WD 2007/ 059584PCT/ A1J2006/ 001781 1 METHODS FOR WOUND HEALI NG FI ELD OF THE
| NVENTI ON 5 The present invention relates generally to nmethods and

~conposi t ivpo0d7mseses onot i ng wound- heal ing in a subject. poTRaU2boc0ohn, the
invention relates to the use of ingenel conpounds, particularly ingenol
angel ates, in wound healing and conpositions therefor which contain such
conpounds. 10 BACKGROUND OF THE | NVENTI ON Bi bl i ographic details of the
publications referred to by author in this specification are collected at
the end of the description. 15 The reference in this specification to any
prior publication (or information derived fromit), or to any matter which

is known, is not, and dgnent or adm ssi.on
or any form of sugges‘ﬁmw @%W@&W(g i nformation
derived fromit) or known matter forns part of the common general know edge
in the field of 20 endeavour to which this specification relates. Wunds.
are external or internal injuries caused by inter alia, nechanical,

chem cal, thernal at hogeni ¢ neans which result in the physical

di srupt | BHEI QF T MUE ﬁ@\he integrity. 25 Wund healing, i.e. the
restogation of tissue (particularly cutaneous tissue) integrity, is
orchestrated by various gromh factors and cytoki nes which regul ate cell
growt h, Tied presdng rrszbnmn retatds gedefallgrie Mat}axds and aoul pesiidnspioo pidneotugi \wur(dv\ér ner

and G osge, .,2003; an et al 20%?) I't. can _conveni ent If be Pescrl d as
occur ri §alipg Erh?é\éJ o B Particular; the jiayrntion gglates {9 eusﬁé’ PPt EPTBPEY S and
(i) Uggsayﬁaﬂwﬁmg@ﬁ& hinBé1atthl i6 WGl 1AL bAD 8o mPos Gl R ARk ch RbRaRDr €
speci fic stages; although none of these phases correspond to a precisely
defi ned wehlcoldp@indSV\D 2007/ 059584PCT/ AU2006/ 001781 tinme and may overlap to
sone @xtent (Baum and Arpey, 2005). Nunmerous factors are involved in the
corrp} x process of wound healing follow ng injury and cytokines are

consi’ derpﬂ@mnmmp(mrﬂpmnlmregul ation of the entire process
(Hubner and Werner, 1996) 5

Bibliographic details of the publications referred to by author in this specification are
collected at the end of the description.

15
The reference in this specification to any prior publication (or information derived from it),
or to any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication (or information derived
from it) or known matter forms part of the common general knowledge in the field of

20 endeavour to which this specification relates.

Wounds are external or internal injuries caused by infer alia, mechanical, chemical,
thermal or pathogenic means which result in the physical disruption of structural tissue
integrity. |

25

| Wound healing, i.e. the restoration of tissue (particularly cutaneous tissue) integrity, is
orchestrated by various growth factors and cytokines which regulate cell growth, cell
migration, cell differentiation and cell proliferation (Werner and Grose, 2003; Bryan et al,
2005). It can conveniently be described as occurring in three phases: (i) inflammation, (ii) .

30 proliferation and (iii) maturation, each of which can be further sub-catagorized into more

specific stages; although none of these phases correspond to a precisely defined period of



(it)Inflammatory (0-6 days) The first stage immediately follow ng the
infliction of the wound, such as a cutaneous wound, is referred to as
henost asiwo 20¢v@Be8y vasocontriction and clotting, medi aped/Augodedontse and
platelets, are initiated to control bkeeding. The clot further serves as a
10 provisional matrix for incomng fibroblasts and inflanmmatory cells to
the wound and as a reservoir of cytokines and growh factors. Foll ow ng
henostasis, inflamatory cells enter the wound and perpetuate the .

i nfl ammat ory process (nmani fested by erythema, heat, swelling and pain). The
first of these 15 are pol ynorphonucl ear cells (PMNs) which are attracted by
grow h f DGF)
S| - pRipRi A7 Al S Wl lnp bl ohp L ISP, SREME AEI ol
2003), amstoived inahe cbompmbxt pmnmeuﬁwemm hsaimgnfoﬂlswmg mjwalandocytbhnes are
mflarmator oce i.n to cl.ean_the woun Vi n | 1 ul ar
debri s, ol taapi%x B KER Tolf &Y B P BV RUCRAR I B hRoRoaeh (A B BHE o
rel ative[gg hort period (1- 20 2 days). In turn, PWMNs are a mmjor source of
cyt oki nes such as IL-la, IL-113, IL-6 and TNF-a. By about 3 days
post-Pnjury, PWNs are replaced by nonocytes, which transforminto

macr ophages t al und cl eaners and a further source of IL-Ia,
I'L-1[ 3, &f Qﬁ%nﬂféo @J?g?%s d toremain at the wound site for a | onger
period. The ifigst stdgeSinanetidibly- ﬁll@%ﬁfgeﬁ}‘él1ﬁﬂ1dt1%nsdfrtﬁ@®bdﬁndpﬁlﬁﬁ%sa§ edtabbusng t he
inflammatory phase (Gellner et al, 2000; Grose et al, 2002, Hubner et

al, 1996youRd i m@‘;brre@é@ramhqmp&ta@sepwb@gb)o Nawonm@my atld) cwétlmgrpmdlemd tyor
normal rgpal ranﬁ%?%?éts e&re C}lajce%g@ coﬁ{r&l e%ﬁ%ﬁl nvo h%%rrt A rQJa % d' n

t he i nflamvatory proce Speci |n col

cyt ok0nepprzibmal 1 m@mx fom 1mhtmg fBsobiise drﬂgﬂﬂahﬁﬁtd?y céllls ﬂo&haﬂﬂ)uﬁwl:and as a\O
2007/ 059584PCT/ AU2006/ 001781 3 Granul ation tissue formati on begins sone 3-4

days af t@serveir of gytakigehandgrpwihfagler: ai ns fi brobl asts and macr ophages,

M grating fibroblasts produce a pernmanent col |l agen-based extra-cell ul ar
matri x (ECM and macrophages produce a variety of growh factors and

cyt oki neBolkuvahg ahembstésmndnﬂ'a\‘dﬁnatprwméaﬂls ienter uthe swoundl aind tﬁeqnqnuandudtei on of
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ECM reorgani zati on and wound healrng (i.e. chronic wounds) is associ at ed
wi t h decioeigeparticlss end hagteriamdgro thstsienon thewousd futai olativeli shax prried (lal

2000 I f | skin fibrabl d

200 ke Bl 89l PN S5 il ob o P SSB b BB Atplat Yo
super i OrmﬁﬂﬁbBBr'a%bﬁtSB Qiystﬁlf‘sﬁﬁmﬁ-?| PMNép&é ré;ﬁ’ad%li %Sr%@n&c?fe@ Ughich hﬁnﬁ@%and to
repopul ate expefri nental wound nodels in vitro, conpared to nornmal skin

fi br obl amteméSopidpes that tlsabet at $atind zlealidrataaé h fmtthalsouﬂ:SBFIL-EEath,lBZIIQ6) . In
contrast chronl c _wounds fibroblasts are

6 and TNF-o but tend to remain at the wound site for a longer period. IL-1B, IL-6 and
TNF-a, expression is strongly upregulated during the inflammatory phase (Grellner et al,

25 2000; Grose et al, 2002, Hubner et al, 1996) and their coordinate expressioh is likely to be
. important for normal repair (Hubner et al, 1996). Fibrocytes play an important role in the
inflammatory process and are specifically involved in coilagen and cytokine production, in

part they are regulated by IL-1p and TNF-a

30 (ii)  Proliferation (3 days— several weeks)

Granulation is an important bridging phase from inflammation to proliferation.



- 20 associated with decreased type | collagen |attice reorganizati on and
contraction, associated with delayed or inpaired cellular ECM m grati on and
wound repqprio®bsodsy capabilities in vitro, conpared to npemal2606/001781 -
fibroblasts (Cook et al, 2000; Stephens et al, 2003; Wall, 2006). Increased
MWP-2 |l evels and activity are associated with fibroblasts fromoral nusocal
and fetal skin wound sites, whilst chronic wound fibrobl asts have decreased
25 MWP-2 levels and activity. Re-epithelialization is the next key event in
t he wound healing process and is initiated primarily by mgrating
keratinocytes. Re-epithelialization is achieved via gromh factor and

cyt oki neG@hilatbm itBshePfRinalieh HepRE s8fnekRuaddROMH: SjurMahg 'brmﬁggtc%n{aFHSOUQh
Th [ uJ er o

the 30 granul ation tissue. ese cells appéar to undergo a nu
phenot ypitioklngs gad mepsronhgges. gMagiating fibsablasts progues atpeimaneas saltigat-bdsed t h

the diff hating. cel r enotype. As WO 2007/ 059584PCT/ AU2006/.001781
m grati &%&g"rl%fé@é%g?‘“ﬁ?g r@ﬁ@o?@?%"%&%ﬁ%ﬁ%’ PrdGEE YBTicty; fgﬁ@’%f%@sﬁn&duci ng
serine pyekdicdaneh ANM.-MRI TNPS, kfhidhiiROGY] SRmuRM 'tl‘iB‘?rJdﬂ ﬁ&%f‘??omt o the
wound space until conpletion, when the mtotlcgﬁ y active f<erat| ocytes
underyo fadetsher phenotypic alteration, such that differentiation and
stratification of the epitheliumand re-formation of 5 the basenent

menbrane occurs, to conplete the re-epithelialization process. Cellular ECM

at t achninhas bedY deabadatdothabYibRitMseiphasaspands bhagaresd!ihiingre! & bom of
t hese processes by cytokines and growth factors, are other key features of

wound r &YV healige areapanses iand, clinidat iputcemesd(Stenhene et | al) 4P96,uR@QL, 20043uch as

cell m :] t va.celbul ar-integrin- .
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whi | st prglk’ei g}g es _renove existing integrin interactions, allow ng rear
de- adheéf & A%t/ )celFurineigoae: BriphERatdliopratsppses spsh reie arvieimnsiradlay 2002;
Kirfel %g&ltant%% M ﬂgegégﬂiaﬁ n Bk idhi Eéf'dnnaﬁcp%d\;f SERGE IHB rfgﬁ(gwing
de-adhesion results in rmal 1 reorganlgzaf I'on, as quant P11 ed

exper i nemtieyl dngd ibhascheleh algmonstadied thet deermagahECM teorganimationand oound heddings
‘consi dered to be crucial.to "kick start" thi spect of the healing

r espons &-¢ VEFRRIC @Z"@‘%@s’é, af@@‘ﬁfeﬁdﬂt ué‘?c_r?tse |§br§g@®t) _ produgtion, gad; ¢
ef f et S apivANRHNA MO8 KRN 2600)0C S pRBGsl ta%dcf‘e?ﬁoﬁlﬁﬁtﬁ%waé’tg &l Gifshraldn
neutrophils. Transi ent expreSsion of 1L-6 Is thought to 20 be critical to
scar | esénopgasedl type facoliagen Liaticht seorganizhtio? G@d) contraction, associated with the

superior capabilities of these cell types to migrate through the ECM and to repopulate

experimental wound models i vitro, compared to normal skin fibroblasts (Stephens et al,
1996; al-Khateeb et al, 1997; Enoch, 2006). In contrast, chronic wounds fibroblasts are
20  associated with decreased type I collagen lattice reorganization and contraction, associated
with delayed or impaired cellular ECM migration and wound repopulation capabilities in
vitro, compared to normal skin fibroblasts (Cook et al, 2000; Stephens et al, 2003; Wall,
2006). Increased MMP-2 levels and activity are associated with fibroblasts from oral
musocal and fetal skin wound sites, whilst chronic wound fibroblasts have decreased
25 MMP-2 levels and activity.

Re-epithelialization is the next key event in the wound healing process and is initiated
primarily by migrating keratinocytes. - Re-epithelialization is achieved via growth factor
and cytokine stimulated proliferation of keratinocytes, which migrate through the
30  granulation tissue. These cells appear to undergo a number of phenotypic changes during

migration, expressing proteins associated with the differentiating cellular phenotype. As



(tii) Maturation (4 days- weeks or nonths) Wund maturation (or
renodel ling) may take as little as days or weeks but the conpl ete process
can | ast w@ 200/0898¢8r al years. During this phase contracticeav20smwoensed
‘redness, 25 decreased thickness, decreased induration and increased
strength of the wound is observed. The wound contracts under the influence
of nyofibroblasts, collagen production in the granul ation tissue decreases
and bl ood vessels dimnish. Wwund healing is then conpleted by further
re-epithelialization (Werner and Grose, 2003; Baum and Arpey, 2005). ‘WD
2007/ 059584PCT/ AU2006/ 001781 5 Efficient and conpl ete healing of a wound,
I s ther ef@srgro tbeekb®, ke ésna&ﬁmee@l prbtedBAicWBhénddien prédfuctiae sl ect .-
Many factors can adversely affect the wound healing process, resulting in
chroni ¢ protehases sreklMiMIRs. wblmkeratinoegtes costimertp mejgraie ihto thsl woend spacagrtiland
general health of the jnjur.ed subject Rut rition, disgases, .applied
o essur eSOty oahaS c{ebt HEHeRN” e ERrHPebiehc ARasetl FPRED mBBOYRE"
st er oi dahltdratemt SRt tBAL diffefeRtibticiand stRtiftfbANTehe bpitieliatsdaRdontaioi 4
tissue as well as the type of wound. Furthernore, even once a wound has
heal e, thedesamens membransrpceuivaiorrompisiathers-gpithelializaiionproeesst i onal |y and
cosnetically inferior to normal uninjured skin. This inferiority is
believed 10 to be a consequence of the arrangenent of collagen bundl es
Wi t hi n t gellul&oBEMThisachgieal, BCM dbgradagornBypiotsinases fand thé bwedrall Tegulativnl efgen
bundl es within normal skin ,are arranged in a con&%gx -d%nensiogal woven

n

3
ar r angen®ge PEICEEES (R _r?ﬁ@kﬁle’sb%@lkéf?‘%hafﬁémr%\r?rﬁ Fekey CHRF<Sh Obr s
i oh | evidhniddiing! A3 Hehlide! Pith CEVdihAE GEIkIAr ARRROR, bR o8l HightioOiddagen
bundl es wthin Scar tisstie are arranged I1n a nore planar nmanner, with 15
bundlles woinahicantexdtipmr elal edilulay integrintBGMcmtapictione sRuch irférectioms sregilate

3-di nensi onal weave and ji.ts replacenment _with a parallel_array. of collagen

bundl o5 9ol Eareapizaton s Bt impan-BEM MepBtor R ety ond Stnce. of
tissue Sﬁiﬁﬂfn'ggﬂoteiﬁﬁ,%‘lﬂlét gfbtélﬁaééﬁ’kﬁ?ﬁod%%%iﬁiﬂg ift6FR Mferhdiont Qi reaPdensi ve
research and study and there 20 are currently nunmerous net hods and

conposi t adhesionveai| eebll migrotion ébdartivouk93; Stephensoanst dhamand20(2alKinfgl ef @l udi ng

a nyriad passi,ve_ and. act.ive dressi ngs and bandages.. and topica
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of the cell growmh of non-transforned tissue. 25 Despite this, results have
been sonewhat inconsistent and the treatnent of chronic or slow healing
wounds cgnki. . riG nl £ I ' I jty.
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t r eat i Ng&VGrHISEs 20087 Gdikicper@iB000Nviafitswoitopenicedfecis n wouridredperkeratinauyesst s
capabl e of nodul ating the tissue repair 30 process, in s}gﬁr a vi/{ay s to
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(ili) Maturation (4 days- weeks or months)

Wound maturation (or remodelling) may take as little as days or weeks but the complete

process can last up to several years. During this phase contraction, decreased redness,
25 decreased thickness, decreased induration and increased strength of the wound is observed.

The wound contracts under the influence of myoﬁbroblasts, collagen production in the

granulation tissue decreases and blood vessels diminish. Wound healing is then completed -

by further re-epithelialization (Werner and Grose, 2003; Baum and Arpey, 2005).

30 Depending on the nature of the injury and the tissue, the disruption of the tissue integrity

may render a subject vulnerable to infection, blood loss, loss of tissue function or scarring.



6 The Euphorbi aceae famly of plants covers a wide variety of plants

I ncl udi ng weeds of Euphorbia species. It is wdely reported that a variety
of . i.ngenwemo7/psd84 cul arly i'ngenol.- conpounds are i sol abbPeTfAvamestonese
species. One intensively studied species of this group is Euphorbia
pilulifera L (synonyns E. hirta L., E. capitata Lam), whose conmon nanes 5
I ncl ude pill-bearing spurge, snakeweed, cat's hair, Queensland asthma weed
and fl owery-headed spurge. The plant is widely distributed in tropical
countries, including India, and in Northern Australia, including

Queensl and. Euphorbi a peplus is another species from which ingenol

angel at egfitehafddmAaE HeAlinY OPLWouRs, BINGRREViid] Tor HeCtbnlings hbalkamhant
Nos. 6,432,452, 6,787,161 and 6, 844,013). Ingenol-3-angelate is an ingenol
angel at evelBbaing pAdteesibieatl Maniyfieetdrsf canrad@ersplyiiiest thenwound healing|prodess,er

(Nvee) "B P GBS hehie PR RS Sor O O R it e A"
i ngenolpdn@apRéAicoh e NARE] SHISE, miinutHAYn, Cdibdasds, AGBliéd prdsbure, ifedls

efficacy in vivo has been clini caf.l y established. 15 SUMVARY OF THE
| NVENTI Citctiaiieugmedication {susheas fantistaness ardl staseidal dyeptmems)c Hnfegtiomviheun| ess

the con € HH :S €, T riese. sand variations such as
"conpri é)gé;sten%ng i%%@?@%%&hﬁ%ﬂq%%ﬁg%gg?%g %gn?'npl y the inclusion of
a stated integer or step or group of integers or steps 20 but not the

exclusign of any other integer or step or group. of integers qr steps
G ven t AETEFIQIEAVER OResse porne hﬁ%he%gﬂ? SFBVSRIS emaifig Sopt BRIUALLDOE vel |
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whi ch may resp ulate their production or enot ype€ response nay
be udef b benat camequegcavaiindte dxyanZbmpniowbtdohiggers bundiksitwitigin thei hécaleimig,

enhancing or qtherw se progressing t wound heal i racess and{ or
reduci ngg%?fawg_ Wingi My §’é§%r fq{ﬁ‘,augr."e hﬁ?%ﬁ&&%ﬂg’%é@g@&@n Ifqrmr'ﬁ‘g§{(%webe_en
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peri pheral Dl ood nononucl ear cell (PBNCs{ejsand can up-regul ate the

expr essiapangamgnth dukich orovidescligh devele pf elastieity emd e¢siligngg ta danlage. o thsund

heal i ng. . lt has al so en_shown that the 30.phenotype and pivot al nd
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its replacement with a parallel array of collagen bundles is believed to be responsible for

the loss of cosmesis at sites of tissue scarring.

Promotion of wound healing remains the focus of intensive research and study and there
20 are currently numerous methods and compositions available to treat wounds and promote
wound healing, including a myriad of passive and active dressings and bandages, and
topical medicaments, as well as physical and/or chemical debridement of necrotic tissue.
Wound healing might also involve necrosis, apoptosis and alteration of the cell growth of
non-transformed tissue.
25
Despite this, results have been somewhat inconsistent and the treatment of chronic or slow
healing wounds continues to pose a serious challenge for tﬁe medical fraternity. There
remains, therefore, the need for further agents and methods for treating wounds and the -
promotion of wound healing. Furthermore, agents capable of modulating the tissue repair - -
30 process, in such a way as to promote the development of a more normal collagen

architecture, would be expected to improve scar tissue quality:



WO 2007/ 059584PCT/ A1J2006/ 001781 7 to wound heal i ng outcones, particularly
for cutaneous wounds. Advantageously, this may also result in wound healing
~out cones wbbboweosgged scar formation. The present i nventpicayurov/@idyi des
new net hods for nodul ati ng cytoki ne psoducti on and the phenotype response
of fibroblasts and keratinocytes involved in wound healing. Thus, by
stinulating 5 the acute inflammtory response, such as increasing PW and
macr ophage migration and increasing pro-inflamatory cytokine | evels, wound
heal i ng can be pronoted. Thus, the invention provides nethods for wound
heal i ng and treating wounds. The invention al so provides agents which

pr onot e I I bt thus nmay
Davant ag i B pHetoRegRRfarfly of REE SOPHER pERCIAERL of BERL ekl aggs'or
Accor di nBiphorbin spedies.stt iasyidely repidnedeahatss parieiy dé thgenanes,hpmtiaflanhp thgenadli ng

t he producti on of on r re cytokines_ in, subj ect..in need er eof ,
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t he p$ odinclude pilbbearing spurgep smkeweek icatsshait, Quosnslant] ssthea wiced and floavsty-i n

need thereqf, conpri.si adm. ni. steri,ng t.0,said, subject. a d 1ing,.
o Tect | VSHbINEED! TP oL Btk 8 R S S, P e, B imo o
salt or W6AREHIARRRNBO Including® QRicHERAd] MERbhoABRE pasint M4 ahothbl epeciddvRbMES
topi cal 20 application of the ingenol conpound or a pharmaceutically

accept abwhichangenodangelaigs (gt prii-edsicer prapsetispdiane bsen ésolated gpre BSpbaiewtent
Y b . . . v _ .
Trovc oo GHELAES 76T E0CMI0 SRS RO BnsT, 18 B0 Sherie,

1L- 210 nbextakted andpulifed dront &, peslif)eindds pssthl, ikbebBq iis thertpeatdet of agtihisod of
nodul ati ng the phenotype response of dermal fibroblasts and

lor. . .
ker at i nosyteses; adanagyielaeema skipeeancen NMSC) toshors EeFHgtOB’Gala%q%"Wi‘%liaE?‘F-ng to
sai d subj | gt J I s I
ohar macorts SAPiTRAY AR ES aB ki Bal BREincRln R nloly SOR Y SO TPAND anl s
2007/ 059 84RGTihARA06 beéilciBically lestablishieier aspect the invention provides a
nmet hod of nodul ati ng the phenotype response of dernmal fibroblasts and/or
keratinocytes at a wound site of a subject in need thereof, conprising
adni@5séggbnquﬁyiﬂf@Pﬁyﬁhequqompdulating ef fective anount of an ingenol
conpound or a pharnmaceutically acceptable salt or prodrug thereof. In one
enbodi ment, 5 the admi nistration involves topical application of the

i ngenol und or a pharmaceutj,cally acceptahle salt, .or prodrug .thereof
Lo the wHTRBELTE s SheBREfREr T ot BRERRBRF. Ml aRCetipE Rl
met hod OfthORASD td\WorO¥BRpHRA! Aivdriations such as "comprises" and "comptising", will

be understood to imply the inclusion of a stated integer or step or group of integers or steps

20 but not the exclusion of any other integer or step or group of integers or steps.

Given the critical roles performed by growth factors and cytokines as well as fibroblasts
and keratinocytes in the process of wound healing, agents which may respectively
modulate their production or phenotype response may be useful in treating wounds by
25 promoting, stimulating, initiating, enhancing or otherwise progressing the wound healing
process and/or reducing or minimizing scarring, i.e. improving cosmesis. It has now been
shown that an ingenol compound can modulate immunostimulatory activity in peripheral
blood mononuclear cell (PBMCs) and can up-regulate the expression or production of
certain cytokines which play a role in wound healing. It has also been shown that the
30 phenotype and pivotal wound healing responses of dermal fibroblasts and keratinocytes -

can be modulated using such a compound. Such modulated alterations may be beneficial



a subject in need thereof, conprising admnistering to said subject a wound
heal ing 10 effective anmount of an ingenol conpound or a pharnmaceutically
accept abiyg®) s@tbsosey prodrug thereof.  In a further aspececT/Abgoosovest i on
provi des a nmethod of treating a wounds by pronoting wound healing in a
subject in need thereof, conprising topically applying a wound healing 15
ef fecti ve anount of an ingenol conpound or a pharnaceutically acceptable
salt, or prodrug thereof to the wound. In one enbodinment, the wound is a
cut aneous wound such as a dermal or epidermal wound. 20 In sonme enbodi nents
t he i ngenol conpound is selected fromingenol-3-angleate, 20-0-
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In another aspect the invention provides a method of modulating the production of one or
more cytokines at a wound site of a subject in need thereof, comprising administering to
said subject a modulating effective amount of an ingenol compound or a pharmaceutically
acceptable salt or prodrug thereof. In one embodiment, the administration involves topical
20 application of the ingenol compound or a pharmaceutically acceptable salt, or prodrug

thereof to the wound site.
In one embodiment, modulation involves increasing cytokine production.

25 In another embodiment, the one or more cytokines are selected from the group IL-1f, IL-2,

1L6, IL-8 and TNF-a

In another aspect, there is provided a method of modulating the phenotype response of
dermal " fibroblasts ‘and/or keratinocytes in a subject in  need thereof, comprising
30 administering to said subject a modulating effective amount of an ingenol compound ora

pharmaceutically acceptable salt, or prodrug thereof.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Bef ore descri bing the present
invention in detail, it is to be understood that unless otherw se

i ndi cat edyobhigoseseiiect invention is.not limted .to specipbiriathossigshyi ons of
20 components, manufacturing net hods, gdosage regi nes, or the Iike, as such
may vary. It is also to be understood that the term nol ogy used herein is
for the purpose of describing particular enbodinents only, and is not
intended to be limting. The singular fornms "a", "an" and "the" include

pl ural aspects unless the context clearly 25 dictates otherw se. Thus, for
exanple, reference to "an angel oyl substituted ingenane” or "an ingenol
angel at g _] | S| : S as
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i mprovenent, progression, acceleration, or ‘otherw se advancenent of one or
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wound may be acute or chronic. Chrqgnic, wund i.ncl udi ng pressure sores,
venous | Wcﬁm@ﬁ?éﬁ&ce@?@gﬁa&co? H‘Bﬁm@ﬁheé?éﬁoi%%wg Tlt?' be described as
wounds that fail to heal. Wilst the exact nol ecul ar pat hogenesis of
chronic wounds is not fully understood, it is acknow edged to be |

nul ti - f doteoethed aspees, th preseninaventionsesdes amethodiof msemeiiee woandhealipgdp| | s
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any internal wound, e.g. where the external structural integrity of the
ski n is theteef ai ned, such as in bruising or internal ulceration, or external
wounds, 15 particularly cutaneous wounds, and consequently the tissue may
be any internal or external bodily tissue. In one enbodinent the tissue is
skin (sush: Astheua®iecs kheinventien prdvédescundilios of wedtmgen wound bydproswtihgas a
dermal or epidernmal wound. K The human, skin. is conpﬁsed of two distinct
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i nternal organs and tiIs s fromextern trauma and pat hogeni c i nfecti on,
sensat i dherastiotiieewomrdequl ati on. The outernost |ayer of skin, the epiderms,
is approximately 0.04 mmthick, is avascular, is
In one embodiment, the wound is a cutanéous wound such as a dermal or epidermal
+ wound.
20
In some embodiments the ingenol compound is selected from ingenol-3-angleate, 20-O-

acetyl-ingenol-3-angelate and  20-deoxy-ingenol-3-angelate and  pharmaceutically

acceptable salts and prodrugs thereof.

25 The compounds contemplated by the invention may desirably assist in restoring,
developing or promoting normal collagen architecture and may therefore provide a method
for reducing or minimizing scarring or otherwise improving the cosmetic or functional
outcome, such as improved strength or elasticity, or reduced redness, thickness, induration,
or hypo-or hyper-pigmentation of a wound. In doiﬂg so the compounds may provide an

30 improved or accelerated rate for achieving this, particularly for chronic wounds whereby

the inflammatory response may be "kick-started" to promote healing.



25 conprised of four cell types (keratinocytes, nelanocytes, Langerhans
cells, and Merkel cells), and is stratified into several epithelial cell
_layers.. W@20mnsysspost epithelial.layer of the epiderm gCcTaubes/doamserent
menbrane, which is in direct contact smth, and anchors the epiderm s to,
the derms. Al epithelial cell division occurring in skin takes place at

t he basenent nenbrane. After cell division, the epithelial cells mgrate
towards the outer 30 surface of the epiderms. During this mgration, the
cells undergo a process known as keratinization, whereby nuclei are |ost
and the cells are transformed into tough, flat, WO

2007/ 059584PCT/ AU2006/ 001781 11 resistant non-living cells. Mgration is
conpl eted when the cells reach the out ernost epidermal structure, the
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for the skin's resilient, elastic nature. The subcutaneous tissue, found
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Before describing the present invention in detail, it is to be understood that unless
otherwise indicated, the subject invention is not limited to specific formulations of
20 components, manufacturing methods, dosagé regimes, or the like, as such may vary. It is
also to be understood that the terminology used herein is for the purpose of describing

particular embodiments only, and is not intended to be limiting.

The singular forms "a", "an" and "the" include plural aspects unless the context clearly
25 dictates otherwise. Thus, for example, reference to "an angeloyl substituted ingenane" or
"an ingenol angelate" includes a single compound, as well as two or more compounds as

appropriate.

As used herein, a "wound" refers to physical disruption of the continuity or integrity of
30 tissue structure. "Wound healing" refers to the restoration of tissue integrity. It will be

understood that this can refer to a partial or a full restoration of tissue integrity. Treatment



25 Wunds contenpl ated by the invention include cuts and | acerati ons,
surgical incisions or wounds, punctures, grazes, scratches, conpression

. wounds, @R hesses friction wounds (e.g. nappy rash, frpetriawaodsloosisers),
decubitus ulcers (e.g. pressure or bad sores); thermal effect wounds (burns
fromcold and heat sources, either directly or through conduction, 30
convection, or radiation, and electrical sources), chem cal wounds (e.qg.
acid or alkali burns) or pathogenic infections (e.g. viral, bacterial or
fungal ) including open or intact WD 2007/059584PCT/ AU2006/ 001781 12 boil s,
skin eruptions, blem shes and acne, ulcers, chronic wounds, (including
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bodily tissue. In one embodiment the tissue is skin (such as human skin), i.e. the wound is

a cutaneous wound, such as a dermal or epidermal wound.

The human skin is composed of two distinct layers, the epidermis and the dermis, below
20 which lies the subcutaneous tissue. The primary functions of the skin are to provide
protection to the internal organs and tissues from external trauma and pathogenic infection,

sensation and thermoregulation.

The outermost layer of skin, the epidermis, is approximately 0.04 mm thick, is avascular, is
25 comprised of four cell types (keratinocytes, melanocytes, Langerhans cells, and Merkel
cells), and is stratified into several epithelial cell layers. The inner-most epithelial layer of
the epidermis is the basement membrane, which is in direct éontact with, and anchors the
epidermis to, the dermis. All epithelial cell division occurring in skin takes place at the
basement membrane. After cell division, the epithelial cells migrate towards the outer
30 surface of the epidermis. During this migration, the cells undergo a process known as

keratinization, whereby nuclei are lost and the cells are transformed into tough, flat,
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practice of the present invention is the genus Euphorbia. Particularly
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Euphor bi a
dermis with no damage to the dermal blood vessels. A full thickness wound involves

20 disruption of the dermis and extends to deeper tissue layers, involving disruption of the
dermal blood vessels. The healing of the partial thickness wound occurs by simple
regeneration of epithelial tissue. Wound healing in full thickness wounds is more
complex. Cutaneous wounds contemplated by the invention may be either partial
thickness or full thickness wounds.

25
Wounds contemplated by the invention include cuts and lacerations, surgical incisions or
wounds, punctures, grazes, scratches, compression wounds, abrasions, friction wounds
-(e.g. nappy rash, friction blisters), decubitus ulcers (e.g. pressure or bed sores); thermal
effect wounds (burns from cold and heat sources, either directly or through conduction,

30 convection, or radiation, and electrical sources), chemical wounds (e.g. acid or alkali-

burns) or pathogenic infections (e.g. viral, bacterial or fungal) including open or intact



anacanpser os, Euphorbi a andronmedae, Euphorbi a angusta, Euphorbia anthonyi,
Euphor bi a anti guensi s, Euphorbi a apocynifolia, Euphorbia arabica,

- E uphor bivpoasi7msssss, Euphorbi a ari zoni ca, Euphorbi a ar keasanaoosteopisorbi a
arteagae, Euphorbia arundel ana, Eupharbia astroites, Euphorbia atrococca,
Euphor bi a baselicis, Euphorbia batabanensis, 30 Euphorbia bergeri,

Euphor bi a ber nudi ana, Euphorbi a bi col or, Euphorbia biform s, Euphorbia

bi furcata, Euphorbia bilobata, Euphorbia biranmensis, Euphorbia biuncialis,
WO 2007/ 059584PCT/ AU20061001781 14 Euphor bi a bl epharosti pul a, Euphorbi a

bl odgetti, Euphorbi a boerhaavi oi des, Euphorbia boliviana, Euphorbia bracei,

Euphor bi g . i : ' C | a(g'xﬁjc?u A or bi a
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uphor bi a
P bicyclo[4.4.1]-undecane ingenane skeleton. Such compounds are extensively reported and

known in the literature and can be isolated from plants such as from a species of the family
10 Euphorbiaceae as well as chemically synthesized (see for example Winkler et al, 2002 and
‘Tanino ef al, 2003). The compounds are generally found in extracts of the Euphorbiaceae
plants. An extract may comprise, therefore, sap or liquid or semi-liquid material exuded
from, or present in, leaves, stem, flowers, seeds, bark or between the bark and the stem.
Most preferably, the extract is from sap. Furthermore, the extract may comprise liquid or
15 semi-liquid material located in fractions extracted from sap, leaves, stems, flowers, bark or
other plant material of the Euphoriaceae plant. For ekample, plant material may be subject
to physical manipulation to disrupt plant fibres and extracellular matrix material and inter-
and intra-tissue extracted into a solvent including an aqueous environment. All such
sources of the compounds are encompassed by the present invention including compounds

20 obtained by chemically synthetic routes.

Reference herein to a member of the Euphorbiaceae family includes reference to species
from the genera Acalypha, Acidoton, Actinostemon, Adélz'a, Adenocline, Adenocrepis,
Adenophaedra, Adisca, Agrostistachys, Alchornea, Alchorneopsis, Alcinaeanthus,
25  Alcoceria, Aleurites, Amanoa, Andrachne, Angostyles, Anisophyllum, Antidesma, Aphora,
Aporosa, Aporosella, Argythamnia, Astrococcus, Astrogyne, Baccanrea, Baliospermum,
Bernardia, Beyeriopsis, Bischofia, Blachia, Blumeodondron, Bonania, Bradleia, Breynia,
Breyniopsis, Briedelia, Buraeavia, Caperonia, Caryodendron, Celianella, Cephalocroton,
Chaenotheca, Chaetocarpus, Chamaesyce, Cheilosa, Chiropetalum, Choriophyllum,
30 Cicca, Chaoxylon, Cleidon, Cleistanthus, Cluytia, Cnesmone, Cnidoscolus, Coccoceras,

Codiaeum, Coelodiscus, Conami, Conceveiba, Conceveibastrum, Conceveibum, Corythea,
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Euphorbia fruticul osa, Euphorbia garber, Euphorbia gaunerii, Euphorbia
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10 Maprounea, Melanthesa, Mercurialis, Mettenia, Micrandra, Microdesmis, Microelus,

Microstachy, Maocroton, Monadenium, Mozinna, Neoscortechinia, Omalanthus,
Omphalea, Ophellantha, Orbicularia, Ostodes, Oxydectes, Palenga, Pantadenia,
Paradrypeptes, Pausandra, Pedilanthus, Pera, Peridium, Petalostigma, Phyllanthus,
Picrodendro, Pierardia, Pilinophytum, Pimeleodendron, Piranhea, Platygyna, Plukenetia,
15 Podocalyx, Poinsettia, Poraresia, Prosartema, Pseudanthus, Pycnocoma, Quadrasia,
Reverchonia, Richeria, Richeriella, Ricinella, Ricinocarpus, Rottlera, Sagotia, Sanwithia,
Sapium, Savia, Sclerocroton, Sebastiana, Securinega, Senefeldera, Senefilderopsis,
Serophyton, Siphonia, Spathiostemon, Spixia, Stillingia, Strophioblachia, Synadenium,
Tetracoccus, Tetraplandra, Tetrorchidium, Thyrsanthera, Tithymalus, Trageia, Trewia,

20 Trigonostemon, Tyria and Xylophyila.

A preferred genus and particularly suitable for the practice of the present invention is the
genus Euphorbia. Particularly useful species of this genus include Euphorbia aaron-
rossii, Euphorbia abbreviata, Euphorbia acuta, Euphorbia alatocaulis, Euphorbia
25 albicaulis, Euphorbia algomarginata, Euphorbia aliceae, Euphorbia alta, Euphorbia
anacampseros, Euphorbia andromedae, Euphorbia angusta, Euphorbia anthonyi,
Euphorbia antiguensis, Euphorbia apocynifolia, Euphorbia arabica, Euphorbia ariensis,
Euphorbia arizonica, Euphorbia arkansana, Euphorbia arteagae, Euphorbia arundelana,
Euphorbia astroites, Euphorbia atrococca, Euphorbia baselicis, Euphorbia batabanensis,
30 Euphorbia bergeri, Euphorbia bermudiana, Euphorbia bicolor, Euphorbia biformis,

Euphorbia bifurcata, Euphorbia bilobata, Euphorbia biramensis, Euphorbia biuncialis,
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nmel anadeni a, Euphothi a mel anocarpa, Euphorbia neridensis, Euphorbia
nmertonii, Euphorbia nexiae, Euphorbia mcrocephala, Euphorbia mcroclada,
Euphorbi a m cronmera, Euphorbia m sella, Euphorbia m ssurica, Euphorbia
nont ana, Euphor bi a nont ereyana, Euphorbia nulticaulis, Euphorbia
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colimae, Euphorbia colorata, Euphorbia commutata, Euphorbia consoquitlae, Euphorbia
convolvuloides, Euphorbia corallifera, Euphorbia creberrima, Euphorbia crenulata,
10  Euphorbia cubensis, Euphorbia cuspidata, Euphorbia cymbiformis, Euphorbia
darlingtonii, Euphorbia defoliata, Euphorbia degeneri, Euphorbia deltoidea, Euphorbia
dentata, Euphorbia depressa Euphorbia dictyosperma, Euphorbia dictyosperma,
Euphorbia dioeca, Euphorbia discoidalis, Euphorbia dorsiventralis, Euphorbia drumondii,
Euphorbia duclouxii, Euphorbia dussii, Euphorbia eanophylla, Euphorbia eggersii,
15 Euphorbia eglandulosa, Euphorbia elata, Euphorbia enalla, Euphorbia eriogonoz’des,
Euphorbia eriophylla, Euphorbia esculaeformis, Euphorbia espirituensis, Euphorbia
esula, Euphorbia excisa, Euphorbia exclusa, Euphorbia exstipitata, Euphorbia exstipulata,
Euphorbia fendleri, Euphorbia filicaulis, Euphorbia filiformis, Euphorbia florida,
Euphorbia firuticulosa, Euphorbia garber, Euphorbia gaumerii, Euphorbia gerardiana,
20 Euphorbia geyeri, Euphorbia glyptosperma, Euphorbia gorgonis, Euphorbia gracilior,
Euphorbia gracillima, Euphorbia gradyi, Euphorbia graminea, Euphorbia graminiea
Euphorbia grisea, Euphorbia guadalajarana, Euphorbia guanarensis, Euphorbia
gymnadenia, Euphorbia haematanth&, Euphorbia hedyotoides, Euphorbia heldrichii,
Euphorbia helenae, Euphorbia helleri, Euphorbia helwigii, Euphorbia henricksonii,
25 Euphorbia heterophylla, ' Euphorbia hexagona, Euphorbia hexagonoides, Euphorbia
hinkleyorum, Euphorbia hintonii, Euphorbia hirtula, Euphorbia hirta, Euphorbia hooveri,
Euphorbia humistrata, Euphorbia hypericifolia, Euphorbia inundata, Euphorbia involuta,
Euphorbia jaliscensis, Euphorbia jejuna, Euphorbia johnston, Euphorbia juttae,
Euphorbia knuthii, Euphorbia lasiocarpa, Euphorbia lata, Euphorbia latazi, Euphorbia
30 lgtericolor, Euphorbia laxiflora Euphorbia lecheoides, Euphorbia ledienii, Euphorbia
leucophylla, “Euphorbia lineata, Euphorbia linguiformis, Euphorbia longecornuta,
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20 pol ycoaymodesss£uphor bi a pol yphyll a, ~Euphor bi a port opctamlessoofzgphor bi a
portul acoi des Euphorbi a portul ana, Euphorbia preslii, Euphorbia prostrata,
Euphor bi a pteroneura, Euphorbia pycnant hema, Euphorbia ranosa, Euphorbia
rapul um Euphorbi a renyi, Euphorbia retroscabra, Euphorbia revol uta,
Euphorbi a rivularis, Euphorbia robusta, Euphorbia ronpbsa, Euphorbia rubida,
Euphor bi a rubrosperma, Euphorbia rupicola, 25 Euphorbia sanmartensis,
Euphorbi a saxatilis M Bieb, Euphorbia schizol oba, Euphorbia
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conpact
opthalmica, Euphorbia ovata, Euphorbia pachypoda, Euphorbia pachyrhiza, Euphorbia
padifolia, Euphorbia palmeri, Euphorbia paludicola, Euphorbia parciflora, Euphorbia
parishii, Euphorbia parryi, Euphorbia paxiana, Euphorbia pediculifera, Euphorbia
15  peplidion, Euphorbia peploides, Euphorbia peplus, Euphorbia pergamena, Euphorbia
perlignea, Euphorbia petaloidea, Euphorbia petaloidea, Euphorbia petrina, Euphorbia
-picachensis, Euphorbia pilosula, Euphorbia pilulifera, Euphorbia pinariona, Euphorbia
pinetorum, Euphorbia pionosperma, Euphorbia platysperma, Euphorbia plicata,
Euphorbia poeppigii, Euphorbia poliosperma, Euphorbia polycarpa, Euphorbia
20 polycnemoides, Euphorbia polyphylla, Euphorbia portoricensis, Euphorbia portulacoides
Euphorbia portulana, Euphorbia preslii, Euphorbia prostrata, Euphorbia pteroneura,
Euphorbia pycnanthema, Euphorbia ramosa, Euphorbia rapulum, Euphorbia remyi,
Euphorbia retroscabra, Euphorbia revoluta, Euphorbia rivularis, Euphorbia robusta,
Euphorbia romosa, Euphorbia rubida, Euphorbia rubrosperma, Euphorbia rupicola,
25 Euphorbia sanmartensis, Euphorbia saxatilis M. Bieb, Euphorbia schizoloba, Euphorbia
sclerocyathium, Euphorbia scopulorum, Euphorbia senilis, Euphorbia serpyllifolia,
Euphorbia serrula, Euphorbia setiloba Engelm, Euphorbia sonorae, Euphorbia soobyi,
Euphorbia sparsiflora, Euphorbia sphaerosperma, Euphorbia syphilitica, Euphorbia
spruceana, FEuphorbia subcoerulea, Euphorbia stellata, Euphorbia submammilaris,
30 Euphorbia subpeltata, Euphorbia subpubens, Euphorbia subreniforh'ze, Euphorbia

subtrifoliata, Euphorbia succedanea; Euphorbia tamaulipasana, Euphorbia telephioides,



Particularly preferred species of the genus Mnadeni umi ncl ude Monadeni um
| ugar dae and Mbnadeni um guentheri. 15 A preferred species of the genus

Endadeni wgheo7feskggeni um gosswei | eni . - Euphor bi a pepl us pgTRanRbicierRil v -
useful in the practice of the presentisi nvention in terns of providing a
source of ingenol angel ates. Reference herein to "Euphorbia peplus” or its
abbreviation "E. peplus " includes various varieties, strains, lines,
hybrids or derivatives of 20 this plant as well as its botanical or
horticultural relatives. Furthernore, the present invention may be
practiced using a whol e Euphorbi aceae plant or parts thereof including sap
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2007/ 0595 001781 17 invention and is I ncluded within the scope
of the above-nmentioned terns. I n one enbodi ment of the invention, the

 ngenol ﬁé)nr}?ﬁ%rﬁ‘f p?e%grret:c{] gpgc?ersn&] fhe g%nus X\),)nneardgllfnj;'mz include Synadenium grantii and

10  Synadenium compactum.

Particularly preferred species of the genus Mornadenium include Monadenium lugardae

and Monadenium guentheri.
15 A preferred species of the genus Endadenium is Endadenium gossweileni.

Euphorbia peplus is particularly useful in the practice of the present invention in terms of
providing a source of ingenol angelates. Reference herein to “Euphorbia peplus” or its
abbreviation “E. peplus” includes various varieties, strains, lines, hybrids or derivatives of
20 this plant as well as its botanical or horticultural relatives. Furthermore, the present
invention may be practiced using a whole Euphorbiaceae plant or parts thereof including
sap or seeds or other reproductive material may be used. Generally, for seeds or

reproductive material to be used, a plant or plantlet is first required to be propagated.

25 Reference herein to a Euphorbiaceae plant, a Euphorbia species or E. peplus further
encompasses genetically modified plants. Genetically modified plants include trangenic
plants or plants in which a trait has been removed or where an endogenous gene sequence
has been down-regulated, mutated or otherwise altered including the alteration or
introduction of genetic material which exhibits a regulatory effect on a particular gene.

30 Consequently, a plant which exhibits a character not naturally present in a Euphorbiaceae

plant or a species of Euphorbia or in E. pepluys is nevertheless encompassed by the present



Rl -R3 are independently selected from hydrogen, optionally substituted

al kyl, optionally substituted al kenyl, optionally substituted al kynyl,

opt i onal w0 200595841t ed 10acyl, opti onal I'y- substituted argirauzgic/008530) 2R
S(0) 201V, P(0)(01V)2 (wherein R is hydrogen, alkyl, alkenyl, alkynyl,
acyl, aryl, or arylalkyl) and glycosyl; and R4 is sel ect ed fron1hydrogen,
hydroxy, optionally substituted al koxy, optionally substituted al kenoxy,
optionally substituted al kynoxy, optionally substituted acyl oxy, optionally
substituted aryl al koxy, OS(0)2R , OS(0)20R, OP(0)(ORD2 15(wherein Ris
hydr ogen, al kyl, al kenyl, al kynyl, acyl, aryl, or arylal kyl) and glycoxy
In a OnQnﬁéﬁi{Qﬂ'aﬂB"@1n@ﬁldéd‘ﬁnﬂ1ﬁyﬁefsbd§é of e allﬁﬂ&hléhﬁ@n&f tefhs R4 i s not
hydrogen. In a preferred formtheréeof, R is not hydrogen. 20 WO

2007/ 059584PCT/ AU2006/ 001781 18 aIkynyI In a nore preferred enbodi nent
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enbodi mrents of the invention, one of RI-R3 is an angel oyl group, as

depicted by 5 the fornmula below, or R4 is angg-angeloyl group. Such

conpounds are referred to herein as ingenol ahgelates. In a particularly
preferred enbodi rent of the invention, Rl is 3n ang
certain enbodi ments of the inventiop—e
R2 and R3 may al so form a nethyl enef or gthyle
enbodi ments of the invention Rdujg hydr
racetoxy. 15

el oyl group. 10 In
R2 and R3 are hydrogen.
MOXY group. In certain

) X_Oor acyl oxy, such as

wherein _
RI-R® are independently selected from hydrogen, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted
10 acyl, optionally substituted arylalkyl, S(O)R', S(O),OR', P(O)(OR"), (wherein R' is
hydrogen, alkyl, alkenyl, alkynyl, acyl, aryl, or arylalkyl) and glycosyl; and
R* is selected from hydrogen, hydroxy, optionally substituted alkoxy, optionally
substituted alkenoxy, optionally substituted alkynoxy, optionally substituted
 acyloxy, optionally substituted arylalkoxy, OS(O);R', OS(O);OR', OP(O)(OR'"),
15 (wherein R" is hydrogen, alkyl, alkenyl, alkynyl, acyl, aryl, or arylalkyl) and
glycoxy.

In a one embodiment of the invention, at least one of R'-R* .is not hydrogen. In a preferred
form thereof, R' is not hydrogen.

20
In one particular embodiment of the invention, R' is an optionally substituted acyl group
C(O)-R. In further embodiments thereof, R is optionally substituted alkyl, alkenyl or



In certain enbodi nents of the invention, conpounds for use in the described
nmet hods are i ngenol-3-angel ate, 20-0-acetyl -ingenol-3-angel ate and

20- deoxywWwoaemiesss angel at e and, pharmaceuti cal | y accepibpelplaaresidosrsand
prodrugs thereof. WO 2007/059584PCT/$AU2006/ 001781 19 R4 = OH,

i ngenol- 3-angel ate R4 = QAc, 20-0-Acetyl-ingenol-3-angelate R4 = H,

20- deoxy-i ngenol- 3- angel at e In a particul ar enbodi nent of the present

i nvention the conpound is ingenol-3-angelate (also referred to herein as
"PEPO05"). Reference herein to "ingenol-3-angelate” or 5 "PEP0O05" i ncl udes
naturally occurring as well as chemcally synthetic fornms. Al kyl ati on,

al kenyl gg gﬂﬂ Iﬁ'a‘ix\f&% ﬁé&‘eﬁéﬁ exﬁsa/dxﬁkhwh&tebpm flhy B6 YiAibhtuhakeet tenchad kh@d out
on tthe In ol s using methods known in the art_ of synthetic

cheni st mayfhave ap Itq/6 at ipitp lQad:arbmydttamlsoh} oud ybgdimentdhereef; R iabrapched. ng or
acylating free hydroxy groups (see for 10 exanple, G eene and Witz, 1999;
March, 5th Edition; Larock, 1999; the entire contents of which are

i ncor pogab&hiA Eﬁaﬁbﬂinﬁ)ﬁtsrcﬁftﬁé BRESon, Eﬁé oﬁRb-Rﬁ lian dnpdlogk grouppasndepiuacd be
al kyl ated (or arylalkylated usin (or arylalkyl) halides, such as
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base or aﬁ%&@ﬂ@mﬁg agent. G ycosidic formati on may be effected chemcally,
for exanple, by reacting the ingenol conpound with a protected sugar
conpound in which G 1 has been activated by hal ogenation for coupling with
t he hydroxyl or carboxyl groups and thg sugar hydroxyl groups have been

bl ocked by protecting groups.

10 In certain embodiments of the invention one or both of R? and R? are hydrogen. R? and R®

may also form a methylene or ethylene dioxy group.

In certain embodiments of the invention R is hydrogen, hydroxy or acyloxy, such as

acetoxy.

15
In certain embodiments of the invention, compoﬁnds for use in the described methods are

ingenol-3-angelate, 20-O-acetyl-ingenol-3-angelate and 20-deoxy-ingenol-3-angelate and,

pharmaceutically acceptable salts and prodrugs thereof.



Alternatively, glycoside formation may be effected enzymatically using an
appropriate 20 glycosyltransferase such as UDP-gal act ose dependent

gal act ocwo smmmeisssase and UDP- WD 2007/ 059584PCT/ AU2008¢0A260k/08078g! ucose
dependent gl ycotransferase. Preferred9C 1 |inked sacchari des area furanose
or pyranose saccharide (sugar) substituent which is linked to the ingenol
angel ate structure through G 1 of the saccharide (conventional nunbering)
to forman acetyl linkage. Exenplary saccharide groups include reducing
sugars such as glucose, ribose, arabinose, 5 xylose, mannose and

gal act oses, each being |inked to an oxygen atom of the ingenol conpound.

Sul fate, sul fonate.-and phosphate groups can be priepared by nethod known in
the art.. Exanpl es of Ri include hydrogen, Cl 6alkyl phenyl and benzyl. 10
As used herein, the term"alkyl" denotes 3 ' branched or cyclic
al kyl, preferably C1..20 alkyl, e.g. G /10 y Cl- Zxanpl es of straight
chain and branched aIkyI |nclude metdyy) [ ethyl, nipfopy, isopropyl,
n-butyl, sec-butyl, t-butyl, n- pentyl neth,op opyl ,

1, 1-di et hyl - propyl, hexyl, s SN hyIﬁHntyI 2- met hyl pentyl
3- 15 nethyl pentyl, 1,1- dinethy [ | but yl
3, 3-di net hyl butyl, 1, 2 di met hyl but ' '
1,2, 2, trlnethylpropyl 1,1, B
met hyl hexyl, 2,2-di ne hylpen
1, 2-

, 5-met hyl hexyl, 1-
4, 4- di met hyl pentyl ,

R4

R*= OH, ingenol-3-angelate
- R*= OAc, 20-O-Acetyl-ingenol-3-angelate
R%= H, 20-deoxy-ingenol-3-angelate

In a particular embodiment of the present invention the compound is ingenol-3-angelate
(also referred to herein as "PEP005"). Reference herein to "ingenol-3-angelate" or

5 "PEPO005" includes naturally occurring as well as chemically synthetic forms.

Alkylation, alkenylation, alkynylation, arylalkylation or acylation can be carried out on the
ingenol compounds using methods known in the art of synthetic chemistry for alkylating,
alkenylation, alkynylation, arylalkylating or acylating free hydroxy groups (see for

10 example, Greene and Wutz, 1999; March, 5™ Rdition; Larock, 1999; the entire contents of
- which are incorporated herein by reference). For example, hydroxy groups can be
alkylated (or arylalkylated) using alkyl (or arylalkyl) halides, such as methyl iodide (or
benzylbromide), or dialkyl sulfates, such as dimethyl or diethyl sulfate. Acylation can be
effected by treatment with appropriate carboxylic acids, acid halides and acid anhydrides

15 in the presence of a base or a coupling agent. Glycosidic formation may be effected
chemically, for example, by reacting the ingenol compound with a protected sugar
compound in which C-1 has been activated by halogenation for coupling with the hydroxyl

~or carboxyl groups and the sugar hydroxyl groups have been blocked by protecting groups.
Alternatively, glycoside formation may be effected enzymatically using an appropriate

20 glycosyltransferase such as UDP-galactose dependent galactocyliransferase and UDP-



di met hyl pentyl, 1, 3-dinethyl pentyl, 1,4-dinethyl-pentyl,

1,2,3-trinmethyl butyl, 1,1,2- trimethylbutyl, 1,1, 3-trinethylbutyl,

octyl, 6- REd boo7 oy | , 1- net hyl heptyl, 1,1,3,3- 20 tetraperhAy2bostopizsi nonyl ,
1-, 2-, 3-, 4-, 5-, 6- or 7-methyl-oewyl, 1-, 2-, 3-, 4- or 5- ethyl heptyl,
1-, 2- or 3-propyl hexyl, decyl, 1-, 2-, 3-, 4-, 5-, 6-, 7- and

8- net hyl nonyl, 1-, 2-, 3-, 4-, 5- or 6-ethyloctyl, 1-, 2-, 3- or

4- pr opyl heptyl undecyl 1-, 2- 3-, 4-, 5-, 6-, 7-, 8- or 9-nethyldecyl,
1-, 2-, 3-, 4-, 5-, 6- or 7-et hyI nonyl 1-, 2-, 3-, 4- or 5-propylocytl,

1-, 2- or 3- butyI heptyl, 1-pentyl hexyl, dodecyl, 1-, 2-, 3-, 4-, 5-, 6-,

7-, 8- co?é d@ﬂendgﬁ’t E@EWMM@S@Y' PreferredZCvl ﬁnked45acc§ar1de§'area7furﬁ’(ose or
8- ethyl 6- propyl nonyl, 1-, 2-

4-but yl q:cytqdose sacthcraiet CShgathylbstmt wihich isdinkegxarthe éngeoel mxgglaiecswm (al so

referre ude,.m 03 y.cyglic such
as cycl §€IC 1 ég tﬁ%tﬁaé“[ha 1892@%\@3}19}}2@ cuy% e(SﬁlgiQP fo c?‘ghé%'l ﬁfn%&es
cycl ooctmlemmlsmamae gFlph Qﬁtﬂ@d@ redﬁtdn% beparé ksch e\AhgueosannBédeyhrabmsm i's
referred to generally as "propyl", but etc, it will

5 xylose, mannose and galactoses, each bemg linked to an oxygen atom of the ingenol

compound.

Sulfate, sulfonate and phosphate groups can be prepared by method known in the art.
Examples of R' include hydrogen, C;¢alkyl, phenyl and benzyl.
10
As used herein, the term "alkyl" denotes straight chain, branched or cyclic alkyl, preferably
Ci20 alkyl, e.g. Cr.jo or C1.s. Examples of straight chain and branched alkyl include
methyl, ethyl, #-propyl, isopropyl, n-butyl, sec-butyl, z-butyl, r-pentyl, 1,2-dimethylpropyl,
1,1-dimethyl-propyl, hexyl, 4-methylpentyl, 1-methylpentyl, 2-methylpentyl, 3-
15 methylpentyl, 1,I-dimethylbutyl, 2,2-dimethylbutyl, 3,3-dimethylbutyl, 1,2-dimethylbutyl,
1,3-dimethylbutyl, 1,2,2,-trimethylpropyl, 1,1,2-trimethylpropyl, heptyl, 5-methylhexyl, 1-
methylhexyl, 2,2-dimethylpentyl, 3,3-dimethylpentyl, 4,4-dimethylpentyl, 1,2-
dimethylpentyl, 1,3-dimethylpentyl, 1,4-dimethyl-pentyl, 1,2,3-trimethylbutyl, 1,1,2-
trimethylbutyl, 1,1,3-trimethylbutyl, octyl, 6-methylheptyl, 1-methylheptyl, 1,1,3,3-
20 tetramethylbutyl, nonyl, 1-, 2-, 3-, 4-, 5-, 6- or 7-methyl-octyl, 1-, 2-, 3-, 4- or 5-
ethylheptyl, 1-, 2- or 3-propylhexyl, decyl, 1-, 2-, 3, 4-, 5-, 6-, 7- and 8-methylnonyl, 1-,
2-, 3-, 4-, 5- or 6-ethyloctyl, 1-, 2-, 3- or 4-propylheptyl, undecyl, 1-, 2-, 3-, 4-, 5-, 6-, 7-,
8- or 9-methyldecyl, 1-, 2-, 3-, 4-, 5-, 6- or 7-ethylnonyl, 1-, 2~, 3-, 4- or 5-propylocytl, 1-,
2- or 3-butylheptyl, 1-pentylhexyl, dodecyl, 1-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9- or 10-
25 methylundecyl, 1-, 2-, 3-, 4~, 5-, 6-, 7- or 8-ethyldecyl, 1-, 2-, 3-, 4-, 5- or 6-propylnonyl,
1-, 2-, 3- or 4-butyloctyl, 1-2-pentjflhepty1 and the like. Examples of cyclic alkyl (also
referred to as "cycloalkyl") include mono- or polycyclic alkyl groups such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl and
the like. Where an alkyl group is referred to generally as "propyl”, butyl” etc, it will be

30 understood that this can refer to any of straight, branched and cyclic isomers where



30 understood that this can refer to any of straight, branched and cyclic

i sonmers where WD 2007/ 059584PCT/ A1J2006/ 001781 21 appropriate. An al kyl
group nmaw®eossisehal |y substituted by one or nore opti @CRARMELOLTISUt ent S
as herein defined. The term "al kenyl "21as used herein denotes groups forned
from straight chain, branched or 5 cyclic hydrocarbon residues containing
at | east one carbon to carbon double bond including ethylenically nono-,

di - or poly-unsaturated al kyl or cycloalkyl groups as previously defined,
preferably C2.20 al kenyl (e.g. C2-10 or .6). Exanpl es of al kenyl include
vinyl, allyl, 1-nmethylvinyl, butenyl, iso- butenyl 3- net hyl - 2- but enyl ,

1- pent en@pproma@ op%lntaﬁtygrlgroup med3hpk - mmhmlﬂ;e mu‘mmjzuted byheney | mod- bptiﬁmyl

cycl ohex en 3-heptenyl, 1-octenyl, cyclooctenyl,
1- nonenyﬁeﬁb%fuhe F?e*ﬁ ; %Q#B?ﬁ’gnyl . 1-decenyl, 3- decenyl, 1,3-butadienyl,

1- 4, pent adi enyl, 1, 3-cycl opentadi enyl, 1, 3-hexadi enyl, 1,4- hexadi enyl,
1, 3- cyclohexadlen , 1, 4- cyclohexadlenyl 1, 3- cycloheptadlenyl 1,3, 5-
cycl ohep¥kg term n?lkelé)ﬂ'('j ag ugdtherein ehotos grovies famed IﬁOrH\ﬁtragkedgain @ramhedmy be

opt i opal d one_or _.nbre optional s bsti tut ) he

oot g o1t b rean a0 Pedbhai R o Tkt orte LHRBRL 0 ef?]ﬁfs doBplehon

strai ghtinclding, ethylenichityl moncy @i 6r Hidli}' Qﬁs%.[tb@t@drzﬁﬁyld U?%y@l@;ﬁﬂ@l @r&ﬂ)saés | east
one carbon-car b&r tr| pl e _baond inclu |n? et hypi cal | y nono-, di- or pol

unsat ur dre¥osikdefiged, cRrefesahli F2o9 radegssT 4e.2p 8t sizg)- defxamples Of lalissy he

gfggﬁ;l Fhotid LAIRTEL @tﬁ;@?ﬁ&&xam fCishBLithor & @hﬁg%g@,& O,pb%;cnzylzo 20

2- pr Opyrnwc opamdnﬂduﬂ yngthyl-geiepeatensl) d -herhyl) B-hdxeayie rcycloRkaaly K YRMepteiydup may
be Oﬁi Q{l g Uﬁftl tu ed&g one or, nore optional substi tutents as_ herein
def i ned. g‘ﬂ% % ir “5?“9’ %%‘Et%‘éylaﬂyn%’fenﬁ néjﬂ@nené(bl 1-degepilgaled and
f d t f I
used reRceyasS DOI- bﬁédféh?ﬂa 1'@%@( ?ﬁﬁaf W@-cgélﬁger@%'cﬁé% L Eﬁ%ﬁ%&@lo 1L2'Y

i ncl ude pheny’l bi pheny ter ‘quat e

'([j Iell:) (ra ﬁggﬁeﬁn@pﬁulhyﬂ 3-%1dhlemrhﬂwll ﬂﬂmydkoinﬁmltdmg(&,e n, B—cyblhxgzeﬁndmnyélgerl)ﬂ ,5-
chr ysenﬁydogﬂgtf‘%ﬂppggméf@l q"t’gz élgg CiaY ﬁ?ﬂy A %% megmufhﬁﬂ r b OQﬁBWE%'my be

opt i onalshwst&uea%gbﬁéeﬂmlay C@ﬂﬁm@fsdﬁ@ﬁﬁtéﬁ@ds%?émaém%dtuems as herein
defined. WD 2007/ 059584PCT/ A1J2006/ 001781 22 The term "acyl" denotes a

groul® C(0)-R wherein Ris a hydr ogen, al kyl, al kenyl, al kynyl, aryl al kyl

or aryl 8 i.ncl ude Eor St.rai

br anched SiediBts AR B ekt Sengi iS5 PP trgms et Shaf Ptofte or
2- et hylcpblﬁmhpdmbarb@xe BésidiRy |confirdngl Iaﬂ@éabﬁ/bﬁ 48O Arboh &XPROYANd hem&a@oyl
oct anoyl , non?noyl decanoyl ., 5 undecanoyl, dodecanoyl, tridecanoy

t et r adeCHpE4l Yp'éﬁ{lcadééaﬁb;noiy-hw%%taﬁo@}kyl nresyela@lsah@wups&& amrmnldw
d bonyl
nona eceapxéd aﬁﬂm;&hé% ke ofé’a?h%g%ls 9@@%3&%9 ety jq%ef%kf% f&&é}% €8 gg[‘y

cycl obut'yl carbony cyc pent onyl car

chai2d oralltymahc(hgd Galikendid.e)( eBgamﬁEs Ziﬁ;cluslelodﬂlml ang;eélgmlyl mpﬁb;ﬁzhsil\{lanﬂUCh as
benzoyl b, and ht hi¥ The si due may %E t| o ally, substituted
as descrkﬁu f Sy %‘? SPPer AN @-{1%}}51 grgupiﬁlam QF‘%; psubtitytedibyed
herein, oabbs Moﬁ‘é’&ﬁﬂmgb’s@&lﬁféﬁlts H¥din 8fined.

The term "aryl" denotes any of single, polynuclear, conjugated and fused residues of
25 aromatic hydrocarbon ring systems. Examples of aryl include phenyl, biphenyl, terphenyl,
quaterphenyl,  naphthyl, tetrahydronaphthyl,  anthracenyl, dihydroanthracenyl,
benzanthracenyl, dibenzanthracenyl, phenanthrenyl, fluorenyl, pyrenyl, idenyl, azulenyl,
chrysenyl. Preferred aryl include phenyl and naphthyl. An aryl group may be optionally
substituted by one or more optional substituents as herein defined.
30



defined herein. In one enbodinent, the alkyl group is termnally
substituted by the aryl group. Exanples of arylal kyl include phenylC

- C2oal kylweuehosssshbenzyl , phenyl et hyl, 15 phenyl propyl, ppiranpgbdsaoyiss - -
phenyl pentyl and phenyl hexyl. One or Z%aoth of the alkyl and aryl groups may
be i ndependently optionally substituted by one or nore optional
substituents as descri bed herein. Optional subtitutents for alkyl, alkenyl,
al kynyl, arylal kyl, aryl, and thus acyl, include: halo 20 (chloro, brono,

i odo and fluoro), hydroxy, Cl-6 al koxy, Cl.6alkyl, phenyl, nitro,

hal onmet hyl (e.g. tribrononethyl, trichloronethyl, trifluoronethyl),

hal omet heyy 19-|ac§1r' icfeth‘%!ie %ggﬁ’?g?‘%(?m Ryt 9%y hydreEéh, Glifialaliehyl, am no

(NH2), C1..6al kylam no, (e.gqg. yl'am no, ethyl am no and propyl an no)
di G . 6al kikyayhi auylglsyhor divireesidueafixamplel ef hgyldntlude Soranydi piraighti epimoy
CO2H, CQRCL. | kyl . .thio (S d CL. 6allcylthi A ' I
subst i t uBREERE I (e Ctme bt HRrarery by ot - By BRapeny
(C=0) ogr g&ﬁamyl,@x-@&emymé%hbyn eheRbnd,NidRAR vl sokanogl, ortandil, deddnolie
recogni zed that” during Synthetic or sem synthetic processes for the

pr epa? at hndecafioyln gdadstanoyhp tideganaybnt teiiglegenayl.byentadeqsparle nhexadoeaneylon, it

Ty be 1 SRRt oA ARG Rk BULRE JecthiRSE: ARG BT AT B0
under t ak @fclo%;)yla@ﬂb@nﬂr SjcisHukyIearis P ydlepensyledtbonD and cyclohexylearbonyl;

2007/ 059584PCT/ AU2006/ 001781 23 functional groups aﬁre known ip the art and
may be uSerighinchair ¢ deranched; alenovh (s G20 avFp @8 angeloyk eapdnanoyl such ge term

"protecti o f [ ﬁeﬁﬁ@éu.b&i’t WHicRelsitRerarily
renders gg%a {’?&éiﬂ?%lra%%ﬁ@ﬁl%}géﬁsg)te%ﬂﬂﬁg@?iﬂ:?tea.ﬁﬁguc pr ot Ielct iange(fr oups and
met hodls hexeiri. heir installation and subsequent renpval at an appropriate
stage are well 5 known (G eene and Witz, 1999). The present invention also
rel ates to prodrugs of ingenol conpounds. Any conpound that is a prodnig of
an i ngenoly GOMRAH MoupSisVn' 4l $:06p 36 ALBn@ Hereil Siblstifited B ah B¥ANSORH as ThE

term "prodru I"s “us dlsl nits %r?oadest sense and enconpasses those

deri vat i defingdHzreiar dn b@e cmbodintent) the alkyl groupiis tesminaHy wrbstitetad by the aryl

. hydrol yticall to the ¢ ound f .the d nvention., Such deriyvatiV woul d
ondi Ly geoa Eseprss O aRinretmen B mbeafiC taalkyinlin gl Beaf phEWIHED,
corrp@s*_nd%»hml}%@pﬂ, bras/ bl phenyHeatid ahé pRORNIREEdOh8 00 bath efSthelaligl and
anhydride. Procedures for acylating the conpounds of the invention, for
exanpl e &yl pgropps anays berindensadenily, ontienaly| subsiibigd by eife OnrmoLen QPlieAal

i ncl ude tr.eatnent. of t ound with an 15 appropriate carboxylic acid,
anhydri déu%%g%eﬁ%oqﬁﬁgﬁcr{l%ﬁdf‘%g&pr esence of a suitable catalyst or base. O her

conventional procedures for the selection and preparation of suitable
prodrugs _are known in the art and_are described, for exanple,

00/b |234ﬁ99Pﬁ5éfﬁ1 gEbtisptends égronlk»@sa}lkmhsﬁﬂsmh@&é?l&zl, eyl angthys Acgh il@h&%\!\g@b
Publ ' . ; . i on.
B e

(e.g.  tribromomethyl, = trichloromethyl, triflnoromethyl), halomethoxy (e.g.

_ trifluoromethoxy, tribromomethoxy), C(O)Cigalkyl, amino (NH;), Ci.salkylamino, (e.g.
methylamino, ethylamino and propylamino) diCjgalkylamino (e.g. dimethylamino,
diethylamino and dipropylamino), CO,H, CO,Cy alkyl, thio (SH) and Ci.salkylthio. An

25 optional substituent also includes the replacement of a CH; group by a carbonyl (C=0)

group or may be a methylene or ethylene dioxy group.

It will be recognized that during synthetic or semisynthetic processes for the preparation
of ingenol compounds contemplated by the present invention, it may be necessary or
. 30 desirable to protect other functional groups which may be reactive or sensitive to the

reaction or transformation conditions undertaken. Suitable protecting groups for such



20 contents of which are incorporated herein by reference. Suitable

phar maceutical ly acceptable salts of conpounds include, but are not limted
to sal t swib2@hesesaceuti cal |y acceptabl e inorgani ¢ aci dspreuu260/001781
hydrochl ori c, sul phuric, phosphoric nBtric, carbonic, boric, sulfamc, and
hydrobrom ¢ acids, or salts of 25 pharmaceutically acceptabl e organic acids
such as acetic, propionic, butyric, tartaric, maleic, hydroxymnaleic,
fumaric, maleic, citric, lactic, mucic, gluconic, benzoic, succinic,

oxal i c, phenyl acetic, nmethanesul phonic, toluenesul phonic,

benezenesul phoni c, salicyclic sulphanilic, aspartic, glutamc, edetic,

st eari c, fpmkionali groupd eteckndvauin the granhdtgnbe usédimiaccordmnce vitic sandardal eri c
acids. Base,.salts include, but are ngt limted.to, those formed with 30
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agent s asnd msthoda fanytheih astatletiors archsubsequentginovel diyan, approppigte, stamecirdwell |

chl orj deig brg([c,n' des a@%ﬁ%%@ﬁz; di al kyl sulfates I|ike dinmethyl and diethyl
sul f at e; “BRY? bYTFEPS 97 ounds of the invention may be in crystalline
formeither as the free conpounds or as solvates (for exanple, of water,

i.e. hydrates, or of comon organic solvents such as alcohols) and it is
i nt endedlhehpresepbinyeniomelsaraatos toriradmige of inggrolofompoungs. ey compewnt thet .

Met hods .of t] . | y: wn W thint art..10 | n_ one .Qr nore
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pi gment ation (hyper- or po pi gnen W sé be
associ atezdmpie; hoinpatmdsgwvlnire a fimsurydroxyrgroep isconvertbd ilitorantester ogaiinidride.

compoun be.useful, in a prophylactic .sense, e.g. as_an anti-wi nkl e
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(i ncludi'ng cows, horses, sheep,
15 appropriate carboxylic acid, anhydride or chloride in the presence of a suitable catalyst or

base. Other conventional procedures for the selection and preparation of suitable prodrugs
are known in the art and are described, for example, in WO 00/23419, Design of Prodrugs,
Hans Bundgaard, Ed., Elsevier Science Publishers, 1985, and The Organic Chemistry of
Drug Desig and Drug Action, Chapter 8, pp352-401, Academic press, Inc., 1992, the

20 contents of which are incorporated herein by reference.

Suitable pharmaceutically acceptable salts of compounds include, but are not limited to
salts of pharmaceutically acceptable inorganic acids such as hydrochloric, sulphuric,
phosphoric nitric, carbonic, boric, sulfamic, and hydrobromic acids, or salts of
25 pharmaceutically acceptable organic acids such as acetic, propionic, butyric, tartaric,
maleic, hydroxymaleic, fumaric, maleic, citric, lactic, mucic, gluconic, benzoic, succinic,
oxalic, phenylacetic, methanesxilphonic, toluenesulphonic, benezenesulphonic, salicyclic
sulphanilic, aspartic, glutamic, edetic, stearic, palmitic, oleic, lauric, pantothenic, tannic,
ascorbic and valeric acids. Base salts include, but are not limited to, those formed with
30 pharmaceutically acceptable cations, such as sodium, potassium, lithium, calcium,

magnesium, ammonium and alkylammonium. Basic nitrogen-containing groups may be



20 pigs and goats), conpanion animals (including dogs, cats, rabbits,

gui nea pigs), and captive wild aninmals. Laboratory animls such as rabbits,
m ce, . r atyeg 26l08984 Pi gs and hansters are .al so cont enpl apew/aaRodsivoyrsmray -~
provi de a conveni ent test system Nore4nanmali an species such as birds,
anphi bi ans and fish may al so be contenplated in certain enbodi nents of the
i nvention. A subject may also be referred to herein as an individual, 25
patient, animl or recipient. As used herein, "nodul ating” when used in
reference to cytokine production refers, as appropriate, to an increase or
decrease in cytokine production. In a preferred enbodinent, this relates to
an i ncr egs@dmiddd-wiDhat aferé a8 MARICARYICHIdE dRRheAPHRESA, Ofthl! pRIpHHUad on.

30 When used 1 n reference to dernmal fibrobl asts and/ or "Kerati nocytes,
" nmodul atbuigl chlerfdessbromides and didespdialliyh ewléateelike ditaethyaand disthabpulbge: at e)
in one or dg)g]irle phenot ype responses such WD 2007/ 059584PCT/ AU2006/ 001781 25
as cel| A%ty and proliferation, cellular matrix attachnent, ECM
reorgani zati on, MVP production, fibroblast differentiation, cell norphol ogy
and cell mgration. A nodul ating effective anount is an anmount when
appl i 2d Bhe epimpavinds ef the inventiononaabe i gyfrlne fome sitharsdhe figg cemgpwrdsahi ch
is suffigi I - . i f
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out cone alegHolyyiang il firghdatethatbethtfoeis an wittge nid scopemd titdpresens investiont
whi ch when adm pistered or app)ied in accqordance with 10 the desired dosing
regi ne iMe%flffPf:ﬁoiYﬂuop@“? gﬁqeragltyégnogmi l%aﬁ,ar%nhance, augment, accel erate
or otherw se pronote one or nore stages or processes for wound healing to
the desired extent or achieve the desired cosnetic effect or functional
out cdore. InToreadmmote eibadimentscofi the éneention,ethé exst iofigngemol campamds shiwaiingdt i on,
enhancengnt,, au ntation, accel eration or, pronofion of aone or re.stages
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conpounds may be adm nistered i medi ately or soon after the wound has
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pronote healing and/ or reduce scarring and/or inprove cosrriesis. The
conpounds may al so be

Subjects which may be tireated in accordance with the present invention include

-

mammalian subjects: humans, primates, livestock animals (including cows, horses, sheep,
20 pigs and goats), companion animals (including dogs, cats, rabbits, guinea pigs), and
captive wild animals. Laboratory animals such as rabbits, mice, rats, guinea pigs and
hamsters are also contemplated as they may provide a convenient test system. Non-
mammalian species such as birds, amphibians and fish may also be contemplated in certain
embodiments of the invention. A subject may also be referred to herein as an individual,

25 patient, animal or recipient.

As used herein, "modulating” when used in reference to cytokine prqduction refers, as
appropriate, to an increase or decrease in cytokine production. In a preferred embodiment,
this relates to an increased, up-regulated or enhanced cytokine expression or production.
30 When used in reference to dermal fibroblasts and/or keratinocytes, "modulating" refers to

an alteration (increase or decrease as appropriate) in one or more phenotype responses such



25 adnministered to existing scar tissue to mnimze or reduce, inter alia,

scarring, redness, thickness and/or hyper-or hypo-pignentation. The active

i ngr edi emto 2ody/0fvasadni ni stered in a single dose or a sepCeaveéosmosss. Wi le

it is possible for the active ingredi2ént to be adm nistered alone, it is

preferable to present it as a 30 conposition, preferably as a

pharmaceutical conmposition, with one or nore pharmaceutically acceptable

adj uvants. Thus, the present invention also relates to the use WO

2007/ 059584PCT/ AU2006/ 001781 26 of an ingenol conpound or a

pharmaceutical Iy acceptable salt, or prodrug thereof in the manufacture of
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or syst gi.6al dofpcite s &S aftfottht wRRhSREG! AMmibiskaédigi Beplfdbiaboasidamt, with

intranuscul'ar, intravenous and intradermal), nasal, inhalation, rectal or

yagllﬂa: thedddsited gosang cegime is sufficisnbtor wdtiatesawae cnbANecy QUETHGRENRSCSIETatR

i ngenol conpounds are administered i.e. 2 i t,0R1: - and
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25 pnal yeaicbalee 60, cetyl esters wax, cetearyl alcohol, 2-octyldodecanol,

cyclodextrin, isopropyl alcohol, ethanol, benzyl alcohol and water.

Al ternatively, the ingenol conpounds may be presented in the formof an

active gﬁh&&%‘ é%gf;cﬂ(zee.%%ldﬁ%s Kd&agegh%é? dobife | RERNGL SAMBE Udderhfindd By e@Bat ed

or coat on-a dressing such as”bandages, “galzes, tapes, nets, adhesjve

pl ast er atténding phystoiir ankemay depeatcinabe panicu0 0T SaEsAEROToVI e Bertedh1 27

the nature and severity of the wound, i.e. whether partial or full thickness, chronic or acute,

20 as well as the general age, and health of the subject. The ingenol compounds may be
administered at a time deemed appropriate during the wound healing process. Thus, the
ingenol compounds may be administered immediately or soon after the wound has
occurred, and/or at any subsequent stage of the wound healing process to promote healing
and/or reduce scarring and/or improve cosmiesis. The compounds may also be

25 administered to existing scar tissue to minimize or reduce, inter alia, scarring, redness,

thickness and/or hyper-or hypo-pigmentation.

The active ingredient may be administered in a single dose or-a series of doses. While it is
possible for the active ingredient to be administered alone, it is preferable to present it as a
30 composition, preferably as a pharmaceutical composition, with one or more

pharmaceutically acceptable adjuvants. Thus, the present invention also relates to the use



I n one enbodi nent of the invention, the ingenol conpound is topically
applied in the formof an isopropyl alcohol -based gel. The fornul ation of
conposi t ivpY3e@ndosdi essi ngs contenpl ated herein is well Ipgeuusbes/dordse 5 -
skilled in the art, see for exanple, #em ngton's Pharmaceutical Sciences,
18t h Edition, Mack Publishing, 1990. Conpositions may contain any suitable
carriers, diluents or excipients. These include all conventional solvents,
di spersion nedia, fillers, solid carriers, coatings, antifungal and

anti bacterial agents, dernmal penetration agents, surfactants, isotonic and
absorption agents and the like. The carrier for conpositions 10
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her ei n. %‘é%ﬁm%t WA 8 HRgeTRh FOBBOWRY Hmgenod Srangslate preRpddntaon or
dr essi Ngyrh QERLPEEoUMOIOD 1 b Sbdugenol conpound or admi ni stered separately. The
i ngenol conpounds may al so be presented as inplants which conprise a

bi oconpati bl e pol yneric coated, inpregnated or otherw se bearing the
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mai ntains the desired drug concentration over a mninuniperiod of tinme. The
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oral admnrs o ‘may d%Yi screte units such as capsul es,
sachets or tablets each containing a predeterm ned anount of the active
ingredient; as a powder or granules; as a solution or a suspension in an
aqueous 1Bra pistereeg rsekesimeny ot dhg vgntiom theringrioh pompeynds girg administetied ake.an
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a suitable machjne the actjve ingredient in a free-flow ng formsuch as a
powder O‘Vatﬁli"lé?ﬁ(l}” e2eT0 Ph gqrp@, Aistggnts, pastes, lotions, powders, gels, hydrogels,

hydrocolloids and creams. Suitable carriers or additives include mineral oil, propylene
glycol, polyoxyethylene, polyoxypropylene, emulsifying wax, sorbitan monostearate,
25 polysorbate 60, cetyl esters wax, cetearyl alcohol, 2-octyldodecanol, cyclodextrin,
isopropyl alcohol, ethanol, benzyl alcohol and water. Alternatively, the ingenol
compounds may be presentéd in the form of an active occlusive dressing, i.e. where the
ingenol compound is impregnated or coated on a dressing such as bandages, gauzes, tapes,

nets, adhesive plaster, films, membranes or patches.
30



15 with a binder (e.g. inert diluent), preservative disintegrant (e.g.
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or 20 controlled rel ease of the active ingredient therein using, for
exanpl e, hydroxypropyl mnethyl cellulose in varying proportions to provide
the desired release profile. Tablets may optionally be provided with an
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above. %Qents, vitamins, such as A, C, D and E and their esters, and/or additional wound healing

agents, including a growth factors and cytokines, such as those described herein. These
25 additional agents may be formulated into a composition or dressing together with the

. ingenol compound or administered separately.

‘The ingenol compounds may also be presented as implants which comprise a
biocompatible polymeric coated, impregnated or otherwise bearing the ingenol compound.
30

The ingenol compounds may be administered in a sustained (i.e. controlled) or slow
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illustrating certain enbodi nents of the invention and are not intended to
limt theygepet@bishy herei nbefore descri bed. PCT/AU2006/001781 -
2007/ 059584PCT/ AU2006/ 001781 31 EXANVPISES EXANPLE 1: EFFECT OF PEP005 ON
CYTOKI NE PRODUCTI ON 5 Exanpl e Li Cytoki ne production by PEPO05-treated
human cells Confluent cultures of Me10538 cells, keratinocytes, fibroblasts
and neutrophils were incubated for 6 h in the absence or presence of PEP005
(1-100 ng/m ). The supernatants 10 were harvested and anal yzed for the
presence of the follow ng cytokines; TNF-u, IL-6 and IL-8 using a nultiplex
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32 slowly released within the body of the subject once administered and maintains the desired

drug concentration over a minimum period of time. The preparation of sustained release

. formulations is well understood by persons skilled in the art.

Compositions of the present invention suitable for oral administration may be presented as
discrete units such as capsules, sachets or tablets each containing a predetermined amount
of the active ingredient; as a powder or granules; as a solution or a suspension in an
aqueous or non-aqueous liquid (e.g. mouth wash); gel, ointment or as an oil-in-water liquid

10 emulsion or a water-in-oil liquid emulsion.

A tablet may be made by compression or moulding, optionally with one or more accessory
ingredients. Compressed tablets may be prepared by compressing in a suitable machine
the active ingredient in a ﬁee-ﬂowiﬁg form such as a powder or granules, optionally mixed
15 with a binder (e.g. inert diluent), preservative disintegrant (e.g. sodium starch glycolate,
cross-linked polyvinyl pyrrolidone, cross-linked sodium carboxymethyl cellulose) surface-
active or dispersing agent. Moulded tablets may be made by moulding in a suitable
machine a mixture of the powdered compound moistened with an inert liquid diluent. The
tablets may optionally be coated or scored and may be formulated so as to provide slow or
20 controlled release of the active ingredient therein using, for example, hydroxypropylmethyl
cellulose in varying proportions to provide the desired release profile. Tablets may
optionally be provided with an enteric coating, to provide release in parts of the gut other

than the stomach.

25 Compositions for rectal administration may be presented as a suppository with a suitable

base comprising, for example, cocoa butter, glycerin, gelatin or polyethylene glycol.

Compositions suitable for vaginal adminisiration may be presented as pessaries, tampons,
- creams, gels, pastes, foams or spray formulations containing in addition to the active

30 ingredient such carriers as are known in the art to be appropriate.
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Compositions suitable -for parenteral administration include aqueous and non-aqueous
isotonic sterile injection solutions which may -contain anti-oxidants, buffers, bactericides
and solutes which render the composition isotonic with the blood of the intended recipient;
and aqueous and non-aqueous sterile suspensions which may include suspending agents
and thickening agents. The compositions may be presented in unit-dose or multi-dose
sealéd containers, for example, ampoules and vials, and may be stored in a freeze-dried
(Iyophilised) condition requiring only the addition of the sterile liquid carrier, for example
water for injections, immediately prior to use. Extemporaneous injection solutions and
suspensions may be prepared from sterile powders, granules and tablets of the kind

previously described.

Preferred unit dosage compositions are those containing a daily dose or unit, daily sub-

dose, as herein above described, or an appropriate fraction thereof, of the active ingredient.

It should be understood that in addition to the active ingredients particularly mentioned
above, the compositions of this invention may include other agents conventional in the art
having regard to the type of composition in question, for example, binders, sweeteners,
thickeners, flavouring agents disintegrating agents, coating agents, preservatives,

lubricants, buffers, anit-oxidants and/or time delay agent

The compounds of the invention may also be presented for use in veterinary compositions.
These may be prepared by any suitable means known in the art. Examples of such
compositions include those adapted for:

(a) oral administration, external application (e.g.- drenches including aqueous and non-
aqueous solutions or suspensions), tablets, boluses, powders, granules, pellets for
admixture with feedstuffs, pastes for application to the tongue;

(b) parenteral administration, e.g. subcutaneous, intramuscular or intravenous injection as

a sterile solution or suspension;

(c) topical application e.g. creams, ointments, gels, lotions etc as described above.

The invention will now be described with reference to the following Examples which are
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i sopropyl al cohol gel containing 0.03% PEPOO5 or a placebo gel was
topically applied to patients with actinic keratosis lesions. Prior to and
three nonths after application of the 5 gel (active or placebo) the
patients skin texture was clinically assessed. Three nonths after
application of the gel (active or placebo) the patient's skin markings,
ski n hyperpignentation and skin hypopi gnentation was clinically assessed.

The resubiofidl FoPiRSRAPAL dfrillﬁ@a%ﬁg céfte?m ifbodindenthbCihe ifvtingidh anlihge AMTDET

or percentage of patients that showed I nprovement, worsening or no change

t o ski n intsuded to mitghegenemditpheraipbelocedastribgl. ski n mar ki ng,
hyper pi gnment ati on or hypopi gnentation. The data indicated that application
of 0.05% PEPO0O5 gel (in conparison to placebo) inproved skin texture. The
data al so indicated that application of 0.05% PEPOO5 gel (in conparison to
pl acebo) reduced the nunber of patients with skin markings, three nonths
after drug application. Furthernore, the data indicated that application of
0. 05% PEPO0O5 gel (in conparison to placebo) did not



15 result in skin hyper- or hypo-pigmentation, three nonths after drug
application. WD 2007/ 059584PCT/ AU2006/ 001781 34 4-4 0 ;1 a) 50t-1 G)
c.) E woE2007/0%84) P-1 CCS E 0-4) ,0 PCT/AU2006/001781
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EXAMPLES

EXAMPLE 1: EFFECT OF PEP005 ON CYTOKINE PRODUCTION

Example 1.1

Cytokine production by PEP005-treated human cells

Confluent cultures of Mel0538 cells, keratinocytes, fibroblasts and neutrophils were

incubated for 6 h in the absence or presence of PEP00S (1-100 ng/ml). The supernatants
were harvested and analyzed for the presence of the following cytokines; TNF-a., IL-6 and

IL-8 using a multiplex detection kit (Biosource International, Nivelles, Belgium). The

results are depicted in Table 1. Units of detected proteins are pg/ml.
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5 Conmpounds PEPO0O5 was provided as a dry powder. A stock solution of 23.55
mvi was prepared in DMSO and aliquots were stored at -20C. An aliquot of the

st ock solwib em/osess4 t hawed on the day of use and stored acTraanoocioenserature - -

prior to and during dosing. Intermedid8te dilution steps were carried out
using DVEM cel |l culture nmedium 10 Isolation of PBMC For the isolation of
PBMC freshly drawn human bl ood treated with Li-Heparin as an anti -

coagul ant was used. Cells were diluted with three volunes of dini MACS
PBS/ EDTA Buffer (M Itenyi, Bergisch d adbach), carefully |ayered over

Fi col | Pague (Amersham 15 Bi osci ences, Freiburg) in a conical tube and

o centri fq;g@ghp';élgoo xg for 40 mnutes at 20C in a sw ngi ng- bucket rotor

wi t hout brake. The upper |ayer was aspirated, |eaving the nononucl ear cell
| ayer undi sturbed at the interphase. The interphase cells (Iynmphocytes,

Fube. A0 Bfobll AEEBE IR hIRRE (ROC R ERDYS b RESBIET S i PR o
centrif lﬂ@ patieits WK actthié Kérafb@lsll%mm URris tatn® fifee floaths ufier aptlisationathe

conpl etely renoved. Far renpval of platelets t cell pellet was
resuspe ciiye gplapebeythespriients siin tXEHE Map ﬁg’é’tﬂtﬁf asf&??eg LB"F months #fifres at

20C. Th at.an c tely dphand.tides! ag
r epeat e%pﬁ%g]ﬁf)g &gr{eher l %Ggggd‘?:{rn p@%ﬁﬁ@e Pum%alnwstrogle\rll\ﬁalKaﬁHgsrulﬁﬂ) and
count ed h'yperpigﬁi&mtmiun rank:lenhm: Yypomipmentadén Stas mlinataily rasséssédBMThBaesttltseare

wel |l were seeded in a 96-well, plate

tinmulati .P 2 000 | ] .
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indicated that application of 0.05% PEP005 gel (in comparison to placebo) reduced the

number of patients with skin markings, three months after drug application. Furthermore,
the data indicated that application of 0.05% PEP005 gel (in comparison to placebo) did not
15 result in skin hyper- or hypo-pigmentation, three months after drug application.



5 1n a typical

supernatant with bead bound anti bodi es.

secondar yw@péo7lossdgs t 0 conpl ete a sandw ch i mmunoassay.

Bead Suspension Assay a cytokine is captured froma

The cytokine is quantified with a

ey Talu2008/001781

concentrations are calculated with ttsa help of a standard curve for each

cyt oki ne.

10 The cytokines IL-113,

IL-2,

I L-6,

| L-8 and TNF-a were

quantitatively measured in the supernatgnt of the PBMC with a Bi oRad
Bi oPl ex Syst enmPaccor di ngrEpS anuf act@rer’ s intjgeki gns] Al sanples
were measured En duplical€ss Al |units ofo detected]; atgug are pg/m. 15
" Verification Viabilitys £ PEMC After Eermval of ’¢ki ne cont ai ni ng

supernat ant thg PBMC wer ¢ g st ed|for vi aﬁl lity by pnetry. Propidium
| odi de St ai ni Ny Sol ution g_ 1 gg/l test o@l X 106 ( ds used to
det erm ne t he ‘@gnount of ‘ § aehlls. Unst il at ed PIBAl W\/\srs used for a
negative contrgl. 20 Resfig Cytdkine Pr &duction ThH ﬁvﬁsﬁl gate the
i nmunost i nmul atgng ef f ect $ )05, PBI\/QS fromthfgg_d grent 25 heal t hy
donors were exposed for 2& % to BEPOOS a¥ concentr Ei | 1, 10 and 100
nM The secretfon of IL-}EB% +L=3, 1L-6,-8IL-8 and i 8fo the
super natant wa8 quantita gyal y mgasured By flow cyf@n®try Jith the Bead
Suspensi on Ass8ys. The r |ts arfe depicfed in Tabljefoledel. 8. WO
2007/ 059584PCT&A1J2006/ 0QEr§1,,37 [Tabl e 1Z4. IL-1[ 3@l &dBcRifon of PBMCs from
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94.49 61.62 0 Donor: AWO 314.73 173.33 10.92 Donor: HL 0 125.17 98.04
11.76 5 Table 1.5. IL-2 production of PBMCs from donors KX, AWand HL
after ineupasoroseseath 10 PEPOOGB for 24 h-at .concentr at PORAUR006H01780 and:
100 nM Units of detected IL-2 are pghm. vehicle control PEPOO5 (1 nM
PEPOO5 (10 nM

Example 1.3

Material and Methods

5 Compounds

PEP005 was provided as a dry powder. A stock solution of 23.55 mM was prepared in
DMSO and aliquots were stored at -20°C. An aliquot of the stock solution was thawed on
the day of use and stored at room temperature prior to and during dosing. Intermediate
dilution steps were carried out using DMEM cell culture medium.

10
Isolation of PBMC )
For the isolation of PBMC freshly drawn human blood treated with Li-Heparin as an anti-
coagulant was used. Cells were diluted with three volumes of CliniMACS PBS/EDTA
Buffer (Miltenyi, Bergisch Gladbach), carefully layered over FicollPaque (Amersham

15 Biosciences, Freiburg) in a conical tube and centrifuged at 400 xg for 40 minutes at 20°C
in a swinging-bucket rotor without brake. The upper layer was aspirated, leaving the
mononuclear cell layer undisturbed at the interphase. The interphase cells (lymphocytes,
monocytes and thrombocytes) were carefully transferred into a new conical tube. The
conical tube was filled with CliniMACS PBS/EDTA Buffer and centrifuged at 300 xg for

20 10 minutes at 20°C. The supernatant was completely removed. For removal of platelets
the cell pellet was resuspended in 50 ml of Buffer and centrifuged at 200 xg for 10 minutes
at 20°C. The supernatant was completely removed and the last washing step was repeated.
Cells were resuspended in DMEMMedium (Invitrogen, Karlsruhe) and counted in a
Neubauer-hemocytometer.

25
Stimulation of PBMC
For the stimulation of PBMC 250.000 cells per well were seeded in a 96-well plate.
PBMC of three different healthy donors were stimulated with PEP00S5 in three different

~ concentrations (1, 10 and 100 nM) or LPS 1 pg/ml (Linaris, Wertheim-Bettingen), PMA

30 10 ng/ml (Sigma, Deisenhofen) and Ionomycin 1 pg/ml (Sigma, Deisenhofen),
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respectively. Cells were incubated at 37°C and 5% CO? in a humidified atmosphere for
24 h.

Bead Suspension Assays

5 In a typical Bead Suspension Assay a cytokine is captured from a supernatant with bead
bound antibodies. The cytokine is quantified with a secondary antibody to complete a
sandwich immunoassay. Cytokine concentrations are calculated with the help of a

standard curve for each cytokine,

10 The cytokines IL-1B, IL-2, IL-6, IL-8 and TNF-a were quantitatively measured in the
supernatant of the PBMC with a BioRad BioPlex System according to the manufacturer's
intructions. All samples were measured in duplicates. All units of detected proteins are

pg/ml.

15 Verification of Viability of PBMC
After removal of the cytokine containing supernatant the PBMC were tested for viability
by flow cytometry. Propidium Iodide Staining Solution (0,1 pg/ test of 1 x 108 cells) was
used to determine the amount of dead cells. Unstimulated PBMC were used for a negative
control.

20

Results

Cytokine Production

To investigate the immunostimulating effects of PEP00S5, PBMCs from three different
25 healthy donors were exposed for 24 h to PEP00S at concentrations of 1, 10 and 100 nM.

The secretion of IL-18, IL-2, IL-6, IL-8 and TNF-a into the supernatant was quantitatively

measured by flow cytometry with the Bead Suspension Assays. The results are depicted in

Tables 1.4-1.8.

30



38 Table 1.6. IL-6 production by PBMCs fromdonors G AWand HL after
i ncubation with PEPOOBB for 24 h at the concentrations 1, 10 and 100 nM

Units of wigtmehsdsd L-6 are pg/m . vehicle control PEPOBET/AU2006)00P8P005 (10
nM PEPOO5 (100 nM Donor: K 68.69 320.61 216.09 0 Donor: AW 30.71.131.46

61. 66 0 Donor:

HL 11.88 69. 48

Table 1.4. IL-1B production of PBMCs from donors GK, AW and HL after incubation

- with PEP00S5 for 24 h at concentrations of 1, 10 and 100 nM. Units of detected IL-1p are

pg/ml.
vehicle control PEP005 (1 nM) PEPbOS (10 nM) | PEP00S (100 nM)
Donor: GK 0 94,49 61.62 0
Donor: AW 0 31473 . 173.33 10.92
Donor: HL 0 125.17 98.04 11.76
5

Table 1.5. IL-2 production of PBMCs from donors GK, AW and HL after incubation with
10 PEP0O05B for 24 h at concentrations of 1, 10 and 100 nM. Units of detected IL-2 are

pg/ml.
vehicle control PEPO005 (1 nM) PEP00S (10 nM) | PEP005 (100 nM)
Donor: GK 0 82.68 60.3 10.56
Donor: AW 0 54.61 31.53 2
Donor: HL 0 17.86 19.47 12.84

An approximately 20 to 80-fold (mean: approximately 50-fold) increase of IL-2 levels in.
15 the supernatant of PBMCs from the three donors was observed at 1 nM PEP005.
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Table 1.6. IL-6 production by PBMCs from donors GK, AW and HL after incubation with
PEP005B for 24 h at the concentrations 1, 10 and 100 nM. Units of detected IL-6 are

pg/ml.
vehicle control | PEP005 (1 nM) PEP005 (10 nM) | PEP005 (100 nM)
Donor: GK 68.69 320.61 216.09 0
Donor: AW 30.71 131.46 61.66 0
Donor: HL 11.88 69.48 73.97 95.43

PEP005 at 1 nM caused an approximately 4 to 6-fold increase of IL-6 levels in PBMC

supernatants (almost 9-fold elevated IL-6 levels in PBMC supernatant).

Table 1.7. IL-8 production by PBMCs from donors GK, AW and HL after incubation with
PEP005 for 24 h at concentrations of 1, 10 and 100 nM. Units of detected IL-8 are pg/ml.

vehicle control PEP005 (1 nM) PEP005 (10 nM) | PEP005 (100 nM)
Donor: GK 4834.48 13652.6 9418.94 52.77
Donor: AW 7642.56 28029.68 11438.34 205.36
Donor: HL 2535.39 12148.42 18220.74 217.52

IL-8 levels in the supernatant of PBMCs were increased 3- to 5-fold, following exposure to

PEP005 at 1 nM. Many different cells (e.g., monocytes/macrophages, T cells, neutrophils,

fibroblasts, endothelial cells, keratinocytes, hepatocytes, astrocytes and chondrocytes) are

capable of IL-8 production.



205. 36 Donor:

HL 2535.39 12148. 42 18220.74 217.52
supernatant of PBMCs were increased 3- to 5-fold,

IL-8 levels in the
foll ow ng exposure to

PEPOO5 atygladaMosdsgny different cells (e.g., nonocytes/ nper@Apha@nei7si cells,

neut r ophi |l s,

15 fi brobl ast s,
astrocytes and chondrocytes) are capabl e of

endot helzp al

cells,

I L-

ker ati nocyt es,
8 producti on.

hepat ocyt es,
WO

2007/ 059584PCT/ AU2006/ 001781 39 Table 1.8. TNF-a production by PBMCs from
donors GK, AWand HL after

concentrations of 1, 10 and 100 nM
(10 nM PEPOO5 (100 nM Donor:

10

15

20

25

i ncubati on wi th PEPOO5 f or

X 0

vehi cl e control

24 h at

PEP005 (1 nM PEP005

Table 1.8. TNF-o production by PBMCs from donors GK, AW'and HL after incubation
with PEP0QOS for 24 h at concentrations of 1, 10 and 100 nM.

vehicle control PEP005 (1 nM) PEP005 (10 nM) | PEP0OS5 (100 nM)
Donor: GK 0 148.42 76.14 19.44
Donor: AW 0 130.99 73.48 12.93
Donor: HL 0 90.72 71.6 35.75

High levels of the cytokine TNF-a were detected in the supernatants of PBMCs from all
three donors, following incubation with PEP005. TNF-o levels ranged from appoximately
120 nM (stimulation with PEP005 at 1 nM) to 70 nM (PEP005 at 10 nM) to 20 nM-
(PEP005 at 100 nM). No significant TNF-o0. levels were detected in the supernatant of
PBMCs exposed to the yehicle only.

EXAMPLE 2: EFFECT OF PEP005 ON MODULATION OF PHENOTYPE AND
WOUND HEALING RESPONSES OF DERMAL FIBROBLASTS AND
KERATINOCYTES

Materials And Methods

Dermal Fibroblast Cell Culture
A normal adult skin biopsy (6 mm) was obtained (n=1), with informed consent, from an
individual attending the Oral Surgery Clinic, School of Dentistry, Wales College of '

Medicine, Cardiff. Following the application of a local anaesthetic, the dermal biopsy was

-collected and adult dermal fibroblast cultures established by single cell suspension

technique, following enzymic degradation of the specimen. This technique has previously
been reliably used to establish viable primary cultures of both oral and dermal fibroblasts
in vitro (Cook et al, 2000; Stephens et al, 2001; 2003). Dermal fibroblasts were cultured

in Fibroblast-Serum Containing Medium, containing Dulbecco's Modified Eagle's Medium



148.42 76.14 19.44 Donor: AWO 130.99 73.48 12.93 Donor: HL 0 90.72 71.6
35.75 5 High levels of the cytokine TI\TF-a were detected in the
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PEPOO5. INF-a |levels ranged from appowi mately 120 nM (stinulation with

PEPOO5 at 1 nM to 70 nM (PEPO05 at 10 nM to 20 nM (PEPOO5 at 100 nM. No
significant TNF-a |l evels were detected in the supernatant of PBMCs exposed
to the vehicle only. 10 EXAVPLE 2: EFFECT OF PEPOO5 ON MODULATI ON OF
PHENOTYPE AND WOUND HEALI NG RESPONSES OF DERVAL FI BROBLASTS AND

KERATI NOCYTES 15 Materials And Met hods Dermal Fibroblast Cell Culture

(DMEM), supplemented with L-glutamine (2 mM), antibiotics (100 U/ml penicillin G
sodium, 100 mg/m] streptomycin sulphate and 0.25 pg/m! amphotericin B) and 10% fetal
calf serum (all purchased from Invitrogen Ltd., Paisley, UK.). Dermal fibroblast cultures
were maintained at 37°C, in a 5% CQ0,/95% air atmosphere, with the culture medium being
5 changed every 2-3 days. Dermal fibroblasts were used between passage 7-17, for all

experiments.

Keratinocyte Cell Culture
Human, adult, epidermal keratinocytes, were purchased cryopreserved from Cascade
10 Biologics Inc., Nottinghamshire, UK. These cells (>500,000 viable cells/vial) were tested
to be >70% viable, with the capacity to proliferate for at least 16 population doublings.
The epidermal keratinocytes were cultured in serum-free, EpiLife® Medium (Cascade
Biologics Inc.), supplemented with antibiotics (100 U/ml penicillin G sodium, 100 mg/ml
streptomycin sulphate and 0.25 pg/ml amphotericin B) and EpiLife® Defined Growth
15 Supplement (EDGS, consisting of purified bovine serum albumin, purified bovine
transferring, hydrocortisone, recombinant human insulin-like growth factor type-l,
prostaglandin E2 and recombinant human epidermal growth factor, Cascade Biologics:
Inc.). Epidermal keratinocytes cultures were maintained at 37°C, in a 5% CO0,/95% air
atmosphere, with the culture medium being changed every 2-3 days. Epidermal

20 keratinocytes were used between 4-6 passages, for all experiments.

Preparation of PEP00S

PEP005 was supplied by Peplin Limited, Brisbane, Australia, in 20 mg batches and stored

at 4°C. When required, the PEP005 was solubilized in dimethyl sulphoxide (DMSO,
25 >99.9%, Sigma Chemical Co., Dorset, U.K.), at a concentration of 10 mg/ml. The solution

was mixed for 5 min or until the solution was clear and the PEP005/DMSO stock solution

stored at 4°C, where stable for several months.

Prior to use, the PEP00S/DMSO stock solution was removed from 4°C storage and
30 warmed to room temperature. The required volumes of PEP005/DMSO were aliquoted
into a poly-propylene vessel and the PEP005/DMSO diluted to the required concentration



A normal adult skin biopsy (6 mm was obtained (n=1), wth inforned
consent, froman 20 individual attending the Oral Surgery Cinic, School of
Denti st rwo Yél7@s98el | ege of Medicine, Cardiff. Follow ngcCtrhxzaggioasat i on of-
a |l ocal anaesthetic, the dermal biopsy¢ was coll ected and adult dermal
fibroblast cultures established by single cell suspension technique,
follow ng enzym ¢ degradati on of the specinmen. This techni qgue has
previously been reliably used to establish viable primary cultures of both
oral and dermal fibroblasts 25 in vitro (Cook et al, 2000; Stephens et al,
2001; 2003). Dermal fibroblasts were cultured in Fibroblast-Serum

. Cont al ni @giddag 0.m g ellnﬁt ﬁllD!” %ﬁ/gl@qomgmuaﬁaqdolﬁg@hg if %@bﬂﬁﬂ-Sé&h
2007/ 059584P /AUZE)l 6/ 00178 : | ement e Lsgl ut am ne

m) , antGatginingMediom (ﬁmmierp@h ﬁbrqbﬂash cwihgéﬂ.qxrﬁpr\qm(ﬁreﬁgﬁmlf@t S\é?ﬁlblﬁy(émn

pur chas GHTBH FRUREPOReea pipcrh PHFe05 e et sORHE ‘Bhie |\ o
ver e naigiémirete daidy, ai ibe vaRoas 5%@&&&%% dtiove aﬂtﬁﬁ)&phelﬁlﬁon\&tdbﬂltyhePﬁw four e
medi um being 5 chan%ed every 2-3 dai%é‘@ﬁ%nﬁ‘o fibroblasts were used between

passaye d;sch;dmg SERY) IS/CQJIBK‘?r Mediv S0 flo twp| Yolumes (o c0-LAvEpdIuEg Ul t |

d t d
B ol gt ay ffide 'REEN Thentll PR RROR, SHURRSEE Sl BB RGR Tkt
cells/ VISi:héntlﬁE[ Eelbmetrsidret, o. l’ée, waDadded &btach solution] toelecaamidaye.t o proliferate

for at |east 16 popul ati on doublings. The epidermal keratinocytes were
cultured in serumfree, EpilLife(r) Medium (Cascade Biol ogics Inc.),

suppl ene, erdtino Byt 00 my/ m
st ngt orr‘f/gg?%nigg&g g?féﬁnglngfﬂrﬁglagtlﬂﬁ cﬂ%’[‘grg?gil nglg)(‘ni and %g:“uﬁf e( ?ISJ Def i ned

G ovih TEheSVRT dieAS-disons]- 2abmolgt)r2;@»dmhepmeuazeuumobmnndd edyawednétion n,

fied b t sf d
R R T Dy iy
epi der mele]1 GAMMI afrﬁcﬁr@ﬁfera@ﬁﬁlc a@t%rcﬁhg) k® ToBER ef apg 2000F-PFeRsWiRlg tegzafisationyt es
cul tures were maintained at 37 in a 5% CO2/ 95% ai r at nosphere, with the

culture dmakfmrbblaﬁg:r@nmgad I@Wémcﬂe ye@%\wde@m el Imiowtitie PiateHOE
were Us&h Lcrruatt1oBi1elr%§ q%ﬁﬁl%L dﬁlg{)é%! 4 .8 £§1§P5‘E §:5 6@&1/@&1‘}] Q%%%@EPOOE’

PEPOO5 waS™ sup Aus all a
bat cies cnbvel, @é@éctlvely Following cell seeding for 24 h and 48 h, respectively, the dermal

fibroblast and epidermal keratinocyte culture medium were replaced with culture medium

(

(100 pl/well), containing 0, 0.01 pg/ml, 0.1 pg/ml, 1 pg/ml, 10 pg/ml or 100 pg/ml
PEP005 (six culture wells per PEP005 concentration). The dermal fibroblast and
epidermal keratinocyte cultures were maintained at 37°C, in a 5% CO0,/95% air

20 atmosphere, to 7 and 3 days respectively, with the respective PEP005-containing culture
“media, being changed every two days. Various controls (six culture wells per control)
were also established in the 96-well microtitre plates at each time-point, including (i)
dermal fibroblast and epidermal keratinocyte culture medium alone (cell-free), (ii) dermal
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25 dermal fibroblast and epidermal keratinocyte in culture medium, containing 0.1% DMSO,
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30 At days, 1, 3, 5 and 7, sterile MTT (25 pl of a 5 mg/ml MTT solution in PBS, Sigma

Chemical Co.) was added to the corresponding culture medium in each well and the 96-
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: Medium alone (cell-free), and (ii) cells in Fibroblast-Serum Containing Medium,
containing 1% DMSO. The FPCLs were maintained at 37°C, in a 5% CO,/95% air
atmosphere, for 1 h, for collagen polymerization to occur and the FPCLs detached from the

- plate edges and resuspended in 2 ml PEP00S-free, Fibroblast-Serum Containing Medium,
30 containing 10% gelatinase-free fetal calf serum. The FPCLs were maintained at 37°C, in a

5% C0,/95% air atmosphere, for 14 days, with the culture medium being changed every



20 added to 53 mm bacteriol ogi cal grade culture dishes (VAR International
Ltd.), containing 3 nl 2x DMEM gel atinase-free fetal calf serum (750 Il1),
0.1 M sogyyradindssexi de (750 pi), 1.7 ng/m rat-tail tengdemaugpwoo1se! | agen .
(225 OW prepared according to Rowing et al, 1990) and PEPOO5 (0, 0.01
ug/m, 0.1 ug/m, 1 Rg/m, 10 ug/m or 100 ug/ mLPEP0O05), in a total volune
of 7.5mL (3 FPCLs per PEPOO5 concentration). Various controls (three 25
FPCLs per control) were also established, including (i) Fibroblast-Serum
Cont ai ni ng Medi um al one (cell-free), and (ii) cells in Fibroblast-Serum
Cog(t)/al ni ?SSE/Edl um containing 1% DMSO. The FPCLs were mai ntained at 37C, in
a 5% | I - s n I edatrbgn occur
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FPCL poﬂm%}‘?t&ﬁ%ﬂ‘dr?&wﬁﬁf‘ttgﬁﬁert%mlﬁé' the lattices, was also collected from
each individual FPCL, in the presence of 50, 0.01 Ig/m, 0.1 jig/n, 1
1.1g/m, 10 jig/m or 100 jig/nml PEPOQS, for analysis of MVP production and
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SDS was Hegiardsidrel, 1K)} ineopetasedaytossomininBrotean 3 Gel Electrophoresis System (Bio-
Rad Laboratories Ltd.), at 15SmA for 4-5 h. SDS was removed from the gels by soaking in

15  2.5% Triton X-100 solution (Sigma Chemical Co.), at room temperature, for 1 h. MMPs

were activated by incubation in 25 mM Tris-HCl buffer, pH 7.6, containing 5 mM calcium
chloride (Sigma Chemical Co.), 25 mM sodium chloride (Fisher Scientific) and 5% Brij 35
(Sigma Chemical Co.), at 37°C, overnight. Gels were stained with Coomassie Blue
(0.05% Coomassie Blue, Sigma Chemical Co., in 12% acetic acid aﬁd 54% methanol, both
20 Fisher Scientific), destained in 7.5% acetic acid and 5% methanol and the gel images
captured using a GS-690 Imaging Densitometer and Image Analysis Software (Bio-Rad
Laboratories Ltd.). MMP identification was confirmed by the appearance of clear bands at

comparable molecular weights to an MMP-2 standard (Cook ez al, 2000).

25 Each experiment was performed on two separate occasions, with the % reductions in
lattice contraction and the MMP densitometric values obtained being expressed as an

average for each group of samples

Assessment of Dermal Fibroblast Differentiation
30 The effects of PEP005 on dermal fibroblast differentiation to myofibroblasts, was

examined by the extent of a-smooth muscle actin expression by the differentiating dermal



15 2.5% Triton X-100 solution (Sigma Chem cal Co.), at room tenperature,
for 1 h. MWs were activated by incubation in 25 mM Tris-HCL buffer, pH
7.6, conw momgsBssrM cal ci um chl oride (Signma Chem cal CBCY/AT2806/0ImOdi UM
chloride (Fisher Scientific) and 5% Bsij 35 (Sigma Chem cal Co.), at 37C,
overnight. Gels were stained with Coomassie Blue (0.05% Coonassi e Bl ue,
Sigma Chemcal Co., in 12% acetic acid and 54% net hanol, both 20 Fi sher
Scientific), destained in 7.5% acetic acid and 5% net hanol and the gel
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wash buhicioclodsdl nlildisé\@h’uqhuman cytokeratin IgG1 primary antibody (1:30 in wash buffer,
250 pl/well, DakoCytomation Ltd., Cambridgeshire, U.K.), or (iii) monoclonal, mouse
anti-human vimentin IgGl primary antibody (1:30 in wash buffer, 250 ul/well,

DakoCytomation Ltd.). The chamber slides were incubated in primary antibody at room
25 temperature, for 2 h, washed (x3) in 0.1% BSA in PBS, and incubated with polyclonal,
rabbit anti-mouse IgG's, FITC conjugated, secondary antibody (1:50 in wash buffer,
250 pl/well, DakoCytomation Ltd.), at room temperature, for 1 h, avoiding light. The
chamber slides were washed (x3) in 0.1% BSA in PBS, and the chambers removed for
slide mounting with Vectashield® Mounting Medium (Vector Laboratories Ltd.,
30 Cambridgeshire, U.K.) and viewed by fluorescent microscopy (Leica Leitz Dialux 20EB

fluorescent microscope, Leica Microsystems U.K. Ltd., Buckinghamshire, UK.), with



DakoCyt omation Ltd.). The chanber slides were incubated in primary anti body
at room 25 tenperature, for 2 h, washed (x3) in 0.1%BSA in PBS, and

i ncubat eqdy@hdgropsdsycl onal , rabbit anti-nouse 1gG s, Fl TeceAt206i0eB1 -
secondary anti body (1:50 in wash buffsgr, 250 pd/well, DakoCytomation Ltd.),
at roomtenperature, for 1 h, avoiding light. The chanber slides were
washed (x3) in 0.1%BSA in PBS, and the chanbers renoved for slide nounting
wi th Vectashield(r) Munting Medium (Vector Laboratories Ltd., 30

Canbri dgeshire, U K ) and viewed by fluorescent mcroscopy (Leica Leitz

Di al ux 20EB fl uorescent m croscope, Leica Mcrosystens U K Ltd.,
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Fi brobl ast/ Keratinocyte Cell Viability and Proliferation The average val ues
obt ai ned for dernmal fibroblast cell inability/proliferation denonstrated

t hat PEPREmIfsas a cytotoxic effect on dermal fibroblasts keratinocytes at
conceptrations of 100 p.g/m, conpared to untreated fibroblast controls.
Howev@r, at 10 jig/nl concentrations, PEPOO5 appeared to have a stinulatory
effect a : : i$A Lye, 0. ug/.nl and 0.1
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active 2 level s were obsefved fo incCrease at ' PEPO05 concentrations of
0. 01- 0.testimylagq cell viability/proliferation.

15 Assessment of Dermal Fibroblast/Keratinocyte Extracellular Matrix Attachment
Epidermal keratinocyte attachment to type I collagen and plasma fibronectin demonstrated
that PEP0OS exhibited a significant dose-dependent stimulation of cell attachment to type 1
collagen, at 0.01-10 pg/ml concentrations. A similar trend towards a possible stimulation

of epidermal keratinocyte attachment to plasma fibronectin was also apparent at 1-
20 10 pg/ml. ’

Assessment of Dermal Fibroblast Extracellular Matrix Reorganization and Matrix

Metalloproteinase Production ,

Type I collagen lattice contraction was significantly increased at 0.1 pg/ml PEP005. Pro
25 and active MMP-2 levels were observed to increase at PEP005 concentrations of 0.01-

0.1 pg/ml.

Assessment of Dermal Fibroblast Differentiation
Dermal fibroblasts, in the absence of TGF-B1, but in the presence of 1 pg/ml and 10 ug/ml

30 PEPO0S5 exhibited detectable a-smooth muscle actin microfilaments.



Assessnent of Dermal Fibroblast Differentiation Dermal fibroblasts, in
t he absence of TGF-01, but in the presence of 1 [tg/ml and 10 i.ig/nml 30
PEPOO5 ewwo fuovmesbsgiet ect abl e a- smoot h nuscl e actin m cr oPCramROtsH0178Y\O

2007/ 059584PCT/ A1J2006/ 001781 47 EXANMPLE 3: ASSESSMENT OF THE | MPACT OF
PEPOO5 ON WOUND HEALI NG PARAMETERS Materi als and Methods 5 Preparation of
PEPOO5 . PEPOO5 was supplied by Peplin Limted, Brisbane, Australia as .
0.01% (100 pg/nt), 0.028% (280 pz/ml) and 0.05% (500 gg/ ml) preparations in
a DWVBQ i sopropanol - based gel. PEP0O05-free, DMSQ i sopropanol -based carrier
gel was also supplied to serve as a 10 vehicle control. The PEPOO5 and
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| nci si on m&gﬁ ir]% qié In order to exanmine the effects of PEPOOS on
t he repa[il' 8@"6\‘ ETB@% |') incisional 15 wounds, involving nninml new
tissue generation, the rat, full-thickness incisional wound healing nodel,
was enpl oyed. Aninal Husbandry Adult male Sprague Dawl ey rats (Harlan U K
Ltd., Ol¥latetills aml M¢thods approximately 8- 20 10 weeks ol d and wei ghi ng

bet n 250-300 g, were used in this study. The animals were.initially
housed in groups of up to four per cage (cage dinensions 40x25x20cm with
sawdust Megaation oTPEIPE t W ce weekly), according to Home Office

regul at iPons, [

in an
EP005 was supplied by Peplin Limited, Brisbane, Australia as 0.01% (100 pg/ml),
0.028% (280 pg/ml) and 0.05% (500 pg/ml) preparations in a DMSO/isopropanol-based

gel.  PEP005-free, DMSO/isopropanol-based carrier gel was also supplied to serve as a

10  vehicle control. The PEP005 and vehicle gels were stored at 4°C, where stable for several

months,

Rat Incision Wound Healing Model
In order to examine the effects of PEP005 on the repair of acute (surgical) incisional
15 wounds, involving minimal new tissue generation, the rat, full-thickness incisional wound

healing model, was employed.

Animal Husbandry
Adult male Sprague Dawley rats (Harlan UK. Ltd., Oxfordshire, U.K.), approximately 8-
20 10 weeks old and weighing between 250-300 g, were used in this study. The animals were
initially housed in groups of up to four per cage (cage dimensions 40x25x20cm, with
sawdust bedding, changed twice weekly), according to Home Office regulations, in an
environment maintained at an ambient temperature of 23°C with 12-hour light/dark cycles.
The animals were provided food (Standard Rodent Diet) and water ad libitum. In order to
25 acclimatize the animals to their surroundings, prior to experimentation, the animals were
housed for a minimum of one week without disturbance, other than to refresh Vtheir bedding
and to replenish their food and water provisions. Following wounding, animals were
monitored under individual housed conditions until fully recovered from the procedure.
Animals were then maintained individually for a period of 2 weeks (i.e. until their wounds .
. 30 have fully re-epithelialized). After this initial 2-week period, animals were maintained in

groups of up to four for the remainder of the study. All animal procedures were performed



envi ronment mai ntai ned at an anbient tenperature of 23C with 12-hour
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fully recovered fromthe procedure. Animals were then maintained
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panni cul us carnosus and 15 hypoderm s) were created on the backs of each
ani mal . Wunds remai ned unsutured (allowed to gape), in order to allow
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one of the four PEP0O05 concentrations (PEPO05-free, DVSQ i sopropanol gel
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15 hypodermis) were created on the backs of each animal. Wounds remained unsutured
(allowed to gape), in order to allow granulation tissue to form within the wounds.
Following wounding (day 0), one of the four PEP005 concentrations (PEP005-free,
DMSO/isopropanol gel vehicle, 0.01%, 0.028% or 0.05% PEP005) were applied to each
wound, whilst non-treated wound controls remained untreated. Each animal group was

20 maintained over each respective experimental/harvesting period, according to Table 2.1.



20 mai nt ai ned over each respective experinental/harvesting period,
according to Table 2.1. WD 2007/ 059584PCT/ AU2006/ 001781 49 Table 2. 1.
Exper i nem@boogosesps est abli shed for 4.wks and 12 wks (fBCT/Am2008/00E18%i | €

strength anal ysis and scar tissue quaity assessnent).

G oup Treat nment

G oup Nanme Nunmber of Replicate Wunds Week 4 Week 12 1 PEPOO5- Neve,
Vehicl e-Treated N-V 10 12

10

15

- Table 2.1. Experimental groups established for 4 wks and 12 wks (for wound tensile

strength analysis and scar tissue quality assessment).

Number of Replicate Wounds
Group Treatment Group
Name :
Week 4 Week 12
PEP005-Naive,
I Vehicle-Treated N-v 10 12
PEP005-Naive,
2 No Treatment N-NT 10 12
PEP005-Exposed, . '
3 Vehicle-Treated Vehicle 10 10
4 PEP005 [0.01%)] PEP-0.01 10 10
5 PEP005 [0.028%)] | PEP-0.028 10 10
6 PEP005 [0.05%] PEP-0.05 10 - 10

Application of PEP005 And Vehicle to Incisional Wound Sites

Immediately after injury, single treatments of the. 0.01%, 0.028% PEP005, or
DMSO/isopropanol vehicle gels, were applied at volumes of 10 pl per 100 mm? (1 pg/
10pl, 2.8 ug/10 pl and 5 pg/. 10 pul PEP0OS, respectively), to the marginal skin surrounding
each wound, with a total area of 600 mm?® of marginal skin receiving treatment. The gels
were applied using a positive displacement pipette and spread evenly-over the treatment
area using a sterile spatula, with care being taken not to directly introduce preparations into
wounds. Gels were allowed to dry for a period of 10 min, following application. In order
to prevent animals from interfering with their wounds, each wound was dressed using dry
sterile gauze (Release®, Johnson & Johnson Wound Management Ltd., North Yorkshire,
U.K.) and secured with Millipore™ tape (3M UK plec, Berkshire, UK.). Each animal was
also fitted with an Elizabethan Collar, in order to prevent dressing removal. Dressings
remained in place for a period of three days, post-wounding. Rats were maintained in their

respective experimental groups for 1, 4 and 12 weeks, when the animals in each group



2 PEPOO5- Nave, No Treatnment N-NT 10 12 3 PEPOO5- Exposed, Vehicl e-Treated
Vehicle 10 10 4 PEPOO5 [0.019 PEP-0.01 10 10 5 PEPOO5 [0.028% PEP-0.028

10 10 wo 2607/059584 : PCT/AU2006/001781
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were euthanized and the condition of wound and peri-wound tissues (in terms of viability,
erythema, oedema, etc.), monitored at all assessment points, according to Table 2.1.
Animals were also weighed during the course of the Study, to determine whether PEP005
exposure had any adverse effects. on the general health/condition of the experimental

5 animals.
Euthanasia, Tissue/Sample Harvesting And Processing

Harvesting (Weeks 4 And 12)

10 Wound tissue and normal marginal skin was excised and a single 3 mm strip incorporating
the wound/scar removed from each wound, using a twin bladed instrument. Tissue strips
were then stored in saline moistened surgical gauze (Topper™, Johnson & Johnson Wound
Management), at 4°C, prior to tensiometric analysis. The remaining wound tissue was
fixed in 10% formalin, processed and embedded in paraffin wax. Transverse sections (6

15 pm) were taken and stained with both Haematoxylin and Eosin (for routine histological

evaluation) and Mallory's stain (for matrix orientation analysis).

Tensiometric Assessment of Wound Strength (Week 4 And 12)
Wound strength increases with time after injury and is consequently a measure of wound
20 maturity. Wound breaking strength was quantified using an Instron Tensiometer (Instron
Ltd., Buckinghamshire, UK.), pre-calibrated to give full-scale readings of 5.0 kilograms
force (kgf) for the tensiometric analysis of week 4 wounds and 50.0 kilograms force (kgf)
for the tensiometric analysis of week 12 wounds. Tissue strips (3 mm) from each 0.01%,
0.028%, 0.05% PEP005, DMSO/isopropanol vehicle gel and untreated wound control
25 group, were clamped into the grips of the Tensiometer, set to pull the margins of the
wound apart at a "cross-head speed" of 50 mm/min. Breaking strength was measured as

the maximal force necessary to cause separation of the wound margins.

Scar Tissue Quality Assessment (Weeks 4 And 12)
30 Matrix orientation was determined in histological specimens from each 0.01%, 0.028%,

0.05% PEP005, DMSO/isopropanol vehicle gel and unireated wound control group, by
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applied using a positive displacenent pipette and spread evenly over the
treatment area using a sterile spatula, with care being taken not to
dlrectly i ntroduce preparations into wounds. Gels were allowed to dry for a
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days, post- Ing. Rats were maintained in their

5 within each area, measured using custom written image orientation software (CICA-MOS,

Version 1.0), which generates data describing the directionality of collagen bundles within
the histological specimen images, providing an output describing the orientation in 12x15°
segments. Typically, normal skin tissue would possess limited horizontal directionality,
with peaks in directionality at approximately 45° and 105°. In contrast, scar tissue would
10 have a significant proportion of collagen bundles orientated close to the horizontal, with a
very high level of directionality at 0-180° (i.e. planar, parallel to the surface of the skin),
but very minimal directionality between 45 and 120°. Less sever scar tissue would possess

more collagen bundles orientated in directions other than at 0-180°.

15 The present Study investigated two levels of tissue orientation, (i) scar tissue from each
0.01%, 0.028%, 0.05% PEP00S, DMSO/isopropanol vehicle gel and untreated wound
control group were compared in terms of the amounts of matrix, orientated parallel to the
horizontal £7.5° and (ii) in order to allow for possible errors in section orientation, prior to
image capture, the possible impact of local cutaneous organelles (e.g. hair follicles), and

20 undulations/irregularities in the skin surface, scar tissue from each group was also
compared in terms of the amounts of matrix, orientated paralle]l from the horizontal, by
+22.5°. Ultimately, the greater the collagen bundle planar/horizontal directionality, the

more severe the scarring.

25 Results

Tensiometric Assessment of Wound Strength
The average tensiometric, mean tensile strength values, obtained for tissue strips (3 mm)
from each 0.01%, 0.028%, 0.05% PEP005, DMSO/isopropanol vehicle gel and untreated

30 wound control group, at 4 weeks and 12 weeks, are shown in Figure 1. The mean tensile



respective experinmental groups for 1, 4 and 12 weeks, when the animals in
each group WO 2007/ 059584PCT/ AU2006/ 001781 50 were eut hani zed and t he
condi ti ORy@hootssrds and pen-wound tissues (in terns of vieabiAukbasooeiyt hema,
oedemn, etc.), nonitored at all assesanent points, according to Table 2.1.
Animal s were al so wei ghed during the course of the Study, to determ ne
whet her PEPO0O5 exposure had any adverse effects on the general

heal t h/ condition of the experinmental 5 aninmals. Euthanasia, Tissue/ Sanple
Harvesting And Processing Harvesting (Weks 4 And 12) 10 Wund ti ssue and
normal margi nal skin was excised and a single 3 mmstrip incorporating the
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strips were then stored in saline hoisténed surgical gauze (TopperTm
Johnson &ckesing tmsilosirangihwith PERAOT exposuC, prior to tensiometric anal ysis.
The remai ni ng wound tissue was fixed in 10%formalin, processed and
enbedded in paraffin wax. Transverse sections (6 15 pn) were taken and
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evaluation) and Mallory™s stain (for matrix orientation analysis).
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full-scale readings of 5.0 kilogranms force (kgf) for the tensionetric
anal ysis O week 4 wounds and 50.0 kil ogranms force (kgf) for the

t ensi oneg [ .Sy lYsSd f 2 wounds. Tissue strips (3 mm fromeach
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(Weeks 4 30 Matrix "orientation was term ned i n histol ogical
speci nens from each 0.01% 0.028% 0.05% PEPO05, DVBQ i sopropanol vehicle

gel and r eat wound,control group,. by. 2007/ 059584PCT/ A1J2006/,001781
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surface of the skin. Digital inmges of each scar were then captured in the
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control groups at 12 weeks. N-NT = PEP005-"naive", untreated, N-V = PEP005="naive",
vehicle treated; V = PEP005-exposed, vehicle treated.
20
Table 3.1

N-NT N-V V | 0.028% PEP005
%7.5° 10.55% 946% 9.01% 6.99%
+22.5° 30.32% 26.84% 26.03% 21.81%
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directionality, with peaks in directionality at approximately 45 and 1050.
In contrast, scar tissue would 10 have a significant proportion of collagen
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wWith increasing tensile strength with PEPOO5 exposure. The nean tensile
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treatnent with 0.028% PEPO reduced the percent age of collagen bundl es
that align at 7.5 or 22.5 conpared to the three control groups. Table 3.1
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G owt h FaQi-adesyldngenGl-B akigelete, or Riphaindcetiieall§ ac&plabbr alt(the@8)in tR® 56 CLAI MBS
1. Use of an isolated or, chem callx,s nt hesi zed i ngenol conpound which is
20- 071%cemAuTashEnoh2 medicgmentfar rd %iné REFHRHERHDS SG YSUS X PPN sal t

ther eof T BodhiRisor TRl {oRe! Mlitsophd infh WEHAAHRbIORwIRIGHSIE BompBuRrbrheal [ ng | n
a subject 1n need thereof. 2. Use of an |sof ated or chem cally synthesized
i ngenol csapthersf ishioc Mdmimnistation tethe twouni 106 eaid sulgectig oeesl thergof. a
pharmaceutically acceptable salt thereof in the 10 nanufacture of a

medi cament for reducing or mnimzing scar tissue or inproving cosnesis or
functi onal, out gRERThAisd1EAIEhenilS YPhtBedizedihgil BorfipthdaaiTEIOPY- or sal t
thereof is for admnistration to the wound of said subject in need thereof.
3. Usé5of Qaacatddnganelt3angelnterar eathaymappnticatlyiacesptablgyealighereefivshed which is
20-

manufacture of a medicament for modulating the phenotype response of dermal

fibroblasts and/or keratinocytes in a subject in need thereof.

4. Use of an isolated or chemically synthesized ingenol compound which is 20-
20  O-acetyl-ingenol-3-angelate or a pharmaceutically acceptable salt thereof in the
manufacture of a medicament for modulating the production of one or more

cytokines in a subject in need thereof.

5. The use according to claim 3 or claim 4, wherein said modulation is at a

25 wound site.

6. The use according to claim 4 or 5 wherein one or more cytokines are selected

from the group consisting of IL-1p, IL-2, IL6, IL-8 and TNF-a.

30 7. The use according to any one of claims 2, 5 or 6 wherein



15 0-acetyl -i ngenol- 3-angel ate or a pharmaceutically acceptable salt

thereof in the manufacture of a nedi canent for nodul ating the phenotype
response of dernmal fibroblasts and/or keratinocytes in a subject in need
thereof 4. Use of an isolated or chegcally synthesized ingenol conpound
which is 20- 20 0-acetyl -i ngenol-3-angel ate or a pharmaceutically

acceptabl e salt thereof in the manufacture of a nedi canent for nodul ating

t he production of one or nore cytokines in a subject in need thereof

5. The us ¢thedogaotcorgpoundair phamiaceuticallyianseptablheattdhereelis fortopigalat i on is at a
25 wound sitle. . 6 ti:he usg according to claim4 or 5 wherein one or nore
cyt oki nes 2BPIEaLER IO PE ¥ PG t he group consisting of IL-113, IL-2, IL6, |IL-8
and TNF-a. 57 the ingenol compound or pharnaceutically acceptable salt
thereof is for topical application to the wound. 8. The use according to
any one of. cl ailig uge aczortingtorany PngeE elaims t.reorbiontwheremstbe Boradiist r om t he
group gonsi,st,i f . e 1 ONS, i |- NG kS , punctures,
grazes,g sé?lg‘ft?: gfg?l %’g o%@%@ﬁ%%f%ﬁ%&g&gg?%gﬁ{t%hg’?shf ?agk@ésﬁ&%bunds, chronic
wounds,  UlpaRdttres,! dtefedpdcratiies,cdonppensida, wands] abedsionsftidtion woundks resul ting
from pat hogeni c i nfections, skin graft/transpl apt donpor @}Qid reci pi ent
sites, i o wepssicersihermad pifect srondpyshermical wpwndscHOwdSiTRRIE na|
wounds, d J: ' ' a | | esions.
o The' usdeaEpahGiteld inRRerolh RtDRan R hétkdsaRd SckfiEncaNEs, SERES. il 1o.
The use aeeponiergnditions, arahvwdunds, Stontreheir intedtmalwourdls] dangaget camilagewound. 15
11. The use ,according to_ claim 10 erein the wound is a

di abeﬂ?c-%g%’é’?’@ﬂtaaﬁ%ﬁ‘éﬁs and sorngal e8RS i ¢ et hod for reducing or

m nimzing scar tissue or inproving 20 cosnesis or functional outcone of a
wound, conprising admnistering to the wound of a subject in need thereof a
scar reduéing dhemsaacrorlingtoasimons wheretothentdund ds a fwfargous Wabnd.npr ovi ng
anount of an isolated or chem cally synthesized i ngenol conpound which is
20- 0-acetyl -i ngenol- 3-angel ate or a pharnaceutically accepted salt thereof,
Wnergi n prgf er atkeYis®AcdrdifgiROdiaieh 9or 8 dherdis thaRhindds & ORoaRl wourkdp t he 25
wound.

16
11.  The use according to claim 10 wherein the wound is a diabetic-associated
wound.
12. A cosmetic method for reducing or minimizing scar tissue or improving

20  cosmesis or functional outcome of a wound, comprising administering to the wound
of a subject in need thereof a scar reducing or minimizing amount or cosmetic or
functional improving amount of an isolated or chemically synthesized ingenol
compound which is 20-O-acetyl-ingenol-3-angelate or a pharmaceutically accepted
salt thereof , wherein preferably said compound or salt is applied topically to the

25  wound.

13.  The method according to claim 12, wherein the wound is selected from the

group consisting of cuts and lacerations, surgical incisions, punctures, grazes,

scratches, compression wounds, abrasions, friction wounds, chronic wounds, ulcers,
30 thermal effect wounds, chemical wounds, wounds resulting from pathogenic

infections, skin graft/transplant donor and recipient sites, immune response



13. The method according to claim 12, wherein the wound is selected from
the group consisting of cuts and | acerations, surgical incisions,

punctures, grazes, scratches, conpression wounds, abrasions, friction
wounds, chronic wounds, ulcers, 30 th %nal ef fect wounds, chem cal wounds,
wounds resul ting from pat hogenic infections, skin graft/transplant donor
and recipient sites, imune response 58 conditions, oral wounds, stomach
or intestinal wounds, damaged cartilage or bone, anputation sites and

cor neal | eenditiens, orhl Fiosnds stootkch ot rteitingl weunds,alamaged eartitage or bére, wound is a
cut aneous wound. 5. 15.. The PFthOd according to claim 13 or 14 wherein the
wound is ATPHREGRPSRANGorneal IEsipRs. 110 het hod according to claim 15 wherein
the wound is a diabetic-10 associ ated wound.

14.  The method according to claim 13 wherein the wound is a cutaneous wound.

15.  The method according to claim 13 or 14 wherein the wound is a chronic

wound.

16.  The method according to claim 15 wherein the wound is a diabetic-

10  associated wound.




