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METHODS FOR WOUND HEALI NG FI ELD OF THE | NVENTI ON The
present invention relates generally to nethods and

W@ 0w059584 ons for pronoting wound heal i ng i n aPCI/AU2®5/001781
In particular, the invention relates to the use of
i ngenol conpounds, particularly ingenol angelates, in
wound heal i ng and conpositions therefor which contain
such conmpounds. 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 ety i oyt
speci fi cat .W?ﬁ%@ﬂ@ﬁ%gﬁ@ﬁ#‘?%mﬁ ormati on
derived fromit), or to any matter which is known, is
not, and should not be taken as an acknow edgnment or
adm ssion or any form of suggestion that that prior
bl | ' ' rmati on derived fromit) or known
Fnﬁ§$ﬁgf%h@fﬂ%&@gﬂiaé$ t he conmon general know edge in
the field of endeavour to which this specification
rel ates. Wunds are external or internal injuries
Thecprassatiinygntian relateg| geacraive hantheds anderariasiions ferepramoting wound
t ho i: ns..whi Lt 1nthe ' .
heafi IS Feront Spibbi et T ato Rl PP 544 G pggnot compouns,
parti@ddriyniggenol @ngdlites, rie stouha thealingoind ¢@spositiopa thcrefot amlich contain
cut aneous tissue) integrity, is orchestrated by
sucky gpmpRRdgr owt h factors and cyt oki nes which regul at e
cell gromh, cell magration, cell differentiation and
cell proliferation {Wrner and G- ose, 2003; Bryan et
BAGKGROMND OF THFINVENIAOMt | y be descri bed as
occurring in three phases: (i) inflammtion, (ii)
proliferation and (iii) maturation, each of which can
Bibﬁ@lcfnfab'ﬁik hRfails W Rt RBAELHRS rbREed B 8BB& f 6hisspaESsation are
al t hough none of these phases correspond to a
collpeted pistee yndief thadescpptiomd of time and may overlap to
sonme extent (Baum and Arpey, 2005). Nunerous factors
are
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

endeavour to which this specification relates.

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

integrity.

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) .
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
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i nvolved in the conpl ex process of wound healing

follow ng injury and cytokines are considered to play
w@200e935958d e in the regulation of the entire prBCEAF2006/001781

{Hubner and Werner, 1996). Xi) Inflamatory (0-6 days)

The first stage imediately following the infliction

of the wound, such as a cutaneous wound, is referred

to as henostasis, whereby vasocontriction and

clotting, nediated by fibrin and platelets, are

initiated to control bleeding. The clot further serves
tim@end MEPBLEIHNR! soid et t¥ntf (Waumn&lwgﬂz i R0OPP! BeSrows Cfactors are

inflanmatory cells to the wound as a reservoir of
invelyed ki iks camalegrmmqss foicvaind. haabing dollenyingeiniysy 4sil scytokines are

conlkiﬁ%lllear_ agfé/ k?f ooéé 1313@1(3%3% l&lo&%ﬂgﬁgfg eﬁﬂéeﬁgtﬁ agéqae{' ang’ Werner,
1996pel |1 ng and pain). The first of these are
pol ynor phonucl ear cells (PM\s) which are attracted by
growt h factors and cytoki nes such as platelet derived
gr ol and IL-8. IL-8 is a mgjor
@ ch g\ggaﬁxg&% t n(?@gg)r PWNs {Werner and G ose, 2003),
Theaficht istage rieqmadlicely follawmmigetht ieftipties oiff die wound,i sichads & outaneous

the.infla tor cess begin.to cle
WOyl it KoL b 00 M Peafs, ooy FCo Rl S b Gleli gediated by
fibraNdndasihRlckd ABUnAfadr ?os'cgﬁt%l bl@eéhﬁ@ V‘@H@Q:létofulﬁler serves as a
relatively short period (1- n turn, PVNs are

progisigaplomaisizuioe encofnuag/ﬁblwb}aetg a@d olmgllmmaﬂgry cells tpith¢ wiound and as a
3 days post-i nJ ury, PMNs are

reser‘lmlf Oﬁggo%nesn%l d&r W%bfg&\%?i ch transforminto

macr ophages t hat aI so act as vvound cl eaners and a

further source of IL-1 a, b, IL- 6 and TNF-a but
Follogvige t Berfl@mﬁlﬁa inflaneatory rf&llgu gaier othea Watgerange pepgtuate  the

S

inflchiratcly ppiva® GRCNG By SXRIERCLOR, IRl A00IE), The firgof thes
are @b],yrrﬂﬁﬁlﬁbnu@'eas&:llst(PMNs) 2006 arelsbingtedely gio,wt]i Qﬂﬁc)rs and cytokines

such 85 b oo B0 410k RSP Do)t ThooiL-S i b atractant
for PMVN's e3P ON,E @ bsd, 2083) And 4§ rapid and transient expression is critical to

the inflammatory process. PMNs begin to clean the wound by removing cellular debris,

foreign particles and bacteria and are resident in the wound for a relatively short period (1-
2 days). In turn, PMNs are a major source of cytokines such as IL-1a, IL-1p, IL-6 and
TNF-a. By about 3 days post-injury, PMNs are replaced by monocytes, which transform
into macrophages that also act as wound cleaners and a further source of IL-1a, IL-1B, IL-
6 and TNF-o but tend to remain at the wound site for a longer period. IL-1pB, IL-6 and
TNF-a, expression is strongly upregulated during the inflammatory phase (Grellner et al,
2000; Grose et al, 2002, Hubner et al, 1996) and their coordinate expression 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-1 and TNF-a.

(i)  Proliferation (3 days — several weeks)

Granulation is an important bridging phase from inflammation to proliferation.
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i nflammat ory process and are specifically involved in
col | agen and cytoki ne production, in part they are
wo egalosesed by IL-1 b and TNF-a. (ii) Proliferap¢DAULB6/001781
days - several weeks) GranWd ation is an inportant
bri dgi ng phase frominflammation to
proliferation.Ganulation tissue fornmation begins sone
3-4 days after injury and primarily contains
fibroblasts and macrophages, Mgrating fibroblasts
produce a permanent col |l agen-based extra-cellul ar
Gramatatibx t(sﬁﬁ\/lformﬁommshagmss’ HAr ¢y Cfted iMjary @hy _F(Pl arily contains

riihdh At easropherim K Heat ﬁ%&?@aﬁéﬁ Pgrsnent collagen-based
extfaﬂféﬂﬁfa? mdtfix NBEMEEY ﬂﬁ%ﬁﬁﬁ% faddaat Vgh%g cﬁl %’é{’vth factors and

phenotype has a sl gni uence on
cytblandsi ighrassHonsasl ANG-«| whllchah ot etimaitd eephdasiot of growth
al , 1996, 2001, 2004). Studies have shown t hat
factorsr obl asts from tissues mhlch exhibit preferential
wound healing in vivo (i.e. oral nucosal tissue)
exhi bit distinct phenotype responses in vitro
It }(aalbemh acmebstettechthat THOAYlast I-?Jhendtypmﬂlaea digiificant influence on both

t ei nases .and,serine pro ases pla
woll, Brq R o8 b plief [librbis Rt dr 4. 95 a00n 2004
Studies hisMhoemlgd fibrBBlaéie flogiMiditded WhidhYexfitsk ;BrEfek@ﬁapﬁSﬁhd healing
denpnstrated that decreased ECM reorgani zation an

in wikouthg. Prehimusgsal itisae) eklribit |d¢st1mfumy>typs IEEPODTH am edra/\(aﬂ-lh(hateeb

e e |.ast tion and activa
o JE300RE e BT RRINGHhBR"Mh S PO pley an
impbithitollasi shelesppngionadfecd Iy aapedidnyftl ECO0lbRs@)ling following
Iah%igﬁ reorgani zati on_and contracti on, associ ated

injugy g as bergelemonsigatphibipt decreasedbECMhreoreapization gsbwous! healing
e [
(1.e.%%ﬂ€3¥cﬁ§aﬁ?x§5?% %fé‘s?)?iggw %‘tﬂa?e ééafs&? pﬁ%r@f)ll"?lst éfﬁ\‘;ﬂ) Bﬁ)ﬁh@t on and
actifathomo T et ?t (a$t apbns Cetl aiuposhB 9361t1 Beltal Kttan efﬁbolel‘astﬁmemonstrate
I n contrast, roni ¢ wound

06
IHCTF%‘SSaofHPa §b]é?'g§n iagtg:& LOENzRtien r%%@ﬁ“?@p%ss?cmed with the

sup&r! agesilitiad b %sé %9!1 9%513‘3 Zt@trh%?atér’(groﬁgﬂttﬁeaml\@ Mmd to repopulate
associated with del ayed or inpalred ul ar

experigeriel wavztheodels iel viirop opupaitd nnompaliskin fiireblasts (Stephens et al,
1996; al-Khateeb et al, 1997; Enoch, 2006). In contrast, chronic wounds fibroblasts are

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

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
granulation tissue. These cells appear to undergo a number of phenotypic changes during

migration, expressing proteins associated with the differentiating cellular phenotype. As
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vitro, conpared to normal skin fibroblasts (Cook et

al, 2000; Stephens et al, 2003; wWall, 2006). Increased
woRMIAs45evel s and activity are associ ated w t hPCT/AU2006/001781

fibroblasts fromoral nusochl and fetal skin wound

sites, whilst chronic wound fibroblasts have decreased

MWP-2 | evels and activity. Re-epithelialization is the

next key event in the wound healing process and is

initiated primarily by mgrating keratinocytes.

Re-epithelialization is achieved via growh factor and
migeyticak iprezesds, rtdrairdytes cdcqghies ad ippoteolfytik epl&tnbfypey @aucmg serine

prolgaees ARIPR oL Te B ES0eh GorBiiHe i TmahoBypibe 'Enagesce until
conﬁﬂgidé&?f?f}ex&{ ah OfhitoB¥A é)es'd% g 1 eﬁfn%b{/’tgs aﬁ’rﬁﬁ? oatfﬁ{jchéﬁ‘ tpﬂenotyplc

rentiating c enot grat
altepativoesuth thateﬁﬁmiemmmmdauqmmaaoa orﬁ tthoet @nthyhum and re- formatlon of

henot rodu0|n serin oteln s and MMPs. The
the BAE Y ey BhBe SEHIF R EomB e P S eP R B EET HERTRE s pace
until conpletion, when the mtotically active
kerati nocytes undergo further phenotypic alteration,
CelbaHE ¢ Maattadhmeris HGIN alegiodatinnobys prosingses and dre overalheegulation of

thes%pI totaggseﬁu g)]y ﬁ;g[ rngaéli,ogrtnlé ﬁfa%thrgﬁa?fa Q g?er %Wn?"qgréag Sof wound

renﬁdblﬂmg and beMirat tv&ﬁﬂf@%rdlmﬂcdﬁgﬁlﬂﬁlﬂbﬂlﬁﬂ s@¥h as cell migration and
prot el nases and the aqverall requlation of these

Wowdoe%@égorbywéﬁe&klaﬁ dategiarEGN vinteraciensr sSuchy iatesadkions regulate

I l
e e T
binding pveseing vaolst ptdinases rewicwve eristing mtegrlmt 1ﬁ‘@racmmE£M10wmg rear de-

i nteracti gns, Such j ter ul at e, cyt oskel e
ad 35 aitice issaiiny OHBUE J0kes PRohes it Thaber oDz Kilel er
20081 ockmihd YoRishides iR ﬁbn%s@ﬁcepbptr%ﬂ‘%e a\ﬁﬁéél&{ results in dermal
prot ei nases renove existing integrin interactions,

reorghhigeiiang ay euantified dkessinumtadlydbyoellhgani lgitiat rwg@lmtnomontractlon
1997; Stephens and Thomas, 2002; Kirfel et al, 2004).
Cellular contractility in the absence of rear

IL- @ﬁ*@ﬁlbﬁéﬂed Mo bestldid tb Nkide g thie as@ansZek ineAlingd&sponse (Werner

quantified experinentally by collagen lattice
& q‘ré?éfreg%(?ﬂ?’z S lyei ¢ ght2080) Yid ifs mitogenir sffeeihon d\éﬂu@é eflge kgatinocytes

and%s“&ieﬂlo-eftfg%ﬁ GfreSt 6% Beut}cﬁ%ﬁs ag pa%gfenpgxptrgs%mﬁe&l s thought to

response
be critical to scarless wound formation (Liechty et al, 2000).

(iii)  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,
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).

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.
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& Grosse, 2003; Galluci et al, 2000) via its mtogenic
ef fects on wound edge keratinocytes and its
w@ebh@mosess racti ve ef fect on neutrophils. TransPEnAU2006/001781
expression of IL-6 is thought to be critical to
scarl ess wound formation (Liechty et al, 2000). (iii)
Mat uration (4 days- weeks or nonths) Wund maturation
(or renodelling) may take as little as days or weeks
but the conplete process can |ast up to several years.
During this phase contraction, decreased redness,

EffidRat 8ab esnplble MRS of 8emuaase Qhér@i@% itdl 30r R Ckontinued health and
i ncreased strength of the wound i s observed. The wound

welk-bping £ ttlae sibiRst. M?élyl faetorsetracadyersply et Bis| Weungd healing process,
reSngl A0 R BRI glu edhgx ts\gﬁlsr%éagﬁﬁ/glt %}c%%sazﬁ e ude the age and

éases an imnis

gentfaé hegldnpf ﬂteedulby‘d fsubjebie madleutdfion, hdibdasds] applnmpl(e\dﬁrrmeumpmred
and G ose, 2003 Baum andAr pey 2005%1 Dependi n g
Cmtl ORaifdisaien (Eeeh A Ani- c&ﬁaert ﬁléd rsteaQigal trteﬁfénents Infection, the

preélizhéé Hﬂ%k&& A dddfotfe! RS UEss! RIPA thi gyp@’%}’ woghder a

subj ect vul nerable to Infection, bBlood |oss, |oss of
ti ssue functlon or scarring. EfflClent and conplete
eal i n a wound refore. vit for the, .. .
Furltg e feeat £ s b Pt st tistis fenuSelrty Sepgigpue is both
funétamhny nd edtnRavALSafior td fsinal BRnRsIkiM eBhis Me¥eriority is believed
. gﬁocess resulting in chronic or slow healing wounds,
(0]

d epnsegesnes e, thanarrangemetie of esllagrn Anadigervethin the neodermis

gengr%?ﬁd.t @u&%{%’ }1&9 t IS8 Eorgnafigg ) efle gﬁ?alg?}ftbrlfnaleggmt}g{x o%%gls skin are

rred ¢ir &Y

arra@g?tthl aSorﬁpléili -SCCHméﬁfloﬂil chfSJTefﬁ raﬁiad@mdnlt g@’(dﬁemhﬁéd a "basket—weave
I nfectjon,, the presence o gn an necrotic tjissue
arraggerpgit), which pEovigesehigh laxsin a? elﬂawwea% Fest le@%ﬁo Gamage to the

skifVO il has b% e?lthﬁcﬁ:rarﬁ %Haﬁged' ﬁflﬂr%gfﬂ%e r manner, with

tissue'is unctlon erior
bunﬂlms ooemaled lparaﬂpkmehle slciace oﬂhe$k1mf”ﬁte| 10$S| afiB- dlsndmeﬂohel\ﬂmhve and

eaco eof earr of. cql | agen .
ts GRS NS ACPHE HESCU L GERgRIRd BT Iege REreponsible for
thelds%fJ@oshfé&i@@%Mé@ofm%e%@irhﬁ en bundl es w thin nornal
skin are arranged in a conp ex 3- dlnen3|onal woven

arrangenent (often terned a "basket-weave"

Pro& E 89! %21 ’hegm{g IEITB. hg ?g'cu{s“og I'fnéegs\{\% isesgefrcl? laﬁlc% tsfuaﬂl ¥d there

reS| I'ence
are currently numerous methods and composmons 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.

Despite this, results have been somewhat inconsistent and the treatment of chronic or slow
healing wounds continues to pose a serious challenge for the 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
process, in such a way as to promote the development of a more normal collagen

architecture, would be expected to improve scar tissue quality.
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skin. Collagen bundles within scar tissue are arranged

in a nore planar manner, w th bundles orientated
w@aroalobsB4t 0o t he surface of the skin. The | ossP@F/AU2006/001781

3-di nensi onal weave and itséreplacement with a

paral l el array of collagen bundles is believed to be

responsi ble for the loss of cosnesis at sites of

ti ssue scarring. Pronotion of wound healing remains

the focus of intensive research and study and there

are currently nunerous nethods and conpositions
TheaFapHoabib&eab Faml GV piiNdsvernd Wide Rty \ruplentbeadludislg weeds of

including a nyriad of passive and active dressings and
Eupharidageeciesanid 1t widebarepated duinentesictyael weenangs paripglagky ingenol

] ebrid ' [ : :

confiSif! S IRTMAC Lol AR GPEEL Dl SBEANUS shiB T BecitEUP Ml group
is Eapherbad piwiifera 1t enersins Brigmt L. of. daphiafalnsf, oviveel common names
. tissue, Despite this, results have been sopewhat
inclpig BHbesr @A 1DUEE, THES Wesda EHs a0 QuieHIb s timA Vegg and flowery-

e SN By R I s LB R, i

Northeen eestrafigr intlndingeQueapshang. afdp/mebiopkp/dsors amodladri spgeies from
wmounds and the pronotion of wound heal ing..

whigh perae fgherlotay Bo L EGRBT P BPeH B 4t PRYY AlSted (iegeUS Patent

Nod. €& 490 QCEEB1611 P YBA4D19RY IASerloR 3RMBBRIeLIst &€ ingenol angelate
devel opment of a nore normal coll agen architecture,

extipefgdl dng eurifipe Stosu Lt perilmprod és Besal, figselér wude ittoptgns of actinic
uphor hi aceae fam | y. of pl er Wi [ » .
rerggpRg o R A o B RN BR 57 P S B fgisason.
Thewyaebyicltg poitgdolt hatigetaty B Bdcy shbwhiTgemanesell lines in vitro and its
particul arl in?enol conmpounds are isolable fromthese
effigaeydy aiyo h@]geanﬂ@%llwéﬁ?fb@@%i ed species of this group
is Euphorbia pilulifera L (synonyns E. hirta L., E
capitata Lam), whose common nanes i ncl ude
SUMMAREOF THESINVENTIONakeweed, cat's hair, Queensl and
ast hma weed and fl oweryheaded spurge. The plant is
wi dely distributed in tropical countries, including

ThrbeRt 1R dpkdfidRfoh nth&USdinAal wRich | fBRbWIUMEss the context requires
Queensl and. Euphorbia peplus is another species from

otheniissh thergenddompies! sandsyavintionsaneh ag seosmnrispy cpdr'epmaprising”, will
be J‘n%\érestobo%etg 1r|nls58/| tﬁ(ts ?nccl;l 1So%eof La{sstal?g& %@etger or step or group of integers or steps

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
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
phenotype and pivotal wound healing responses of dermal fibroblasts and keratinocytes

can be modulated using such a compound. Such modulated alterations may be beneficial
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Nos. 6,432,452, 6,787,161 and 6, 844, 013).
I ngenol - 3-angel ate i s an i ngenol angel ate extracted
wae@7osas84 i ed from E. peplus, and is useful, |iPCEAU2AI06@01781
in the treatment of actinic’ keratoses and non-nel anonma
skin cancer (NVMSC) by short termtopica
adm nistration. The cytotoxicity of ingenol-3-angel ate
has been shown for many cell lines in vitro and its
efficacy in vivo has been clinically established.
SUMVARY OF THE | NVENTI ON Thr oughout this specification
to vASUAdIHRELY ShtBEmM¥) pEfichiatly @ cutdHeBSSWhiRIsC Qiﬂvﬁﬁttageously, this may
requires otherw se, the word "conprise"
also/ugpulhin Wﬂmblaﬂahna@utcemﬁqawﬂb geducgd gear é@mmtlpm A§e preagnt|invention

oo SR Pl B B FAAR BBl 5, o roncn

resfionee 6XEbrablasm a0l kanyinedynsrinydllePEr wolindSialn@r THsY Up sBulating
integers or steps. Gven the critical roles perforned
the ggutgy TeNarBmiaey EPROTERPUEY £ KICFRASINGSP MR andogaqrpBagB migtasion and
e
1n01§gsglgé< gfo\?\#fﬂ'a %Wﬂ%@rdg%kté%t llegéel C\%@t‘f’n&pfx%&%\ﬂgg ?:% :?)r@ quérHQted. Thus, the
invgrtiodygbvides orthode fat wpendr m;hng sadreeptibe wosedul Therinvention also

treatin ds b tin stiulatin initiatin
PrOYHER ARSI, MBI TGUABIN 18 G5y IgPBEE: figh rie Bt Jelagsgthitecture
andRIhQCRRP a%@“a%éoﬁs%dh&%r% Rbr MWtk FhAltPOr &eHehled fouhd &-

I mproving cosnesi’s. has now been” shown that an

i ngenol conpound can nDduIate I mmunosti mul atory

Aoy 4 BBt & T BRG] SFmotiblebing e gioduction of

oneC@ dird) csrwkcﬂes rnesa whbjed ipl @pdahe@bs domphRiipdadiBmisidithg to said
It has al so been shown that the phenotype and pi vot al

subiget A dnadd g eHediys meeung of ayr ingengli gauad 1y & pharmaceutically
ghodul ated using such a conpound.
mméﬁ%ﬁékﬁ?%%éﬁ%%& Fgﬁatlons may be beneficialto wound
healing out cones, particularly for cutaneous wounds.

ant a eo t.his may al so. r nd heal ] ng
In aaaﬁie el B TR Bird cafction of one or
moreMY 5@t ROV R P¥tedsISa ﬂﬁ)#c'ﬂ?ﬁ BQQﬁthte%f r@b%r@tﬂgnﬂimlmstermg to
cytoki ne production and the phenotype response of

saidf subjashp axrdylading eklertate vt e8 an meshelexpninound ond pharmaceutically
accep%gble 0 01]_ Ig]rlcj)al‘ugb&{ereofL %loﬁg Ien%odlment the administration involves topical

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.

In another embodiment, the one or more cytokines are selected from the group IL-18, IL-2,

IL6, 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
administering to said subject a modulating effective amount of an ingenol compound or a

pharmaceutically acceptable salt, or prodrug thereof.
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the acute inflanmmatory response, such as increasing

PMN and macrophage m gration and i ncreasing
w@e@iosfsBamat ory cyt oki ne | evel s, wound heal i PQT/aE2006001781

pronot ed. Thus, the inventi®n provides nethods for

wound healing and treating wounds. The invention also

provi des agents which pronote the devel opnent of a

nore normal collagen architecture and thus may

advant ageously i nprove scar tissue quality of the

heal ed wound. Accordingly, in a first aspect, there is

In afStRi SRRt theTRYdMBdn Plovidrd Wl dtheofl ed@ladet bk iphenddypeaBsponse of
nore cytokines in a subject in need thereof,

or : .
dernoad nfdroblsty andfeir niesatinocigs tab as Hound WP et a Subisefu itanpssy thereof,

ef.f.ecti.ve .anmpunt of . I: nQl :
comBHepudtiv FEBNE Yo e AT E Bon RRE okl Bmopnt of gn ingenol
combBur@hét ) pharampaaicall@cdepiablet dattror prrodriug ekereofireinhmm enibodiment,

nodul ati ng the production of one or re, cyt qki nes at
the sadppipistation einyplves sigpjcekt anphc#idy ¥h gﬁ%oF’;ge‘?:‘grrﬁPWQPWbd or a
phaRfTLMEHERLABR S8 & SHBLE Hordorlid Aokl fective

anount of an 1 ngenol conpotind or a pharnaceutically

acceptable salt or prodrug thereof. In one enbodi nent,

the adm ni stration involves.topical application of the. .
In ap G P b BT ORY SR AT RO TR ShEat R gind Rfling in
a sitidch in HeeBr @6l ddMEIRAg hOminfRerHRUe sBidt ubjdod ©0R@und healing

efmbodi nent, nodul ation invol ves increasing cytokine
effeptioutuinbaf a1l mgenad chwpowrbedi pharmaceufiealbraocetallg salt, or prodrug
therc{fl oki nes are selected fromthe group IL-1 b, IL-2,

ft%6, 1L-8 and TNF-a. In anot her aspect, there is

provi ded a nethod of nodul ating the phenotype response

of dermal fibroblasts and/or keratinoé%%es in a

In asfimsihei aspepts ek ENVERBPT BTOVIASS AR WOA P TAANALAE t BiPPRe) by promoting
[ iec ' tk : :
Nk S A A
effesiae am@mt pf adinggndllvempotind or aptotheccutisgcacceptedble salt, or prodrug
i nvention ovi des a net hod of nodul ating the
therﬁ‘?féﬂgl?ey‘ﬁ%u‘%trssponse of dermal fibroblasts and/or
keratinocytes at a wound site of a subject in need
t her eof .
In one embodiment, the wound is a cutaneous wound such as a dermal or epidermal

wound.

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.

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 doing so the compounds may provide an
improved or accelerated rate for achieving this, particularly for chronic wounds whereby

the inflammatory response may be "kick-started" to promote healing.
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conprising admnistering to said subject a nodul ating
ef fective anount of an ingenol conpound or a
w@ba@risesedut i cal |y acceptabl e salt or prodrug tPer/aukeo6/o01781
In one enbodi nent, the admhistration involves topica
application of the ingenol conpound or a
phar maceutical ly acceptable salt, or prodrug thereof
to the wound site. In another aspect, the present
i nvention provides a nethod of pronoting wound heal i ng
in a subject in need thereof, conprising adm nistering
to said subject a wound healing effective anount of an
i ngeno] conpound or a pharmaceutically acceptable
Theggfore, o ypir é’éﬂtb@' 9%%0&116 inentiony proyides a3 p\eetbodtﬁ@é reducing or
midifYARE | QR REQY! d r&ﬁﬁ?00%5191];31%r&a?dlﬁgoﬁlv\@ﬁpﬁmpym a wound,
pronot i ng mound ect 1n ne
conaminig sdmgndmmgc‘@l 1Ihy \ampidyd)ﬁlg sabjwwmdndeéahenegf a scar reducmg or
effective anDunt of, an eno ound or a

iR SRS (Tt e B R LT SrOBRE JaInG 4T R dpeepl angelate
coriuhf®r WHﬁﬁxacéLﬂlcgﬂﬁ a@J@B&glergﬁHtOf phdaRuMpERErT S @

cut aneous wound such as a dernal “or epidernal wound.

In some enbodi nents the ingenol conpound is sel ected

Bﬁﬁgmfg@%%ﬁ%ﬁ%@ﬁ;ef ﬁlg-enol - 3-angel ate and

pharmaceutically acceptable salts and prodrugs
t hereof .. The_ conpounds contenpl ated by the invention
Fighgy! greshically depiss peragerdenssamelric Wgte obiyeqdopiasttedpurgical), rat full-
sC g [
o QRIS B ACE s OF BTN (T8 W RE e soplacin o
0.05%an0R8%, 00584 HEP(M)S eoliparedwWyinly t]rteh]el\/tﬂﬁ/mepmpaml vehicle (control)

f uncti gnal utco suc ed stre h or
déf%ﬁﬁeg |V‘f03‘/mgﬁ?mF E%Nﬁ‘es gﬁpg 4 \éessun Feﬁ‘EFlﬁlv BtV SnPEP005-

"nafle" f\zéﬁfaé:{redaa/dw = PIEGB S gﬁﬁds@&‘ Whick- In doing so
t he conpounds nmay provi an | nmprove or accelerated

rate for achieving this, particularly for chronic

pEfAULED BESCHEPTION OF THE INVENTION

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
components, manufacturing methods, dosage 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
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
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
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the inflammatory response may be "kick-started" to
pronote healing. Therefore, in yet another aspect, the

WO pwes58h provi des a nethod for reduci ng or nmPEi/AU2G060401781
scar tissue or inproving cd8nesis or functional
outconme in a wound, conprising admnistering to the
wound of a subject in need thereof a scar reducing or
m ni m zi ng amount or cosnetic or functional inproving
anmount of an ingenol angel ate conpound or a
pharmaceutically acceptable salt or prodrug thereof.

of BRv&mdDHbeRIeRT @N thE proikofrdFUREToVangst,eprbegissiph e@elevation, or
depi cts average tensonetric data obtained in acute

oth%rg\utega \@myemerngto frame| einernaiages pic PEcessed asweeidted, with the wound

s and (B) 12 wks, follow ng the application of
heagp%ﬁgb @% 028% 0.05% PEPO05, corpared with the

DMSQ i sopr opanol vehicle (control) and untreated wound
contr

They BBt M fvisnie GAFeTie: CIBRREAONIS {PRBYDE PEpIREEaes, venous
leg \(@J&Maﬁd Hfa%@ﬁceﬁ)ot REEEA, D s[E¢He d@s@‘f)e@:as-r\bﬁlddy\f@nfamo heal.

Bef ore descri bing the present”invention in detail
Whtlst the emectun@tleelétromﬂhqgﬁacsw af elyenist Weunds ssanomﬂalkyamidrstood it is
ted to s

kbRl e YT o A OB Rt Bo P rEC R Bl and migratory

celld ‘d&ﬂﬁ@ 26188 i8S, be@émé Elﬁ Juiéﬂe theBS woMAdl dTBXhatadt¥risddtby $prolonged
al so to be understood that the term nol ogy used herein

inflpgnyagary tragpopes: slskestive vepuad raxbperdlufpa rmateiy] GICM) remodelling and a

and |s not intended to be limting.
fail ?gé Egﬁfe%aﬂ lct)l¥rrlrs "a", "an" and "the" include plural

aspects unl ess the context clearly dictates otherw se.
Thus, . for examl e, nce to "an angel

Thesyygug tn@t/ &8 %nﬁg%tﬁ%wo BRdeay Whige Hs exirigel o%qu@tural integrity of the
skirl 6! HERBIRIS AN &s C&”‘Bﬁﬁﬁg%ﬁ 1M@Ijn | dfcetfBnOlor Whi&nal wounds,

conpounds a$ appropriate used herein, a "woun
parti@fl@hscutancohy wiogls, mctcmnscqwntlpthetttseua:may be any intgrnal or external
of tis

boch Bl Hel i SEHaF eGSR shindGi e T ey i, Bewound i

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
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
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 contact 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
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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understood that this can refer to a partial or a ful
restoration of tissue integrity. Treatnentof a wound
W0 bwg/0ssBe£rs to the pronotion, inprovenent, PCT/AU2006/001781
progression, accel eration, 1dr ot herw se advancenent of
one or nore stages or processes associated with the
wound heal i ng process. The wound may be acute or
chronic. Chronic wounds, including pressure sores,
venous |l eg ulcers and diabetic foot ulcers, can sinply
be described as wounds that fail to heal. Wilst the
res1§téﬁ%choﬁfﬁllﬁiguée@lrs PREHEGRN &S temPleted R EheB3IRORadls thEObutermost
understood, it is acknow edged to be
eplclmnﬁly struggrer fhel Straten (CHEICHFs Fedllyy ajsoproet sofanasicglrigyer which
I [ e
hely%ﬁtg ﬁ%\%&?hﬁ%@&ﬁe&{%ﬁ trllg;{ﬁlg%lguﬁ‘% g%sglgt sz}hlfsg Peéa/pr &fod.g%d epithelial cells is
configduelygeeing Bfoughetbbd rayld rrqﬂmﬂ%;/ ketefisieéd vﬁlsvmmdg to the surface
extracellular mat ri x nodel | ing and a fajlure
fromf the ebasgmente e hrang: i &Pcaweﬁlﬁo aridenma) erithgliym; 15; ayasgplar, the
rity of
b o g I i g B ApEer ! Y
|nternal ul ceration, or external wounds, particularly
t aneous nds and consequent |y the t b. .
The i e hx‘&f yoyasg&lgré;qglatllssg%gqylegls H\{)é%lﬁ% nu{rlﬁ:n tgqﬁé/ ep1%er1ms In
addﬁfﬁﬂodlef%?ﬁust Ohtdih$ Rdt0e bR, ']‘y1ﬁ§1l1’e@1135 ac%ua%ém Profeid, hd connective
i.e. the wound is a cutaneous wound, such as der nal
tisseg. dpiecerms ls\/\mm@lmnmly Admam ghirk and ig @ﬁ@@@?ﬁﬂl prdeminantly of

ﬁbrv\kSt%tlF] g‘}%ﬁ% éxléa% cﬁor ages, Eﬁ%egn 8%giypte|§ 8L 3 aurget]].)Fe1 réstoﬁrs]ﬂoﬁe fgr lh%\%roduc’uon

andfisiatenone off collgers khdprdtetn faundria\alldeipalot @bt tis@ué Hecluding
internal organs and tissues from external _trauma, and
the skinh ogeHpgen; WizEpagy respepsible; Bn thy gkinlidiesilierlg glagii gature. The
subditEndduL &5 %Stfo%ﬂyl%neﬁ)cﬁ tﬁé( 'cgl'lagteﬁ(icﬁpde‘fjﬁfsmlp?owae% for skin mobility,
appr oxi mat ef y , 1s avascular, is
insulatigy, caede stordgeanddaddd tbytiesss@keatave Mocyt es,
nmel anocytes, Langerhans cells, and Merkel cells), and
is stratified into several epithelial cell layers. The
WoliAdEan PR asSibich e bhdbf tk&%Yg%hel‘af cdtbsorRB] eANtSickikess G}@unds or full

basenment nmenbrane, which is in direct contact with
thickness avmmds.s A p@mal thickness wound is limited to the epidermis and superficial

dermis with no damage to the dermal blood vessels. A full thickness wound involves
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,

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,
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
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epiderms to, the derms. Al epithelial cell division
occurring in skin takes place at the basenent
woreooiosused After cell division, the epithelial PCEAUZ006/001781
mgrate towards the outer darface of the epiderms.
During this mgration, the cells undergo a process
known as keratinization, whereby nuclei are |ost and
the cells are transforned into tough, flat,resistant
non-living cells. Mgration is conpl eted when the
cells reach the outernost epidermal structure, the
bonss,t rsmluau 1R WBmiShedl dhd XAk LUIRERO CheAUANRUSIS qkdcldd%yge Biabetic-
whi ch ps o pr event desi ccati on of the underl yi ng
aSSWl@tQ@ éfourrdﬁ gichay &gwq;flegjmjofogtpmlmy \feabu&:bglubcemand pressure soreS)

S SPRYPARHRLY GBI S A LB S, .. v

andoageimeNiton e ba Fhﬁestﬁ@tl alse, biae vephds rinethdiepid tiekds W thé mouth,
avascul ar, the basement nmenbrane is de endent upon the

darpagedcartilage or bens ¢UEANON S\AYPASAndgEnead lsiossi s a hi ghl y
vascul ari zed tissue |ayer supplying nutrients to the
epiderms. In addition, the derm s contains nerve

Referuicerdgs, ad yimghadll' ciscluded kaigpourpls ohaviimy tha dC3; oBhe Chitviexy trans

e e AR A TR S T e Koo

knd W QRO BEEAure HRALEn 66 IsblatedPBsn Pldtd AlH2b Yroﬁ?é RRRk BF fhe family
for the production and mai nt enance of coll agen, the

Eurpiwodllmeﬂe powel ap ghethicalinsymeliesizod (@@tfon/@(amlﬁcs&lénkler et al, 2002 and

Tar? ng eliJ th ﬁ&%‘) h%ll% l<08g1lpm1% tareg %Efnggﬁ ygtroHﬁ ‘Lé)}{rafﬁscﬁ‘%f'?es Euphorblaceae

plastsb eyt afeetgali @siieise feefbréen F@Tr higuieoC@nliagpitt hiatdtial exuded
derm s, provides for skin nobi ity, insulation

fromaphpPiesers tipr lggees. sam, Bowse. sesds.neark jos darccariby darkiand the stem.
Mo%@ﬂ?ab?ﬁ Nhd @xt?a{c‘?zslsfr{nﬁfsgﬁ' ?’uﬁﬂ&m%fre Lo e)gtfeﬂzf Fﬁbr conipnse liquid or

ness wounds
semﬂlqmdﬁmab%rlp]albbatacﬂ irt fraaﬂonesstrammdrfﬁoms*»a}b ileaviegChtdngs, ffloevers, bark or

iderms erficial s with no, damage
oth el?lﬁ%m%?re%@?\?@i hgriaceag glapt. r%ﬁraxﬁ@@? mh@a?eﬁ@&%ge subject
to ﬂiyﬁ&z’ﬂ%érﬁﬂul@ﬁoﬁ {bedlg%bﬂﬂ)lﬁnﬁf@esem&c@lﬁﬂﬁerﬁ%& rﬁétéﬁeﬁ @nd inter-
| ayers, involving disruption of the dermal bl oo

andy sdraeissue Thizadtesh it @cﬁlvmhsnpiadmgaan aiieoks @gslrcmmmj All such
enerat i i theli

by si mpl f | t] .
soufh i e ShpTielBnonk S B 8 BB htya i helitiRe compounds

obtained by chemically synthetic routes.

Reference herein to a member of the Euphorbiaceae family includes reference to species
from the genera Acalypha, Acidoton, Actinostemon, Adélia, Adenocline, Adenocrepis,
Adenophaedra, Adisca, Agrostistachys, Alchornea, Alchorneopsis, Alcinaeanthus,
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,
Cicca, Chaoxylon, Cleidon, Cleistanthus, Cluytia, Cnesmone, Cnidoscolus, Coccoceras,

Codiaeum, Coelodiscus, Conami, Conceveiba, Conceveibastrum, Conceveibum, Corythea,
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conpl ex. Cut aneous wounds contenpl ated by the
i nvention may be either partial thickness or ful

wao bdocksesss wounds. Wbunds cont enpl at ed by the Pe/an2(06/01781
include cuts and | aceration8, surgical incisions or
wounds, punctures, grazes, scratches, conpression
wounds, abrasions, friction wounds (e.g. nappy rash,
friction blisters), decubitus ulcers (e.g. pressure or
bed sores); thermal effect wounds (burns fromcold and
heat sources, either directly or through conduction,

Craigamee CCidibn, @'wfo@dpﬁ&l @rozapher®| Eabdinthad, E@Mﬂﬁ@S)Dactylostemon
chem cal _wounds (e, g._ acid or_alkali burns) or

Dalsghaversenbendraqasstisign Digeetus\RPiaamocigas timdaphesalyx, Discocarpus,

; gal g oi | ti .
Dlt%#gm gogg%ngg»agne%;ﬁjp %tg{'s %mﬁi C %ﬁ%@s’y e'?’l”%l u 5adenzum,
Endlispdyetiing aBaamiaheg W@Sa@ug h Eaghtoonsus, | E@nédw&t‘lfz@OtEuphorbia,

| c enoys | eg ulcers and pressure sores), skin )
Eulioghip s plssaecetior Hekgeq eéf‘)’ffﬂ@ﬁt i, Cririsia, Gelonium,

s rbras) ;
Gidr&S 8358, G%ﬂf&élpr@loclﬁdz@noeﬁ%o Gl?c% \7en@of %ﬁlﬁﬁ?gtfﬁsdiGnygmgspama,

stomach or intestinal oral wounds
Haetnatespsriofm hBemtvauidradabfeged HéarenilnageHearokons, Hippoc:epandra
Ho%?%é}éﬁ%: %;n%%quc%g%ga?gqég%n rq;flég,lsklgogl%oRef c{s%g?oeton Lezocarpus
Ledwardib,i DEMAdARRS [RLEPOOL AL, - MREBGARE Magsmnmamhot Mappa,
skel eton, Such conpounds are extenS|ver reported and

Magwoyinpe. i Metawéhasqt dfeaemridisarldettesie, biargiodrat zcw@mms Microelus,
Mzc%o ﬁéhﬁ/ S%ch%%‘o% r o/ﬁ% 20381%? esl\/_Poz ;7?199 F\/% coyz‘echi} ia,  Omalanthus,
uphor bi as ¢

i aceae as we em Cal'l'y syRTHESF 789 sed
Ombhd?le@x a@pﬂeﬂa)d%ﬂkl exbietlapla, 20RdeanDxPdedtesp Pualerka, Pam‘adema

. conpoun re generally found in_ extract
Paf&#l)&vﬁzge%ugﬂ %eg%d’%{”’éffﬂfs Pergy Extifadt Resplasgepe Syllanthus,

PZC;‘Jb%thfOOP?@i “arfip ﬁfm%}/'ﬂrmng P?ﬁzeﬁésgéndyéiﬂ Wifhie, éefl'\cxé%yna Plukenetia,

exuded from or sént 'in, |eaves, stem
Podvselys, Poawkitior Hwetzmezn Eftwearbﬁmck Araldoust Eprnovos, Quadrasza

Re Bl Tl RS el SRR RSB o

SapisatRdiad nNSdiedetdions S@Mﬁz@ﬁ& e@ei‘zf; NELS, amenbﬁﬁfé% Senefi lderopszs
stens, flowers, bark or other plant naterial t he

Serenpirs i Sipleéa, pSJaﬁblostFmpn,eﬁam eStillpngimt Sﬁapl@pblabhmyﬂywenmm
Teﬁsc}égbé’mt 721%1991%/ racele gﬁtul'zﬁz%za ,gr@ant?er i alzﬁqg;ngp ’n?ér eza Trewia,

res and nmat ri
Trigonostemon, Tyria and Xylophylla.

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
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, Fuphorbia atrococca, Euphorbia baselicis, Euphorbia batabanensis,
Euphorbia bergeri, Euphorbia bermudiana, Euphorbia bicolor, Euphorbia biformis,

Euphorbia bifurcata, Euphorbia bilobata, Euphorbia biramensis, Euphorbia biuncialis,
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intra-tissue extracted into a solvent including an
aqueous environnment. All such sources of the conpounds
wae@7ersenpassed by the present invention inclPdi/Ag2006/001781

conmpounds obt ai ned by chenil¢al | y synthetic routes.

Ref erence herein to a nenber of the Euphorbi aceae

famly includes reference to species fromthe genera

Acal ypha, Aci doton, Actinostenon, Adelia, Adenocline,
Adenocrepi s, Adenophaedra, Adisca, Agrostistachys,

Al chor nea, Al chorneopsis, Alcinaeanthus, Alcoceria,

Euphbi®d 1b1ehar o BN LN bIQCHB&?gettAHE@ﬁIO)‘bzeSboerhaavzozdes Euphorbia
Anl sophyl lum™ Anti esnma, Aphor a, Apor os Apor.osel | a

bolzwag«y,t uphirbia Isceio dapbodia /@ﬂ%@fﬁn&up@@ {aRrechycera, Euphorbia
bialﬂéf" gar osg%@gy}a B %‘@5 dmp@ﬁ%)'f rc’a?ﬂ%r ngfa%r%wclfa'l&aola Euphorbia

viteadondron, ¥ Bonani‘a Breyni &,
camﬁéﬁmml eppharbicBeirtbédtiram, Buphees acapGalieupdiuphorbia carmenensis,

yodendr on, CEIlaneIIa Cephal o t qn, enot. hec .
Eup@w&& oEEMFEYatach EHREEE e, | capRBih oA ogé’agrqus Tuphorbia
cha@b@h 19PRY 1%0‘7‘5% 97‘519747 hSPRAORY, n%%%bzaocﬁdiﬁ&@ula Euphorbia chiapensis,

I st’ant uytia, Cnes Cni doscol us,
Eupﬂm@a)o@mwnoz@@m BanhoybiGoelnedissanss Eupbovdid | Cl@@@it?@?léa Baphorbia

colz%?zgf@ﬁyl gicgﬁn%gicgnc V z?zgc&]q@%%gz Oil}e%}:zﬁchza & %ultlae Euphorbia

conbaEHYidest Eﬂpﬁbrbzgakﬁﬁﬂﬂﬁy@m aFupIIBIz0 eRsbei ek a,Euphorbza crenulata,
Di asper sus, éégDCIStUS Di nor phocal Di scocar pus
Eupbprlaxi sub@istiec dsphergive, cmw,esEumé»gs. gbiformis, Euphorbia

teri er,n adeni
i RIS NI SR e RSB LS v
denﬁ*ﬂcph%’zlﬁh@ﬁfﬁ&ldW@ﬂessﬁxcﬂqﬂ@}’bza, didipspee, (Eidvéalrblzca dzczfyosperma
rcia, Gavarretia, Gelonium_ G a

Buplpdon tigeem. Lachein dsniih S Yeyeri s maria dgumondsi
Eupﬁémg SM&QH 'ﬁf?ﬁﬁib‘?«? P&LsSHMEy gﬁ%%%ﬁ llb'e‘@%ho; bia eggersii,

I eroni ma ma, Hi ppocrepandra,
Euphigrega osgéardiui;sa,) Eﬂplnhféw dkta, optyshorial eilot dwphorbia erzogonozdes

asj ocrq ar pu di dant h
b E et R S RS L o Brsh GBI R s, o
esuMaEQﬁho; HRREHE %phb@z@ Bt RS Eu PRI Bl dxdipifata, I%tﬁvh@rfblzci:lexstzpulata
M crandra, M crodesm s, Nlcroelus M cr ost achy

Euplanita ofewdlerivo BaeleonbianylivelisnEuphasbisc @"M@m,nﬁyphorbm florida,
Euphorbia ftmlt}zcul‘osa, Euphorbia garber, Euphorbia gaumerii, Euphorbia gerardiana,

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 haematantha, Euphorbia hedyotoides, Euphorbia heldrichii,
Euphorbia helenae, Euphorbia helleri, Euphorbia helwigii, Euphorbia henricksonii,
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
latericolor, Euphorbia laxiflora Euphorbia lecheoides, Euphorbia ledienii, Euphorbia
leucophylla, Euphorbia lineata, Euphorbia linguiformis, Euphorbia longecornuta,
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Omphal ea, Ophell antha, O bicular!a, Ostodes,

Oxydect es, Pal enga, Pantadeni a, Paradrypeptes,
weausasdsa, Pedil ant hus, Pera, Peridium Petal PGT/AU2M6/001781

Phyl | ant hus, Picrodendro, Pberardia, Pilinophytum

Pi mel eodendron, Piranhea, Platygyna, Plukenetia,

Podocal yx, Poinsettia, Poraresia, Prosartens,

Pseudant hus, Pycnocoma, Quadrasi a, Reverchoni a,

Richeria, Richeriella, R cinella, R cinocarpus,

Rottlera, Sagotia, Sanw thia, Sapium Savia,

Euphel Bt 96k Qipeolalae E%pﬁdrﬁi&along%@hhbkd} EidhorRn elmelidola, Euphorbia
Senef | | deropsi s, Serophyton, Siphonia, Spathiostenon,

longgilgi dupBorhii fguting, SEFBRMIPED| lavidia, Exgnehienbinides, Euphorbia
C . : rc . :
ma#ﬁégrczog(ge%h z;;c‘aacv;%h%cﬂ?mﬁgé&b# Z%cé??%’, @Jf‘?}le%%}aa, mandoniana, Euphorbia
marigler) 0 Rpshdebian mlaﬁgdi,i Euﬁgf*br)ﬁ%/ }W@Wﬁhdiaﬂa Euﬂfo@bz‘a][ Fn@tﬂan}@ NBegphorbia
and particularly suitable r the practice of_the . 3
melgpadesig iEHH)é‘H'{’f"oW”il%”thﬁré?age wghozglﬁh@f@mdgnsmarﬁwé@nbéﬂ | Rpertonii,
Wl j e S Lncl orbi

Eushi) SRS ol SRS e M BRI gy
micEupdroy Buahatbia aniselld, sEuphorhioriissuradabi Kughbilbdg rienpdver, bEw@horbia

| gomar gnat Euphor.bi a aliceae, Euphorbi.a alta, . L
moe R, KR G G CyRET s TSR agporbia multinodis
EupHaphier bhidltish@uskidhofip henbk@oRNt BPNdrbidEURRMRIcBna, Euphorbia

antiguensis, Euphorbia apocyni folia, Euphorbia _ . _
nephragiénisa, Emhignbeb niquardoses iBiphexhin osdyiaearan | Eupliochio occidentalis,

Euﬁ%pﬁg r bo'd%nf%iéﬂ%% 2@%?]10%‘%9 h%rh%z%g:ar Eeﬁgﬁ%r%tﬁ E%F}gfug;ﬂc? Euphorbia

Euphorbia

arundel ana, a astro atrococca,
opthsiphat [Buphbdse overins Evihopbiar prchypalaa Eapbovsis padtiypiied, bEgphorbia

dbg;er_geri ., Euphor bi a bernudi ana, Euphorbi a bi col or, )
padgfiko bR BIor Beles, frnpndidpaludicols. capkoriedpieeiipeg. Euphorbia

)0 = i ' ' Eu i ; S ;
parhlie o AR TP AT Dok Sana PR pediculiere, Euphorbia
pepbtiiodg dphorbiu plaploliries, Bophdraiav peplde sEuthophior pirgamena, Euphorbia

I at a

oo dbiphorbiphpiok bi el s yop : .
er o AP AR BRALE S e A Ao B g, Euphorbia

picRMehsi@Wipho BB WIRIIB, ERSRIrBia FURIRGD ERp R SRLAONa, Ezg)horbia

_ Euphorbi a canpéstris, Euphorbia candelabrum” Euphorbia
pingiagin, e| Lupharbigu phanospeamaar KuplenBias , plexgivorigi aEuphorbia  plicata,

Eupg'zgfr"éégfw& é@g{i?u u%ﬁh{ﬁ)?}%ﬁ% a%a z%gpseir%’a, E%B]B‘I?Orrgziaa polycarpa, Euphorbia
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,
Euphorbia sanmartensis, Euphorbia saxatilis M. Bieb, Euphorbia schizoloba, Euphorbia
sclerocyathium, FEuphorbia scopulorum, Euphorbia senilis, Euphorbia serpyllifolia,
Euphorbia serrula, Euphorbia setiloba Engelm, Euphorbia sonorae, Euphorbia soobyi,
Euphorbia sparsiflora, Euphorbia sphaerosperma, Euphorbia syphilitica, Euphorbia
spruceana, Euphorbia subcoerulea, Euphorbia stellata, Euphorbia submammilaris,
Euphorbia subpeltata, Euphorbia subpubens, Euphorbia subreniforme, Euphorbia

subtrifoliata, Euphorbia succedanea, Euphorbia tamaulipasana, Euphorbia telephioides,
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chal i cophi |l a, Euphorbi a chamaerrhodos, Euphorbia
chamaesul a, Euphorbi a chi apensi s, Euphorbia
w@hiosyeesed des, Euphorbi a ci nerascens, Euphor bi BCT/AU2006/001781
cl arionensi s, Euphorbia colltpmae, Euphorbia col orata,
Euphor bi a commut at a, Euphor bi a consoqui t| ae, Euphorbi a
convol vul oi des, Euphorbia corallifera, Euphorbia
creberrim, Euphorbia crenul ata, Euphorbia cubensis,
Euphor bi a cuspi data, Euphorbia cynbi form s, Euphorbia
darlingtonii, Euphorbia defoliata, Euphorbia degeneri,

Euﬁe‘épﬁlg rt@i'nﬁss‘i’fﬁb t Ebﬁ%@bza@éﬁbﬁé’r@' Euﬁ'ﬁﬁbﬁi ﬁrucﬁyp hMPbia tomentella,

depr essa Euphor bi a di ctyosper na, Eupho
Euzdwt:luyoggemfasa E@mm@ dirowlbesi, Elﬁwvb@mza disisiesl uguphorbza

e BYRBDR BT 50 e B DS AR g i

tur&amRpny| | BuphBkipd ofimbalueage EaphorbEURIGL i@ B9pRovdid e8duiformis,
Euphor bi a el ata, Euphorbia enall a, Eu hor bi a

Euzéwrlagoﬁ@me@f e’éfm@érlzjaaw(élﬁ%mhr?w@' 'Eupmlﬂ@ﬁaa Euphorbia  whitei,

Euva?ﬁZ’(’llza:? IrhIEc? |ai e cllg(gg% E’ﬁ@ﬁ i a exc1’ W&ml 9 cllykc)zlesza Urb.,

Fupdwoshin puﬁgﬁmszﬁﬂ&bm%w&emmmwmﬂ Edphprics bﬂnazzﬂom.
fendleri, Euphorbia filicaulis, Euphorbia flliforms,
Euphorbi a florida, Euphorbia fruticulpsa, Euphorbia

r
PRI OGBS SHEROS D a0, s

x$MQdmgwnwsmpEMpMOrbla gracilior, Euphorbia gracillinma
Euphor bi a gradyi, Euphorbia gram nea, Euphorbia
gram ni ea Euphorbi a grisea, Euphorbia guadal aj ar ana,

ParfEA0F biefergddnfiiicRi SdfSthe EeRlONDinad Gy R adeni MinsabanRl Bigardae
haemat ant ha, Euphor bi a hedyot oi des, Euphorbi a

andH‘éP’Wﬁ’é’Wﬁg”eE(ﬁﬁﬁor bi a hel enae, Euphorbia helleri,
Euphorbia helwi gii, Euphorbia henricksonii, Euphorbia
het er ophyl I a, Euphor bi a hexagona, Euphorbia

A prefagibspecide of thEwgphay Bidudbiminklieadadenim pbsewbilaai.
hi ntonii, Euphorbia hirtula, Euphorbia hirta,
Euphor bi a hooveri, Euphorbia hum strata, Euphorbia

Euﬁ}bbpl% pephi®hd ]Ié’aru&%&%%@fﬁ ih @W%%Et’i’ce &upb %{é%xﬂ 1h‘Véh@1|oHt1ﬁ‘ terms of
rbl a jaliscensis, Euphorbia jejuna, Eup orb

prog@ﬁ‘[gsq sourcdEap h@emlaaqggl'ateae Reference herein to ‘Eupho:bza peplus or its

abbreviation “E. peplus” includes various varieties, strains, lines, hybrids or derivatives of

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.

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

plant or a species of Euphorbia or in E. peplys is nevertheless encompassed by the present
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Euphor bi a knut hii, Euphorbi a | asiocarpa, Euphorbia

| ata, Euphorbia | atazi, Euphorbia l|atericolor,
weEaphosessa | axi fl ora Euphorbi a | echeoi des, EuphOT/AiU2006/001781

| edi enii, Euphorbia | eucophylla, Euphorbia |lineata,

Euphorbi a i nguiform s, Euphorbia

| ongecor nut a, Euphor bi a | ongepeti ol ata, Euphorbia

| onger anbsa, Euphorbi a | onginsulicola, Euphorbia

| ongi pi | a, Euphorbia | upulina, Euphorbia lurida,

Euphor bi a | yci oi des, Euphorbi a nmacr opodoi des,
invembnang i abidedEWRRRT At ScapRRE the doupdrafehiiondtaBdi ana,

Euphor bi a mangl eti, Euphorbia mango, Euphorbi a

mar yl andi ca, Euphorbla mayana, Euphorbla mel anadeni a,

i 10r bi a

In (R Bl AR50 R G, (e BIACh B BEbA RS oY

Euphor bi a m crocl ada, Euphorbla m cronera, Euphorbia

m sel l a, Euphorbia m ssurica, Euphgrbia nontana,

Euphor bi a nont er eyana, Euphorbi a ticaulis,
Euphorbia multiform s, Euphorb|a|n£t|noo|s Euphor bi a
mul ti seta, Euphorbia nmuscje pRar bi/a neonexi cana,
Euphor bi a nephr adeni a, ana, Euphorbi a
oaxacana, Euphor bia ‘dogi,d or bia
odont odeni a, Euphorbi a oNi vacH E 5 o;bla ol owal uana,

Euphor bi a opt hal m ca Ehphorbla
pachypoda, EuphoMj2 ] i ohorbla padi foli a,
Euphor bi a pal neri, '
parci fl ora, Euphorbi\ag gshii phor bi a parryi,
Euphor bi a paxi ana, } ' i,Zul i fera, Euphorbia
pepl i di on, Euphorb'. pg [ Fuphor bi a pepl us,

or | i gnea, Euphorbi a
pet al oi dea, Euphorbla pet alfoi dea, EUOhEFbIa petrina,
Euphor bi a pi cachensis, Euphes bia 20! os Euphor bi a
pilulifera, Euphorbia pinariona, Euphorbia pinetorum
Euphor bi a pi onosperma, Euphorbi a pl atysperna,
EUfhorbia plicata, Euphorbia poeppigii, Euphorbia

'osperna Euphor bi a pol ycarpa, Euphorbi a

pol NERE M dRGopcRaRIAQr Ril@tdRP |fﬂbﬁh¥iyhﬁ>§eﬁu Ebﬁ’érﬁ'll substituted alkyl,
portoricensis, Euphorbia portulacoides

poreniloany substmeadllsenyt. @plipnallysupsisptst atllwmwb tom@@ally substituted

EUPDOT, RbRoRiS ABGHERA arylalkyl, S(O)R', S(0),0R’, 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(0),OR', OP(O)(OR",
(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.

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
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Euphor bi a pycnant hema, Euphorbi a ranosa, Euphorbia
rapul um Euphorbia renyi, Euphorbia retroscabra,
weEaphosessa revol ul a, Euphorbia rivularis, EuphpebiAE2006/001781

robusta, Euphorbi a ronosa, 1&uphorbi a rubi da, Euphorbia

rubr osper ma, Euphorbia rupicola, Euphorbia

sanmartensi s, Euphorbia saxatilis M Bieb, Euphorbia

schi zol oba, Euphorbi a scl erocyat hi um Euphor bi a

scopul orum Euphorbi a senilis, Euphorbia

serpyllifolia, Euphorbia serrula, Euphorbia setiloba
alkyBy10 &h Bimdre pReEid deersisvdon agt, théraglh Bribaypbs siniglit chéio ph braniched and

sparsiflora, Euphorbia sphaerosperns, Euphorhia.

may Haph PP i ¢ enup m&f@fltﬂnaﬁt%lﬁﬁ-u@e%ﬂ%}n@ﬁﬂw E‘?eéeokﬂ R is branched.
subcoerul ea, Euphorbia stellata, Euphorbia
submanm | ari s, Euphorbi a subpeltata, Euphorbia

In cetdpeindodimerspif thehinnergions ewd 6ok WR] isEuyzmgeloybgroup, as depicted by

ubtrifoliata,, .Euphor bi uccedanea, Euphorbij a .

the O sy IR GPBY O & i DY HEE ARG gotomed to herein

i | 5 . BP9 Ricalabiot fraReed enfbeRliebiod thé inleatlibn,, R is an
o 1ﬁ§gﬁo§§e%so%ﬁt gl I a, EgpI{}or bi a t oment osa, Euphorbi a
angdl@ylrgadupasi i, Euphorbi a tovariensis, Euphorbia

trachysperma, Euphorbia tricolor, Euphorbia troyana,

Euphor bi a tuerckhei mi, Euphorbia turczani now i,

Euphorbi a unbel | ul ata, Euphggbi a undul ata, Euphorbia

verm form s, Euphorbia versi gol or, Euphorbia

villifera, Euphorbia vyi orbia whitei,

Euphor bi a xanti Engel xyl opoda G eenm ,

Euphor bi a yayal esia Ur I a yungasensi s,

Euphor bi a zeravschani ca and Euphorbia zinniifl ora.

Particularly preferred speclies of the genus Synadeni um

i ncl ude Synadenium grantii and Synadeni um conpact um

Particularly preferred species of the genus Mnadeni um

i ncl ud nadenium | r [ IR rin2 3
In CW%PS?‘E’P% ngspogé}ileelgvgﬁ%tn ﬂo@%ggﬁgtsh End%%grlﬁj uqlrm i’s b4 IR and R
mayESRReRI LR AN dtByilene Hopngrdupa pepl us is

particularly useful in the practice of the present

invention in terns of providing a source of ingenol

In c%?tgﬁl 8t 651imBe &S reME SntiiBh R & hiHBAAY hiyardRk§PdrUgcyl&dy, such as

acetoxy.

In certain embodiments of the invention, compounds 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.
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abbreviation "E. peplus " includes various varieties,
strains, lines, hybrids or derivatives of this plant
wW@g00meF4s8as its botanical or horticul tural relBCT/4E2006/001781
Furthernore, the present in%ention may be practiced
usi ng a whol e Euphor bi aceae plant or parts thereof
i ncl udi ng sap or seeds or other reproductive nmateri al
may be used. Generally, for seeds or reproductive
material to be used, a plant or plantlet is first
required to be propagated. Reference herein to a
Euphor bi aceae pl ant, a Euphorbia speciés or E. peplus
further enconpasses genetically nodifi &l plapts.

Genetically nodified plants inelude angenyc plants
or plants in which a trait hag begn re g\ or where
an endogenous gene sequen@e;has beé¢en dowr-revul at ed,

T, al teration

ch eithibits a

regul atory effect on a~pa NConsequent |y,
a plant which exhi(;)i ts d ict er not\naturally
present in a Euphofbi aces V. peci es of
Euphor bi a oY i : vert hgl'ess enconpassed
by the presantinve [ ofed within the
scope of the IR one enbodi nent

of the invention) 0
formul a: H wherei\n R*-R3 are independently sel ected
from hydrogen, optionally substituted al kyl,

optional |l y substi RéteoH alidgemy3-anggateonal |y substituted

al kynyl, optional hy=5®'/b05tﬁd-@t@@tyﬁiﬁ%nol-@@ﬁde%&m Iy

substituted aryl akkyl [ ¢ gﬁ;m P(O(OR )2
(wherein R is hygrog}g’n%%@'?geﬂlkeﬁy , al kynyl,

acyl, aryl, or arylalkyl) and glycosyl; and R4 is

sel ected from hydrogen, hydroxy, optionall o
In & GerSEva e SdRbyr T iHh iR iob Bt COtkd ik dnespg)3-aneelate
(alsOPEfQRA kY HRkRStdst UiErd0ahky ifren@PheRhRkS Y'ingenol-3-angelate” or
substituted acyl oxy, optionally substituted
"PERO)$ aink bdys napsiatly 2RaurigsgOyelbRs chegpeadyy orthetic fauesr ei n
R is hydrogen, alkyl, alkenyl, alkynyl, acyl, aryl,
or arylal kyl) and
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
example, Greene and Wutz, 1999; March, 5" Bdition; 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
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

glycosyltransferase such as UDP-galactose dependent galactocyltransferase and UDP-
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gl ycoxy. In a one enbodi nent of the invention, at
| east one of R-R 4 is not hydrogen. In a preferred

wo eoomiosdses eof , RL is not hydrogen. | n one partPCIYAER006/001781
enbodi mnent of the inventiod9 RL is an optionally
substituted acyl group C(O-R In further enbodi nents
thereof, Ris optionally substituted al kyl, al kenyl
oral kynyl. In a nore preferred enbodi nent thereof, R
may be straight chain or branched and may have up to 6
or up to 10 carbon atonms. I n one enbodi nent thereof, R

gludoSe ﬂé}?dmg?ﬁg%ly!:é’tre@x@fetﬁbnl I&Bil’&ﬂﬁd nent Bnl&ﬁidstab@airildwsé ateaofiranose or

oS ] T b B ef o S b ot
yn 3 [ i ngel 1

o TRRTE 0 SSCBLAAE il A B9 S b P e

Exeimpleentsaaharid®] giompa mchnigekdydingysugaps suéhlas glesdsa,i nibose, arabinose,

enbodi nents of the invention one or both of R and .
Xylogee MAPRSE AR, SRAUAFS REFFRy Dol EIHE%C? 19 20nBigET Giun Oq,f%he ingenol
COI@BMA.ene di oxy group. In certain enbodi nents of the ,

invention R4 is hydrogen, hydroxy or acyl oxy, such as
acetoxy. In certain enbodi nents of the invention,

nmpoynds fo se.in the descrih net hod r .
sulff BRI 2GSl bofed B8 bt WesIh PY SReBbE kapun dphe art
Exagihde@RY inch@RMdroeaOLhBYE paaidhl apbaengteuti cal |y
acceptable salts and prodrugs thereof. R4 = OH,
i ngenol - 3-angel ate R4 = QAc,

c
- L Ngenoi-3- 3 ;
s SROTHOE L SERIPRSH R aPIEkal B b ol ot
Ci-phalldyhee.pr €sgntr OnyenExanplehef coajghtkbainsand branched alkyl include

i ngenol - 3-ange] ate (al oreferetii erein

et A e S A L e draimetipfpropyl
RSN Mg sk g het e A pe, o
methylpyuty], dflidimethatbytsd) Ry2+dimietiylbotyladyt-ditietyllouyl, &-dimethylbutyl,
1,3-%?nr1éti13%gut(§/ﬁtl,29,-%rlhrr?ethylpropyl, 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-
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-
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-penty1heptyl 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

understood that this can refer to any of straight, branched and cyclic isomers where
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i ngenol conpounds usi ng nmet hods known in the art of

synthetic chemstry for al kylating, al kenyl ati on,
wa@bdoyroydsst i on, aryl al kyl ati ng or acyl ati ng frerChyxue@xyo1781

groups (see for exanple, G2tene and Witz, 1999; March,

5th Edition; Larock, 1999; the entire contents of

whi ch are incorporated herein by reference). For

exanpl e, hydroxy groups can be al kyl ated (or

aryl al kyl ated) using al kyl (or arylal kyl) halides,

such as nethyl iodide (or benzyl brom de), or dlalkyl
appsepriade. e sAn slicyh grsumlinmat bg/lop(tmnailyesltbﬁtltm;@d bst@e or more optional

can ffected by treatment with
S“bgﬁ%‘% rﬁsg%e“bg‘?qeiﬂ‘}gyl ic acids, acid halides and acid
anhydrides in the presence of a base or a coupling
ent. Aycosidic formation may be effected

ThQ:Wé‘ﬁl"éBFPFX}" a$ pyeddieaqipdenotesygnoupformgd fiee $tregghiahain, branched or

t cted d in which
ey G TRHOGA PeRBl i SRR AT SHtEa, By (HhiFo fibte bond
mcmﬁmghymykembup rme- Joelzcy br gooupEatiialed Regkyd uaaeyamkﬁxg}oups as

n‘?? (fe | ocked by protecting 0
pregiop 4 | §re e@@bﬁ% d=izal lifegy goﬁz wagr Boobf fixemetes of alkenyl
1ncl%ﬂ@ il élgp lll}ﬁglngp&fﬁ 5{9 HE# gqgétﬂrlt f-%ﬂ%gflggg’ entenyl,

such act os att ocyltransrte

cychnpdnﬂ@ﬁ)ﬂg It tmcthgl d}@irqmd’&nyl gl—bm;ehylaﬁdfe&em}dﬁ cydoledxenyled -heptenyl,
cch ri des area furanpse or pgranos

3l DL GEIPORETIAY i CHRSREY b -B9PSRRL | P RBE Lo Tedpsenyl, 3-
deckm@enpB-nandRhat e lﬁﬁéﬁédﬂérﬁllt hrﬁH)‘molgn{ad@J Iyi he 3. hexadlﬁnyl 1,4-

sacchari de (conventl onal numbéring m an acet
hexpdigrdge 1, 3836’@hqblea¢%le®’é,cchéfqycl1@hgxadm§1 i nthdeiohada(heny@, 1,3,5-

s AERAUCTh A, SISO GRRS, SR RURRIE L 835y aponats

substitated bfy ohber tn@@@@}ﬁion@ps"ﬁb@thmﬁéntsf‘a@ IhtRtedeffiedf onate and
phosphat e groups can be prepared by nethod known in
the art. Exanples of Rlinclude hydrogen, G -6alkyl,

e GO 5 R R O TS ik o
cycbc élﬁ/énoa&nibyn G505 alokigling ag load oedeamborCharbon BipleToas including

a hai n and branched_al k ncl.ude net hyl
ethﬁ@}l b A g%r -y|o|’r Hoz)b rat tod qglgpfly%r C)Ig‘é%allgﬂt groups %s previously

defmbait Mhlesg the REMLYE of @&rl?ﬁrﬂét&‘ﬁﬁ fYdpREIBRY khe term preferably refers to Ca.zg
alkynyl (e.g. Cyp.10 or Cy). Examples include ethynyl, 1-propynyl, 2-propynyl, and
butynyl isomers, and pentynyl isomers. An alkynyl group may be optionally substituted by

one or more optional substitutents as herein defined.

The term "aryl" denotes any of single, polynuclear, conjugated and fused residues of
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.



10

15

20

25

30

1, 1-di et hyl - propyl, hexyl, 4-nethyl pentyl,
1- et hyl pentyl, 2-nethyl pentyl, 3- nethyl pentyl,
wa 27659584 hyl butyl , 2, 2-di net hyl but yl , PCT/AU2006/001781
3, 3-di et hyl butyl, 1,2-di mdehyl butyl,
1, 3-di et hyl butyl, 1,2,2,-trinmethyl propyl,
1,1, 2-trinmethyl propyl, heptyl, 5-nethyl hexyl, 1-
nmet hyl hexyl , 2, 2-di met hyl pentyl, 3, 3-di met hyl pentyl,
4, 4-di net hyl pentyl, 1,2- dinethyl pentyl,
1, 3-di net hyl pentyl, 1, 4-di nethyl -pentyl,
Thé t@rnd-"aéy Melehyted ut gﬂoup 1C(I))2R tvhereat Ry id utly;ldrogen alkyl, alkenyl,
1,3-trinmethyl butyl, aqcty 6- met hyl hept ¥
alkinﬂetaﬁwlkélp@y Pryl 168161@ ﬁxaﬂ@hsa?fe%qwu%w% forpghygtraight chain or

7

bragxcr:heél_ alkarf%}/ Igé % tCI 20) %5 h f3 @%%é*lh él)l(‘l’)&/lilgyl Z%n?thﬂlgropanoyl

perRanoyB- 2 24i-1mef51y1pr@3a,no371 hamilo&}, niesplanbplo rogtanol; ,noﬁanoyﬁ& decanoyl,
et h

un@;qa%cgi}* oilecangylyl ?Je%/%ioyilé’tetg%i’ecgn_@ylor gg'ﬁtgtae%g%yqepﬁegilaaecanoyl
heﬁad@ﬁﬁwl d@@tydecari]oyi noonadgtanoﬁ and51cos:§10¥p rcyZl'oﬁH@YdaW such as

- or 5-propyl ocytl
cyq},gthpylbarépmﬂl qycbbp‘e&qayll)mkyqsyclmu‘efd;qalrbonyl anQ cyclglhexylcarbonyl

straﬁ\ght gha’m bcn br%nc’h8$ a(clakeg{)y]g/ Fee C&h%B 811 ﬁxlahge]ioyl and arogl such as

ber&ogr @&Mb)’l@ﬁ& haphthoyl2The & reﬁﬁuérmfayl 1b§! bFﬁél}éJlly substituted as described
pentyl heptyl and the I|ke Exanpl es of cyclic

hmﬁﬂkyl (also referred to as "cycl oal kyl") include nono-
or polycyclic al kyl groups such as cycl opropyl,
cycl obutyl, cyclopentyl, cyclohexyl, cycl oheptyl,
AnCatylaﬁQ&l: tgydup 6yl aldpyrbup ay defctelchdreianshibstitetddi toean Whe rgeoup as

desfipciordin, db SpE mbpfimsat sicekSl B985 tiser A sisdRed by the ary
rc;\kﬁeaﬂﬁlarﬁ’ﬁle§ bf %i*}@em(yl i%ﬁlﬂ@ I'iﬁgnﬁ@q-@é/a‘m}}l Gubl§ ‘aﬁnﬂeﬁzyl phenylethyl,

reappr opri at’e. group may be option
phwhst)pylupmww}dmdwowlmmyé ambph@wﬁiexsb bené pub@thtczfythcs alkyl and
E in defl ed. .The t%;m ‘al kﬁ 8s, us d herein e optional
Y SRS o o RS BRY aﬂi’f SR BiFalt HRYreoPP
mﬂ%ﬁﬁkh@a@ﬁ@ﬁ@@@dh@ﬁg{GSldueS contalning at | east one
carbon to carbon doubl e bond including ethylenically

mono-, di- or poly-unsaturated al kyl or cycloal kyl

a .
Op n(gﬂJ Qxﬁa@ﬁilgtg? a@ gk&?&)?ﬂ%p/l Qfﬁ lﬁglr Exlé%yaﬁa tlﬁ%l aggf( Gl¥rdde: halo
(chk)lrdn)blroma,l ibyd ancﬂﬂllirﬁ”bh\hb/&nony C1 cbalk@m( IC;.¢dlleyd; phenehylitro, halomethyl
3met§|-2 but enyl , ilg e

tribromomethyl,  ~ trichloromet y trlﬂuoromethyl), halomethoxy  (e.g.
tr1ﬂuoromethoxy, tribromomethoxy), C(O)Cisalkyl, amino (NH,), Ci.alkylamino, (e.g.
methylamino, ethylamino and propylamino) diCjealkylamino (e.g. dimethylamino,
diethylamino and dipropylamino), CO,H, CO,C, alkyl, thio (SH) and C;alkylthio. An
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
desirable to protect other functional groups which may be reactive or sensitive to the

reaction or transformation conditions undertaken. Suitable protecting groups for such
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cycl opentenyl, 1-nmethyl-cycl opentenyl, 1-hexenyl,

3- hexenyl, cycl ohexenyl, 1-heptenyl, 3-heptenyl,
wQa2@cn89594 , cycl ooctenyl, 1-nonenyl, 2-nonenylPCT/AU2006/001781

3-nonenyl, 1-decenyl, 3- deégenyl, 1, 3-butadienyl,

| -4, pentadi enyl, 1,3-cycl opentadi enyl, 1, 3-hexadienyl,

1, 4- hexadi enyl, 1, 3-cycl ohexadi enyl,

1, 4- cycl ohexadi enyl, 1, 3-cycl ohept adi enyl, 1, 3, 5-

cycl oheptatrienyl and 1,3,5,7-cycl ooctatetraenyl. An

al kenyl group may be optlonally substituted by one or
funeiogalogroipmate kndyat int theeart sndisndyebeuseddaf acvedlanés withestandard

P e Do e TP Bt d Rcionaty
whi&sletip@sarlp Rl dh%lﬁéuléreiﬁﬁéudi’lﬁﬁgl%af) BoRtcAr Qt‘i’dh protetif groups
bond i ncludi ng ethynical %) nmono-, di- or poly-

and, Fethods deretbieia Inejallation ayyibsedupnt rgmouplsitas appuepfigastage are well
kngk%éggé% yﬁaeﬁ?étlgg%nuwber of carbon atons is

referably refers to C2-20 al kynyl
(e g. C-10 or C2-6) . Exanples include ethynyl,

1- propynyl, 2-propynyl, and butynyl isomners and
Theyeriesphyventiomalse relates tol iegfyies gF Mgsnatepmpeedst i Anasamypound that

is aSpBE td{{a%ding%m@ ﬁneﬂ%un@% %wﬂf?ﬁtl 'tl%gé?%gec‘ HP&SE &1’5‘5?@1;3{:1%9 gon. The

here| defin term"ary tes any o
term dipyatied "e@rysed omjits g:ad)zeidstam:ise‘ ascedncrcmpadmsth@s‘e detivarivdsCthat are

hydrpocar hon r.ing s ste of aryl ncl ude
congﬁxg?_ft/)lm \By%h@]tmg r%/z | or 3‘8/ p{w 0 gpqqrmgunds of the
invéRiona Beh ABAPAiRY bvou@%zﬂﬁ@%@w to tﬁbﬁys‘liﬂ%% PHARE AU include, for

benzant hracenyl, di benzanthracenyl, phenanthrenyl,
exafiplp rcemppunctsywaﬁg la frqe&ydwxy group mngnvem:dr inte my kster or anhydride.

Pro?écﬁl eesr fo? %fa%n IIHP?/ ngﬁg Bogflttpea S{q\éegl Ec% eexslglp}ﬁ)foy prepare ester

prod’@ltgls Cmalweﬂlulbzﬁiwﬂ Hﬁm& Sartae&ldhﬁﬁﬁ ﬁr&hﬂi%fttdaﬁﬂerﬁftﬂ" th€edtpound with an
‘acyl " denotes a group O-R . wherein Ris a

appfgpgtfagg@cﬁ oxgiligyacid, aplpé@ﬁbgp or ﬁhWﬁ? in therBrpsenks L »puitablg catalyst or
bask.E Sl S onhRBR 1 0 Pﬁl@ﬂ‘c&r th&? Qélé‘(gi%& aﬂg%‘éparaﬁﬁﬁ%'fg{ﬁttable prodrugs
e. g. - such as,

chain or branc anoyl
are Eoewy lin tl‘prammldcayd: desbribeai) tﬁgll exa@pheeithWp O0QRahy [Design of Prodrugs,

HoCBURBII. Fon ISR SHARh AYP LT SRR MhsoUskttog heiisiry of
Drigh DAgGanRy bru§ eichiarleCRRY! s, ﬁ%QamC@ﬂﬁMémlc press, Inc., 1992, the

hexadecanoyl ,
contents of which are 1ncorporated 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
pharmaceutically acceptable organic acids such as acetic, propionic, butyric, tartaric,
maleic, hydroxymaleic, fumaric, maleic, citric, lactic, mucic, gluconic, benzoic, succinic,
oxalic, phenylacetic, methanesulphonic, 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
pharmaceutically acceptable cations, such as sodium, potassium, lithium, calcium,

magnesium, ammonium and alkylammonium. Basic nitrogen-containing groups may be
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hept adecanoyl , octadecanoyl, nonadecanoyl and

i cosanoyl ; cycl oal kyl carbonyl such as
wae sl oprsepyl car bonyl cycl obut yl car bonyl PCT/AU2006/001781

cycl opentyl carbonyl and cyeé#ohexyl carbonyl; straight

chain or branched al kenoyl (e.g. C2-20) such as

angel oyl ; and aroyl such as benzoyl, toluoyl and

napht hoyl. The R residue may be optionally substituted

as described herein. An arylal kyl group is an al kyl

group as defined herein, substituted by an aryl group
quagsrniked i wieid lsilikﬂf egdﬂblis ha ldmg ftmdmihde,n:tﬁchtdsemaﬂhbtyIet}gﬂ,prn@pyl, and

is termnally substjtute aryl group anmpl es
buty chigridess Rippidescanggiod tﬂﬁérfi}ﬁléy %%ﬂ Ik digagdpyl a@@d%)ethyl sulfate;
nd y!l, phenylethyl, phenylpropyl phenyl but yl ,

p enylpentyl and phenylhexyl. One or both of the alkyl

and aryl groups may be independently optionally

substlt by. on or nore, substi t uent

The o LR PR e (P InctAgs SR SR 45 i 168 compounds

or a@'sgﬁﬂﬁéh (fo@b%édﬂﬁﬂ'e oia&%‘tlarall KYhydr@Es lor oPBEnERH Sr&m¥d solvents such as
i ncl ude: éqdk‘rboro brono, iodo and fluoro),

aledhpls) eRy jt 1@]1n‘r§n ;t‘rybotkgfor@w &g Iwithith greyscope pf ths, present invention.
Me{ﬁ%d% SRRV 10{1% ﬁg enbia ?ﬁ(ﬁéﬁ?f”@&lm i thetagtl chloromet hyl,

I Uor orre trlfluoronethoxy
tri brononet hoxy) C(O CI 6a| kyI am no (NH2),
Cl- 6a|ky|an1no Gg Ianlno et hyl am no and
In gneqpsyinatei ¢8 oddme}ﬂs |tk Pla/ﬁfl%@la (the gse af meRg) epmprynds in wound

heaﬁtﬁ}nlai(/ §E|)%IR$§§%Q)QY g)'rcﬁ‘[}&ﬁ 36k IQ)X%] 'the fe. ag@é,ﬁag%%t t%hé ¢'taken for

oneatrsmonertﬁl uhel érealhﬂ'g%phaspsi ad:@asnmit oamﬂpcmnd‘*—l?nag'rahqobbyaseful in attaining

eSS OB, TEp g e B SRR G A RESioprg the 15vel o extent

of s%%(t@f‘n@ eie'dﬁeﬁr sigf %ﬁkﬁ%h&t higmRhAEES $Rspet-06r kIR pi mentatlon) which
preparation of ingen6l cofpounds contenplateé)%

might eerwis¢ he @srociated with ﬂm@,hﬂgeofraeweg@@r In wrtadtegmba@mmsangenol
t h f ti ti
confioRaiihn? b Eherty iR o GlacHE RBF. S dp S RS

condi ti ons undertaken. Suitable protecting groups for
suchfunctional groups are known in _the art and may be
Subjesctsy Which deey digndeaigdt i fcendancg with the present invention include

mammalian subjects: humans, primates, livestock animals (including cows, horses, sheep,
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,

patient, animal or recipient.

As used herein, "modulating” when used in reference to cytokine production 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.
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
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practice. As used herein, the term"protecting group”
refers to an introduced functionality which
w0 eooposesd | y renders a particular functional grOIYAU2006/001781

i nactive. Such protecting gfoups and nethods for their
installation and subsequent renoval at an appropriate
stage are well known (G eene and Witz, 1999). The
present invention also relates to prodrugs of ingenol
conmpounds. Any conpound that is a prodrug of an
i ngenol compound is wthin the scope and spirit of the

as ctINVRBL] 1t533nd Phetiftation, "d&llﬁﬂr lutgl(tjrut attachednt, rE(EMsrebrgaanteMn MMP
sense and enconpasses those derivatives that,

prodgig o (IPERPIaSh ATV TaB o6 TRanpy1agy A4 Ge]) mferation.
hydrol ytically, to the conpounds of the invention.
Such derivatives would readily occur to those skilled

A miodulatieg afféctivarthountisuheamdunt vdwamppleed eoadoinistrsedvneacsordance

a free hydrox LS copver
Wit e B BRIV B i A ] RGOV SEpaM g tgulate, the
produldod W@%l&ll@é@ to hQksifedaERile to pr epar e ester prodrugs,

are well” known in the art and may include treatnent of

t he conpound with an appropriate carboxyllc aci d,

e or chlorid b
A %%Pﬁdvgﬁn%rcqﬁ%gs B hét ﬁerC H%%nven{ | onaﬁﬁrg?oga dﬁr ur efsvgf elbnr?ount of an
ingehBEc&igpR@t 1i0an aRbupl #hhathanadinterdédadr Epmreddn agsordaree with

known in the art and are described, f
the depire@ Joging reEimg s éﬁpfﬁp}ega];qﬂ@étwtelp,léﬁglum%r g&r}p al@nelnq ayc\:lc)elerate

or o@e?&l}/se%’roé&'feec%ﬁé o' B%é ?[Q ngj é@@e’éses%ﬁ wHtd HeddY € the desired

Action, Chapter 8,
exteﬂpSﬁe&h{b@& IheAteade:m:ccsrrmtle sffectl amfunct@ﬁﬂ&utqohm cbttarent obd wound
orated_herein reference.. Suita

refepiit FREEANE S8 TP CCBBH A Brie CLPESMEF. CORBUIARG Bcceleration o
prorhﬁﬁal)ry g€ ondHt m%'ice stapds bi Plok&ded forSadund kaahng to achieve the desired

rmaceutically acceptabl e inorganic acids such as
mnmwmwochlorlc sul phuric, phosphoric nitric, carbonic,
boric, sulfam c, and hydrobrom c acids, or salts of
pharmaceutical Iy acceptable organic acids such as

Sultﬁgl%t éﬂfecupé OdhhdimltsC (ddaeEe)r bl dbeing aeginensedadi be determmed by the
roxymal ei fumaric, maleic, citric, lactic, g%
attegglgg @hysgc:larb@pdz@iajé degqy)é(gnr{h@ partlculal tissue type and wound being treated,

the nature and severity of the wound, i.e. whether partial or full thickness, chronic or acute,
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 cosmesis. The compounds may also be
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
composition, preferably as a pharmaceutical composition, with one or more

pharmaceutically acceptable adjuvants. Thus, the present invention also relates to the use
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oxal i ¢, phenyl acetic, nethanesul phonic,
t ol uenesul phoni ¢, benezenesul phonic, salicyclic
waoloplsgssd i c, aspartic, glutamc, edetic, steaPCT/AU2006/001781
palmtic, oleic, lauric, pastothenic, tannic, ascorbic
and valeric acids. Base salts include, but are not
limted to, those forned with pharmaceutically
accept abl e cations, such as sodi um potassium
[ithium calcium magnesium ammoni um and
al kyl ammoni um  Basi ¢ ni trogen-cont ai ni ng groups nay
of atmqlgandilarom;ﬁ)aﬂd ok tarphanﬁztbea@@mtySaoa thtﬂw@ﬁlt adriptbdfug! thek@of in the

h as eth but chlori des,
ma‘HﬁQW&e 5110616 éér Hmdalalayg CX@W’&tI@@XHCFlR’é Iap%mmg phenotype
restRtl of ?%fﬂ%?&?%‘éﬁffmgfdﬁSﬂe%t“?%ﬁesf SR SRR Rt BF reducing
or lﬁm@mzutgmamm:ae or ings0Bog vednesis(drdtinaivaniruesonef inwak lind.

i.e. hydrates, or of conmmon organic solvents such as
al cohols) and it is intended that both forns are
Wowhd Rédlinlshfe SRRSO Joﬁﬁao%l%ﬁ§ﬁltay cBHt%ﬂlt t‘h@ 'Ihgep@lt Ql%gﬁté)éompound

sol vati on are genera /y known within the art
in agrampyinkoefipo dibpetrt 003 £% taep Tonk9PE b meighh ehusrefeorfed embodiments,

v SOREIRLECIRAHIS o R NERLL 8, T BB IEPH St v

to abalktelm)% By wehht, Cfér cmaﬁ@)l@ibchh@ obesilo.oa, P2 9.005009100.025, 0.05,
ounds may a useful in attaining inproved
0.08 skt

t ioclzéuloclérré)s2 f@ 8§n te8Vndo whand 8,5, d.-§. 2é or 5.0%. In one
[ l; f..S ness

emléo&l?rﬁ&#a&r 'k'tlhlﬁ gr,n;eglrﬁoxlrlfet‘ﬁg ré)e'}ltofe é&ﬁ%](%]un% is ﬁ:igernoL g-gahgéla ¢ présent in an
amqing nEakicart DOA) todbomh 196, ght ot her wi se be assom ated with

healing of a wound. In certain enbodi nents i ngeno

conpounds nmay be useful in a prophylactic sense, e.g.
Theiigébl @BIpotdsnkdyend Eﬁﬁfﬁ%ﬁ irdhy SGitabldMmh efﬁ?éf 1B&ily, e.g. by

treated in accordance wth e present invent
toplpﬂcappﬁeatmnﬁﬁfdhe aousdiiof é)&tlajecmm ihepwoumt es ,systemlcally, such as

ves |nc udi n Lows hor s shee

oraly PSR d RSt Bati i Pt Rer 86 RGSiesges i, Bellerma,
nasa[laimhalhﬁon geutaleR vRsiga)adnafidugant i ve W ld animals.

Laboratory ani mals such as rabbits, mce, rats, guinea

pi gs and hansters are al so contenpl ated as they nmay

In aPhiRMErA8 FRAMER B THe HEShHYBE qﬂéen'slp&g@%dis At administered, i.e.

applied, topically at, and optionally around, the site of the wound. The ingenol compounds

may be topically applied in any suitable form including solutions, emulsions (oil-in-water,
water-in-oil, aerosols or foams), ointments, pastes, lotions, powders, gels, hydrogels,
hydrocolloids and creams. Suitable carriers or additives include mineral oil, propylene
glycol, polyoxyethylene, polyoxypropylene, emulsifying wax, sorbitan monostearate,
polysorbate 60, cetyl esters wax, cetearyl alcohol, 2-octyldodecanol, cyclodextrin,
isopropyl alcohol, ethanol, benzyl alcohol and water.  Alternatively, the ingenol
compounds may be presented 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.
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speci es such as birds, anphibians and fish nmay al so be
contenplated in certain enbodi nents of the invention.
woaalfesss nmay al so be referred to herein as aPCT/AU2006/001781
i ndi vidual , patient, animl27or recipient. As used
herei n, "nodul ating" when used in reference to
cytoki ne production refers, as appropriate, to an
i ncrease or decrease in cytokine production. In a
preferred enbodinent, this relates to an increased,
up-regul ated or enhanced cytoki ne expression or
In oRE @EHBEHInRMt oM NnwmEeEn,ithe ebesIRREMH LA Habp®hlly applied in the form
fi brobl asts and/or keratinocytes, "nodul ati ng" refers
of apdsopronyll elspheli-basedigsbr ease or decrease as appropri at e)
in one or nore phenotype responses suchas cel
viability and proliferation, cellular matrix
Theatbtraglatiembf cdnipdsitias gahdesdingtonidviplaedderein 9 Mvell known to those
fibroblast differentiation, cell norphology and cell, . .
skillgdginghe git. sae B 6XaeRIR gR@F’ﬁé@ﬂlsvéh‘H”Wﬁ?ﬂ”CﬂZ Sgignegsoliht Edition,

. h o i ‘ ane . ' '

vl 000004 oo UL o, SuBRRUIASHY LB, s o

excipiefter abhese uipeludgudlatcenventiengdr odvatts, odispdrsioy t nkdiae filles, solid
a desired |evel. wound aling, cosnmesis or .

carfighne CPUTES GHTSUNG! | T GORAG e eetle. ARG PErctifion agents,

surfaSt888 0l sofRAP AN dbictpidh ASEANEndIhE NikhemmeAagiHiBl fdreddsbositions
or applied in accordance with the desired dosin

contegyilated by thapresent sventian mnstthiegthermaneitienllatagce ncthe sense of
v GRS BE 0O A 3B P ABH B e s PR o e
subR¥t. ETHe @WmBNIoAY thaky REneBSINkl® beGRERBIeH Gn @At @64agdform and may be

functional outconme. Treatnent of a wound refers tq .
PreRef ¢ BY 2Ry Meihqdsavelbknovet imilert ohphasmash c pghmethods include the

ste@%@%ix%ﬁih%ss%&%n%ﬁ@&&% i r%e(ﬁg Pivh B Qfric? Wi cdiBfiites one

processes for wou aling to achieve the
or mi&s iac@dsary ticgredientSulnt gednkrl,ehd exhpasitiasauwnprspirdd bageiformly and

. ..and dosi ng regi nens, can _be determ ned by the attendin
intigR{Ly grlaﬁl%grfag%ﬁwalaﬁ% o iR o mStEianL Ty lillfl}"g‘s%?é“?rﬁ g8 finely
dividBd siRHAE B8 bP Both! SR 1Bh itthB&sBRY 'éﬁeﬁaiﬁ’%‘flﬂe $RORICEty of

the wound, 1.e. whether partial or full thickness,

chroni ¢ or acute,

It will be understood that the invention may also be practised in conjunction with the use
of other supplementary biologically or physiologically active agents. Thus, the methods
and compositions described herein may be used in conjunction with other biologically or
physiologically active agents such as antiviral agents, antibacterial agents, antifungal
agents, 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
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.

The ingenol compounds may be administered in a sustained (i.e. controlled) or slow
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as well as the general age, and health of the subject.

The i ngenol conpounds nmay be adm nistered at a tine
waole@noshsappr opri ate during the wound heal i ng pPCT/aE2006/001781

Thus, the ingenol conmpoundg8may be adm ni stered

I medi ately or soon after the wound has occurred,

and/ or at any subsequent stage of the wound healing

process to pronote healing and/ or reduce scarring

and/ or inprove cosnesis. The conpounds may al so be

adm nistered to existing scar tissue to mnimze or
reldael sy, IANkedtaifbd elede Jrépangion BUARSH, whithCthBagSve ingredient is

and/ or hyper.-or hycgfdﬁfl gnent ati on. The active
slowhygeleascsivithiaghpbodycnithy stbisceaneradmisistegchandogaintpinsgthe desired

drug %%@egn%oﬂjf?vc’e%s m lnu?n %udds dfﬁﬁﬁé' e %é:brarel‘n%% %Cs'ﬁg%ﬁled release

ngredient to be a ere one, 'S pre era
forlholapoBSleN\telll Lmdalstca»ddxyrmfmnﬁ sloled jnribé eut.abl y as a

pharmaceuti cal conposition, with one or nore

pharmaceutically acceptabl e adjuvants. Thus, the

CoRp&stdHs dfrﬂﬂeeﬁfebéiﬁ iefifor ahabﬁ%f Bral Q&nﬁffﬁ%oﬁ %dyg%eﬁeéemed as

conpound or a pharmaceutically acceptable salt,
disqrete ity sudbersempsiles, shdetsamudlbiess gadh amtznimgdi padeeamifat amount
dul.ati.n t oki ne duction,, nodul atj ng phen pe. .
of PRLSHTE AR EAT e PPUFSL TR s T cop kPR Hob gtgBtsion in an
aquRb & B oG quesiRdigeBlel g ehoikth W@sﬂyc%em Chiftinett B 48 & ABirSEAer liquid
t1ssue or | nprovi ng cosmesi s or uncti onal outcone in

emlsig 0hd WalgsUR@ilHiaid eryulsioai cament s or conposi tions may
contain the ingenol angel ate conpound in an anount of
from about 0.0001%to up to 100% by weight. In

A tpbletfredy edmedd byl compiession bemonldpes bpti@mnllg eritlaomsortiiere accessory
genol conmpound jn an amount of from about 0.0001%to
mg{?@l% bRHPTeRTssh BYletiengnbe PragrredBuhpBPIEsg D2 @uliable machine

the gCt%]lnglgdﬁggl% 1a ﬁ)eeoﬁéwm% leJm sh0% % ponchS or Qragaés o?)tl%nally mixed

or 0.5%to ‘about 0.5
Wltb a lﬁndr% (e Jgn 1rcem’edémﬂmm)d pmsmvame dikimtagnare (e igo ﬂodluﬂnestarch glycolate,

oA v BBl ok B Sh BHE oBEGES D st

acn«}@rmwmlﬁ?»gaﬁ aMBu et @PRE Ay WY malé tb@rb}n@ufdg{gnn a suitable
ei ther | oc y topical appllcatlon to

m %ramzdnmtumoﬁtzﬁ: é@‘tvg@ﬁd cempoundeneisigner with agy@,@réhﬂl@dldulyent The
tabl%%%ga}ﬁéptlonally be coated or scored and may be formulated so as to provide slow or

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.

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 administration may be presented as pessaries, tampons,
creams, gels, pastes, foams or spray formulations containing in addition to the active

ingredient such carriers as are known in the art to be appropriate.
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oral, parenteral (including subcutaneous,
i ntranmuscul ar, intravenous and intradermal), nasal,
w0 pdvalosgsBon, rectal or vaginal adm ni strati on. P€TYAH2006/001781
preferred enbodi nent of thé&%invention the ingeno
conpounds are admi nistered, i.e. applied, topically
at, and optionally around, the site of the wound. The
i ngenol conpounds nay be topically applied in any
suitable formincluding solutions, enulsions
(oil-in-water, water-in-oil, aerosols or foans),
Compaouitimmt sitaplesfoe sparérérab agmimsywlien sinclgat saqubimgdr agEmhsn-aqueous
. hydrocql l.oids and creans.. Suitable earners or o
1sotg§1&i stsrle dnjpgiion spdutipng aylieh 8135’,00&%‘})?]‘%1%@&}1?6 byifers, bactericides
and%l%&’%ﬁ%ﬁ‘ Ydr@ABethe QQJnéQ%ﬁM&? BN Gith RIS 8{ {19 iff8Xded recipient;
sorbitan nonostearate, polysorbate 60, cetyl esters
andwegugousearslangi-aqicouheterile2suspengl e deteinolay ioyloledespending agents
i sopropyl al cohgl, ethanol, benzyl al cohal and water. .
onc G RRERBE 680 e RGNS B DRSCHE] Th o daSe e dulti-dose
sealeB cobifirde®y, MbrOéxaddpl@ Cdnh M RCHIIUFAN Cardl B8 DR Gstorkd 8n a freeze-dried
where the ingenol conpound is inpregnated or coated on
(lyephdisedsiongdition cequasnd anlydbe sddigeuobe stesipelquidengier, for example

sive.plaster .. filns nbr anes._or._patches. |.nh one..
warl RO el @Rr BT RE SR BnBiol Rl litons and
suspedpiongithyy dppiréeded Mrdr&tdrdé rPodidern graRpssomyd tadl@®hs! the kind
-based gel . The formul ati on of conpositions and

preyipedy degEbebnt enpl at ed herein is well known to those
skilled in the art, see for exanple, Rem ngton's
Phar maceuti cal Sciences, 18th Edition, Mack

Prefeuietl imfti dugagel @8fposGompasé thosasonminigpatdailyn dasy or unit, daily sub-

suitable carrjiers, diluents qr excipients. These | )
dos s HERRUT SO ComuBhi oA PR CECGh SR Licans dev ingredient.
fillers, solid carriers, coatings, antifungal and

It sﬁ(‘}ﬂléfi %Ct}n%lisﬁ%dqgﬁnihsadd?tﬁgxnﬁ)l the eagﬁ% Hehr Qe Y %Qltt%u%aﬁlg mentioned

surfactants, 1sotonic and absorpti on-agents an
abov¢,Kbe carhgosaams iof thif crveatoposy tincddnd: athert apepls abadentipnalhia the art

resent, i nyention. must be pharnmaceutjcally acceptable
hav{iig FRRSBE e BTGP TIBaET BIeCUG LAY R BRUeIS, Sweetencrs
thick®/€£difRnE1§ingf doBfts CAnpRsihiign @g&ﬂtspoéoa'tiﬂlgu%rkg%§, tfReservatives,
the subject. The conpositions may conveni ently be
lubriaatse ieldas.iapituridangomdips ey dalaragenay be

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



prepared by any nethods well known in the art of
phar macy. Such nethods include the step of bringing
WO ni0g/05es80ci ati on the active ingredient with tPer/AU2006/001781
carrier which constitutes éfhe or nore accessory
ingredients. In general, the conpositions are prepared
by uniformy and intimately bringing into associ ation
the active ingredient with liquid carriers or finely
divided solid carriers or both, and then if necessary
shaping the product. It will be understood that the
prowvitledrfoi the pumyosalo$ dllizerafing cértase dmbbdignisustcthe diventibh and are not

ot use of other supple tary blologlcally or

mt“ﬁ{‘}rfz@ FOliggitheggngralibt W@llg%g ri¢ds, the methods and
conposi tions descri bed hereln may be used in
conjunction with other biologically or physiologically
active agents such as antiviral agents, antibacteria
agents, antifungal agents, vitamns, such as A, C, D
and E and their esters, and/or additional wound
heal i ng agents, including a growh factors and
cyt oki nes, such as those described herein. These
addi ti onal agents nay be fornulated into a conposition
or dressing together with the ingenol conpound or
adm ni stered separately. The ingenol conpounds may
al so be presented as inplants which conprise a
bi oconpati bl e pol yneric coated, inpregnated or
ot herw se bearing the ingenol conpound. The ingeno
conpounds nmay be administered in a sustained (i.e
controlled) or slowelease form A sustained rel ease
preparation is one in which the active ingredient is
slowy released within the body of the subject once
adm ni stered and mai ntains the desired drug
concentration over a mninum period of tinme. The
preparati on of sustained release fornmulations is well
under st ood by persons skilled in the art. Conpositions
of the present invention suitable for ora
adm ni stration may be presented as discrete units such
as capsul es, sachets or tablets each containing a
predet erm ned anmount of the active ingredient; as a
powder or granules; as a solution or a suspension in
an aqueous or non-aqueous liquid (e.g. nmouth wash);
gel, ointnent or as an oil-in-water |iquid
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emul sion or a water-in-oil liquid emulsion. A tablet
may be made by conpression or noulding, optionally
WOWRaoh/ 0595684 or nore accessory ingredi ents. ConpreSEaU2006/001781
tabl ets nay be prepared by3tonpressing in a suitable
machi ne the active ingredient in a free-flowng form
such as a powder or granules, optionally mxed with a
bi nder (e.g. inert diluent), preservative disintegrant
(e.g. sodiumstarch glycolate, cross-Ilinked polyvinyl
pyrrolidone, cross-linked sodi um car boxynet hyl
EXAMPLESse) surfaceactive or dispersing agent. Mul ded
tabl ets nmay be nade by noul ding in a suitabl e nachine
a m xture of the powdered conpound noi stened with an
EXAVESLE 1t S FEET 0EPEPIION €RNRIRINBPRODUTRION be
coated or scored and may be fornulated so as to
provi de slow or controlled rel ease of the active

i ngredi ent therein using, for exanple,
EX%?V@Fiﬁypropylnethy! cel l'ul ose in varying proportions
to provide the desired release profile. Tablets may

optional |y be provided with an enteric coating, to
Cyt@gmp@é’uﬂé%lasgﬂ’@{)%fémt@d Btmameellgut ot her than the
CorThi@E E?Iuggé) ROt 488 cdIR! k%f‘a%hﬁ!:yt@sd r@ﬂ%}b@}agt@t e{n‘anné{ﬁﬁf)pﬁﬁs were
presented as a suppositofy wth-a suitable base
incubatgdrfos brigin thembexaspt presanoe od PHEPOOSI(]-100 weanl).n;The supernatants
el atin_or polyethyl ene glycol.

g nposi ti ons suitable
werg harvgsigd Aad anpdiedit hapreom %f‘ecf%lpé%%fséalﬂa%ss TNI"0, TL-6 and
g r 14t . C h , . .
LG BRE s B O RO o L APttt IniHREER, NIPAfR  Béigiom).  The
resudiS tarevdepicigd adlabid 1.sUahs cdetdéctrdsprarimaraee fgglan i n t he
art to be appropriate. Conpositions suitable for
parenteral adm nistration include agueous and
non- aqueous isotonic sterile injection solutions which
may contain anti-oxidants, buffers, bactericides and
sol utes which render the conposition isotonic with the
bl ood of the intended recipient; and agueous and
non- aqueous sterile suspensions which may include
suspendi ng agents and thickening agents. The
conpositions may be presented in unit-dose or
mul ti -dose seal ed containers, for exanple, anpoules
and vials, and may be stored in a freeze-dried



(l'yophilised) condition requiring only the addition of

the sterile liquid carrier,
i medi ately prior to use.

WO Pjogos958ns,

for exanple water for
Ext enporPErav2me/001781

i njection solutions and suspensi ons may be prepared
granul es and tablets of the kind
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Exanpl e 1.1 Cytokine production by PEPOO5-treated
human cells Confluent cultures of Me10538 cells,
wheoasasecyt es, fibroblasts and neutrophils weP&I/AU2006/001781
i ncubated for 6 h in the aB8ence or presence of PEPO05
(1-100 ng/m ). The supernatants were harvested and
anal yzed for the presence of the follow ng cytokines;
TNF-a, 1L-6 and IL-8 using a multiplex detection kit
(Bi osource International, N velles, Belgiun). The
results are depicted in Table 1. Units of detected
Exalij}¢ ¢2ns are pg/m . Table 1.1. Induction of
pro-inflanmatory cytokines in human cells in vitro.
Cells were incubated with the indicated concentration

0 0 :
L e S
to patsiteetth addinii¢ kerafosiddestiaise Prior o enddrarmoys after application of the
o S IS SR A 38 oSSR N SRR S S0 e
applRtatifn THE atlie'—'%lg éﬁ%@éS o1 pMee Bl ND & 3iibD MNRkings, skin

644271 ND ND 10148 51026 ND 793 ND 814 <2 ND ND
hypapRaiag@oNDnND ke hY7FeiZ@c 84737 wWab clisBaly NEregS4l. 2706 regolts are

ND nt ND. 10 198 49829 ND 21512 ND 1416 737 .
presRBed 3 1688° N3 189 100" DO U S DeATEr 53081 R4 65 pedis tha
show&P &Bpi it Sk éadniND INDioxeHiRke tol sidn AbktinSORT BBY¥nce or absence of

al cohol gel containing 0.05% PEPOO5 or a pl ace

. . . ! ) bo gel . .
skingmarkingphynernigmapistiorer hpopremeaintionyThp dastindiceted that application
ARSI I }s Pr:| t : e
ot EASAThRS (SR RnEHLOL o DuE HIERSERRATSRH O doa o
indipaed et applidation @X 0% WEP005 igel ¢aldoynpasises sedlacdbu) eeduced the
nont hs after. application of the gel g%ctive r

nun&ege%%*n{s H’é‘ﬂb skin gparkiags thise M}Fsr@“gg e sf,ppli%ation. Furthermore,
. . . , . t At .
e PSR A 0 4 s PP TSR BHAR, 08 place) did o
resulidbiskis hyp@- anblypb-gigwiehation,tbiiee atanthstedten drigeappbieation.
percentage of patients that showed i nprovenent,
wor seni ng or no change to skin texture or presence or
absence of



skin mar ki ng, hyperpignentati on or hypopi gnentati on.

The data indicated that application of 0.05% PEPOO5
w@edo70s9s8conpari son to placebo) inproved skin PERAUL@S/001781

The data al so indicated that application of 0.05%

PEPOO5 gel (in conparison to placebo) reduced the

numher of patients with skin narkings, three nonths
aftef) drug app[Efatron] Furthernore, the _§a§a° R
i ndi §at ed that [gpgl Lcalion of ®.05% PEPOPE| ged &[n
co rison to )gage%o? did notZresult in|8kEneHyper-
or hJJo-pi gnenfation, three nogths after ﬁ)'ug° .
appl L,cation. Ta )E‘fagl. 2. |[Wound heal i ng and|gognEtL¢
ef f gt of 0. 05y@PEPQOS| Topi cal.uGel in a PRakeshHa
. . =)0 . . n . [y oL O

clinBcal trial pfiact i i c kerafosis (nunpErS Bf=
pati8nts). ' Table—3-2|Skin TeXture Skin oigkl ng
Scar.gi ng Hypop ghgnt at il on Supef pi gnent at {:gnsuipfpved
Worsgned No ChaBgg AbS¢nt Presgnt Absent é_gserg
Abseftt Present | AbSent Ipresent ¥l acebo Gelzh 0 7 § 11
12 0812 0 12 0|6 Q5% PEPOO5 Togi cal Cel )9 & $[9 15
0 1330 15 0 TabBEe&le:3» [Wound hgal i ng and|BognBtZ¢
ef fe€t of 0.05¢EPEPUOS [Topi calEGel in a RE@seSHA
clinBcal trial Th_act i i ¢ ker agosi s ( per getitage—pf
pati&nts). Table|%3 10fxanple-E. 3 Materigl | §ng ¥t hods
Corrpgunds PEPOQS | was povided '@s a dry p wdﬁrg st ock
sol uti on of 23]155imM wgs prepaged i n DVBPZafid al | quot s
were@stored at | £20C. al i quof, of the s{&¢k soklition
was £hawed on {#e3day~¢f use afd stored gt |EognE
tenpgrature prijof2to anpd duri dosi ng. |nt<roediate
di | uggi on stepsjwere-cafried ouf, using Meel
cul tgre medi um| ) ol atifon of PBMC o0l 8 & S

O g Do 3 Zlg =0

— P = [=FRC &

[ | R = —

2 2 . Q i g °

5 = CEEE

% g)ﬂ g g:b G

. - g 25

S e o @ |Z

S o= S 515

5 213 5 FEEES

13 = § o o 5 t § i i

& 2|8 & 2z

© # = 0 i

'C'_‘) ke’ 2 ch) & O

b5 b S P oo~ on

8 2, — 8 = <t O

S bt 33 =

o] = o] —

8 B 8 )

oh w Q0 ot

.8 5 8 S

E o E P

g g 2 I -

= i 3k = 2l o

S ) o A . = B8 e

- = 8 X - 7 S g @

2 E £ 238 2 g = =<

_g = E - _g .ﬁ 2y O

= 8 -



10

15

20

25

30

For the isolation of PBMC freshly drawn human bl ood

treated with Li-Heparin as an anti coagul ant was used.
w@eiorms9ses e diluted with three vol unes of d i nP@BHEB2006/001781

PBS/ EDTA Buffer (MItenyi, 3Bergi sch d adbach),

carefully layered over Ficoll Paque (Amersham

Bi osci ences, Freiburg) in a conical tube and

centrifuged at 400 xg for 40 mnutes at 20C in a

SW ngi ng- bucket rotor w thout brake. The upper |ayer

was aspirated, |eaving the nononuclear cell |ayer
Exampliedtr bed at the interphase. The interphase cells

(1 ynphocyt es, nonocytes and thronmbocytes) were

carefully transferred into a new coni cal tube. The

Mab i Gab vibpgayvas filled with A ini MACS PBS/ EDTA Buf fer
%‘W@‘C‘Enrr%uged at 300 xg for 10 mnutes at 20C. The
supernat ant was conpl etely renoved. For renoval of

C IEI at e ets the cell pellet was resuspended in 50 m of
OIBRPYRYS and centrifuged at 200 xg for 10 minutes at

PEEG. wahro$1dRe faB at @9 tpover. Cﬂnﬁbﬁi ed1tisL Py Y5 &l WhEprepared in
| ast washi ng step was r epeat ed. Cells were resuspended

DMS® m@w&tsmre Btwedt ok, karallgwt@)theaﬁi@lclﬁwﬁtwamthawed on
il R E
e BV RS S VOB S onSHEAL I 0, o RN, BR0nd Do

dilution 8tePOwerd daridddad 1 usiRBBSBM édIllr(ﬁﬂ?tuﬁH hédioent heal t hy
donors were stinulated with PEPOO5 in three different

concentrations (1, 10 and 100 nM or LPS 1 ng/m

| IpSy rthei mBettingen), PMA 10 ng/m (Signsg,
ISO&PE%EEO%%%E and lononycin 1 ng/m (Sigm,

For@ed selatioh ef PBIMIS ;ﬁl&siﬂy vedwn hi@edi blone teated ovithalt iedejeerin as an anti-

congli s pie: risabedySlted ity BrE o BB O GG LBRASLSPBS/EDTA

Bufﬁe?s@)ﬁl@nﬁy t%glﬁﬁa 'Cﬁacpcﬁ U rcﬁgsflﬁl[}o MyRr&U B%rnﬁicéﬂlpaqﬂet (Amersham
bead bound anfi bodi es. ﬁe cytokine is quantif W th

Biogcignwen ritraibyreinn amgaya}ttgb@mpmt@f@e@, ah shfor 40 mmutes at 20°C
in %Ms%%?r?é&h%{'eb%%log}l REuCOAREN R ﬁ]:?p%% laiayrme V\(J:aasl é:s%irgtteg,d 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
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.

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 PEP005 in three different
concentrations (1, 10 and 100 nM) or LPS 1 pg/ml (Linaris, Wertheim-Bettingen), PMA
10 ng/ml (Sigma, Deisenhofen) and Ionomycin 1 pg/ml (Sigma, Deisenhofen),
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standard curve for each cytokine. The cytokines IL- |

b, IL-2, IL-6, IL-8 and TNF-a were quantitatively
wore@3s®se4 i n t he supernatant of the PBMC wi t h BCBAUR®NE/001781

Bi oPl ex System according t@6t he manufacturer's

intructions. Al sanples were neasured in duplicates.

Al units of detected proteins are pg/m . Verification

of Viability of PBMC After renoval of the cytokine

cont ai ni ng supernatant the PBMC were tested for

viability by flow cytonetry. Propidium]lodide Staining
respSotively.oCe(l wereridcubstsd a087°C andl6% CEF lis )k Masidifed dthosphere for

determ ne the amount of dead cells. Unstinulated PBMC
24Bere used for a negative control. Results Cytokine

Production To investigate the inmunostinul ating

ef fects of PEPOO5, PBMCs fromthree different healthy
Beaddhopensien Asswposed for 24 h to PEPOO5 at
In af@ch%i;fsE?cf__bgs”p%p@E% ]Asisaiy?% %gt%g%lg%%ggﬂptp%pgﬂiﬁ (é"tr seutple&gta%I with bead
boufidl REFIPATI&Nt TheTyRikaR! ist lahi@ddy withas YERddhY dntid¥dy to complete a

cytonetry with the Bead Suspension Assays. The results
san@ish diapnenasgsayn Taneldse roacentigtiqnshpes galgulated- with the help of a

' >s fromdonors &K, AWand HL after

Staﬂ??@ﬂctbﬁg{% %ﬁe%ﬁvﬁ? 05 for 24 h at concentrations of

1, 10 and 100 iiM Units of detected IL-1 b are pg/m.

Table 1.5. 1L-2 production of PBMCs from donors GK, AW,
Theapolipesatly-d P, Tlrdubat® dh-Snpitch TRiEPY OBEe rpntiatipelymeasured in the

sup%ﬂ?t%ﬁp&ir Ak iP?N.CQ&irt]}'}a ﬁ&%ﬂlﬁ%y@%e#%h%@éd@%ltg Enbftacturer's

are pg appr oxi mat e nmean:
intregijpnex iAthsahples Orefeomd)suradcinehpiicatts. | ARudisve] detdcred proteins are

pg/ml.

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.
Results

Cytokine Production

To investigate the immunostimulating effects of PEP00S, PBMCs from three different
healthy donors were exposed for 24 h to PEP00S5 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.



t he supernatant of PBMCs fromthe three donors was
observed at 1 nM PEPOO5. Table 1.6. |L-6 production by
wEBMZes9s8om donors GK, AW and HL after i ncubatPOAWR2E0K/001781
PEPOO5B for 24 h at the condtentrations 1, 10 and 100
nM Units of detected IL-6 are pg/m . PEPOO5 at 1 nM
caused an approximately 4 to 6-fold increase of IL-6
| evel s in PBMC supernatants (al nost 9-fold el evated
IL-6 levels in PBMC supernatant). Table 1.7. IL-8
production by PBMCs from donors K, AWand HL after
TabRcua- O pyddubtiGEBOPBMO$ fréth Bordrs GIICAW had IHINSft& incubation
1, 10 and 100 nM Units of detected IL-8 are pg/ m .
w1th PEBOD% fas1 24 i at taneergiptionnaf &nt0 afd FEMOd. idnits ofrvieteeteddll-1p are
pe/ to 5-fold, foll ow ng exposure to PEPOO5 at 1 nM
Wblmy different cells (e.g., nonocytes/macrophages, T
cells, neutrophils, fibroblasts, endothelial cells,
keratin cytes  hepatocytes, astrocytes and
chondr ogyvehscle @hngolC apaEPreofi nM)- § PERGRECH D @R TalPER005 (100 nM)
1.8. TNF-aproduction by PBMCs frdm donors GX, AW and
pélleraiker i ncupation|w th ggEB005 flor 24¢hgat
concentrnations of 1, 10 and 100 nNM ngh | evel § of the

D@ékfgjg{)\?e TNF-@ wer e |[det e f,plj I n tlhe sqg%yat ants of 1?%2

nomall three donors fol ljow ng Tncubat{on wi

7

PEPOOS T [TNF-a evers ran fromjappox] tely AV
D?Wlﬁ'ﬁl ation \%ith PEP005 %ﬁ' 1 nM| to 7 (PE3005 4t-76
3 01—t o 20 nM(PEPOOS—=at—100nM—No—signt+fitant

TNF-a |l evels were detected in the supernatant of PBMCs
exposed to the vehicle only. EXAMPLE 2 : EFFECT OF
PEPOO5 ON MODULATI ON OF PHENOTYPE AND WOUND HEALI NG
RESPONSES OF DERVAL FI BROBLASTS AND KERATI NOCYTES .
Materials And Met hods Dermal Fibroblast Cell Culture A
normal adult skin biopsy (6 mm was obtained (n=l),

Take t1tD. IInf2qrrohettioond @BIVICSE from domors GK, AW and HL after incubation with

10 PEPOO0SB for 24 h at concentrations of 1, 10 and 100 nM. Units of detected IL-2 are

pg/ml.
vehicle control PEPO05 (1 nM) PEPO0S (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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PEPd)OGtﬂtlln@sI caiilmi apapeorrBatdle dato erbalytiesresser e Buﬁ tlweé&jln PBMC

In ser
supgrpata t:s

B el PR dR O IC CRO0TER

penicillin G sodi um 100 ng/m streptonycin sul phat e

and 0. 25

|
ik

PRI ABLA e

ng/ M anphotericin B) and Epi Li fe}(_{r
Tahde it H-- Smmﬂueh@mby PBMES; frewrrianstsi Gy, oV pg

%SI %ﬁngﬁtéhﬁg%n I'nSu

) Defi
i adter H&f\‘/lb"ﬁé)n with

WSUI%FSr dt{lﬁteﬁted 1L.-8 arﬁ pg/ml.

factor type-1, prostaglandin E2 and reconbi nant hurran

epi der ct or — Cascade-Biologies—theg)

Epi der mal vekieleabitrdcly t BEPOOSI( T mivips | VRHPEOEIOmIVAI NEEPaAs (100 nM)

37C, _inla 5% CR2/95% air
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.
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at nosphere, with the culture nedi um bei ng changed
every 2-3 days. Epidernmal keratinocytes were used
wheiwnoessss4- 6 passages, for all experinents. PrR@EAERI06/01781

of PEPO05 PEPO05 was suppl i3¢d by Peplin Limted,

Bri sbane, Australia, in 20 ng batches and stored at

40C. When required, the PEPOO5 was solubilized in

di met hyl sul phoxi de (DVBO, >99.9% Sigma Chenical Co.,

Dorset, U K ), at a concentration of 10 ng/m . The

solution was m xed for 5 min or until the solution was
TabRk! €8UTNING, frbdcBEPEY PBPMErsinakkios abkif ABharst IAE eftenincdiBtion

where stable for several months. Prior to use, the

withPEPOO5 fovdch atconkensiations Al Wagnd dD0¥d from 4C storage
and warnmed to roomtenperature. The required vol unes
of PEPO0S5/DMSO were aliquoted into a poly-propylene
vessel langd,itihenREPPOPERNEQ diM) utle@ebgyst nenvg dUPERMS (100 nM)
concentjration(typically 0.01 ng//m, 0.1 ng/m| 1
1 10 mg/,mM andg 100 m) ijn Fi | ast-|{Seru
DO@hEAﬁ ni ng Mgdi um (for %jieggt{r%al filbr oblbiggltq cul-tiur es;n964r4

serunrfree, Epr Crfe(T) Medi um ( fjor epj.der nal
Dopas; AW nocyt e%cul tures), l%%h frash Péﬁd@S/ culfture 12.93

freti-usotuti-ons—beirngprepared-dai i at—thevarious
DovwynBdnt | at i ofs aboye, d§8720 sollution’kfabilify.
t o—di-sclardi-ng—PERPQO5/ cul-ture—redium-selutioens,—at

| east two vol unes of 0.1% sodi um hydroxi de (Sigma

- cal | 3596
Hi gkglﬂglgfg Etff éh@ﬂ%mb C'TI\%EZC{ WD aeRk{a%h '%Féu HatdnROsPBEAMY from all

cl e , Leicestershire, U K), was added to
threedators dblldwinp indubatitecwith REPAAS.e TNEss By slymanged firabe pppdximately

120 VD RsaRtion with PEPORH £ nrPR ot i EpBDS'S: 18" AV 38 20 nmt
(PERGYS(4, foodhist TG signfrieh@Z DN L) tedelR-Wéd NRAstddeinr the Guperititant of

brom de] dye-reduction assay was enpl oyed for the
PBMissemonedio thé veheeleranlyf i br obl ast and epi der mal
keratinocyte cell viability and proliferation,
according to Cook et al (2000). Follow ng
trypzinisation, dernal fibroblast or epidernal

EXANRRE o e T ar ireos of MabTiyflal O eRtgPe anp
WOTND JARNIIINGT RESPORSESEIOE WehkRMALSXFPBROBLASTS 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
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cell/well, respectively. Follow ng cell seeding for 24

h and 48 h, respectively, the dernmal fibroblast and
wepiodesased keratinocyte culture nmedi um were repCHABR006/001781

with culture nmedium (100 m4pwell), containing 0, 0.01

ng/m, 0.1 ng/m, 1 ng/m, 10 ng/m or 100 ng/ m

PEPOO5 (six culture wells per PEPOO5 concentration).

The dermal fibroblast and epi dernal keratinocyte

cultures were maintained at 37C, in a 5% CO2/95% air

at nosphere, to 7 and 3 days respectively, with the

(DMEEMP, emgpm&ﬁaoeﬂhcmtmamme g2cmiM )y raatibiedesa ( 10:6)eUhgl penicillin G
ever Variqus controls (six,

chan
sodipg, (190 e/ ée‘/iﬂ?t@m)’mﬁékﬂ@h%tle%d@s%%kﬁg/i‘@W@tPhPF?r‘t" ) o Fov6 feta
calf%@r'u}q?gll nﬁﬂ %ﬁ%gé%grﬁﬁla ]Iﬂ’lk/;ﬁ[o%?% %:{da g?éiglre] IR Pglr)r%a al fibroblast cultures
werk ﬁraattamexi:ytt’ﬁ”@uint eufis% G rairlatmesphere) Wathnbﬁegu,ltum mpdium being

dermal fi blas rnal ker ati,n i n
chaSilr e feurar Q5O APG A% DRG] 1) Setopdratee 7-17, for all
expdrifRERP! ast and epi der mal keratinocyte in culture

medi um containing 0.1% DVSO, (iv) dermal fibrobl ast

and epi dermal keratinocyte in culture nmedium

nt ai ni % DMSO, and (v) dermal fibroblast and
Keré‘g'f‘a‘é"rt eiJ‘k ‘flglfl ®hocyte in culture nedium containing

Hur@a@%’dﬁl@"@ﬁenﬁhl tasinocktes3 wee Qifuﬂclﬁsecstceydplr@eﬂ%d' fr&‘i Cascade
of a MIT solution in PBS,

BiolGsicy InmsNaWampSiEnE oo T he 6 (000 A A pre tested

o Tyl It S IR0, LS F i,

TheExpidaatal derdtinbéwes (6O coltyred doneingtifreg, ﬁﬁnﬁzﬁﬂ% Medium (Cascade

o555 OB 8 S o

| tEALBePIDMRSd Growth
o SO 00200 Bt PG D

Suppbmem hHEDIhS a@wrtmnc% pusifigé sbefine serinped bumiss epurtied bovine

ectro trica usi.n Bi 0- Tek n
wen T BYGORIT o Eadero e 1 ed B G BRUAE ifjor et
prof4dlaiiiih H2Aehd e¥ReMtinmethunas @eddrakgtowih fabfogeCascade Biologics
separate occasions. Assessnent of Dermal Fi broblast /
Inc.ke Emd%@@yk@amwﬁé emftyea e imaiiaiged £& Rfentin a 5% CO»/95% air

atmosphere, with the culture medium being changed every 2-3 days. Epidermal

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,
>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 PEP005/DMSO stock solution was removed from 4°C storage and
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
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Dermal fibroblast and epi dermal keratinocyte cell ul ar

attachnment to type | collagen and to fibronectin, was
w@eso7os9584 according to Cook et al (2000) and BUEAD2005/001781

et al (2004). The wells of 496-well mcrotitre pl ates

were incubated at 4C overnight with 40 ng/m rat-tai

tendon type | collagen (Sigma Chemical Co.) or 40

ng/ M plasma fibronectin (Signma Chem cal Co.).

Non- speci fi ¢ binding was bl ocked by incubation with 1%

bovi ne serum al bum n (Sigma Cheni cal at 40C for
(typ‘ﬂcalﬂy d:@ll hgﬁmmg 1ty nugaill 00 ugael imdSU(&IDF@ 19)E1§F{b1(§1ﬂast Serum

e dermal fibroblast or epiderna keratino

Contwl@nghdlﬂme@mc@ﬁlmk ’ébwb&lﬁwﬁl‘wé?fmoauswwgﬁee, Epibife PR et (for

T T e -
prepuesce dhidt, hat see dacountonctheatdbs vabble, duer ot i;dlmﬁnp ktabidity. Prior to
cell ESIty of, 2.5x1 04 ceII/

oowel | s, 0]
dlscgei%ﬁEﬁ’rﬂogrcs{tmer pegium selufignse meﬁ%tat%dfo @E fist 10 gsodium
hydﬁfﬁﬁ n%ﬁ%" @Hem%arméggeﬁr? 9589 retﬁanlal/g% %Qharfow (IbQH‘P‘Fropr Fisher

non adherent cel by aspiration.
Scm@ﬁa; In¢ingpteasties; K. ) deasvalded tdﬁ*acb Isa]stlen ap decpnndcenmﬂe
keratinocytes were washed (Xx2) with PBS (100 nl),
fixed in 70% et hanol (100 m, Fisher Scientific) for

Assé@nitnf oﬁD@rlﬁhﬂFﬂ)@le\ﬁfsﬁ/ﬂ{&a@l%@gfw Migbilivy Rh@ProRfehian
Si gma Chemni ca m n. Excess crysta

Thes B34S~ ¢1@|¢ﬁvéa-t%5azm1§ﬂb%élpbm)lteitrﬁquwb|ké01md§i idypagrduction

ass%%g f]'.rrnmog/ d;grlgr ee{@ | X (%gﬁnfﬁb%%la%{) 5@ #dér%?al'l&ratmocyte

cellG@aBlhtyl\@lﬂi pwﬁfegalilia)h[h @ddcﬁrc(nsg tI;o Coblt ur & @600 I@cﬁfov@ﬂ@tnyph)nsatmn

were al so established in the 96 mcrotitre tes

derrgpl fghelastidrepid6Tndl keratiapeids Weresey %ﬁlemr?érvv?li Blrl%il'g%g]ates (VWR

Inte?tfb‘éll Flﬁ' o8, r@élcéﬁ@iﬁﬁﬂen@qi atcauEéIP H@lqsq@ddm@O@rb%ll/well and 5x10°
ce free) resence of  agen or

celldeik oespettively. ( Fcnl)owieg well sdeidbrgoior aéth ?amid48elpl rdgrentively, the dermal

S B T et LRy b modiom

(106@;\&@1?61@&11@%@69' 091 Med/miked at L Hagy | et qu Qua@diod 00 pg/ml
al one I'1-free in resence of ty col | agen/

PEIEQ% (e equlitreal heroPEP%Q£r¢emqntr/at1@@w nﬁies dewmgl fibroblast and

epi eérrn a{nk%baé{r}l gjtl ngﬁlg?% Sur ee%ms Lu%’? Ene%n (Q% e gf?&gglnc g%o fC02/95% air
atmPPHeRL 16 Gr 4hd 3i|dbyl§ﬁe@pecﬁvélyd®[ﬂ’f&he 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
fibroblast and epidermal keratinocyte in culture medium, containing 1% DMSO, (iii)
dermal fibroblast and epidermal keratinocyte in culture medium, containing 0.1% DMSO,
(iv) dermal fibroblast and epidermal keratinocyte in culture medium, containing 0.01%

DMSO, and (v) dermal fibroblast and epidermal keratinocyte in culture medium,
containing 0.001% DMSO.

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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fibrobl ast and epidermal keratinocyte in culture

medi um containing 1% DMSO, in the presence and
w@bwensssof type | collagen or fibronectin, anBCT/4iU2006/001781

dermal fibroblast and epi ddemal keratinocyte in

cul ture nmedium containing 0.1% DMSO, in the presence

and absence of type | collagen or fibronectin. The

absor bance val ues of each well were read

spectrophotonetrically, using a Bio-Tek Instrunents

Mcropl ate Autoreader EL311, at 540 nm Each

Wel‘PHﬁ@fo‘tl% NBlaté@ sy R iel BB 700, 1hhe, S@@?@?%%l@%@lﬁ@é;ﬂi@& for 4 h.
h t he ‘absorbance val ues obtai ned bei ng expressed as

Exteat?tlanfé:mé@e (1 véactongsitng otﬁﬂ%@ﬁ@dl@@l dpdscgk swiphate ofSDS, Sigma

ChRRNER ] 150 RV AR iRl (Tt ShSSREPERD by Rpaded o

cacHerdIBhnd ke obhast Sidretitie PRES| haeeiganitz874ehra BEMC0,/95% air
enV|ronnent in the presence of PEP005 was exani ned by

atmoppiesh| 48 Popll at ebhccobbsqeafcs atveiuges of Fpeelk) well were read
spe?&éja%glfgrr]rl{kgré a(l)lghcf?ﬁxg%gkl?&?ﬁ é% fnglé’{: ;NI v?g éﬂg éélt(él‘ﬁ%ﬁer EL311 (Fisher
Scitritifichllt 840 mSerE:anh Copdranent ags pedorared cmdhtealsapaﬁge b@&%smns

gel ati nase-free, fetal calf serum (prepared using a

gel atin-A Sepharose colum, GE Healthcare Ltd.
Asﬁml{a%mhr F.brblbiﬁs?mmu&.%m @ ERLOBERP WEa NP a dftflent

MWP-9 activity. Dermal fibroblasts (5x1 05 cells/ 750

Demnal gibtcoldsh aixkefidemaFikbrathdcyst ccBatay mttazdnm@t i type Newilagegn and to

o ecTine e o g e s Copls #e BhdifSethshithF ey, 2004). The

welVEM6-gel] ahicrase-[fl5ee \Afe% mlcubadd atsﬁtuﬂife(rﬂ@ﬁt Whith, 400ud/mrat-tail
sodi um hydroxide (750 m), 1.7 rat-tail tendon

tendgmotype eenllaggendSigams Copinicap Cop) a@rele atgé@nl dilasena; Gbronectin (Sigma

Che%% | @gietNo?l rﬁpe&?g%n@ﬁ? %?cg;%e(i %}/ nﬁc@égglgézgﬂh }‘% l%ovme serum

alblmﬁinad&gtmel Ghﬁn&ﬁl (ZoE),r’dt 43 fEPlEth Mbwﬁ@%ﬂfmmzaﬁon cell suspensions
oncentration), Various contr I's (three FPCLs
(10§¢1:1b[ qngtﬁx? % ag f&rglgasé OF spideanal g(eraiuﬁeq:)(j@ i éertuin)free culture medium,
con'fdiﬂh%*@l @@tl nH. Fgg/tnﬁ' iy inM?g I}L%VH@J)IOTW) g(tg/?fhlPEfPrO@@(mx culture
and s’in Frbrobl st Serum Cont ai ning Medi um
wells per PEPOOS concentration), were both seeded into the 96-well microtitre plate wells,

to a cell density of 2.5x10* cell/well. The 96-well microtitre plates were maintained at
37°C, in a 5% C02/95% air atmosphere, for 1 h or 3 h, followed by the removal of non-
adherent cells by aspiration. The remaining adherent dermal fibroblasts or epidermal
keratinocytes were washed (x2) with PBS (100 pl), fixed in 70% ethanol (100 pl, Fisher
Scientiﬁc)‘for 15 min and stained with 0.1% crystal violet solution (Sigma Chemical Co.),
for 25 min. Excess crystal violet was removed by washing (x5) in double-distilled water,
with the remaining stain being solubilized in 0.2% Triton X-100 solution (25 pl, Sigma
Chemical Co.). 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), in the presence of type I collagen or
fibronectin, (ii) dermal fibroblast and epidermal keratinocyte culture medium alone (cell-
free), in the presence of bovine serum albumin, (iii) dermal fibroblast and epidermal

keratinocyte culture medium alone (cell-free), in the presence of type I collagen/ bovine
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contai ning 1% DMSO. The FPCLs were nmmintained at 37C,

in a 5% CO2/95% air atnosphere, for 1 h, for coll agen
w@oloyoersBLat i on to occur and the FPCLs det acheRCT/AUN006/001781

the plate edges and resuspddded in 2 nl PEPOO5-free,

Fi br obl ast - Serum Cont ai ni ng Medi um contai ni ng 10%

gel atinase-free fetal calf serum The FPCLs were

mai nt ai ned at 370C, in a 5% CQ2/ 95% ai r at nosphere,

for 14 days, with the culture nedi um bei ng changed

everyday. The degree of ECM reorgani zation/lattice

ser@R Atbuatih bP AbWASCHEMU ABYink isetinf £188Mid) (R deeRafidtsblhbhd €fidermal
di anet er neasurenents performed on each of the three

kergtiiory e aif ecud rgp mediunyt 1ndﬁxysp1gsenge of boginessergn agtbumin, Ly dermal

ﬁbr&ﬁlgstae(rfdeéspl&é} nta g!erre]l dﬁ‘%’c{%e Le rEhre 1? %‘Luﬁo @{téll | Fﬁécli)wo, in the

roun I'cés, Was’ al'so ¢

pres’fehoemaﬁ@(ahsdmdlo\fltﬁpm[ cEH’ige,n mmﬁbﬂm@e@rne&ﬁdqm)oderﬂlal Gibkbblast and
g?o 0.1 1 10 ng/.m or 100
epl%rﬂ %eraﬁd%ﬂc nlél %ﬁuge Bltedwp Cﬁn@a%s 0dro QMSQe in met preggnce and

abs%r{&%%? t%e’?c&f&'g% or ﬁgﬁmg@ﬁr?r Thé Qbstopl(%nrsg L& bé’ 8 e CL;\P%HS were read

pro-" and active MVP species pro ced

spe¢trophhwnfeR@Giallyy ssiegs, Byellak i Instrymady Mlhl;opMS AaxtmieaddeLﬂl at
A0 PR SRR OREP R B PRV E SUBI Lt 8a 05 UM Bfpbsorbance
valg @eitedbelmihabRsRAl X ag ytabl /8 a8 o8lie 6t SRRNEY esi s

(SDS- PAGE), on pre-cast 10% gel ati n zynography gel s

(Ready Gel 10% Gel atin Zynmogram Gel s, Bi o- Rad

t Qr t Hertfaqrdshiye, K. incar ora
kB ey S0 AL P e BT 5 aei
Metalldplatbinasé Prodectibhd. ), at 15mA for 4-5 h. SDS vvas

ved fromtheqﬁels by soaking in 2.5% Triton X-100

TheS@}PnH’Eyl oh degad Forethasis (15%|re1@@de)1/re05gaqa@o];hepeﬁgg4 &ghyirenment in the
t b o2

g, bSO 5Lt AL AL 28 e

accaidingr talé co8i gma/ Ch@f)c aIFoH)ow)ng BSpsizstonh, udarmihl dibraldasts were

susl%gi S ?rgfi%%})za Ly Cﬁpgﬂ%ng@ 35 %%%ﬂgd%e&{gt?rllase free, fetal
calfc@@ﬂﬂiﬁﬁ fepBled € ubilg 08 Y0 C@RMRS S h@ok’@aco‘ﬁluﬁﬁa @‘epﬂeﬁlﬁicare Ltd.,
|n1%acet|c aC|d and 54% net hanol, both Fi sher

Buckuigéhmshuee)U Kdede s¢mee priogemwmsadi-2 andi MMPA &%ivity. Dermal
ﬁbrmgﬂgwloﬂpe%s}ﬂﬁ uq% la'tlﬁgggf?ee Fibroblast-Serum Containing Medium) were

added to 53 mm bacteriological grade culture dishes (VWR International Ltd.), containing
3 ml 2x DMEM, gelatinase-free fetal calf serum (750 pl), 0.1 M sodium hydroxide (750
ul), 1.7 mg/ml rat-tail tendon type I collagen (225 Opl, prepared according to Rowling ef
al, 1990) and PEP005 (0, 0.01 pg/ml, 0.1 pg/ml, 1 pg/ml, 10 pg/ml or 100 pg/ml PEP00S),
in a total volume of 7.5ml (3 FPCLs per PEP005 concentration). Various controls (three
FPCLs per control) were also established, including (i) Fibroblast-Serum Containing
Medium alone (cell-free), and (ii) cells in Fibroblast-Serum Containing Medjum,
containing 1% DMSO. The FPCLs were maintained at 37°C, in a 5% C05/95% air
atmosphere, for 1 h, for collagen polymerization to occur and the FPCLs detached from the
plate edges and resuspended in 2 ml PEP005-free, Fibroblast-Serum Containing Medium,
containing 10% gelatinase-free fetal calf serum. The FPCLs were maintained at 37°C, in a

5% CO2/95% air atmosphere, for 14 days, with the culture medium being changed every
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captured using a GS-690 I magi ng Densitoneter and | mage
Anal ysis Software (Bi o-Rad Laboratories Ltd.). MW

wo d@nbsfsBLat i on was confirned by the appear ancRCDAU2006/001781
cl ear bands at conparabl e d#l ecul ar weights to an
MWP- 2 standard (Cook et al, 2000). Each experinent was
perfornmed on two separate occasions, with the %
reductions in lattice contraction and the MW
densitonetric val ues obtai ned bei ng expressed as an
average for each group of sanples Assessnent of Der nal

day. FiTe aRigast oOEUM reftthabdtdn/1dthiee @bheedion ovasPeRidBiednfrom three
dermal fibroblast differentiation to myofibrobl asts,

sepaxgics laghicerdipmeteh yeptveerasais perfermed - aneash 19T ik BYE KPtFHe samples,
o T 80518 B 74 5ol 1 SEER B OIS L bt o,
N0 i i e oo i oo
0, 0.9bpalmk & ngllo el 10 seim! oy veﬁﬂ?@’%@ﬁ%éﬂgy&g of MvP
prodﬁ?ch;rng{)n;aIacti@ilt}i/ ?(ﬁﬁés% ti(x?e'i}goims./ wel ) of the dernmal

ast ce suspensi on were seeded into 8-well

chanmber slides (VAR International Ltd.) and maintai ned

at 370 in a 5% C2/95% ai r, _at re,. untid .
To dsiR ettt 30005 B AP AR NS B Pisguced gthe oells in
the FPOL ADLBSE - KA ERGErapHY (s Mgy Watof il &s €dolviet fal (2000).

culture medium (250 m/well), containing 10 n%/n1,
Equatcplimesatid ol) of FPCLnegnditiongd megiymi were sppjedied 1q godigmpglodecyl

r. 10 nl. ,PEPQO I h Lde Moo :
sulpisB0 gLl a8 ey R UL o & o e e e eclatn
zym&éf’)aﬁlg BEE (Remdy Ok) 10%r Gelatis O yasigadth iGdie BiotRl Liabargtories Ltd.,

[

el el et seum cntel s denalcne, (R
Rad &‘%%é%ﬁq%gﬁ(@ Qf 15’1%%(%{' by 1 BSGRARLERALYed frbhithe gﬁ%lb§ sbdking in

érum Cont ai ning Medium containing 1
2.5% Ghitdn XG0 dohaiva ($%nDMSD;mmAdCO D)Vt roah| temperature, for 1 h. MMPs

Fi br obl ast.- Ser um Cont ai pin [ ai ni.ng. 1% .
werdARASHIG (RAER ot BOL AL T REATE G0, 5P 4768, Pt goleium
chlorde EemdT%eaifal ToDP R odili@r chiorfiRYFishOySoMdtitiEte) bhdrB% Brij 35

the céll's had reached approxi mately 75% confl uence.
(Sigtlhafhemicsl Cods aivd7eC, overnight. Gels were stained with Coomassie Blue
(0.05% Coomassie Blue, Sigma Chemical Co., in 12% acetic acid and 54% methanol, both
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 et al, 2000).

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

The effects of PEP005S on dermal fibroblast differentiation to myofibroblasts, was

examined by the extent of ai-smooth muscle actin expression by the differentiating dermal
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fixed in 1:1 ice cold, acetone:nethanol (300 m/well)

for 20 mn and bl ocked in 1% BSA in PBS, at 4C, for 1
w200Tlos958hanber slides were washed (x2) in 0. 126BSB2:G0001781

PBS, and incubated with ond5of the follow ng primary,

(i) nonocl onal, nouse anti-human a-snooth nuscle actin

primary antibody ( 1:30 in wash buffer, 250 nl/well,

Sigma Chemical Co.), (ii) nonoclonal, nobuse anti-hunan

cytokeratin Igd primary antibody (1:30 in wash

buffer, 250 m/well, DakoCytomation Ltd.

fibrGhlubts] dgéstiing estimhlition woth TGIE-). fTE@lQﬁilﬁgaﬂrypsﬂﬁzh‘-ﬁ%n the dermal
apti-human vinmentin Ig@ primry antibo 30 in
fibigBleHS BUFFY Euspentsg IriEibiblpst SoaNs n@mmg@riedm% joniafniag 10% fetal

cal€RCL: §! dACRnVR) B LNGYEAEQR /D Ho¥BlsY23a Y 2 Flihe dermal
PE 2SN CbAR AL | PULTRLY R38 B o

room t enperat ur e,
fibrPBi8st el siiypention ertbre/vlséehle@ohty)w@%aﬂ changtei slided { VW0 Usternational
anti body (1;50 in

Ltd&%flﬂsﬁﬂfﬁ‘lfagfcedcag%g aﬁ@ﬁﬁ%s&ée(ﬁg%ﬁlb HiasDheTLL gnthl appgoximately 30-
40% Q@x’fﬂﬁe@iﬁpﬁf ﬁﬁ%tﬁge ftﬂ?:rﬁ@roialastag&‘hgﬂ g&)thfnﬂgggea— e &%%@Bﬁléed with

des were washed (x3) in 0.1% B
culfutﬁamrbénm (rQéﬁmI/e’abllD Jcvonglininig 1rmgml TGFv@1tdnd 0, 0.01 pg/ml, 0.1 pg/ml,

L L Rk O YRR AU e Chor ST 0TS prpoos
conHérﬁfaﬁ@ﬁP PYafib® ChtrbR (tl?re@bl@e{n?%r%ggg pf311 U&{tﬁff)c%glte also established,

m croscope, Leica Mcrosystens U
inclggiagi @ﬂgﬁ@m@iaa’céerm }Co)ntalmng M@Cbumladtlone‘re(gbﬁe]khaa imngibroblast-Serum

Corﬁgﬁltnu 2\3?%1 ytg)ﬁgr? I()g\z%lg?lﬁ{lgt’ gcg)glfraﬁaﬁg);&c:flg IR H)%‘alast-Serum
Corﬁﬁﬁﬁ@smtulﬁ’f chRsiNply F biahl astr sera '1@9%/1%0064&1 (iv) cells in

Viability and Proliferation The average val ue
Fibigbtasi-herdmf GenteaingdYlediig obitasingddh DMSO.

inability/proliferation denonstrated that PEPOO5 has a

cytotoxic effect on dermal fibroblasts keratinocytes

Theatha@baceies dleteoMain@ineQO 31Ul v a 5"/9@'@3[9@% 4iP atspRAE 98 3 days,
fibraoblast controls. Hovvever

by ik &imer teicsHs hadaepgiog aapr;@éan@dlyﬁé% weﬂ@n@,et i Ghanzheo sdes were
ﬁxegfufcl) ?qt,#g?%?ﬂg%%t‘%‘ iﬁertrg%}ln} é’OO?qgﬁﬁll aiodnléinap}éebg éi(gg in 1% BSA in
PBS, at 4°C, for 1 h. The chamber slides were washed (x2) in 0.1% BSA in PBS, and
incubated with one of the following primary, (i) monoclonal, mouse anti-human a-smooth
muscle actin primary antibody (1:30 in wash buffer, 250 pl/well, Sigma Chemical Co.), (ii)
monoclonal, mouse anti-human 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 pl/well,
DakoCytomation Ltd.). The chamber slides were incubated in primary antibody at room
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.,

Cambridgeshire, U.K.) and viewed by fluorescent microscopy (Leica Leitz Dialux 20EB

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



10

15

20

25

30

to stimulate cell viability/proliferation. Assessnent
of Dermal Fi brobl ast/Keratinocyte Extracellular Mtrix
wao\doaokesent Epi dermal kerati nocyte attachment POT/AVR®6A01781
col l agen and plasma fibrondéti n denonstrated that
PEPOO5 exhi bited a significant dose-dependent
stinmul ation of cell attachnent to type | coll agen, at
0.01-10 ng/m concentrations. A simlar trend towards
a possible stinulation of epidermal keratinocyte
attachnment to plasma fibronectin was al so apparent at
digital im@gesgeing captised siemgeificDennelx260 b Babh egleriment was performed
trace|lular Matrix Reorgani zation and Matrix
On WY PTBI5T BCRTse Production Type | collagen lattice
contraction was significantly increased at 0.1 ng/m
PEPOO5. Pro and active MVWP-2 | evels were observed to
Resulisr ease at PEP005 concentrations of 0.01- 0.1 ng/m.
Assessnment of Dermal Fibroblast Differentiation Dernal
fibroblasts, in the absence of TGF-bl , but in the

Asspssafcad 0 Defmal FibrobladKk e din®By (1C PRI 0N dPlofiferation
detect abl e a-smoot h nuscle actin

Thegverage Ve iive AbeinestAvpiane! fbmblsSSVENTbItE/MdEfdraiAGen@Rstrated

. P, terials and .
tha RERYOS ok SRSttt o oL Bl R i &y s i Gopagrations of
100Regdhn], romipaiet] eol pniBgatsb@inebladushiralsi a as 0. 01% (100

ng/m), 0.028% (280 ng/m ) and 0.05% (500 ng/ m)
preparations in a DMSQ i sopropanol - based gel .

HoWwsRO0R- 10 88/m | RRLARLBROAR05 RE3EHe§ 25 HafL o milM&Bry effect at
. e

al so supplred to serve as a vehrcle contro
daypERD@B! andddishnaly byeky 7w 0t pgindraad (at g, contrait@tions appeared

to sﬁﬁlﬁﬁlteecefllovrichiﬁ’gf?prrgJifera H)El.h S

Assessment of Dermal Fibroblast/Keratinocyte Extracellular Matrix Attachment

Epidermal keratinocyte attachment to type I collagen and plasma fibronectin demonstrated
that PEP00S 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-

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
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 pg/ml

PEP00S exhibited detectable o-smooth muscle actin microfilaments.
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Rat I ncision Wund Heal i ng Model In order to exam ne
the effects of PEPOO5 on the repair of acute
W@ sw7gsesad ) i nci si onal wounds, involving m ni neCT/AE06/001781
ti ssue generation, the rat 47full-thi ckness incisiona
wound heal i ng nodel, was enpl oyed. Ani mal Husbandry
Adult mal e Sprague Dawl ey rats (Harlan U K Ltd.,
Oxfordshire, U K ), approxinately 8- 10 weeks ol d and
wei ghi ng between 250-300 g, were used in this study.
The aninmals were initially housed in groups of up to
EXAMPLEBeB: cASSESSMENTI @3hsTHEs INBRGT2@dm PEPOOS ON WOUND

hanged tw ce weekly), according to
HI%@%%“%?#&@@“#@%H?@tiogs, in an environnment mai ntai ned
at an anbient tenperature of 23C with 12-hour
|'ight/dark cycles. The animals were provided food
t Diet) and water ad libitum In order
to acclimatize the animals to their surroundi ngs,
prior to experinentation, the animls were housed for
PrepamitiimafREF00SNe week wit hout di sturbance, other than

f h t heir beddi .and_to replenish their food
PERG)S' Rl Shonlfely b FORLD TANEauPHEARG L HEe ) (% GO epg/mb),
. Suthgy o e Y _
OO SR, StV PSRRI ot
gel.rdiERO85 isd, PMS Qlisdpedpayolftmsed cpeiei gel whs Asosekslidd toeserve as a

veblift bl tho RRPRT eob NGBl el vt et e S for sevra

morn¥as.nt ai ned in groups of up to four for the remainder
of the study. Al animl procedures were perfornedin a
Home OFfice |icensed establishnment, under U K Hone

' ' (PRE: .40/ 2650; PIL: 70/4934 and PIL:
Ratgg}ifg)zllw()ﬁ@@gg%hégNg?dﬁiul | - Thi ckness | nci sional Wunds
In ddevicoessndné ithes effedts R PEROOS ash (Heniépsit Icﬂaéchfég(s%}’gi@i% isional

I nhibitors and neutralizing antibodies to cytokines
woupdydnvaHag el dE v ses preeTtione fhsiigh aful)l-tbmlzmslr@w@al wound

healhd@bel 2RABhplo6@Ch wound in receipt of a different
treat ment. Due ?o'its past use and acceptance, this

mul tiincisional

Animal Husbandry

Adult male Sprague Dawley rats (Harlan U.K. Ltd., Oxfordshire, U.K.), approximately 8-
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
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 their 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
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
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wound nodel has been sel ected as the nodel of choice

to evaluate the effects of PEPO05 on full-thickness
wo p7e5seal wound heal ing, with treatnments bei PQI/AU2006/001781

rotated between aninmals, iAd8order to allow for the

known caudo-cranial differences in rodents. Aninmals

wer e anaest heti zed using inhalation of Hal othane and

air, and the dorsum of each rat shaved and washed wth

t he bactericide, chlorhexidine gluconate (0.05%
_aqueous). Four full-thickness incisional wounds ( 1 cm
in p nHpeagficei hesinsrte esthielisharent, curldes G&r idsus @ffite Licences (PPL:

oder g r re on the backs of each ani mal .

40/@%@1’1gﬁ“'?&ﬁ@ﬁ%ﬁﬁ%@%ﬁg&) (allowed to gape), in order

to allow granulation tissue to formw thin the wounds.

Fol | ow na woundi (day 0), one of the four PEPO0OS
Cregtione ahfu tT/@ﬁ@e(SP%Pmuﬂﬂéwnle\/BO’ i sopr opanol gel

Pre%%me gtlg capm%és{ﬁc\iﬂgs 81?\86%1 ar%m% g?ﬂﬁg 1%%%15‘%%&?&681? &ziinegdantibodies

to ayeskinasgdaventendad edusdatiti@Ai(Blsice) Wpowds ot Rindld&dmal, each
over each res gf(ét i ve experinmental/harvesting period,
woundcig raseief Teat freatmegh| Bup tq its pagarse ﬁ@@htamepgancwhls multi-

mcﬁ%hﬁb»béﬁﬂa‘?gocfe@ﬁas“bé@/ﬁ R0 Jagiﬁ'g’ﬂﬁo&efl Q¥ 8@% év%pu &‘F’eﬁlf’ )effects of

strength analysi's an scar tissue y asses
PEPAS londallitlbinkieks i?EBﬁlﬁﬁAMuh&heaﬁlng, imh hrtea:mr&lnﬁﬂaimg rotated between

R L N TR e

vehicle gels, were applied at volunmes of 10 m per 100
m’rQ(lrrg/IO’ri 2.8 mg/10 M and 5 ng/ 10 m
Anipafsopge aﬁ@sﬁﬁ’é@iqd\ﬁ@mg) 1nh@1@t1corhef Halloghanahnckknr rand the dorsum of each

o LU SPGB I, B LSl 0Bl S P sascons)

Fouﬂﬁﬂl-lhﬁﬂknb@llmgmaneﬂ Uty € ¢h $Pleas@TBRIuIBHIRES 41 @Mk carnosus and
b evenly over the treatnent area using a sterile
YP%‘%& iy averi %Wt%‘apé theibagks: ak errnatimeb dVperdsl lsﬁmalned unsutured

(alldvl'/Hdr %jlé%ﬁ?)f) ﬁpcﬁaé}t{ 'aﬁ \%géﬁnm{f& Sssie kS fg\ﬁ i Ot@lﬁ wounds.

a peri 0 OWI ng
F ollpwn@ d\@mndlog pdey el oani ofaltle fowwnPEPQGST f:@fideﬁ@‘at\iﬂris h(PEP005-free,

SN N TR I R (R

wouhﬁ,dwhilé‘ﬂq{dnbtr%%dkﬁzbhﬁc? controls remained untreated. Each animal group was

maintained over each respective experimental/harvesting period, according to Table 2.1.
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U K') and secured with MIlipore(tm tape (3M UK pic,
Berkshire, U K ). Each animal was also fitted with an
wabiozassshan Collar, in order to prevent dressPEyAU2006/001781

removal . Dressings remained®in place for a period of
t hree days, post-wounding. Rats were maintained in
their respective experinental groups for 1, 4 and 12

weeks,

when the aninmals in each groupwere euthanized

and the condition of wound and peri-wound tissues (in
terms of viability,
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Application of PEP00S5 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 ul per 100 mm?* (1 pg/
10pl, 2.8 pg/10 pl and 5 pg/ 10 pl 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 plc, Berkshire, U.K.). 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
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0. 028% 0. 05% PEPO05, DVsQ i sopropanol vehicle gel and
untreated wound control group, were clanped into the
w@riopss584 t he Tensi oneter, set to pull the marpCTaud06/001781
the wound apart at a "cros$bhead speed” of 50 m m n.
Breaki ng strength was nmeasured as the maxi mal force
necessary to cause separation of the wound margins.
Scar Tissue Quality Assessment (Weks 4And 12) Matrix
orientation was determ ned in histol ogi cal specinens
fromeach 0.01% 0.028% 0.05% PEPOOS5,
werD¥Ehbhizep aapaiRrAontiebh of evoged aad detiHwduatRshesdinnerms of viability,
control _group,_ byplacing the sections onto a

erytheimp.o Sedsen. taheManidoTsd |aér?tuaﬁ$sﬁ§fﬁ1?‘eé¥ Oy posarding ¢ ohpble 2.1.
I Kk
Anififls \ga@f%@‘g@gﬁéﬁ%@{@ﬂé %%E&%e be H%fsntrg 538 d?f%{elgick%he‘ﬂ%r PEP005
expogire hiatleanyc apterseee fécts dbhehel rgaaerahhdaltl‘l/m:bnslaﬂm ok ticoersperimental
. Representative areas of interest within each scar
ammglg-i on were selected and the orientation of the matrix
conponents within each area, neasured using custom
witten imge orientation software (Cl CA-MOS5 Version
Euthaf)sia,ihisoie/Srample avesdimgaAnib Brodebiing t he
directionality of collagen bundles within the
hi stol ogi cal specinen images, providing an output
Ha,d@ﬁg;{gl Mvaves Yheoriyentation in 12x15 segnents.
ically, normal skin tissue would possess limted
WOh@f pgsgﬁtaad ngma grgrginal s,lqrywas,\mqa,seg@@;i@ single 3 mm strip 1ncorporat1ng
4
L
werb HigRstdre @ Sfline @hdigg®sd sarpich] @auy (Teppat e dolelsos & IchnkdreWound
horizontal, with a very high level of directionality
Magggemengoaf #°G. prp:lratﬁatﬁnsmpmtapla@alyslé t'Hee mmdinieg vafundhéssue was

fx<gty Y0 S el o BBETR Bl S st s Wetions ¢

pm)? w&@a&&l RHMdl@sdokite BbAt BierhMoEEAd BBSin QEhrebuliaRistological
180. The present Study investigated two |evels of

evatuagsmb@nd}M@lmrats iseim (fgr matsis arienfatigyandlysih each 0. 01%
0. 028% 0. 05% PEPO05, DVsQ i sopropanol vehicle gel and
untreated wound control group were conpared in terns

TerBforhédfic ATTIEHEnLQlf Wobid Strer@th OWeek £dnpdepl | el to the
hori zontal 7.5 and &I i) in aorder to allow for possibl %
Woung girengthh nseeasesovyith timsrtier ity #d Sreopgequently a measure of wound

maturity. Wound breaking strength was quantified using an Instron Tensiometer (Instron
Ltd., Buckinghamshire, U.K.), 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
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)
Matrix orientation was determined in histological specimens from each 0.01%, 0.028%,

0.05% PEP005, DMSO/isopropanol vehicle gel and untreated wound control group, by
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I mage capture, the possible inpact of |ocal cutaneous

organelles (e.g. hair follicles), and
waepaalosgssons/ i rregul arities in the skin surfackECT/aAU2006/001781

ti ssue fromeach group was 5al so conpared in terns of

the anmbunts of matrix, orientated parallel fromthe

hori zontal, by 22.5. Utimtely, the greater the

col | agen bundl e planar/horizontal directionality, the

nore severe the scarring. Results Tensionetric

Assessnment of Wund Strength The average tensionetric,

placﬁﬁaﬂ‘lets%&%r{seolﬁb raeﬂlﬁ&Bsc\ééé @ﬁge aﬁ@toﬁtieﬂ@tﬁné/%laﬁlhgﬁﬂttesectlons as to
strips (3 nm from each 01% 0.028% 0. 05% PEPO0QS5,

allowiyboransieeorandd by édkies |p@1aélé]| tosthe Switaqecest the skimy digital images of
{
£ e B0y A UESHR T HSE R 010, e of

intertekitiin Chtl0stae rebfon wereplestd ahe ﬂwa)rdan&ﬁod epﬁ &ra:dﬁaittlx components
trend, with increasing tensile strength w th PEPO

withis pasd Ares. MEREUTRE HRNE SHEPMEVIITHASR AViSPiauen SpfvRT Jica-mos,
Verél}'? T ené%w(lal Hﬁe%atlfghata QFQWB?ntgrtﬁ& @geétfb‘ﬁ%@@ﬁﬁ‘%ohgébﬁ' tuidles within

th valFues for all experinental groups, conpared
the histoWgdal dpecivhéhingages, phasiingtanentbut dkdcoibinggthPERGDSton in 12x15°
treatnent, increasing at 0.01% declining at.0.0 otp ..
segrB@hit-r diypicalls| zormph Fll‘lav%@éi“aovo‘é]ﬁd't‘oﬁéfissl W@Ff‘g‘a]é%m&f“ag%ﬂs%onamy»

w1th].€e!3a%) ? 89%g1a9511t2ta1t Vﬁ%ﬁ“ﬁ@%% p%%g&@*ﬂl]! Léé)él@‘éststﬁ%%frﬁ%e would

hav@@fsfgﬁﬁlo&ﬁﬁ‘px@boﬁtbwoﬁ@@ﬂaga:uﬂﬁihélm pHatita@t ictpse ad thé. Worizontal, with a
npared to the three control groups. Tabl

: 3.
Ver}bbugb\,&p\@,l @ﬁ,dg‘g@,ﬁ@abﬁya@é) E§03 (- eratlanag, qura]éeﬂttgtﬂileowrﬁace o% the skin),

al v.si s a.of
out ST iSRSl SR D AP RS BBuld possess
morB @611 #RAbRhdled Brl@iﬁ%@ if &%cﬂbﬁs%ther thad aff 01 80t hi ckness
i nci st onal wounds, follow ng the application of 0.028%

PEP005 conpar ed mnth t he DWBCYlsopropanoI vehi cl e

g%tg{ gNz aﬁge ﬂg\(/e ;Cﬁ%?t } On%igir ﬁf@s &t tibéue from each
O.OIB/E,P@@QE%UEU.G’?A,PEPOOS, DMSO/lsopropanol 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
undulations/irregularities in the skin surface, scar tissue from each group was also
compared in terms of the amounts of matrix, orientated parallel from the horizontal, by
+22.5°. Ultimately, the greater the collagen bundle planar/horizontal directionality, the

more severe the scarring.
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

wound control group, at 4 weeks and 12 weeks, are shown in Figure 1. The mean tensile
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(surgical), rat full-thickness incisional wounds, following the application of 0.028%
PEP005 compared with the DMSO/isopropanol vehicle (control) and untreated wound
control groups at 12 weeks. N-NT = PEP005-"naive", untreated, N-V = PEP005="naive",
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Table 3.1
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+22.5° 30.32% 26.84% 26.03% 21.81%
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(wherein R is hydrogen, alkyl, alkenyl, alkynyl,

acyl, aryl, or arylalkyl) and glycoxy. 10. The nethod
wWae@wansisey to claim9 wherein the conpound i s BEl/att@d001781

fromingenol - 3-angel ate, 56

20- O acetyl -i ngenol - 3- angel ate and

20- deoxy-i ngenol - 3- angel at e and, pharnaceutically

acceptabl e salts thereof.11. The method according to

cl ai m 10 wherein the conpound is ingenol-3-angel ate.

12. The nmethod according to any one of clainms 1 to 11
CLAMMSei n the wound is selected fromthe group

consi sting of cuts and | acerations, surgical

inci sions, punctures, grazes, scratches, conpression

1. Woun qﬁeth@cp bAStRRSting Whld AELINE Liﬁdas suBééUt QR fecQVRHIEET; comprising

ul cers, thermal effect wounds, chem ¢al wounds, wounds
admimisteting trysdid @urhmatam’gmd ihealimrg effclivnsmosidiaf an ingenol compound or
recipient sites, immne

ft/t.
o DR A R PP B e C0t ommen o

i ntestinal wounds, danaged carti I age or bone,
anputation sites and corneal |esions. 13. The et hod
2. accbrarthgdt T crediding 2rvinsisizng Hearnbisie Ps imprayinenseysesis or

i i
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amount of an ingenol compound or a pharmaceutically acceptable salt thereof.

3. A method of modulating the phenotype response of dermal fibroblasts and/or
keratinocytes in a subject in need thereof, comprising administering to said subject a
modulating effective amount of an ingenol compound or a pharmaceutically acceptable salt

thereof.

4. A method of modulating the phenotype response of dermal fibroblasts and/or
keratinocytes 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 thereof.

5. A method of modulating the production of one or more cytokines in a subject in
need thereof, comprising administering to said subject a modulating effective amount of an

ingenol compound or a pharmaceutically acceptable salt thereof.

6. 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 thereof.

7. The method according to claim 5 or 6 wherein one or more cytokines are selected

from the group consisting of IL-1f, IL-2, IL6, IL-8 and TNF-a..
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8. The method according to any one of claims 1 to 7 wherein the ingenol compound

or pharmaceutically acceptable salt thereof is applied topically to the wound.

5 9. The method according to any one of claims 1 to 8 wherein the ingenol compound

has the formula:

i

wherein

10 R!-R? are independently selected from hydrogen, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted
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

15 substituted alkenoxy, optionally substituted alkynoxy, optionally substituted
acyloxy, optionally substituted arylalkoxy, S(O)R', OS(0),0OR', OP(O)(OR"),
(wherein R' is hydrogen, alkyl, alkenyl, alkynyl, acyl, aryl, or arylalkyl) and
glycoxy.

20 10. The method according to claim 9 wherein the compound is selected from ingenol-
3-angelate, 20-O-acetyl-ingenol-3-angelate and 20-deoxy-ingenol-3-angelate and,

pharmaceutically acceptable salts thereof.
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11.  The method according to claim 10 wherein the compound is ingenol-3-angelate.

12.  The method according to any one of claims 1 to 11 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,
thermal effect wounds, chemical wounds, wounds resulting from pathogenic infections,
skin graft/transplant donor and recipient sites, immune response conditions, oral wounds,
stomach or intestinal wounds, damaged cartilage or bone, amputation sites and corneal

lesions.

13.  The method according to claim 12 wherein the wound is a cutaneous wound.

14.  The method according to claim 12 or 13 wherein the wound is a chronic wound.

15.  The method according to claim 14 wherein the wound is a diabetic-associated

wound.



