diséde sﬁeﬁpﬁstdﬂaaﬂan&ahmbﬁs afeuRtBb&r @InpARRI0AS algDr € ti mes
every 1, 2, 3, or 4 weeks. The admini stration can be on a nont hly or

bi - nontaﬁinym@tﬁqusto th gresek skin erpapsap E5PIdPRDTeveAt Ismation of webseds flar 1, 2,
3, 6, I pd o i ons can
e adniin Semaq R ot ion o 6P L R RSk Gn of HEar e IRhlch

The di stﬁéamedrmsomge,mmcksahadkeoaﬂm othataecewhas thpadkin Bfsuscepipasi ti on. As
used herein,. "formulation"” and "conposition" may be used interchangeably
and reﬁ%VdPBméaéﬁﬁbination of elenents that is presented together for a

gi ven purpose. Such terns are well known to those of ordinary skill in the
artjg 30As usgft d&fRbifions @ﬁlrtfe' a%lhnmsteirédeﬂr{or@@rcbhéfﬁentlﬁ%qt acpepiabhig carrier”
may be used interchangeably and refer to a carrier h may be conbi ned
with thEVplpe@elmdfyh@sksmbbgedl For inRRE 1tR¢ dm@lm@@h@mnoszmsmmss conpounds
in order a_desi ed co osi ti ose of, ordi narg? kill in the

art wi ﬁan‘éléc?be |p{é’r§a° HLRBSIT, ?*i‘%%lscoltﬁtg‘fe are “WePt “Rnditn maki ng

speci f igpephiatFasRLthbe Mdlﬁ@ﬁﬂl?radﬁﬂﬁmﬁed%ft@f)ﬂ@%dedﬁ@%s tlfé%‘daﬁﬁé)bﬁbcesfshe
carrier is suitable for application to keratinous surfaces or other areas

of the aseery. Inpathasprmelat the sompes ipnsaasn de edminigersd ueng pregnanyital |y 5free
of ;adv For exanpl e,
e1§c a%r?xgerng &fregéﬂ @g%e tAhr.'e%mf% %tﬂ{%@t{lﬁ{on‘ﬁ{@h& {@m?é%&t Qﬁéﬁhe 21 | ky
suspen&k@dspmemﬁﬁuhﬂﬁﬁﬂhjn-orI or orlrn wat er types, Iotrons gel s or
jellies, colloidal or non-colloidal aqueous or oily solutions past es,
aerosol s, q*uble tabl ets accordagge with one enbodlne t, the

or sticks. |
conposi ti on hraoaa)@etlantjemr%? 61518511%%1@11 36%%&@? dayeniverle B2 RYIGAr  The

vehi cl &b &Bssary to achieve the desired results, which may be several days to several rnonths.

The compositions can be administered once or several times (2, 3, 4, or more times) a day
20  depending on the desired effect. In certain embodiments, the compositions can be
administered every 1, 2, 3, 4, 5, 6, or 7 days. In another embodiment, the compositions can
be administered one or more times every 1, 2, 3, or 4 weeks. The administration can be on a
monthly or bi-monthly basis. Further, the compositions can be administered for 1, 2, 3, 6, 9,
or 12 months or more. In certain embodiments, the compositions can be administered on an

25  ongoing basis to maintain a desired result.

The disclosed compounds can be administered as part of a composition. As used
herein, "formulation" and "composition" may be used interchangeably and refer to a
combination of elements that is presented together for a given purpose. Such terms are well

known to those of ordinary skill in the art.

30 As used herein, "carrier,” "inert carrier,”" and "acceptable carrier" may be used

interchangeably and refer to a carrier which may be combined with the presently disclosed
11
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aqueous solutions such as e.g., physiological salines, oil solutions or
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fatty a@fidiche @ltgcelgléz%% RBE-EERMY apé a@zznﬂaalﬂmgﬁoacagﬁss ar}eﬁthété% aiitirirritants,

enbodi %Qéc%nstﬁﬁ%'rg WAL latgi’st Ly %eﬁ‘%g en'tssto%?ex%ﬁﬁ/étﬁﬁkfég dfd certain

enbodi nent's e antl oxi dant conp es a vit /for a vitam n E such
as d- aI1pipm\tedemphep15gh1epmltlyﬂetrh(y1bmneerg des@laniAding aguﬁs,ltmicmn(gTafgéﬂbs anti- The

di | osed co o itions are well suited for topic subcut
i nt2ladeChapee FiFFR 2geRty ﬁ%tmnaw&sageth%alp{l?%}ﬁ - SOYH™ gcelf é?PiltBn

Topi cal capdihaiafhid i E%lfneb@ﬁ&%nﬁl@ ttN@eisiPalf cAGRITRS i QT ARRLEERdtL 0 the
surface of the skin'at the site of a skin blem sh for exertion of |ocal

act i on.agéats onlinabidy forskm:lhl kaphivalcompopulsisu¢toas butmolt lideted hoseffpihar maceut i cal

10 or G f in which th ositio S a I|e ext ernal

di r ect Dot PrProRbee PP RiERE g bofPoafel Ratdh AT il el neck,
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directly, %{chtu{% IERF GRGRC o MRS B E A S8 L0951 SRREN R G102y P! em sh and

skin regro
polyethylene glycol, polylactic acid, polyethylene glycol and combinations thereof. Anti-

inflammatory agents can include dexamethasone, prednisolone, corticosterone, budesonide,
estrogen, sulfasalazine, mesalamine and derivatives and combinations therecof. Additionally,
30  active agents such as epinephrine, thymidine, cytidine, uridine, antiypyrin, aminocaproic
acid, tranexamic acid, eucalyptol, allantoin, glycerin, and sodium selenite, can be included.
Formulations can further comprise degradation inhibitors. Degradation inhibitors, include

but are not limited to, glycosaminoglycans (e.g., heparin, heparin sulfate, dermatan sulfate,
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| anol i n, wolyethyloene gl ycols, as well as m xtures of tIR€FAIS2011/04583Fhe
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5f | avordsksctly paingragthss of inapregrateslalresstngd dercadmgoinshlermish apd slsin g¢gion vienoi ds
I n(il Ude[rea eldt ?ﬁ J[errh "gﬁ)lttggrﬂl' ﬁmb}aggﬁg oli‘rlnﬁfaﬂim %ncl&(ﬁ}é% cr’eam?)ehml oqleei 11{9{13' cetin,

fi set| n, 1s0or hametin, pachy amacz enin,

eriodi c\wed solitdermet erﬁtﬂusfbhytgalbe bdsa lefgoIpe&olamdnmﬁlmmupdslsjethymne glycols as

di hydrokaenpferol, tannic acid, tannis, condensed tannis, and hydrol ysable
t anni s."qlt aymixtgeeihewd t hat these and ot her substances known in the art
can be included in a 10pharmaceutical or cosnetic conposition disclosed

herein. The compositions are appropriate for mesotherapy applications as well. Mesotherapy

is a non-surgical cosmetic treatment technique involving intra-epidermal, intra-dermal, and/or
20  subcutanecous injection of a composition. The compositions are administered in the form of

small multiple droplets into the epidermis, dermo-epidermal junction, and/or the dermis.

In accordance with the disclosure, a pharmaceutical or cosmetic composition can
optionally include one or more agents such as, without limitation, emulsifying agents, wetting
agents, sweetening or flavoring agents, tonicity adjusters, preservatives, buffers antioxidants

25  and flavonoids. Tonicity adjustors useful in a pharmaceutical composition of the present
disclosure include, but are not limited to, salts such as sodium acetate, sodium chloride,
potassium chloride, mannitol or glycerin and other pharmaceutically acceptable tonicity
adjusters. Preservatives useful in the pharmaceutical compositions described herein include,
without limitation, benzalkonium chloride, chlorobutanol, thimerosal, phenyl mercuric

30  acetate, and phenyl mercuric nitrate. Various buffers and means for adjusting pH can be used
to prepare a pharmaceutical composition, including but not limited to, acetate buffers, citrate
buffers, phosphate buffers and borate buffers. Similarly, antioxidants useful in
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descri hg efﬁ%@ % 06§ SRt Qrlt ith g8k TN
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20 0.001% to about 30%, by weight of the composition. In certain embodiments, the compound

is about 0.004% by weight of the composition.

The compounds described herein may be administered at least in the minimum dose
necessary to achieve the desired therapeutic effect. Generally, such doses will be in the range
of about 1 mg/day to about 1000 mg/day; more preferably in the range of about 10 mg/day to

25  about 500 mg/day. In another example embodiment, the compound or compounds may be
present in a composition or formulation in a range of about 0.0001 mg/kg/day to about 100
mg/kg/day or about 0.01mg/kg/day to about 100 mg/kg/day. However, the actual amount of
the compound to be administered in any given case will be determined by a physician taking
into account the relevant circumstances, such as the age and weight of a patient, patient’s

30  general physical condition, severity of the skin blemish, and route of administration. In some

instances, dosing is evaluated on a case-by-case basis.
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variations as appropriate, and the inventors intend for the invention to be
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i nvent iabAUSH! & ghowed-3are i nherently or expressly described and enabl ed

her ei n. _ Any reference nmade to patents and printed publications
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princip|es.of the present invention. O her di ficati.ons that may be

enpl oy S%ﬁbéfimbﬂfiﬁﬂq%WﬁUaeﬁ@msfapwsmitﬂ@@ﬁﬁ ggﬂlfdmlaﬁh%lflﬂb‘%/ﬂ’xw Ylexanpl e,
butjonotregting tHAbREHAR dedtripBbRATHY SiveRDF L RELORE aftisahd B RIESERIchI Nvention
may be utilized in accordance 30with the teachings herein. Accordingly, the
pr esentvaripestas @npiopripiot andi the tnvdntors infeat forrtbe inyehjorate behpssmicedhothdersss i bed.

WO 2012{01610: / US2011/.04583 MPLE .1l .The .Eff f.. Co ad 1
Vound TR TR ety APHERURRR AR AR AL I e ba s S SRER A Aohs and"

Spr agueqpwlcay dfahsSsidecl Bat&QQcigfdamtves sinanppétirt ihdreb ¥ fdimittdfdyour ane.
After shavi n?ﬁ, ]@a 2-cm |l ong incision was made, 5 reaching the deep fascia on
W.r

t he bac#®pr5edb Mergovaidety emeringtioned i abogerdescribed plsmsas inak gossitedi at el y
cl qzed wi. - Ures. i . S EL . e animal s
vers ¢ o elot HeSbE et K Ay B ol BRSO ein 22420 -
The vehitidreiscaidaglyredtratittahby c3@8gt. pr opyl ene gl ycol 12% di propyl ene gl ycol
5% benzyl al cohol 5% glycerol 3% and normal saline 45% The wound was

phot ogr aphedSp%gljf{cye;mb%id%Fl)esn% (\{\fsicslosed herein may be further limited in the claims using
consisting of or consisting essentially of language. When used in the claims, whether as filed
or added per amendment, the transition term “consisting of” excludes any element, step, or

20  ingredient not specified in the claims. The transition term “consisting essentially of” limits
the scope of a claim to the specified materials or steps and those that do not materially affect
the basic and novel characteristic(s). Embodiments of the invention so claimed are inherently

or expressly described and enabled herein.

Any reference made to patents and printed publications throughout this specification

25  isindividually incorporated herein by reference in its entirety.

It is to be understood that the embodiments of the invention disclosed herein are
illustrative of the principles of the present invention. Other modifications that may be
employed are within the scope of the invention. Thus, by way of example, but not of
limitation, alternative configurations of the present invention may be utilized in accordance

30 with the teachings herein. Accordingly, the present invention is not limited to that precisely

as shown and described.
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10 perforned at 2, 3, 7 and 14 days post-surgery for histopathol ogy and
nol ecul ar bi ol ogy anal ysi s. A simlar skin wound study was al so
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or vehicle were given right beforg é!o%!%g the wounds. Afterward, TG-133
was 15 injected two nore tines and Conpound 1 and vehicle

were topically applied twice a day for the duratlon of the study. The
vehicle was PBS with 0.TheotEksat effeompernndHcn Weuad Hseling vol ume of 200 ul for

i njection Skin wounds were i maged on day 3, 7, 14, 35 and 70. The wound
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r ecor ddb el A2 @ﬁ“tc)%“%lotaimﬁf&e%cﬁ fotiowd ws phptogra doiflys oot
sanpl es,clfofatede Wi @h7%{ap‘f’4”&1 Ay Péﬁ%ﬁ‘g‘érﬁ ks gidto g%eto dﬁ'dSmBleHﬂ%deMléé}

kerati nocytes, whiie onl vehitcle treat ds had cl osed

epi der rangly§isi gures 1 and 2) The overall size of epidernal defects was two
times larger for vehicle-treated wounds as conpared with that of Conpound 1
treat ed wounasingifar gkihe)eouhdamdly\:oﬁsZ&b&fe&bﬁﬂﬁBMﬁ&E@@ﬁ&éWorﬁpouﬂhi S
denonstrates a beneficial effect of the Conpound treatment on the healing

of the ®gil4di- %| In %@ﬁeﬁtudy, mtrade@ﬁl Tgtipgs QBQPm@Rtmd I #2040, T@E@ il 0er nal

| ayer of 1 Jlrea ad a ness to t he
noar by T SER iblent S8 Le Hh Lo R Rl SR8 SR M nor e
el ast i GnRkied 66 Méeé HM@s, onMagaANind@s tind tdeenporhd ¢! ﬁrdtxreeail@de&l%ptcmd epi der nal
hyperplasia with a thi ckness of 3 tines nore than the Conpound 1 treated
epi der rPsligdivgeg @ dafor the duration of the study. The vehicle was PBS with 0.1% BSA and 4

mM HCl in a total volume of 200 ul for injection. Skin wounds were imaged on day 3, 7, 14,

35 and 70.

The wound tissue was biopsied for histopathology on day 3, 14 and 70. To observe

20  the skin wound, paraffin-embedded wound sections were made. Regular H&E staining was
carried out in comparison with Masson trichrome and/or Picosirus red to visualize the
collagen fibers. To monitor myofibroblasts in skin wound, the sections were
immunohistochemically stained to identify alpha-smooth muscle actin. To assess wound
appearance, all the scar photos were mixed together by the end of each study. The scar

25  severity was scored on a scale of 0 to 10, with 0 being invisible, 1 the minimal and 10 the
worst. Each scar was divided into 4 regions, separated by suture sites; each quarter was
scored independently; the mean of the 4 part scores was recorded as the gross score of each

wound.

On day 3, 80% of skin wound samples treated with Compound 1 showed closed
30  epidermis filled with keratinocytes, while only 33% of vehicle treated wounds had closed
epidermis (Figures 1 and 2). The overall size of epidermal defects was two times larger for

vehicle-treated wounds as compared with that of Compound 1 treated wounds (Figures 1 and
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of scars. Conpound 1 treatnent signifi cantly reduced the width in the

m ddl e and hottom parts of sca s, but di ayed. only a ten ncy tgo 30
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were localized at the cytoplasm of large cells, and such a-SMA-positive cells were mainly
distributed along the granulation tissue at the dermis layer at wound sites. Abundant
myofibroblasts were observed on day 3 samples, which indicated their proliferation during
adult scar wound healing. Compound 1 treatment reduced the number of myofibroblasts

20 (25.84£7.45/3 sections) as compared to vehicle control (38+6.15/3 sections).

Biopsy samples of skin wound tissues were analyzed at 7 and 14 days post-surgery.

Tissue samples about 1 mm wide were taken from both sides of the wound. Sections from
day 14 were stained for collagen fibers by Masson Trichrome. The scar sites contained fine,
short, lightly stained collagen fibers, positioning somewhat parallel to the epidermis, but

25  generally in unstructured fashion. In normal dermis, the collagen fibers were thick, long,
deeply stained, and clearly organized in a basket-weave mode, which appears to be central to
the elasticity and tensile of normal skin. The width of the abnormal fiber belt was measured
at the surface, the middle and the bottom of scars. Compound 1 treatment significantly
reduced the width in the middle and bottom parts of scars, but displayed only a tendency to

30 decrease scar width at the superficial region (Figures 5 and 6 A and B). Grossly, Compound
1 treated animals had smaller and softer skin scar, and significantly slimmer appearances than

vehicle-treated animals (Figures 5 and 6 A and B).
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Different sections of the same wounds were also processed for Masson trichrome
collagen staining. Collagen at nearby normal skin was stained as dark-blue, thick bundle
oriented in a basket-weave reticular pattern. A distinctive region at the wound site was

25  stained as fine, thin collagen fibers in parallel to epidermis. The demarcation between normal
and abnormal region was quite clear. The widths of the abnormal structured dermis regions
were significantly smaller in both TGF-$3 and Compound 1 treated groups than that of
vehicle treated group (p<0.01-0.05, Figures 7A and B).

Skin wound at a later phase undergoes remodeling. At 70 days post-surgery, wound
30  sites showed different features of collagen staining from those seen 14 days post surgery. On
Picrosirius red stained sections, wound gaps in vehicle-treated group were now filled by

dense, red, fine fibers in a parallel orientation. Such abnormal regions were largely absent in
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The effect of Compound 1 on collagen production was assessed in cultured human
fetal and adult skin fibroblasts. Fetal skin fibroblasts were generated from normal skin of 14
weeks gestation fetus, purchased from ATCC (CRL-7129). Adult skin fibroblasts were
derived from normal skin of a 61-year old Caucasian female, purchased from ATCC (CRL-
20  7346). Both cells were cultured in DMEM medium supplemented with 10% fetal bovine
serum and 1% Streptomycin and Penicillin in incubators at 37°C and 5% CO2. Cells were
seeded in 10 cm dishes at 1 x 10° cells/dish. When the cells become 80% confluent,
vehicle,or compound 1 was added to culture medium at 0 or 10 nM final concentration,
respectively. Compound 1was first dissolved in DMSO, the final DMSO concentration was
25  0.1%. Cell lysates were collected at 10, 30, 60, 120 minutes and 24 hours after treatments,
respectively. Proteins were quantitated and resolved on 4-10% SDS-PAGE. Then the
proteins were transferred to membrane by electrophoresis. The membranes were blocked
with mouse-anti-Akt or pAkt, and second antibody against mouse-IgG conjugated with AP

(purchased from Signal transduction).

30 Fetal skin fibroblasts were generated from normal skin of 14 weeks gestation fetus,

purchased from ATCC (CRL-7129). Adult skin fibroblasts were derived from normal skin of
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pur chased from ATCC (CRL-7129). Adult skin fibroblasts were derived from
normal skin of WD 2012/016109PCT/ US2011/ 045833 a 61-year ol d Caucasi an
femal e, pwochesadiobr om ATCC (CRL-7346). Both cel |l s wer ePculuseoia®d43sa3 DVEM
medi um suppl enented with 10% fetal bovine serumand 1% Streptonycin and
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veni ¢l utiid i LMENA Bk BIShIchRIURIIRY 1065 101 BRI sBethd pcul ture medi um
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pr oductrﬁmnm&tucipp rtlwgcm:lllamde tlrwtefdefioaHS hodrsaticdrtcestkitionfof 0y dbf a@ nM t@@ht ed with
(se

{1 br obl 580 1558 B RHAT SOk TS TBT B SV 0B anfbocy Fas FhsE-ans-

collagen type I (Millipore). This is a monoclonal IgG1 antibody reacting only with native,
non-denatured Collagen I, no cross reactivity with collagen types III, V and VI or connective

10 tissue protein.

Collagen type-1 production was upregulated in fetal and adult skin fibroblasts treated
with Compound 1 (see Table 1).

Table 1
Vehicle Compound 1
Fetal skin fibroblasts 100% 200%
Adult skin fibroblasts 100% 128%

15
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128% 15 WHAT IS CLAIMED IS: 1. A nethod of treating a skin blem sh
conprising adm nistering a conposition conprising a therapeutically

ef fecti vewarnowmtiewp a conpound having a structure: OR6 PCHRS2@i104383h
dashed line represents the presence or absence of a double bond; R, R2, R3

and R4 i ndependently selected fromH and C1-C6 linear alkyl; RS is
hal ogen\?’%fggéﬁw&r Cl-C6 al kenyl; R6 is H Cl-C6 al kyl, Ci1-C6

al kenyl, a salt thereof, or an amne thereof; nis 0-7; and Xis S or O,
10wherein said admnistration treats said skin blem sh. 2. The method of
claim 1l V\,he‘k aiefchddmf tl@aﬁng Rskihbldﬂlislacmnp(ﬁss'n@ldr@nisﬁn@grastohmsioibncI aim1,

wher ei n Rﬁ e fg Tﬁﬁd cl &Enﬁ t<%|nR5|sCI 5.
The netct‘?BH’“S’rngc?i ?rﬁP?L“ 1CHeF ?CHV? ﬁ@OB% Sufegipeghd having a struc

ORS®

5 RO ,

wherein each dashed line represents the presence or absence of a double bond;

R',R* R’ and R* are cach independently selected from H and C;-Cg linear alkyl;

R’ is halogen, C,-Cs alkyl, or C;-Cg alkenyl; R%is H, C;-Cs alkyl, C,-Cs alkenyl, a salt
thereof, or an amine thereof; n is 0-7; and X is S or O,

10 wherein said administration treats said skin blemish.

2. The method of claim 1, wherein RYis H, R’ is H, and X is S.

3. The method of claim 1, wherein R! and R? are CH;.

15
4, The method of claim 1, wherein R° is Cl.
5. The method of claim 1, wherein the compound is:
HO cl
20
6. The method of claim 1, wherein the skin blemish is a flesh wound, scar, or wrinkle.
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6. The nethod of claim1l1, wherein the skin blemsh is a flesh wound, scar,
or winkle WD 2012/016109PCT/US2011/ 045833 7. The net hod of claim1,
wherei n tWe 20poerPti on i s adm ni stered susubcut aneous, PSTseeITAlS333
transdermal, intradermally or topically. 58. The nmethod of claim®6, wherein
the adm ni stration reduces formation of a scar type selected fromthe group
consi sting of hypertrophic scar, recessed scar, stretch mark, and a

corbi nati on fifehaaba 3 dlin mman% Sriid0Bn 1¥"§kﬁﬁ§1&§ﬂer&&‘§4sﬁﬁélﬂa&|o§§“ sh is a

winkle 10 10. The method of claim 1, wherein the conposition is

adm ni subdahat or teansdgrimah igteddeonaty srtopicelhe group consisting of a face,
neck, arms, torso, back, |legs, and a conbination thereof 11. The nethod of
claim1, wherein the conposition is adninistered at a time selected 15from

thesgr qup Conglméthéd@oPdlaipt 6,05hdrfin $hy Lridstrafed SdQEbs FOiAtdE o UL tYpe
post-operatively, and a conbi nati on thereof 12. The nethod of claim 1,

wher ei rickegicd fepatiheigsounaeansinting of hiipgeEophicaicar, saogsseil 6par, SLOIR. M, #skhod of
Cla'”‘%mnﬂmﬁnﬁh@m§&ﬁq adm ni stration prevents scar fornation.

9. The method of claim 6, wherein the skin blemish is a wrinkle.
10
10.  The method of claim 1, wherein the composition is administered to a region selected

from the group consisting of a face, neck, arms, torso, back, legs, and a combination thereof.

11.  The method of claim 1, wherein the composition is administered at a time selected
15  from the group consisting of prior to surgical incision, during surgery, post-operatively, and a

combination thereof.

12. The method of claim 1, wherein said administration minimizes scar formation.
20 13.  The method of claim 1, wherein said administration prevents scar formation.

14.  The method of claim 1, wherein said administration prevents wrinkle formation.

15.  The method of claim 1, wherein said administration reduces the appearance of an

25  existing
wrinkle.

16.  The method of claim 9, wherein the wrinkle selected from the group consisting of a
brow furrow, crows feet, nasolabial fold, a line under the eye, a crease between the eye

30 brows, and a combination thereof.
17. The method of claim 6, wherein a cause of said flesh wound is selected from the
group consisting of an incision, a laceration, a thermal burn, a chemical burn, an abrasion, a

puncture wound, and a combination thereof.
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14. The method of claim1l, wherein said adm nistration prevents winkle
formation. 15. The nethod of claim1, wherein said adm nistration reduces
t he appeaweanoee/umbloan 25exi sting wrinkl e 16. The met hedTafS2elhaiiss®,
wherein the mrinkle selected fromthe group consisting of a brow furrow,

Cr ows et aso al fold, a line er th a cr ase bet ween the eye
30 brov@ rfy Pr?érf— e&frlorrﬁ%arléls@ ﬁesgwourﬁﬁra%?rﬁweér USIFHRE & wherei n a
cause %nﬁﬁklﬁoﬁ L&s: rlyiﬁg'ﬁ%éréﬁ)eﬁﬁéﬁﬁlt&fécﬂ{f@éﬂl&ﬁﬁ o%@Hﬂﬂ SRS stﬁfcuﬁ‘@.
incision, a laceration, a thermal "burn, a chem cal burn an abrasion, a
puncture wound, and a conbi nation t her eof RD12/ 016109PCT/ US2011/ 045833
18. A net hod provided for treating wound that conprises

adm ni st eri ng\\a conpg ition cqg g a therapeutically effective anmount
of a cogpound tayvi M) aNstr

the pre sence of a doubl e bond; 53R, R2, R3 and R4 are each
i ndependep gcted fromH and Cl1-C6 Ilnear al kyI R5 is hal ogen, Cl1-C6
al kyl, B G - : i j Kyl, C1-C6 al kenyl, a salt

thereof, or ay S
heal s nore nornally than Wi
19. The net @ of claim 18

r 0, wherer n sai d wound
=|d conposrtron 10

wherein each dashed line represents the presence or absence of a double bond;

5 R',R%* R*and R* are cach independently selected from H and C;-Cg linear alkyl;
R’ is halogen, C,-Cs alkyl, or C;-Cg alkenyl; R%is H, C;-Cs alkyl, C,-Cs alkenyl, a salt
thereof, or an amine thereof; n is 0-7; and X is S or O,

wherein said wound heals more normally than without administration of said composition.

10 19.  The method of claim 18, wherein the compound is Compound 1:

HO

Cl

20. A method of reducing the appearance of a wrinkle comprising administering to said
15  wrinkle a composition comprising a therapeutically effective amount of a compound having a

structure:
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20. A net hod of reducing the appearance of a winkle conprising

adm nistering to said 15 winkle a conposition conprising a therapeutically
ef fecti vewarmowtiewd a conpound having a structure: wheceius2eaossdas hed

i ne represents the presence or absence of a double bond; R, R2, R3 and R4
are each independently selected fromH and Cl1- C66I i near aI kyI R5 is

hal ogen, Cl-g6 alkyl, or G -C6 alkenyl; R6 is ARG -c6 al kyl, C1-Cs

al kenyl, ast5thereof, or i ; nis 0-7; and X is S or 0,

i ni shed. 21. The nethod of

The met hod of cl ai m 20,

wherei n salg/conpgsition is adm nistered top‘PcaI ly. 23. A net hod of
treating z in bllem sh corrprl sing adm nistering to a subject in need

t her eof Ra )

2

wherein each dashed line represents the presence or absence of a double bond;

R' R’ R’ and R* are cach independently selected from H and C;-Cg linear alkyl;

R’ is halogen, C,-Cs alkyl, or C;-Cg alkenyl; R%is H, C;-Cs alkyl, C,-Cs alkenyl, a salt
5  thereof, or an amine thereof; n is 0-7; and X is S or O,

wherein the appearance of said wrinkle is diminished.

21.  The method of claim 20, wherein the compound is:

HO cl
10
22. The method of claim 20, wherein said composition is administered topically.
23. A method of treating a skin blemish comprising administering to a subject in

need thereof a composition comprising a therapeutically effective amount of at least one EP4

15  agonist having the structure:



(Z2( Z20R | nRAI Z5.......... zz(

Z3. S, e | E WO

2012/ 016 1WORCE/WWE®I11/ 045833 wherein: each of Z1 to Z6 PESTIUSd@pOnisent | y C,
N, 0, or S Ais -(CH2)6-, or cis -CH2CH=CH (CH2) 3-,
wherein 1 or 2 carbons 5may be substituted with S or O; or Ais

-(CH2) m Ar-(CH2) 0- wherein Ar is arylene or heteroarylene, the sumof m and
ois froml to 4,,pdaWherein one CH2 nmay be substituted with Sor 0; Rl is
H, al kyl, cycloal kyl, oxyal kyl, hydroxyal kyl, 10al kenyl, oxyal kenyl, or
hydr oxyal kenyl ; R2 is akhyﬁzdhy&&bﬂy@%mhémﬂdéLPbﬁ)@XS Jis al kyl ,

cycloal kyl, oxsal kgl RIETRal gl Bl Sl 3y it s o Peains 7
5 may be substituted with S or O; or
A 18 (CHz)m-Ar-(CH3),- wherein Ar is arylene or heteroarylene, the
sum of m and o is from 1 to 4, and wherein one CH, may be substituted with S
or O;
R, is H, alkyl, cycloalkyl, oxyalkyl, hydroxyalkyl,
10 alkenyl, oxyalkenyl, or hydroxyalkenyl;
R; is alkyl, hydroxyl, halide, or oxo;
Jis alkyl, cycloalkyl, oxyalkyl, hydroxyalkyl;
E is Cy.17 alkyl, R3, or -Y-R3 wherein Y is CHy, S, or O, and Rs s aryl
or heteroaryl;
15 nis0or1;
and wherein a dashed line represents the presence or absence of a

bond.

24. A method of treating a skin blemish comprising administering to a subject in
20  need thereof a composition comprising a therapeutically effective amount of at least one EP4

agonist having the structure:
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15n is 0 or 1; and wherein a dashed line represents the presence or absence

of a bond. 24. A nethod of treating a skin blem sh conprising adm ni stering
to a subjwoteoimi@®oneed t hereof a conposition conprisi ngCa/ush@napsasically

effective anount of at |east one EP4 agoni st having the structure:
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25. A method of treating a skin blemish comprising administering to a subject in

need thereof a composition comprising a therapeutically effective amount of at least one EP4

agonist having the structure:
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25. A nethod of treating a skin blem sh conprising admnnistering to a
in need thereof a conposition conprising a therapeutically
| east one EP4 agoni st
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526. A metwoaofoisroeat i ng a skin blem sh conpri sing adn{hbiﬂsmhn@4ﬁb3é

in need thereof a conposition conprising a therapeutically

ve anount of at |east one EP4 agonist having the structure: WO
2012/ 016109PCT/ US2011/ 045833
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26. A method of treating a skin blemish comprising administering to a subject in

need thereof a composition comprising a therapeutically effective amount of at least one EP4

agonist having the structure:
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