PROMOTI ON OF EPI THELI AL REGENERATI ON. The present
invention relates to the manufacture of nedi canents
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provi des a nethod of pronoting epithelial regeneration
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By way of example, stratified squamous epithelia have scale-like (squamous) cells
located at their surface. The shape of the cells comprising stratified squamous
epithelia may vary with different locations within the epithelium. Whilst cells located
at the upper surface of the epithelium generally have a flattened scale-like
conformation, those towards the base of the epithelium may tend to have a polyhedral
shape. Epithelial cells may be structurally fortified by the presence of keratin, and the
quantity of this molecule present tends to increase with increasing height within the
epithelia. Stratified squamous epithelia typically comprise several layers of keratin-

containing cells. The types of keratin molecule present may vary by both cell layer

and body site.



epithelial |ayer that covers the skin. The epiderm s,
by virtue of its location, is the tissue nost
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and as a result is the tissue nost frequently exposed
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i hevmiash ptdneinetpath®B6dy a¥sithelh i§ Bld SR e i
shape,. and provided wi tylh_ e < ik Mo el quamous
t ﬁ?‘&t?&ﬁ@ﬁtye’t that By teskinbTbe epidermianly dirfiearfans location, is the
f Q0B 1 gB&RLy i apRoe. B inpair or entirely )
destr ol?/éstt %@ fungtlﬁgﬁﬂtg?[ tlheﬁléepei ¥%$Pe§vfrﬂ?lﬂiﬂétd?n o Fqgult is the

otitstemosbirequently dapmgd toepandmental, he ot Wagaghd ol e
of the epitheliumaffected. Accordingly the pronotion
of epithelial regeneration is advantageous in many

diFdirtles eaxdtan@iddt 8X k@atifldaVe) Bl j : esirability ..

of tJII;e pr.onot i on of eprfﬁﬁeH%ﬁ@@%%%&%@%@ﬁ@“?ﬁé? é’PltMeha’ and

r Srried %ilgl?téé Lﬂgzlﬁmgtfjlﬁﬂlzﬁé, uint hﬁiqh &h[la(:luﬁpdfrﬁltogﬂ:j {86t ofells are

N&ALARAR n i,ch. such pronote

regener a?i ga hayd@é @F‘?giltﬁé]\é\d‘?lﬂerﬁ‘é’rae i s significant

variation in the range of therapies currently used to
regeneration. For exanple, the
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al lografts) or application of ointments (typically
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pitesdavrevteatd imiakel e ab 898)imayi merely involve leaving the graft donor site
exposed and untreated, or may alternatively make use of treatments such as the
application of dressings (typically gauze dressings, which may be used alone or
impregnated with a variety of anti-infective agents, alginates, hydrocolloids, synthetic
composite membranes, transparent films or honey), application of artificial skin (which
may be generated from the individuals own epidermis), application of allografts
(typically bovine or porcine allografts) or application of ointments (typically ointments

containing silver based compounds as anti-infective agents).

This absence of a single universally accepted therapy is indicative of the need for
novel methods by which epithelial regeneration may be promoted. Furthermore, it is

well recognised that there are many failings and disadvantages associated with current

therapies.
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The promotion of epithelial regeneration within the context of the present invention
may be understood to encompass any increase in the rate of epitheﬁal regeneration as

compared to the regeneration occurring in a control-treated or untreated epithelium.

The rate of epithelial regeneration attéined by methods in accordance ‘with the
invention may readily be compared with that taking place in control-treated or
untreated epithelia using any suitable model of epithelial regeneration known in the
art. For example, the rate at which sites of experimental epithelial damage having
known areas regenerate may be compared using well known in vive models in mice,
rats, rabbits or pigs such as those described in Tomlinson and Ferguson (2003),
Davidson et al. (1991) and Paddock ef al. (2003).



rats, rabbits or pigs such as those described in

Toml i nson and Ferguson (2003), Davidson et al. (1991)
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aspect of the invention there is provided a nmethod of
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conprising adm nistering a therapeutically effective

anount of an agent having TGF-b3 activity to a subject

in need of such promotion. In re:?tlopftotthls aspeft

nvention a "therapeutically effective anoun

81f'n t&a‘%é £ Wty e ﬁ@cmézsgggaxftthq iinwentip ﬂmncfe Wded{a aethod of
a daAVL - dyit t.h ks sufficient to |
coRBoR VLTI BRREN e NthodS SHETLSE humipieng
t therapeoticulyi effeativé Binstuetr &tan Agend B eido AN B, a@tﬁ’izigh% b ubject in
and particularly the epiderms, suffer nore direct,
f P SPch BREg948Rmgi ng encounters with the exter nal
environnment than any other tissue in the body. It is
therefore highly desirable that the repair and renewal

ofn eghatiomeloi this aspestudsthe snmednties at Berepitieslly sifedReaPhdunt of an
to b infllf d i.n. qgrder to ensure their maximum .
f%ﬁ%ﬁ’%‘ﬂ% g#?@cﬂ”?%)ﬁ el <N e af am pganbUvingEG R mﬁtiﬂty, that
i f o j suitabl e for e .
cRuIRgL Aol YR, A b0y o
epsipinistered. and have been effective in all epithelia

tested, the pronotion of epidermal regeneration
constitutes a particularly preferred application of

t Aenotel @bbve) BpitHaliR e dRi-el &N 4rBhe 'Epﬂgflﬂﬁ,nsttﬁ’fe? R&? ﬁir?ct, ﬁrequent,

i nvention include the pronoti'on of squanous epithe al™

r efpfél]laﬂr}g)?ﬂwg%ysowﬂ]@ Hee petemak ¢roroomeliethat iany 9étr tissue in the
ifhat | j Lt.will be. appreciated that . .

TRy ot KA RRERBLA! At sndlichd 1e3%ir 2R Lo R P iak isues,

seglefastthe spideeniepbeleblei o B0itETuengdt eords@tPenshRE their maximum

' f.epithelial regeneration in accordance
SR TR et SRR b Seenchcamens o e
f : . > & : y L er . over
or evi ousl y damaged of Aenig o eagrql BRENFHE Bl tpes of
sRithelias aﬂéﬂlﬁﬁjbe@ fsiceve in pll epiintlia tegedShe ipRirBoticngf epidermal

i cati ' ' e t hogens.
gg%%@faazl% g:c setﬁltltg’s taPRejlﬁtg rllﬁi% LK@?&{@L@}% 1catPo¥1 gfa the ugwentlon. Other

- preferred embodiments of the invention include the promotion of squamous epithelial
regeneration, and/or the promotion of keratinised epithelial regeneration. It will be

appreciated that the methods and medicaments of the invention may be of benefit to

the epidermis covering the scalp.

The promotion of epithelial regeneration in accordance with the invention is able to
bring about the formation of a functioning epithelial barrier over previously damaged
or denuded areas. The epithelial bartier formed is able to prevent ingress into, and
colonisation of, the underlying tissue by pathogens such as bacteria, fungi and viruées.
Thus the promotion of epithelial regeneration may provide benefits in contexts in

which it is desirable to prevent or reduce infection at sites where the epithelial layer
has been breached. '



Thus the pronotion of epithelial regeneration may
provi de benefits in contexts in which it is desirable
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using cultured cells, a nunber of in vivo studies have
recently been undertaken, utilising specific conpounds
ozﬁlt]@@]ggtth% rePOEige dilgbitey effgctsiof TGH-P aheexhibited by all isoforms there

are differences in the relative potencies of the different isoforms. Studies have shown

that TGF-B; is the most potent of the isoforms in its ability to inhibit DNA synthesis

and proliferation in primary cultures of human keratinocytes, bringing about stronger
inhibition than do either TGF-B; or TGF-,. |

In addition to studies using cultured cells, a number of in vivo studies have recently
been undertaken, utilising specific compounds or genetic technologies to disrupt the
TGF-B signalling pathway. These studies have further suggested that TGF-Bs, and
particularly TGF-[33, inhibit epithelial regeneration. A



TG Db signalling pathway. These studies have further
suggested that TG bs, and particularly TG~ b3,
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application of an agent having TG~ b3 activity to an
epithelial tissue before or after damage to that

t s serdrasistodin pretfm)usily@utbhﬁleﬁh%drﬁgﬁlﬁeﬁ%tdw opﬁletpli‘&ent application
|theI| rat her than inhibiting such

@é‘%’é‘?%aﬁfﬁ" W et ke Aprlivation 106 abeag@@tulmmg/m‘fyﬁs acthlty to an
ﬁ%e'ﬁgls 't?s&eh Befol S & g%hc%eev Z?/ g\a%yltss?%: é)tr%taote the

epithelial regenerationi
pregentraion of the pbitheial wyefvﬁh%ﬁmﬁﬂlﬁ ﬂgﬂﬂﬁﬂng he It‘%géér%elﬂﬁir é‘lal Without
l1.s h i on (e as been pronote
f %éﬁl‘éftﬂ(y Eff g]‘?ftﬁia\[’ g'efp ethesis the m@@réﬁ@r@ﬂlévq Heat dlmalgmmbtlon of
i sence
Zglbelﬁiéghlhf;\g%%%étﬁb: Edggacte(li @? r‘?‘ed e}te gr gboglrogcc? ae(pé elial cell

ttmgramm mifheoeplﬂfehelpcéllse(thalmlfgw@ﬁ%fa%wh hds been promoted) are
a e Wwth the invention may be of use to induce
R R A o0t Pt And) e B o b S clmptapidly than

| BOCRR QR 5@¥n&%f%%erﬁ§ﬂ§\tlh%TtﬁT Bﬁl%‘ﬁ@ﬂ es where the

re-epithelialisation response i's inpafred, inhibited,
retarded or otherw se defective. However, it is
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tox1c epidermal necrolysis (TEN)/Lyell’s syndrome, epidermolysis bullosa, cutaneous
leishmaniasis and actinic keratosis. Defective re-epithelialisation of the lungs may be
associated with idiopathic pulmonary fibrosis (IPF) or interstitial lung disease.
Defective re-epithelialisation of the eye may be associated with conditions such as
partial limbal stem cell deficiency or corneal erosions. Defective re-epithelialisation
of the gastrointestinal tract or colon may be associated with conditions such as
chronic anal fissures (fissure in ano), ulcerative colitis or Crohn’s disease, and other

inflammatory bowel disorders.

The process of re-epithelialisation in response to dermal injuries may also be

perturbed in many individuals. For example, it is well known that dermal injuries in
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benefit to such patients. Wthout detracting fromthe
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t herapeutic agents and techni ques that may be used to

AVIQB eLperimental and research effort has been expended on the identification and

development of therapeutic agents and techniques that may be used to promote
epithelial regeneration in those for whom the re-epithelialisation response is impaired.
However, the group of patients who do not suffer from impaired re-epithelialisation
constitutes a greater number of the total population covered by the healthcare
services, and a far larger proportion of the working populace. The skilled person will
immediately appreciate, therefore, that there is a great benefit to be gained by society
from the development of therapeutic agents and techniques that can‘address the needs
of these otherwise healthy patients. Accordingly, the promotion of epithelial

regeneration in healthy patients is a preferred embodiment of all aspects of the present



epithelial regeneration in those for whomthe
re-epithelialisation response is inpaired. However,
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re-epithelialisation constitutes a greater nunber of
the total population covered by the healthcare
services, and a far l|arger proportion of the working
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t KBioRisaRundski§ 8o pratemed embpdicest ofwlt aspects afithedseentibe.
needs of these otherw se healthy patients.

Accordingly, the pronotion of epithelial regener ation

| ﬁohd&l Huryoseatof ¢hd prdséntanPériion) 4 REroRdASLAR Eﬁayolge 8lfined as any
q&s of the presentinvention. The pronotion of

{hat| Jogp inoh shew a5y bealing towslenels Withén ejgho setks @f formation
CWh@ﬁ”sﬁb @&%dﬁprdr{rtéia% %&)n@erﬁfo‘ﬁtﬂs rtfigrg &H%qgsg%%tlt gf Acu e wounds

aspects ‘of the i nvention

pragdiet atiyhwennd @ther ahah amhrcﬁnmmmdemB/reMredeefdu&Bd'oﬂﬁds may be
ﬂ-%é \{\,c%apd th es n t sho any  heal i ng tendency

W LHIh ervﬁ(ﬂi’n f%ﬂrﬁ‘ﬁ’t‘l g WoiH)dscmay obe a particularly
aprefeipdi gd (conventr onal ) therapeutic treatnent.

Acut e wounds may be any wound other than a chronic

wound. Preferred acut e wounds rray be inci si onal

[ inci woun
jlstl cul ar %E}?{ pé(l'rf% ed (grr%u o4 ﬂ}eﬁ@} D gray, cﬂlr é§t tlorfgmage as a
emstdle ofimeny diffaemnesbeeef inbat.i & %ﬁthélﬁ}&nb;e for! Qkﬁi%let% 1nJured as a
result of many different types of 1nsul

E’berqi?lﬁ f,pﬁy Ingulfs Oéﬂaw’ﬁ% whyeh jing Wa%es, abnaesmr,twmids (both
tretilg 'MH& Sarﬁr nbfll Hﬁétﬁﬁng V\?bﬁﬁhs g%gl qé&%lgrsl’é and other

abr asi ons wounds bot enet s an
n%ﬁglpdrlﬁt)rﬂ%hlrﬁsgipammﬁlﬂ)/ pastmi ghichhess Ig@lf&l dﬂt&su@nﬁicﬁtab €he skin),
& ocedu artlcularl artr t hi ckness
ar g?x{r a(W}llR’;hi, §§(f?8£ ?%ru\g( erg dhe pontextir Ffij uires 15e, {yay b, considered
eDOQﬁﬂiidé dbsushRibfigh ReutdY B éx%@&liré %5 eﬁﬁé}%gﬁ of lov?%in erature
|deredto i nclude tissue damage resufting rom ’
&’6 8sqnds @ rediation), grd ether fovns efparad.ur e, cheni cal

agents or radiation), and other fornms of trauma. The
i nventors have found that the nedi caments and net hods

ofhe fiyentnisehavieofouad ehpatht i hedi e ente b GidtvRlsi 6 HBSnvention are
pﬂa?trirgitlailrpyn e?ffectie\%i t1nh ?iié allalror{agt%oenn %rfaetplit?lghalll nre:ggr?eegt?osne 1rt1 oresponse to
injuries. These are exemplified, a particularly of benefit to, injuries to the skin, in
which the epidermis is damaged. It will however be appreciated that the methods of
the invention may also be applicable to other types of injury and wounds including
injury, damage or trauma to epithelia such as the respiratory epithelia, or those
surrounding internal tissues or organs. The epithelium regeneration of which is to be
promoted may be an epithelium other than a digestive epithelium. For instance the

epithelium may be other than the intestinal or gastrointestinal epithelium.

It is recognised that epithelial damage, and particularly epidermal damage, resulting
frem burns may extend over great areas of an individual so afflicted. As a result burn

injuries are particularly susceptible to complications such as infection and desiccation



injuries. These are exenplified, a particularly of

benefit to, injuries to the skin, in which the
wepiodeotns i s damaged. It will however be appreCi/aBe6/002577

that the nethods of the invention may al so be

applicable to other types of igjury and wounds

including injury, danage or trauma to epithelia such ‘

as the respiratory epithelia, or those surrounding

| itae arigd dud teslagls oDl figicfions. epih6lif @é}lepelAcHS?dntgly, the promotion of

re 3_ t|on of whichis to be r oriot ed
Bﬁ%ﬁw A1 1SRPRA 3o lflﬁﬁa"poas‘mcgb@m agp Nmaentsm pﬂéferred application
| pthdneRntifs epithelium may be other than the
intestinal or gastrointestinal epithelium It is
recognlsed that epithelial damage, and particularly

from burns may extend over

eﬂlde{orml aﬁ% {ﬁsul tin
gr eaf Tpeion sthelial fegenstations rdnstancetasdhe side af demndl tinjuries,
bbhﬁlﬁgsl ibduf 'ae@pﬂr ﬁn}ﬁ‘a{}éfh&ﬂllﬁrthg C%Hﬁ%?ooé@gg%g% gﬁtth% t-[nJured area.

conplications such as infection an
abpaBetip eonsideratiors afe impfontact inom alnnbpn dhelidied] doayefs, particularly

fﬁﬁ%ﬁe g%@%l%lél Elluﬁ%% %ggs;lgtoﬂlog)fé%e H? lgitgsl 51{, %P g@gftal:g nneck and

alpgoids.c aomsaquetly ke ippyiaetiod Bf eﬁﬁl@elﬁ[ %’g%hél‘élﬂo& at s1tes here it is
a‘glth lial regeneratlon for instance at the sit FV

P P th %rqoﬁﬁ§tl‘h@@1]?af@qea9f dhe ldpmg@hEaIﬁa represents a

tﬁ@ﬁ@@g@gmb&nﬁgpgpﬂ@ngﬁmﬂgnthe injured area. Cosnetic
consi derations are i1nportant in a nunber of clinical

contexts, particularly when epithelial damage occurs
e face, neck

ody siites .such as and
Mgﬁ%(ﬁg{heﬁ ﬁ'ﬁy alsq, ém%er G%trF’%Hit of thgpz}ctl%pf #athogens (such as
rkagmar ﬁnhg@ or fifuseb), ElfenifoSiBsulis (é&h@@ %hérﬁi@altlﬁlrh%gé( y, caustic
t he cosne ﬁppearance of the damaged area represen

LSS S pblget of extetoxivy dmgsomchDasathesd CBmployed in
Qihleﬁlbﬁleka%y?@ﬁ’ ah ?égug o'f?fdlﬁf‘ona(%aqt?a&% l(glgfe]; \tll%rhﬁ%l'gﬁ%ﬁg nlate radiation

pat hogens“(such as bacteria
¢ e@ﬁfé@lmaugmtm taglistivncuch saschdmhng ahdibtid) ueAHSIRH rdiation, or the

or_through the effect of cytotoxic
gﬂ(lé suc%h%,%ﬁagé O¢quEERe Shpyvey Promefianoehhenitislial wseenesation using
meahidds @hd rddiiedhems damg hetin t BL0 rticulate
radiation or elect r%rmgngﬁr‘gﬁrcgdﬁg?l g{? gﬁ%ﬁﬁg 1§ 19aymhe Dtilised
chigrtivalyin all ofithaghwicanentmaedtomests.or the |ike) such as

that occurring in sunburn. Pronotion of epithelial
regeneration using

It'will be appreciated that many of the same considerations that arise in relation to
epithelial damage in humans can also be problematic in’ other animals, particularly
veterinary or domestic animals (e.g. horses, cattle, dogs, cats etc). Thus the methods

of the invention may also be applicable to non-human animals.

The use of agents having TGF-p; activity to promote epithelial regeneration in
response to damage associated with epithelial grafting procedures represents a
preferred embodiment of the invention. Epithelial damage occurring as a result of skin

grafts can be clinically problematic, in addition to cosmetic considerations,



met hods and nedi canents in accordance with the

invention may be utilised effectively in all of the
w@bwvmeteesit i oned contexts. It will be appreci apedGBR@b/002577

many of the sane considerations that arise in relation

to epithelial damage in humansgcan al so be probl ematic

in other aninmals, particularly veterinary or donestic

animals (e.g. horses, cattle, dogs, cats etc). Thus

t Bpitheliahoghenabtionis dfbeestitboth A48he &iSeliNgAPRbAGEARL Svide it aids |
non- human agpl mal s. The use of agents having TGP

altt fhsitestaglisfymenital %g‘PPtFﬂﬂai spithedigh aentand raljonat the recipient site
r @SBRSS j ' i.1 hel i.al af ti .

P o eicRut AT AG1eR bl Mookt sl o e et tssue
| Hpidheliabregempatioredti gft deimee stedy alsb agvaBagotieitht c&k of grafts

ski.. . f.ts n .clinically problematic, in addition
t{cﬁ)ﬁlgscl)%re Ill’car{éﬁﬂgf ’é’f%ﬂﬂ?}%‘ﬂtﬁ%l ial regeneration is
of benefit both at the epithelial graft donor site,

ere it aids in the re-establishnent of a functional
epiomionAf qpithelial regeneration anepithebialr greft ploant sifs tdecrehes he time

r BEED | i tQ.J ve and accel erate _

R0 BI04 iy ' 8 LT B B0 ROGEARS Sauoes e potenta

r By eleoatiterinfectign. afTher goindtion torSégidelidlSredbiiPation also decreases
n the case of grafts utilising skin,

advant a ec% .

allnf:]iadﬂl%ﬁ 4 k@ﬁeﬁl,ng@pd dusue Wetidlopnthaismapotepvisoncofr at the donor
eqiet helial regeneration at ‘epithelial graft donor

sites decreases the tine taken to restore a

functioning epithelial l[ayer, and consequently reduces

the, patenti.al, for or site infection. The pronotion

& ?Segliefﬁ%ﬁdi G b8 68’?%13“5'&{ B 26 died e sk, dBheasthods and
aheditarBés of thedifderdt iBRK; 339@?1 BYeli | -
occe:ur at_the dono? tsoﬁfﬁeé.% F?ﬁ?’l;lq re E?ﬁ%gﬁﬁ?ﬁe&?f {%%éﬁgract?on m the
eomteds ofhotly fult pad pardaldhickiesssralkin (eskfisn) Swhakinsgrafih@.e. either full

=) ' nts of the jnvention have utility
i ntp:ca)rﬁgd‘{’rrtg}tﬁ‘lglﬁjg(]3 g%g’%a?[ ﬁgﬁ?}éﬁe ?lglfé H’&F]%\e{ai (HrPHFIH?S]FfH]: cont ext s
of both full and partial thickness skin grafts. Such
in graft (i.e. either full or partial thickness

e ?ntﬂréjlaﬁﬁ f%lir{dh@?t the Prrsencsrorabreshed anihict epithelial layer is
| AER RS AVEER e ence.ar . absence of ..
an intact epit he flﬁglfk P%?/&eelgi' e%%soig?%gi aasg?cé%?%rw it S5 ot which the
mt@epl_mm;]img béve degrged of rgmovedasadciast &eh Wohbr §itdseS Thus by
%&01%%11% e}oRﬁelial regeneration at such sites it is possible to reduce the pain

associated with, for example, the taking of skin grafts.

A further advantage of promotion of epithelial regeneration at epithelial donor sites is
that this decreases the time required until re-harvesting of tissue from the donor site
can take place. By re-harvesting is meant the subsequent removal of further epithelial
tissue from a previously used donor site. This is particularly advantageous in
situations where the skin available for harvesting is limited and/or the area of skin -
required to be harvested is large. Examples of such situations include occasions when
it is necessary to take grafts from children and/or patients suffering from burns

covering a large percentage of the body surface.



epi thel ium has been damaged or renpbved, such as skin

donor sites. Thus by promoting epithelial regeneration
waroogoeisites it is possible to reduce the paPCr/GB2006/002577

associated with, for exanple, the tak!ng of skin _

grafts. A further advantage ofjjpronotion of epithelia

regeneration at epithelial donor sites is that this

decreases the tine required until re-harvesting of

t ssoifgiyrin b tigrdiopect itheivamnidnakeeR fefidcBYd method of preparing

re-harv?s ing s neant the subsequent renoval of o

f GPeREhe lé‘iJ al%‘e‘ill‘?ngl'f siip Qi e-harvasting, the wiethesl onymrisingladministering

; ' t.ageous i n ,situations .
o185 P et Sl AU ARG B e
apgoont ofhen aged loivimk TGR-@auitey. tH bR Méé@%fetﬂis'oﬁsgect of the

h situati i ncl ude occasi
WRER i § SPPepeualy Sfigcfiaanersl sontaremms ofbingmt haing TGF-
1 Fen i.Ng.: burns..coyering a | arge
P o R 8 e e AT AR RATR T e s i frter
aspéstialografth endynbe dliennirdrh &he doSorP6iRY | HEFiIPLIBEHRG AR that the

' [ i al ft donor site for
fé&? sgﬁ% g%foﬁﬁbgfﬁ%%gﬁﬁé‘?% rigéﬁgyciegﬂﬁgeMgfatﬁdstoeaﬂmgret-harvesting
1 : i ' . pre ation a
haranehrh AU B T, SRk AN R 5 E v
Tl bayeaeessyita § weakhh off guitlontep ko thdfy Wiy 6f ﬁb&ﬁ@tﬁﬁ teRfs ath €heir own
' ' ticall ffective anount" is
LSBTGS, 1nd UL BB hodiE suebef¥ IR Vestivg ity bgmalbcbe pndertaken

t withou o teenefii 6ihebparbtidrEIRRBES AR RyitiOths HRAn AR, eXt ent
tha?v?urt her epithelial grafts nay be taken fromthe

donor site. It will be appreciated that the decision

aphd Rvihieshave ?mgl‘ar{ﬁét tﬁgﬁaﬁﬂuﬁlo%ugff %p)ﬁh%@atl ls%/%%%%gg& 13{%1% t about

to all ow re-harvesting nor nal

ageatsnipaingnT activity, ma@nble tifadted Usihg AGIERS MBelM diblo gically
ﬂ.e ccess t oG,gkﬁbs\/\eal th of guidance, both by way of
raé#/lg?/ %ﬁgm?lg%t‘?néﬁ@ ang sherivesies ek Jeiti-nend sthstinees st e promote

. AV y pornal |y be undertaken

RRERe T Bl N B b ISR SRHe hiuestenlficuti dgments
theiants veeidt d@fvativére of MUSIBO N Hay) ?é’a%ilg%é{;giehﬂﬁ%d th,e their gbility to
pronmoti on of epithelial regereration broug abou b§7
dgelitete theeifenss ILFCEPaie viveior yn wary. PRGBS eetve) 18} Plassessed in
'(}g: itself., bialogi ca%l,ﬁ/ .act L,ve fragnment.s, variants .
and E e évsé]tltf‘kb}g sAfardpoqels 1 nyhish tbe aitte of gplithelia) regeneration
couttihg in areas of epithelial damage treated with test compounds may be compared
with the rate of epithelial regeneration occurring in control areas of epithelial damage.

Suitable animal models may include partial thickness or full thickness wounds of

tissues containing an epithelial layer (such as the epidermis of skin).

The skilled person will appreciate that when assessing the rate of epithelial
regeneration (for example, in order to identify whether or not regeneration has been
promoted) the relevant parameter to be considered is the extent of epithelial coverage
achieved. Care should be taken to differentiate such epithelial coverage from other
factors, such as the amount of graﬁulation tiséue (or other materials such as matrix

associated with clot formation) present in a wound. Granulation tissue of this sort



or mmnic the biological activity of TG--b3. Suitable
bi ol ogically active fragnents, variants and

waleoorwenops/es of TG-- b3 may readily be identifiRdr/$2006/002577

their ability to replicate the effects of TGF-b3 in
vivo or in vitro. TG--Db3 activhty may be assessed in
vivo using suitable animal nodels in which the rate of
epithelial regeneration occurring in areas of

rohiriutctomgnd: deake by illihg haruAYTRIUAS HEBY%H%vound, but
epmw \; h the rate ofye ﬁt%e |§m'regenerat|on otnd, bu

og‘& %an uiedaepisheligh eeagnmu@p istige fif laIeSS@amibecomposed of non-
Sbiﬂnﬁ@hlaﬁ tcﬁilm '(;cgl?ée mﬁg?llleg ?f ?ﬁidgsdlgs ng ng sﬂél‘f: gg ki wounds)

full SS moun

egmhq:l;a]i eellls maayety picslic be a&nﬁﬁéﬂ BpiviRierorshét flatdnd mo Fpﬁology (as

te that when assessi ng
- oS BoERY 5 haeB oH LS of riornesdhepie of: e onflemmatory
tespase).i fy whet her or not regeneration has been
pronoted) the relevant paranmeter to be considered is
the extent of epithelial coverage achieved. Care

ch i.theli al
SR RS S O 2 iR Bl e o o 1

gcdowui ation tissue (or other materials such as matrix
associated with clot formation) present in a wound.
Granul ation tissue of this sortmay contribute to wound

I ing g
T T R
regeriéWHEBK ce |ANiF€S®$| Entt i i al lMRggmanal ySIofS o
n the case
nounab SRR i BESASECHRT | hol QR EERMTY ey
typ|CﬁVGRJQQQVg@ntlflggNﬁmvs |n§$e0f heir flattened

nmor phol o (as opposed to aped

fi deﬁP%‘%ge IBNg.dlnded cells of the inflammtory
response). The am no acid sequence of native human
TG--b3 is provided as Sequence I D No. 1 bel ow

CRSADITHST VEGLYNTENE. EACRLPORIE o KB 1T 1Y oe P ause in

ltesnEmpthosiskards medicaments of the invention. For example, EP-A-0 684 260
describes a polypeptide comprising a modified form of TGF-B; having suitable
biological activity for use in accordance with the present invention, as well as nucleic
acids encoding the same. The disclosures of EP-A-0 684 260 represent preferred

polypeptides and nucleic acids for use in accordance with the present invention.

Variants of TGF-B3 that may be used in accordance with the invention include
proteins containing conserved amino acid substitutions that retain the biological
activity of TGF-B; as characterised by its ability to promote epithelial regeneration. It
is preferred that conserved substitutions may be substitutions designed to remove
protease cleavage sites, or other peptide structures that may be involved in the
degradation or clearance of TGF-Bs. Further details of variants and derivatives of

TGF-B3 that may be employed in the medicaments and methods of the invention are
provided below.



(Sequence I D No. 1) The prior art contains a nunber of
variant forns of TG--b3 that are suitable for use in
wao b@7/oetobods and nmedi canents of the inventi on. PEDGB2006/002577
exanpl e, EP-A-O 684 260 describes a pol ypeptide
conprising a nodified form of 13G-- b3 havi ng suitable
bi ol ogi cal activity for use in accordance with the
present invention, as well as nucleic acids encodi ng
t he sane. The di scl osures of EP-A-O 684 260 represent
pr.ef rred peptldes and nucleic acids for use in
§E’(§? Pﬁn& ﬁET@Fe&semﬁy berveed inowhiclareitaint of thé native amino

T y ed in cor dance, with t

.ﬁ@%ﬁ?ﬁ% PEIa R n B MREG, hQ0LBRTARNT Shcc bhde o caimler isphysical
apiopesisb b i theitandns abiaatt Jubbtais,t fepPietoy| v

of TGE-b3 ﬁs characterised by |Sts %.bl [i ts ‘%gg%?%fr}}g éhta){ge For

e [FraHRle sIp regdtoiabydaphabic argingrastdsrindude gbzlcme alamne leucine,
CRBRAEME NV aBHOSIbiMK, LD TRYRS 1S besr%o'nt-}g({lé]lg ]Stll bgceammo acids

to renove pr ot'ease c?eavage site

sinclide phenylalhaine, rtay;ptdqﬂlan aud tyredné. I‘T}Ieﬁfbleﬁ%ﬁ@ﬁ%ﬁﬂlﬁ@ aélEls include
Le% @]ge of TGE-b3. Further details of variants and
derivat 1 veds Fysfe%ﬁ%%spi‘fﬁgme e ShEaminst Epe@omﬁvcltvr@harged (basic)

nRineaduRiyt Sicridd 1§Rh&0Hsindle 4 ?g&t?déﬁ@ ?/éaglvglr 0¥/ Se}rge (acidic)

bel ow. Sui t abl e vari ant forns

WA agigs inglydentspettie agidtand glaamivaacati ds are repl aced
with am no acids having a side chain of simlar

bi ophysi cal properties to the amno acid it

sQthst ntodifismtioho P pRBHE BequeRBRSRIEN Ak NS CRHER %ccgf turing or after
non- pol ar, hydrophobi ¢ am no aci

% l.e snmal.l
i Qfﬁﬁ)l&gn %aynaéwtyéfi‘t% ﬁ‘@lda iaydarhoxylasion.aqivspreorylaton, rpeoteolync

gér%l&lr;/lg aci gﬁ&l nc{) go@%{ﬁﬁe r\gﬁ? ﬁué'ﬁl F?l a‘{ncsﬁh dr%f%&:b B3 suitable

tfpr vssiiméhe rfrahcqmﬂnmnﬂmmﬂs oftefvedfibfls i ncl ude
serine, threonine, cysteine, asparagi ne and gl utam ne.
The positively charged (basi c) am no acids include

|Déii\)&ﬁvesa69'mlﬂgm dafik 21fo¥ h tﬂf;: pe ﬁg@sit Igr\{(gﬁﬁecﬁpa%e%ts of the

(acidic) amno s 1n e aspa

ghwenion anaycindludXdesiativeg it dt Gadrb R0 Dr idecRE R HBE A GE- ?3 s half-life in
sequences such as those which occur during or

¥ % sEEAMRIAS Oédgwaéyesa@mblemf  inereasing dmlnamhfe of TGF-B; include

%f)g?d(}f’lgﬁ\t?a{twes o@hloép% a%tnlng naCI [igr';l\(/ea(’t)llegs of TGF-fs, and peptide-
peptoid hybrids.

It will be appreciated that, since TGF-B; and its fragments (as well as many of the
possible variants and derivatives thereof) are proteins or may contain peptidyl
components, they may be subject to degradation by a number of means (such as
protease activity in biological systems).  Such degradation may limit the
bioavailability of the polypeptides and hence the ability of the polypeptides to achieve
their biological function. There are wide ranges of well-established techniques by
which peptide derivatives that have enhanced stability in biological contexts can be
designed and produced. Such peptide derivatives may have improved bioavailability

as a result of increased resistance to protease-mediated degradation. Preferably, a



cl eavage or linkage to a |ligand may provide further

variant fornms of TGF-b3 suitable for use in the
woredi7oervesit s and nmet hods of the invention. DerP@UHGB@®S/002577

of TG b3 suitable for use in the nethods and

medi canents of the invention ngy include derivatives

that increase or decrease the TGF-b3' s half-life in

vi vo. Exanpl es of derivatives capabl e of increasing

t peptital derlvifiee of adsdh hi Lo gerd Matives: of ;

TGF-b3, D.anino aci dgl%gﬁl?l\%wggs&ggc _Ql_é&@{r%{o g%dl n¥&ittioR is more

p BT epesitant thanyhe penside fronpiwhichibisaerveti at ed t hat

since TGF-b3 and its fragnments (as well as nany of the

possi bl e variants and derivatives thereof) are

pPrtfehbly, DGEFh)itsc@iiaats dr BRpihicai! mrﬁlg BPaRAL hiore g&?és’aﬁgﬁé(sistant by

be u{b}{_}e t to gegradat_i on by a nunber of nean

agr03$c %g@eN F88/0y 4 tgrpinab For e¥arople, thy N termjnal Suglbe protected by
degs LR, TRY d i i.oavailapility. of the

pol y%g%ttgjiﬂg%s and Leg&r}%:neai ?ﬁé/%gg’??t?%tﬁ‘? alfﬁl)é/‘“%(ﬂr?ﬁ%pti des

to achieve their biological function. There are w de

r es_of .well-estaplished techni ques by which peptide
oS Tt A égélvé‘iwf’aﬁé ebGEBabmpy tBe pembired owitl ghrotease-
CRBRKES of ArGR: i ged. Such.peptide,.

deri vat i_\?es ma? ? ﬁgséﬁfg%%gd@%%gﬁg%bﬂoﬁﬁ %graglatlon assays
réesgiibedan thewicrasted resi stance to protease- nedi at ed

degradation. Preferably, apeptide derivative or
anal ogue suitable for use according to the invention

| Bepbdlt @eftVAeAs TGRS : | de from vhi ,
it p:ms1 derived. Pr 5?2%32%%?6 %@ﬁ%ggsﬁ?ge%\%érp}ﬁl? ) Of%F'm s
fstaghEnt s Comayertiellyreaiailabie esqitvedre amey riesivst@nb B¥velop I\l?eptOid

1Yo the N ang/o term nal . For exanple, the
%’%&gﬁ‘gsqﬁu@)}dlﬁlg t(bVVSﬁ'eeé{aBﬁS]ﬁg Prefoclet yI group. The C
term nal may be protected by an am de group.
Prot ease-resi stance of a derivative of TG b3 may be

Cl%ﬁﬁggpp_tgl(iﬁ im wistaht dhainesicatsaane espidced Gl peptoid sglduedih reversed
f - r ot ej,n..degr adat.i on assays i

RO 83 Sroomies o T

PoF /b Retropyptbid is erRebdted Bashd@nethe dBHik fe ligand-bindi

TGF-b3" s struct ugée. Commer ci alel $9ada?ﬁg@gﬁ§19§10&1{e%a%d binding

9P Yoe 2% SeEPared de veteptidp ep peptdid-peptide hybrid containing one peptoid

residue. As a result, the side chains of the peptoid residues are able to point in the

same direction as the side chains in the original peptide.

D-amino acid forms of TGF-B3 constitute a further embodiment of a derivative of
TGF-B3 suitable for use in accordance with the methods and medicaments of the
invention. In this case, the order of the amino acid residues comprising the derivative
is reversed as compared to the original TGF-B3. The preparation of derivatives using
D-amino acids rather than L-amino acids greatly decreases any unwanted breakdown
of such an agent by normal metabolic processes, decreasing the amounts of agent

which need to be administered, along with the frequency of its administration.



derivatives according to well-established protocols.

Retropeptoids, (in which all am no acids are repl aced
whgoope@ioes d residues in reversed order) are al BOI/GBR@G6/002577

to mmc the epithelial regeneration pronoting

properties of TG~ b3. Aretropeptoid is expected to

bind in the opposite direction in the |igand-binding

groove, as conpared to a peptide or peptoid-peptide

hybill teonprreeinied thate ipepiei b costitite.a Hldbifa5Ukd
the.si de (fhal ns o the peptoid residues are aea? We fragment,

pO Rt oF dery

Ohie@idafleni® 0 d forpns of T ,
consti t S?g gf? ur th \Jeg%lﬁleéﬂn‘%ogg%n?t S ATy &F qc)g:?é’tv?t\ﬂée gfust retain the
TepitlisBiakiepembitivn [96muteg hdtivagePTdange W th the met hods

and nedi canents of the tnvention. In this case, the
order of the amino acid residues conprising the

d viat ] r s conmpared to t gi nal

TR bRl TRl Bt R e o g s hea may be
apiogtiledafohasse tih an malmd@% a&b@k@

unwant eqd br eakdov;} of sucﬁ an a%tg%rtﬁ@:olfychg‘?ﬁeﬁﬁ§§§n%ﬂ active or

n’é]la‘étb‘fﬂ gy ‘beEdsanay be inastivited) by ay alfm,lmirﬁb@fofaﬁ&ihhmsms for

m | st red, aI n
f F gﬂa §§ﬂ 4‘%’% O CnSplES By g g%ﬁ“ﬁb eo‘éy albﬁm@mabs@mulus to
t tebeage It]llE actiker agemt Gﬂn:&tﬂ k&, a ]i@dtéijnélg
fra ]ha/a(6 g}g&} or deEll vative of T!;ﬁ;[ﬁ 1%353%\?51“@ use in this
f%‘? Cfl % bvdEasqinds in Heo pesyiedor Anat. nedi cament s
of the invention a fragment, variant, or derivative

nmust retain the epithelial regener at i on pronoti ng
ab@F i tnyayoailsd' &b pradv3ded ESantiBadtioe paédkLRg] wEich ynaﬁg(;eu a[\)éﬁvate d upon
variants, or derivatives thereof)

pCrOB%InE %ftﬂﬁsu% senipigingythe r?@ﬂh@id@e@ragmuzmqmmf tot &wmvert the

| prY@mdor At € l form

bpg i nact | \?Ia{ﬂseg&é\%cgdr%ﬁ o?f he % erC?dofse%% ﬁfgﬁ’ﬁ%rﬁqu occurring

ekeawpios of bymen & &5 8y isgirbvided %ﬁpﬂeﬁﬁ& IMEo bebéleer adabl e

by an external stinmulus to release the active agent

when required. External stimuli suitable for use in

t hi s MEMIELQRagInde W AT BRiraTH) t 1 as@liidy chgp Vi vo

enzy or _heat. TG b3 may al so be provi as an

i nac \@{mﬁr\fsor RGP Rbe actLRETSRPERLN

cont su the cleava e
ATH: C?Vg conve?ill %M%E )

enzynes requl

CTQENTESEY YAKEIHKF DM ITQGLAEHNEL
AVCPKGITSK VFRFNVSSVE KNRTNLFRAE
FRVLRVPNPS SKRNEQRIEL FQILRPDEHI
AKQRYIGGKN LPTRGTAEWL SFDVTDTVRE
WLLRRESNLG LEISIHCPCH TFQPNGDILE
NIHEVMEIKF KGVDNEDDHG RGDLGRLKKQ
KDHHNPHLIL MMIPPHRLDN PGQGGQRKKR
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precursor into its active form The amino acid
sequence of a naturally occurring precursor of human

waae/eeovs provi ded as Sequence | D No. 2 bel owCT/GB2006/002577

MKVHLQRALYV VLALLNFATV SLSLSTCTTL DFGH KKKRV EAI RGQ LSK
LRLTSPPEPT VMIHVPYQVL ALYNST E%L EEVMHGEREEG CTQENTESEY
YAKEI HKFDM | QGLAEHNEL AVCPKGAE TSK VFRFNVSSVE KNRTNLFRAE
FRVLRVPNPS SKRNECQRI EL FQ LRPDEH AKQRYl GGKN LPTRGTAEW.
SFDVT?D%nWWR%.S G LEI SI HCPCH TFQPNGDI LE NI HEVMEI KF
KGVDN RGDLGRLKKQ KDHHNPHLI L MM PPHRLDN PGQGGEORKKR
ALDTNYCFRN LEENCCVRPL Yl DFRQDLGW KW/HEPKGYY ANFCSGPCPY

LT el SR BN TRl W
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a hi ndi ng nol ecu The bi ndi ng nol ecul e may
detiahasher weN lishhulireseund; ranve xozmmesl orélt&atrrul us such
as W light, ultrasound, in vivo enzynmes or heat.

Sui tabl e peptides for use in the production of

| rsatthble eptides Bor @weenwed brddienvh dMinhBB e GF-BS aRERell known in the
TGF-bs are often secreted fromcells in an inactive

f @FtnPiRe W Falds aratcé’tm SpCoretdyl. fromt estls iff @R -ibactive Sost &nown as latent
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Prvgltla 1 31(ze ca%@d Lerl]te}/l\p JF&% é: %Sl'l’?dlltlgh $1oet21tnl &TBP) in which case the entire

complex is known as the Large Latent TGF-B Complex.

Latent TGF-B is activated when the TGF-P is caused to be dissociated from the LAP.
This dissociation may be co-ordinated at a mannose-6-phosphate / Insulin Like
Growth Factor II receptor (M6P-R) and involve proteases such as plasmin, the
substrates being associated at the cell surface by tissue transglutaminase. Free radicals

and reactive oxygen species can also activate TGF-B by causing dissociation from the
LAP.

The invention also encompasses the use of substances capable of promoting or
mimicking the biological activity of TGF-PB; for the manufacture of a medicament for

promoting epithelial regeneration.

Substances capable of promoting or mimicking the biological acﬁvity of TGF-B3 may
achieve their effect by a number of means. For instance, such substances may increase
the expression of TGF-f3, or they may increase the half-life of TGF-3, for example
by decreasing turnover of TGF-Bs. Examples of substances capable of promoting or
mimicking the biological activity TGF-B; include both proteinaceous and non-

proteinaceous substances. For example, such substances capable of promoting or
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control-treated or untreated epithelium More
preferably pronoted epithelial regeneration may give
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gfgl%l}a[}ow ‘}5?(})’25 gr8¥ﬁ? %?3%33@ o ttgﬁln thst pecaténg in a control-treated or
untreated epithelium. More preferably promoted epithelial regeneration may give rise to
a time to re-epithelialise that is at least 4 days, 5 days or 6 days faster than that occurring
in a control-treated or untreated epithelium. It is even more preferred that promoted
epithelial regeneration may give rise to a time to re-epithelialise that is at least 7 days, 8
days or 9 days faster than that occurring in a control-treated or untreated epithelium, and
most preferably promoted epithelial regeneration may give rise to a time to re-

epithelialise that is at least 10 days or greater than that occurring in a control-treated or

untreated epithelium.

With respect to the time to re-harvesting of epithelium, for example from donor sites

for split thickness skin grafts, preferably the promotion of epithelial regeneration may
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The inventors have found that administration of agents in accordance with the
invention immediately prior to epithelial damage (i.e. in the hour,‘ or preferably half
hour, preceding the occurrence of damage) is highly effective, though administration
at earlier times (e.g. up to 24 or 48 hours before epithelial damage) is also effective.
The prophylactic use of uses, methods and medicaments in accordance with the
invention is a preferred embodiment of the invention, and is particularly preferred in

the preparation of skin graft donor and/or recipient sites.

Agents in accordance with the invention are also effective in promoting epithelial

regeneration when administered after epithelial damage has occurred. It is preferred
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anounts of agents in accordance with the invention
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administered daily or twice daily to a site of epithelial damage for at least the first

three days following the occurrence of the damage.

Most preferably agents in accordance with the invention are administered both before
and after incidences of epithelial damage. The inventors have found that
administration of agents in accordance with the invention immediately prior to
epithelial damage, followed by daily administration of such agents for the three days
following epithelial damage, is particularly effective in promoting epithelial

regeneration.
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bi oav. |IabLI|%y,of the agent, which in turn depends on

t $F&013Hge with the invention used. Typically a cream or ointment containing an
agent in accordance with the invention should be administered to a target tissue such
that the concentration of the agent at the site of epithelial damage is maintained at a
level suitable for having a therapeutic effect. This may require administration daily or

even several times daily.

Therapeutically effective amounts of agents in accordance with the invention,. for
instance in the form of medicaments in accordance with the invention, may be
administered by any suitable route capable of achieving the desired effect of

promoting epithelial regeneration, but may preferably be administered locally at sites

of epithelial damage.
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The inventors find that the promotion of epithelial regeneration in accordance with the
present invention is particularly improved by topical application of an agent in
accordance with the invention to damaged epithelia (or, in the case of prophylactic

application, to epithelia that are to be damaged).

It is preferred that compositions containing agents in accordance with the invention
are formulated such that they additionally compﬁse a sugar. The sugar may
preferably be selected from the group comprising maltose, mannose, sucrose and
glucose. It is particularly preferred that the sugar is maltose. The sugar, such as
maltose, may be present in sufficient quantity that the composition is substantially

isotonic having regard to the site at which the composition is to be administered.

The inventors have found that the use of sugars such as maltose in formulations

provides a matked and surprising improvement in terms of both the amount of active
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may be admi ni stered by neans of intradermal .injection.

Thus a preferred conposition gf the invention

conprises an injectable solution of an agent in

accordance with the invention (e.g. for injection
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partl cularly preferred that the sugar is maltose. The
u such as naltose, may be present in sufficient
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composifion comprising an agent having TGF-; act1v1ty formulated in the presence

of a sugar selected from the group comprising maltose, mannose, sucrose and glucose.

It is preferred that the sugar comprises maltose.

Suitable compositions for use in accordance with any of the preceding aspects of the
invention may comprise active agents formulated in the presence of a sugar such as
maltose at a concentration of between 0.1M and 0.4M of the sugar. More preferably

suitable formulations may comprise the active agents formulated in the presence of
0.25M sugar.

Compositions comprising active agents in accordance with the invention may take a

number of different forms depending, in particular, on the manner in which they are to
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pre-filled syringes) and the inherent biological
activity of the TG--/?3 nol ecube. Wth respect to the
recovery of TG~ material, formulation in maltose
resulted in a 4-fold increase in recoverable materi al
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use tlcl)]FnCorrposi tions in which agents in accor dance with

the invention are fornulated in the presence of sugars

such as maltose are particularly preferred in contexts
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of hetween 0.1Mand 0.4M of the sugar. Nore-preferably

At aparabensy mighatas omsthyhyandemrppiopgl tand/cacbuty mgdehs catechol;

fresdruhat %9015&6&981; RLRBOSE a4 m-cresol); low molecular weight (less than
about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids
such as glycine, glutamine, asparagine, histidine, arginine, br lysine;
monosaccharides, disaccharides, and o;thef carbohydrates including glucose, mannose,
or dextrins; chelating agents such as EDTA; other sugars such as sucrose, mannitol,
maltose, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal
complexes (e.g., Zn-protein complexes); anionic surfactants such as fatty acid soaps,
acyl sulphates, or acyl sulfosuccinates; cationic surfactants, such as alkyl primary,
secondary, tertiary, or quaternary amines; non-ionic surfactants, for example, sorbitan

esters or polyethoxylated esters of acyl acids, copolymers of polyethylene oxide and
polypropylene oxide.



0. 25M sugar. Conpositions conprising active agents in

accordance with the invention may take a nunber of
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manner in which they are tobe used. Thus, for exanpl e,

they may be in the formof a hyquid, ointnent, cream

gel, hydrogel, powder or aerosol. AU of such

conpositions are suitable for topical application to a

damaged epithelium which is a preferred neans of

agmi ni steri.n ents in accordance with the invention
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sub- cut aneous) may be prepared by m xi ng the agent
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stabilizers in the formof |yophilised and

non-1| yophi | i sed powder fornul ations for
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i m&soding enul si ons and sem -solid formul ations.

Acceptable carriers, including excipients, are

non-toxic to recipients at the dosages and
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acid and nethionine; tonicity nodifiers such as sodi um
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(freeze-dried) powder suitable for reconstitution; a sterile suspension or any other

pharmaceutically acceptable form of presentation suited to localised parenteral drug

delivery.

In a further preferred embodiment of the invention therapeutic formulations of the
agents of the invention suitable for topical administration may be prepared by mixing
the substance having the desired degree of purity with optional physiologically
acceptable carriers, excipients or stabilisers in the form of lyophilised or non-
lyophilised powder formulations, non-aqueous or aqueous solutions, non-aqueous or
aqueous dispersions/suspensions, including emulsions and semi-solid formulations.
Acceptable carriers, including excipients, are non-toxic to recipients at the dosages

and concentrations employed, and include, but are not limited to, purified water,
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sucrose, mannitol, maltose, trehal ose or sorbitol
salt-form ng counter-ions suchsas sodium netal

conpl exes (e.g., Zn-protein conplexes); anionic
surfactants such as fatty acid soaps, acyl sul phates,
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thus providing a sustained-release delivery device suitable for placement on, or

implantation near, the site to be treated.

A pharmaceutical formulation example of a semi-solid hydrogel formulation for
topical administration of the present invention, in addition to the active ingredient/s,

may include the following:

0.1% w/v to 2.0% w/v hydroxy cellulose, and

0.1% w/v to 1.0% w/v Carbopol 934™ (BF Goodrich Corp.), and
10 to 20% w/v propylene glycol, and

0.005% w/v to 0.020% w/v methyl paraben, and



t he substance having the desired degree of purity with

opti onal physiologically acceptable carriers,
we@7pdmm s or stabilisers in the form of |yophCT/GB2w6/002577

or nonl yophilised powder formulations, non-aqueous or

agueous sol utions, non-agqueousor aqueous
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synthetic oils and waxes, anionic surfactants such as
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Compositions comprising agents in accordance with the invention may be used in a
number of ways. Thus, for example, a composition may be applied in and/or around a
site of epithelial damage to regulate epithelial regeneration. If the composition is to
be applied to an “existing” site of epithelial daﬁqage, then the pharmaceutically
acceptable vehicle will be one which is relatively “mild” i.e. a vehicle which is

biocompatible, biodegradable, bioresolvable and non-inflammatory.



A pharnaceutical formulation exanple of a sem-solid
hydrogel fornulation for topical admnistration of the
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ingredient/s, may include the followng: 0.1%wv to

2.0% w v hydroxy cellulose, ang 0.1% wv to 1.0% w v.

Car bopol 934(tm (BF Goodrich Corp.), and 10 to 20%
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bi oconpati bl e i odegr adeabl e,” bi or esor o
pPadicBsWithaudhenesd de admingtier repdatarindoses. v . Conposi ti ons
conprising agents in accordance with the invention nay

be used in a nunber of ways. Thus, for exanple, a

clonpos ienbodimay  behapplceetical vehitld Gor aBLUASRon of an agent in

accordance with the invention may be a liquid and a suitable pharmaceutical

composition would be in the form of a solution. In another embodiment, the
pharmaceutically acceptable vehicle is a solid and a suitable composition is in the
form of a powder or tablet. In a further embodiment the agent in accordance with the
invention may be formulated as a part of a pharmaceutically acceptable transdermal

patch.

A solid vehicle can include one or more substances which may also act as flavoring
agents, lubricants, solubilizers, suspending agents, fillers, glidants, compression aids,
binders or tablet-disintegrating agents; it can also be an encapsulating material. In
powders, the vehicle is a finely divided solid which is in admixture with the finely
divided agent in accordance with the invention. In tablets, the agent in accordance
with the invention is mixed with a vehicle having the necessary compression
properties in suitable proportions and compacted in the shape and size desired. The

powders and tablets preferably contain up to 99% of the agent in accordance with the
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Liquid pharmaceutical compositions which are sterile solutions or suspensions can be
utilized by for example, intramuscular, intrathecal, épidural, intraperitoneal,
intradermal or subcutaneous injection. Sterile solutions can also be administered
intravenously and topically by aerosol spray or application below an occlusive or semi
occlusive dressing. The agent in accordance with the invention may be prepared as a
sterile solid composition e.g. by freeze drying or lyophilisation which may be
dissolved or suspended at the time of administration using sterile water, saline, or
other appropriate sterile injectable medium. Vehicles are intended to include
necessary and inert binders, suspending agents, lubridants, flavorants, sweeteners,

preservatives, dyes, and coatings.
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Known procedures, such as those conventionally employed by the pharmaceutical

industry (e.g. in vivo experimentation, clinical trials etc), may be used to establish
specific formulations of compositions comprising agents in accordance with the
invention and precise therapeutic regimes for administration of such compositions

(such as daily doses of the active agent and the frequency of administration).

Generally, compositions comprising agents in accordance with the invention should
be formulated such that when administered to a site of epithelial damage a
concentration of the agent of between of between 0.01nM and 10mM per cm? or

linear cm is achieved at the site. Preferably, compositions comprising agents in
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[ ventlon may preferably be used in tissue

t]EO8Ki n or scalp, without stromal cells. Agents in
accordance with the invention may be used in a range
of "internal" sites of epithelial damage (i.e. those

shgads df eqiokduake awithl afitagRivestish mhalg bal Llddn td h§oRORY sepithelial

regeneration as a monotherapy (i.e. use of the agent alone). Alternatively the uses,

methods or medicaments of the invention may be used in combination with other
compounds or treatments able to promote epithelial regeneration. For example the
uses, methods or medicaments of the invention may be used in combination with
dressings (which may include gauzes, synthetic composite membranes and/or
transparent films, any of which may optionally be impregnated with anti-infective
agents, alginates, hydrocolloids or honey), artificial skin (such as artificial skin
generated from an individual’s own epidermis, or commercially available equivalents)
or ointments (such as those comprising silver-based anti-infective compounds). Two
examples of commercially available artificial skins suitable for use in combination
with the methods, uses or medicaments of the invention are available under the names

Apligraf (Graftskin) and Dermagraft.



rat her than on an external surface). Thus for exanple,
medi canents conprising agents in accordance with the

wOo pweneiossh nmay be fornul ated for inhal ati on f oPCTUIEB2006/002577
sites of epithelial damage arising in the lungs or
ot her. respiratory epithelia. kpown procedures, such as
t hose conventionally enpl oyed by the pharnaceuti cal
i ndustry (e.g. in vivo experinentation, clinical
trials etc), may be used to establish specific
formul ati ons of conpgsitions conprising agents in
a?ils rish c‘Befg%Pi?ﬁh Of fraedigaresnts oh tha dnvysnben sice wher p@blel for use in
I e§th Bt fvidd Bitg] }t8Ra1° compasitions (such :
as dail ]%/ﬁ doses of t t%hg%éiélt%?%le&agg IOPé%%R%ih@e]faPée&ueﬁ‘g? following

oParggiEph sentamiptaty .ex@mplesadf yychc dropagsdst | MOSMERANEFSINRE 1o the
be

a I N caor dan w,.th the inyention should

£ ol 1 N ST o iurhtiag Brorami samatibe Brogerssds e of
epi thelial damage a concentration of the agent of
bgtween of between O A nMand 10vM per cn® or |inear
cii°8 BIORoLipg genitheliple regeperation e'ﬁeﬂlabtgqtemonf)mjmﬂonéaling (and

CHARENI SV EheaRENRES o e W th. the invention _
Pty e he Ak of BRI T bl ik ] BB o sombine the
stsce oitheds tnehedicardarngd the Ganeeioh raith QRbAfinkhgAGE n§uitable
b%aﬁﬁ’%é Oq\sl ghM and | m\/l.ger cn2 or, linear cmis achieve

at the sit 8 RBYES PravriBrlyde yuzsennsesnts semsaceriagemisa§Smith &
ayepiies/)] Bhancol daane Wilstbal/ReH ti shoul d be

formul ated such tg hat vvhlrgn aa}glrrﬁ3 na?gct%gragg&tg o&a%?ﬁ?%cﬁf agents e.g.
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bullosa and ocular diseases (including corneal wound healing) may be promoted by
the use of thymosin beta-4 in combination with the uses, methods and medicaments of
the invention. A recombinant form of thymosin beta-4 suitable for such use is

produced by RegeneRx Biopharmaceuticals Inc.

Another agent suitable for use in éombination therapy with the uses, methods or
medicaments of the invention for the promotion of epithelial regeneration associated
with wound healing and disorders of the skin such as ulcers is Pimilprost. This
compound is a stable analogue of Prostaglandin I 1, and has biological activity as both

an inhibitor of platelet aggregation and a vasodilator. Pimilprost suitable for use in



hours, dependi ng upon the area of the site of
epi thelial danage anongst several other factors.
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pronote epithelial regeneration as a nonotherapy (i.e

use of the agent alone). Alterpatively the uses,

nmet hods or nedi canents of the invention may be used in

conmbi nation with other conpounds or treatnents able to
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Ofuchieifbiktdhithigafyand particularly the healing of
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methods and medlcaments of the present invention with melanostatin analogues able
to accelerate tissue regeneration. An example of a suitable analogue of this sort is

Alaptid, which is available commercially from VUFB.

Another agent that may be advantageously used in combination with the uses,
methods and medicaments of the invention is the enzyme heparinase III. Such
combinations may preferably be used to promote epithelial regeneration associated
with wound healing and the ;[reatment of exterior ulcers (particularly diabetic ulcers). -
A suitable form of heparinase III for use in such combinations is produced by IBEX

Technologies, Inc. under the designation IBT-9302.

The uses, methods and medicaments of the invention may additionally or alternatively
be used in combination with the synthetic thrombin peptidomimetic Chrysalin
produced by Chrysalis BioTechnology, Inc. Such combinations may be preferred for
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Epithelial regeneration in the oral cavity, for

instance in the treatnent of wounds or nouth ul cers,
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A dothd? CRmbiRARIA ﬁ%&b?isﬂitz}ﬂé (fS'IS ?5678}01110‘&011 of epithelial regeneration

associated with the wound healing response lies in the combination of the uses,
methods or medicaments of the invention with the provision of free
deoxyribonucleosides. A suitable source of such deoxyribonucleosides is provided by

PN-105, which comprises an equiweight mixture of these molecules in a gel base and

is manufactured by Wellstat Therapeutics Corp.

There exists a range of methods and compositions designed to improve or auginent
epithelial regeneration that utilise growth factors other than TGF-B3. It will be
appreciated that the uses, methods or medicaments of the inveﬁtion may also be used
in combination with these existing treatments. The following paragraphs provide
further guidance as to how the present invention may be used in combination with

other growth factor-based treatments. -
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Human Genome Sciences, Inc. under the name Repifermin.

The uses, methods and medicaments of the invention may also be used in combination
with members of the platelet derived growth factor (PDGF) family. For eﬁample, the
combination of the uses, methods or medicaments of the invention with PDGF-B may
be of use in promoting epithelial regeneration in wound healing, and particularly the
healing of burns wounds or diabetic foot ulcers. In one preferred embodiment of such
combinations the PDGF-B to be used may preferably be delivered by means of an
adenoviral vector. Selective Genetics, Inc. produces a suitable example of such an

adenoviral vector under the name AJPDGF-B/GAM.
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with other growth factor-based treatnents. The uses,
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Suitable protease inhibitors may include peptide, protein, or small molecule
inhibitors.

It will be appreciated that TGF -B3, its fragments, derivatives and variants, as well as
agents capable of increasing the biological activity of TGF-B; may represent
favourable agents to be administered by techniques involving cellular expression of
nucleic acid sequences encoding such molecules. Such methods of cellular
expression are particularly suitable for medical use in which the therapeutic effects of
the polypeptides, derivatives and analogues are required over a prolonged period, for
example in contexts where it is desirable to augment over a period of time an

otherwise defective epithelial regeneration response.



2 (rFGF-2) and nore preferably reconmbi nant human FGF- 2

(rhFG~-2). A suitable exanple of rFG-2 suitable for
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invention is that produced by Scios Inc. or Chiron.
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ePhriiiehbRl deB88 NEeat {0 :
part| cul ar | ggt he ﬁea‘i Heéto’ql‘lyé%ur nslngl%d%dga%?gedﬁlgﬂg’lgl peed to be

wbninigtered in a $mtab1®eveﬁucﬁ ard ad ofiai prbiviveidtas @f cofdpobition comprising

to. b d f bly be
BEPARPLGR0 MEASrhidl 200 dbuRREr DEEBDPelosolsebh ebices are
Garefritts noﬁ-@xﬁlarﬂh@l@k‘% Q)?oc%nﬁ}étlf)l%bb%a%@gklemﬁ%clﬁq %%grade or

adenoviral vector t heé name
sir¢tBicetheorasnh &ini saragedriigesse). hdlawesr, iathasfenobe difficult to

BB  A ry Ri CHT AR e i biisod

such a conblnatlon is commercially availabl e under the
The conbi nation of the uses, nethods or

R
PR S5 in FHeeh e damsicen be 9bmted@r initigted v te provide
g@ﬁleﬁl&?&ﬁlcﬁﬁy lé?i%gtl\t/é)alﬂf)&ﬂg)ﬁf%ine eh Gl 4 acc%réia ne[Flﬁ‘flé Mvention at a

h conbi nati ons nay, ance
pﬁlté b epithigliahdantegieibaimeang efigermtth@napy.n response to

injury,

According to a fifth aspect of the present invention there is provided a delivery system
for use in a gene therapy technique, said delivery system comprising a DNA molecule
encoding for an agent in accordance with the invention, said DNA molecule being

capable of being transcribed to lead to the expression of the chosen agent.

According to a sixth aspect of the present invention there is provided the use of a
delivery system as defined in the preceding paragraph for use in the manufacture of a

medicament for use in the promotion of epithelial regeneration.

According to a seventh aspect of the present invention there is provided a method of

promoting epithelial regeneration, the method comprising administering to a patient in
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inhibitor is Semapi nod (CNI - 1493) a synthetic

guanyl hydrazone MAPK i-nhi bit or;produced by the Picower

Institute for Medical Research. Agents according to

the invention may alternatively or additionally be

prexd dbtedmeioniicnpbitallyid S AMALIIDIAN VLY LD defined

pL. ot as activity. Protease inhibitors may be-chosen

oﬁorttﬁee Ug]&%?@cro‘?ft e BiveRliPispect rum of inhibitory

activity, or for the ability to selectively inhibit
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appreciated that TG-Db3, its fragments, derivatives
and variants, as well as agents capable of increasing
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The delivery systems according to the invention are highly suitable for achieving
sustained levels of an agent in accordance with the invention at a site of epithelial
damage over a longer period of time than is possible for most conventional delivery
systems. Agents in accordance with the invention suitable for promoting epithelial
regeneration may be continuously expressed from cells at the site of epithelial damage
that have been transformed with the DNA molecule disclosed in the fifth aspect of the

invention. Therefore, even if the agent in accordance with the invention has a very



hal f-1ives of the agents may be short for a nunber of
reasons which include: (i) Degradation by proteases
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(iii) Binding and inhibition of agent activity by

extracel lular matrix nol ecul eggsuch as decorin and

fibronectin. Furthernore, agents used to treat sites

of epithelial danage healing need to be adm ni stered
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a site of epithelial damage by nmeans of gene therapy.
According to a fifth aspect of the present invention
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patient inneed of treatnent a therapeutically

f i,ve anmount of a delivery system as defined for
?ﬁg’eﬁ\fﬁt Wog%ﬁléd"fla% ¢ P‘Pfé?lp?d/é’ﬁ hsuipke vestortie form a recombinant
AdREBAETRCOecRE b ; gg g)gegﬁﬂlg b 91%?&5&13, doSmfd gralghatgelg.astuch recombinant

nucleic acid se
vectors are highly useful in the delivery systems of the invention for transforming cells

with the DNA molecule.

Recombinant vectors may also include other functional elements. For instance,
recombinant vectors may be designed such that the vector will autonomously replicate in
the nucleus of the cell. In this case, elements which induce DNA replication may be
required in the recombinant vector. Alternatively the recombinant vector may be
designed such that the vector and recombinant DNA molecule integrates into the
genome of a cell. In this case DNA sequences which favour targeted integration (e.g. by
homologous recombination) are desirable. Recombinant vect;)rs may also have DNA

coding for genes that may be used as selectable markers in the cloning process.



encodi ng agents suitable for use in accordance with
the invention nmay be varied or changed w t hout
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encoded thereby, to provide a functional variant

thereof. As noted above, an agent suitable for use in
accordance with the invention nust retain the

epithelial regeneration pronoting activity of TG b3.
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accordance wth the invention at a itheli al

damage over a |onger period of time than is possible
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t he agent i E&accsor dzsancg:}e vai %{tﬁ H?gﬂsi %-%r.gﬁ{el%é%{dﬁggt%%aic uptaf(e.
veryshort half-life in vivo, therapeutically effective

AFRUBRR ﬁfoléctllf’é %1%9%6 E‘EXngI‘?ed to the cells of a subject to be treated by

transfection, infection, microinjection, cell fusion, protoplast fusion or ballistic
bombardment. For example, transfer may be by ballistic transfection with coated gold
particles, liposomes containing the DNA molecule, viral vectors (e.g. adenovirus) and
means of providing direct DNA uptake (e.g. endocytosis) by application of plasmid
DNA directly to a site of epithelial damage topically or by injection.

The agent in accordance with the invention expressed from the DNA molecule may

be one which directly or indirectly up-regulates TGF-B3 expression and/or activity,

thereby promoting epithelial regeneration.



conti nuously expressed fromthe treated tissue.

Furthernore, the delivery systemof the invention may
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agent in accordance with the invention) wthout the

need to use conventional pharmgceutical vehicles such
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It will be appreciated that cells that are to be introduced therapeutically to promote
epithelial regeneration may be manipulated ex vivo such that they express increased
levels of an agent in accordance with the invention, and then introduced into the
damaged area. As outlined above such cells may themselves be epithelial cells, or
may be cells which are situated sufficiently closely to the damaged epithelium that the
agent expressed by the cells is able to promote the desired epithelial regeneration.
The cells may preferably be cells cultured ex vivo for use in the preparation or
manufacture of artificial skin or skin substitutes. The cells may more preferably be

autologous cells, although it will be appreciated that any suitable cells may be used.

Accordingly, in a eighth aspect of the invention, there is provided a medicament

comprising any relevant cell type (for example epithelial, macrophage, monocyte,



expression of the gene as required. The DNA nol ecul e
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transformed | eading to the proguction of genetically
nodi fi ed daughter cells. Wen this is the case,
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a vector. For instance, the DNA nol ecul e may be
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exanple, transfer may be by ballistic transfection
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regenerati on. Met hods of the I nvention may be put into

pr addi ce migragnehbsi fiigmi the sems gine-pbintd Hiustrating the histology of the

damaged sites during epithelial regeneration.
Figure 1 shows examples of macroscopic and histological images of wounds treated
with 50ng/100uL TGFf3, Placebo or standard care. The results are shown at 3 and 7

days post-wounding.

Specifically, panels A and B respectively show macroscopic and microscopic
appearance of TGF-83 treated wounds three days post-wounding, Analysis of the

histological image reveals 54% re-epithelialisation.



expression of an agent in accordance with the
i nvention, which may then pronote epithelial
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such cells may thensel ves be epithelial cells, or may
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The cells may nore preferably be ‘
Figure 2, illustrates the comparison between mean percentage re-epithelialisation
achieved in TGF-B; treated and untreated/placebo-treated wounds at days three and
seven post-injury. Results shown are for re-epithelialisation of wounds treated with
50ng/100uL. TGFpB3, Placebo or Standard Care at 3 and 7 Days Post-Wounding.
Results were produced by image analysis of histological sections. * Indicates a

significant result as assessed by unpaired t-test (p=0.05).

Figure 3, shows photographs illustrating the macroscopic appearance, and thereby
progression of epithelial regeneration, in partial thickness skin wounds over 21 days

from the time of injury.



aut ol ogous cells, although it will be appreciated that

any suitable cells nmay be used. Accordingly, in a
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medi canment conprising any relevant cell type (for
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in accordance with the present invention. The
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of the full thickness human wounds during epithelial

r éjestionatThsrstudyrivasineyfonned agya dpwhie blindnldnsbe fyebicle) and standard

tie- poi illustratin e histology.of th a ed

s cPE BBy and T el SRR isalife WRRHES safery
exslofpties, efstemmicr pisempeckitdtids hirkl ddAYi fhatmadvagRsnieé of repeated,
wounds treated wth 50ng/100n. TGFb3, Pl acebo or

segalphing ceaetrations efdeliradesmal EGEHovin Gavcaiaardsalthymple volunteer

- i Q. i fhcall I d
33000 RIS OB e PR B rvt001-319-
appeponance of TG--/33 treated wounds three days

post - woundi ng. Anal ysis of the histol ogical inage
reveal s 54%re-epithelialisation. Panels C and D

I OSEe# Bfggjeﬁffy%%‘@uﬂi%% %Qgﬁliaﬁn%ﬂ i L&y GAR }ﬁanned doses of TGF-
appear ance 0
Bs (and perfectly .matching placebos) being 50ng/100ul, 100ng/100uL,

500ng/100pL, 1000ng/100uL, 10png/100uL and 1001g/100uL.

The data from the study was entered into a Regulatory compliant database that was
locked on the 8™ December 2003 and the study un-blinded (i.e., randomisation codes
released) on the 19™ December 2003.

All subjects in the study received two full thickness 3mm punch biopsies to each of
their two arms and standard care to all of their wounds. Standard care provided
optimal care for moist wound healing in all cases. In addition to this for the pair of
wounds in each subject’s arms, wounds received TGF-f; versus TGF-Bs; placebo,
TGF-B3 versus nothing (denoted as standard care) or TGF-P; placebo versus nothing

(standard care). The design of the study was such that comparisons of the effects of



pl acebo treated wounds three days post-woundi ng.
Anal ysis of the histological inmage reveals 20%
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macroscopi ¢ and m croscopi ¢ appearance of standard
care treated wounds three days4post-woundi ng. Anal ysis
of the histological imge reveals 19% .
re-epithelialisation. Panels G and H respectively show
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utolgrgtednedidnd fae e hdaBiak e mAR UGS nat klgf%yr? PGS ARhed placebos

seven post-l Resul ts shown are
r WeRS oy F’li’aéP‘% éMﬂ’llndhe s thshion die. e‘dhe\p]etohb(‘i) Bngdihe@Dedcipients
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ot[he fpesthaﬂpma@caiedﬁﬂ&‘deb@s"‘&) standeﬁ‘@c‘éﬁét ﬁ%n@ t%' M(gﬂsﬁ%@twhether the
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appearance, and thereby progression of epithelial

regeneration, in partial thickness skin wounds over 2

1T1d28}‘®d}f desipnt wias dichehad subjedts)in B@élﬁ(ﬁ(fse/ér&@) Hadst%"ﬁu'hbl? b10p81es
a ebo-treated unds. on 2, 3, 4, 17,

da
S50 3 doaBE T G begmdeodagih eihel £ pReceivoon standard
tc@?e qu:esé%dt%%% eﬁof’&ldﬂ gﬁbjg& > RS twd ’b1op’sy Bites Werd 'marked on

and 1 respectivel
the 1nner aspect and under local anaesthesm TGF-B3, placebo or nothing (standard

r e—

care) was intradermally injected into the site. A 3mm full thickness punch biopsy was
then taken from each of the marked sites. On the day after wounding the sites were
then t;eated again; as above, with the same treatment i.e., TGF-B3, placebo or nothing
(standard care) under local anaesthesia. The wounds were then excised on either day 3
or day 7 post-wounding for histology, to enable analysis of the effects of treatment on
wound healing at 3 and 7 days following the initial punch biopsies. The subjects were

then followed-up. Safety and toleration data were collected throughout the sfudy.

The wounds were excised, histologically processed into paraffin wax blocks, tissue
sections cut and then analysed for re-epithelialisation using image analysis. A total of
36 wounds were generated in this way for each dose group such that a total of 16

wounds were treated with TGF-B3, 10 wounds with placebo and 10 wounds with



EXAMPLE 1. Effects of TGF-b3 on Re-epithelialisation
of Human FuU Thi ckness Wunds A Phase | study under
wo ewalovhi cal Committee approval was undert akRe/GB2006/002577
conprising a dose escalating first in mn (FIM study
in instances of epidernal ng e to determ ne the
maxi mal tol erated dose (MID) TGF- b3 adm ni stered
by intra derrral |nJ ection. The study was performed as
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phar macoki neti cs and | ocal pharnacodynam cs of
repeated, escalating concentrations of intraderma

TSI BRI IR GTRLE R SRS v
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was | ocked on the, 8th Decenber 20 t he, st ud
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t wo %ul t hi ckness™ 3mm punch bi opsies to each of their

two arnms and standard care to all of their wounds.

S rov t] re fo
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o&lm@unds in each subject's arns, wounds recelveﬂdﬁﬁﬁmddmnw&x
b3 versus TGF- b3 pl acebo, TG~ b3 versus not hi ng

(denoted as standard care) or TG~ b3 placebo versus
not hi ng (standard care). The design of the study was

such that conparisons of the effects oftreatnents on
MEU£stcould be made both w thin and between subjects
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Progression of epidermal regeneration in fullthickness human wounds is illustrated in
Figure 1, which includes: ‘
iliy  Photographs, taken at time-points three and seven days post-wounding,
illustrating the macroscopic appearance of the full thickness wounds
during epithelial regeneration; and
iv) micrographs from the same time-points illustrating the histology of the

damaged sites during epithelial regeneration.

Analysis of histological sections demonstrated that equivalent re-epithelialisation of
wounds occurred in placebo and standard care control treated wounds at both time
points post-wounding and as such these groups were combined to compare to TGF-f33

treated wounds.



contai ned acid and al cohol as excipients. This

material was serially diluted to provide pre-filled
wae@riob®Isyri nges for intra-dermal injection iPCT/EA82006/002577

study (again manufactured to Gw). The acid and

al cohol excipient concentrati ags varied due to the

process of serial dilution to the required TG b3

i njection doses fromthe bul k drug substance. As the
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tHRBAL Pl had .an vers

o e e B PP el PR R R AL BNl Vs gt days three

s} ssyespostrigagh dose group had two punch bi opsies

made on each arm whi ch had been treated with either

TGF- b3, placebo or standard care as descri bed above.

Bueach b el T OB SRS Sonccaion o

mar ked on the i nner aspect

TERghi®OLpI sigeificartly metleiat@l (wuaddaledithdiaflati¥@Swhen compared to
i ntraﬂggagﬁltkégkl njected innto the site. A 3nm full

t 7 ISR WCBTERS yinwgsnitle vouaten Theonpreaotionf of kepithelial
NRb&RetRint i i.n he .sites.were .
el o8 e, Bt MRHF Y oot T i i dfviduats
ireeetying GAGHB; atpipeto €B@ngr100pLhi ng (standard care) under

| ocal anaesthesia. The wounds were then excised on

either day 3 or day 7 post-wounding for histology, to
enabl e anal ysis of the effects of treatnment on wound

healing at 3 and 7 days following the initial punch
MAM.&EE_ZThe subj ects were then fol | owed-up. Safety

0l i gn data were collected throughout the
ey o Bt el Bealifacion ot Humsn g el Thickness Wounds /

Mg €xaaDéndrsiRar af fin wax bl ocks, tissue sections
cut . and then anal ysed for re-epithelialisation using

‘bRt stndy (nonsblinded)ovast canfieeutunded booakEthiqge Qetmtietse bfproval,
St i BRE0 S0 TR AR B4 b RSl TR, when
Pt ho f oL awi o voun nieper o aas tFbEI] bR St Rbuman
volunteer subjects aged 18-45 years. The concentration of TGF-B3 used was
50ng/100pL, and the rate of epithelial regeneration achieved was compared to a
perfectly matched TGF-B; placebo at the equivalent concentration. Both the TGF-f;

and placebo were prepared to GMP as described above.

The donor sites were firstly identified and marked out on each side of the midline on
the lower back, each measuring 1.5 by 2cm, and then infiltrated with local anaesthetic
containing 1 in 200,000 adrenalin. Each site then received an intradermal injection
such that one side received TGF-B3 at a dose of 50ng/cm? and the other side received

perfectly matched placebo. Subjects t:hen rested in the prone position for 30 minutes



different time-points post-wounding for histol ogical

anal ysis: 8 TG--b3 treated wounds, 5 placebo treated
wowwntderoasd 5 standard care treated wounds excPGEGBai06/002577

day 3 post-wounding. 8 TGF-b3 treated wounds, 5

pl acebo treated wounds and 5 standard care treated

wounds exci sed at day 7 post-woundi ng. The percentage

re-epithelialisation at sites of epidernmal damage was
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fromthe same tinme-points illustrating the” histol ogy

of ¢ Aaly Fa §ve ek perigtpndghethai 3 1adays, e@e‘mmbaeqwnt follow-up.
Anal ysis of histological sections denpnstrated that

equi val ent re-epithelialisation of wounds occurred in
pﬂéﬂiﬁb and standard care control treated wounds at

h these
bgulelera n 09 L3 } Wg)undl A ?'}d & Sucs ngld / Skin Graft
gr oups We Fripitagliatisation, ot Partial TQ:J{BSTStGFP‘émbS
UhsiSS i Figure 1 that
}A?eat néh?%mlﬁ&@ﬁﬁ?gg}egs skin wounds is able to

pMéPF@F@Pé’pﬁIlab@iSL ajsesseq BSlag pha)tographsaaﬂuhe dain@ged sites, demonstrated
r& GO nﬁgﬁ utio t he e erﬁns earlier than is the

ol hﬁt F‘gﬂi gb’ oalpcf)lFlg bdbg ramelonoghdepidermal regeneration,
increasing the rate of re-epithelialisation at partial thickness skin graft donor sites, as

compared to the rate occurring in placebo treated controls, up to day 8 post-wounding.

Figure 3, which shows photographs illustrating the macroscopic appearance, and
thereby progression of epithelial regeneration, in partial thickness skin wounds over

21 days from the time of injury. Photographs demonstrating the promotion of

epithelial regeneration are marked with an asterisk (*) in Figure 3.

It can be observed that at days 15 and 21 post-wounding the difference between TGF-
B3 treated and untreated/placebo-treated wound is less clear macroscopically. This
effect is explained by the fact that TGF-PB5 treated sites are totally re-epithelialised on

or before day 8, while the placebo treated sites only reach the same degree of re-

epithelialisation at around day 15.



The results of Exanple 1 are shown iri Figure 2, which
conpares nean percentage reepithelialisation in TG--b3

wo e@wavedIsnd untreat ed/ pl acebo-treated wounds BET/GBY®6/002577
three and seven post-injury. Figure 2 clearly
illustrates that treatnent wi 4y TG b3 at a
concentration of 50ng/100nL significantly accel erated
wound re-epithelialisation when conpared to
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back, each neasuring 1.5 by 2cm and then infiltrated
with local anaesthetic containing 1 in 200, 000
adrenalin. Each site then received an intradermnal
ini')ecti on such that one side received TG~ b3 at a dose
A g@ﬁ@l&rﬂ and the other side received perfectly
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TGF-B3 drug substance used in the studies was supplied at a concentration of
9.1mg/mL in 20mM acetic acid and 20% isopropyl alcohol. This material was serially
diluted to produce syringes containing TGF-B3 at the concentrations stated in the
exemplar data. It will be appreciated by the skilled person that, irrespective of the
further diluents used to produce the final solutions, trace. levels of acetic acid and

isopropyl alcohol will be carried through by serial dilution.

Al. Formulations used in treatment of punch biopsy ( full thickness dermal
wounds) .
For the punch biopsy / full thickness wound studies the drug substance was diluted in
PBS containing 5% w/v mannitol, and adjusted to pH 3.8 using acetic acid. This

formulation was found to be effective in the promotion of epithelial regeneration.



ei ther TG~ b3 or placebo the wounds were then dressed

and the subject discharged. Subjects returned the next
wal2aop7aemhad a further topical application of BCT/KA8R006/002577

TG-- b3 or placebo such that at all stages each wound

received the sanme treatnent, igge., three applications

of TG--P or three applications of placebo. Subjects

were then reviewed on a daily basis for a two week

period and then at 2 1 days, with subsequent
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i njury. Photographs denonstrating the pronotion of

epithelial regeneration are marked with an asterisk

(fn) vth aﬁhl%iﬁ ®f e éf‘ﬁc&@rbﬁk?ﬁe ftgsrevt%ge& Er?ct m%}lmg egia"%rmulatlons

1 post-wounding’t erence meen
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water for injection; equivalent to 9% (w/v) maltose in water for i injection).

This formulation was applied both intradermally and topically to promote epithelial
regeneration.



regeneration of the epiderm s in skin wounds, with the
TGF- b3 i sof orm bei ng the nost potent inhibitor of this
wW@e@eos®98 The pronotion of epithelial regenerapCDOB2006/002577
brought about by treatnent with TG--b3 is achieved in
both full thickness wounds andygpartial thickness
wounds (which may, for instance, serve as skin graft
donor sites). The therapeutic effects in humans are
ORIFERENICES:G-- b3 treatnment utilising doses up to
500nqg/ 100nL_of the active agent. APPEND X
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of agents in accordance with the invention in
conbi nation with maltose was surprisingly found to
dramatically reduce pain associated with injection of
t he composition. Studies



undertaken by the inventors denonstrated clinically
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invention were fornulated in the presence of sugars,
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. hé use ‘acCording to any one of claims 1 to 6, wherein the epithelium

regeneration of which is to be promoted is a stratified squamous epithelium.

8. The use according to claim 7, wherein the epithelium is the epidermis.
9. The use according to claim 7, wherein the epithelium is the corneal
epithelium.

10.  The use according to any one of claims 1 to 6, wherein the epithelium is a

respiratory epithelium.

11. The use according to any one of claims 1-6, wherein the epithelium is the

lining epithelium of the abdomen, thoracic or pelvic cavities.



1. The use of an agent having TG--b3 activity in the
manuf acture of a nedi canent for the pronotion of
wepiovhelopaal regeneration. 2. The use accor di ngPeDGBR@GAV2577

1, wherein the agent is TG32b3. 3. The use according
to claim1, wherein the agent is a fragment,

derivative or variant of TG~ b3. 4. The use according

to claiml1, wherein the agent is a substance able to

prdnot &hamsé accordify Co tieplecalifg clah, WhsdeM th¥ n®dicament is for the
TGE-b3, 5., The use according to any one of clains 1 to
4PIW]D&%3PH§"I@EFQ%@¢T?%H¢ d@HBivation is at a site of

an acute wound. 6. The use according to any one of

claims 1 to 5 wherein the epithelial regeneration is

ofl3a ydtegsanchoodingeakhhy 1pavhenin thé- mdheak&e is for the promotion
aCfor@H]% to any. one of clainms 1 to 6, wherein the

PRI R GEOP A EORIBR Y whi ch is to be pronpted is

a stratified squanous epithelium 8. The use according

to claim7, wherein the epitheliumis the epiderms.
914.TheThe a1sa caseending t¢ elaithal 2n Whenehe thed BurlgB® comprises epithelial
egliahn% iumis the corneal epithelium 10. The use

according to any one of clains 1 to 6, wherein the
epitheliumis a respiratory epithelium 11. The use

a ord{rﬂg to any one of clainms 1-6, wherein the

egf't hel fiRse ascoiding tpwiaiyg 1dpwhersin thesaigetshenaidesren,

thorpci ¢ fthﬁ@lﬁa‘ﬁ&ﬂl‘é%ll es.12. The use according to

any preceding cFaim whetein the nmedicanent is for the

pr ot i optbnaly meshingdf thegameliatdro: aidt er injury. 13.

The .use accor di ng to clf;tai m 10, ~wherein the nedi canent

is for tﬁBplb?agiﬁﬂ f the 53ttt ¥eRwisnLFite-egener at i on af ter
surgery. 14. The use according to claim 12, wherein

the surgery conprises epithelial grafting.

16.  The use according to claim 14, wherein the medicament is for administration

to the graft donor site.

17. The use according to claim 14, wherein the medicament is for administration

to the graft recipiént site.

18. The use according to claim 14, wherein the medicament is for administration

to the graft.

19. The use according to any of claims 12 to 18, wherein the surgery comprises

skin grafting.

20.  The use according to claim 19, wherein the skin graft is a full thickness skin
graft.

21.  The use according to claim 19, wherein the skin graft is a partial thickness
skin graft. ‘



15. The use according to claim 14, wherein the surgery

conprises: i) epithelial graft renoval; ii) optionally
wore®niemoof the epithelial graft: and iii) appPCTaBR@®R/002577

of the graft to a recipientS3site. 16. The use

according to claim14, wherein the nedicanent is for

admnistration to the graft donor site. 17. The use

according to claim 14, wherein the nmedicanment is for

adginistration to the graft r.ecipient,site., 18...The .

093" nc diedion deaob ok a AT BieoadiBE shiiS aSishtie dalificot is for the
f Qkoraeid b BdpithbliLd Redeferbtién Sfidtum &JuryThe use according

to any of clainms 12 to 18, wherein the surgery

conprises skin grafting. 20. The use according to

Clyai m er e ' raftt s L. thi .
skzlg'n gra th csbﬂph@%s g&é@ E%F g]%%gélglgﬁ c‘f’%%l%ﬁnltg% C[hv\ﬁg?az?er? tis for
t hepisMiapplijcatibh. i s a partial thickness skin graft.22.

The use according to any preceding claim wherein the

medi canment is for the pronotion of epithelial

I egenerge 38 agdor@ihg RyALY ddd i faim@3- to PREwHERIrAGE Aicdidifhent is for
to any preceding cFai m~ wherein the nedicanent is for

t dpiat aijecdiopl i cati on. 24. The use according to any one

of claims 1 to 23, wherein the nedicament is for |ocal
injection. 25. The use according to any one of clains

1 250 23Phe what@irding e angecheaiataiins IStoa232r edemeitt the medicament is a
oi ntnent., 26. The use according to any precedi ng

c IG5 OB RH: t he pronotion of epithelial
regeneration is prophylactic pronotion.

26. The use according to any preceding claim, wherein the promotion of epithelial

regeneration is prophylactic promotion.

27. The use according to any of claims 1 to 5, or 7 to 26, for the preparation of a
medicament to promote impaired, inhibited, retarded, or otherwise defective epithelial

regeneration.

28.  The use according to any one of claims 1 to 26 for the preparation of a

medicament to accelerate normal epithelial regeneration.

29.  The use according to any of the preceding claims for the preparation of a

medicament to promote epithelial regeneration in the aged.

30.  The use according to any preceding claim, wherein the agent is formulated in

the presence of maltose.

31.  The use according to claim 30, wherein the maltose is present at a

concentration between 0.1M and 0.4M maltose



27. The use according to any of clains 1 to 5, or 7 to
26, for the preparation of a nedicanent to pronote
WO paleees i nhi bited, retagded, or otherw se deEEBHGBRWE/002577
epithelial regeneration. 28. The use according to any
one of clainms 1 to 26 for the preparation of a
medi canent to accel erate normal epithelia
regeneration. 29. The use according to any of. the

ecedj ng clains.,.for, the.preparation gf a medi canment
o ol e RN e PRSP RisheR o B el S8 GRent at

JdRemBRiIcACFOISM ehaltbseany precedi ng claim wherein the
agent is fornulated in the presence of maltose. 31.
The use according to claim 30, wherein the naltose is
present at a concentration between 0.1M and 0. 4M
mal t o0se32. The use according to claim 30, wherein the
mal tose is present at a concentration of 0.25M
mal t ose.
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