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| METHODS AND PHARMACEUTICAL COMPOSITIONS FOR HEALING
WOUNDS 5 FIELD AND BACKGROUND OF THE INVENTION The
present invention relates to a method and a pharmaceutical composition
for inducing and/or accelerating cell proliferation and/or cell differentiation
and thereby accelerating the healing process of wounds. More
pRAtiqyiastys R DreseOR NN EHIOTISIateSOMIPO 1SRN POR AT ING
expression and/or activation, e.gygsNéated 10 by membrane
translocation and activation, of serine/threonine protein kinases, also
known as PKCs, for inducing and/or accelerating cell proliferation and/or
el diffsrantiatienanedls esl rpigraiorthergly accelerating the healing
Procéss of wounds. Such modulated expression may be effected in
accorbameesonttinyentiendhlalgs &F thaplesbantheafemasggcal composition
for RARAHDAHRNL! OURRARSS M A SO UG AL ANl Mbn and

transformation of wound cefls with'a cis-acting element to be inserte

theadtjpcsntioptng eshesdingoprerrendbyenods. PROgeprtshind womgresent
;nv%%ﬁ%a 9@!1&%? @}'&@{% o %g{%%i@h{%gﬂ%&g@#@%%8%%%@@4?1&5‘%/%'&Fs inifiated

activation o in~woun s; (I ormation of woun s wit
by ancinbudite expréssatigr custramty afibenodxpressdt amdnsepretad HHeassuliso
roduce {&/ere om serves as gn up-requlator 20 for PKC. expressio
o oGl e BRI WA e e or cell
diftlemenido hedhseded ad@adohtohantupstrdantiof; the enddigenpusess of

insulin gene of the, wound cells, when expressed and secreted the insuli
wolifes ST0h O HUESRBFRORE: S, R Eeto o RHRRI . The
teatiniplgnttior pidasulimeaaioting (olisudefhenadonds (wihhtranrsity wation BKC
wound cells with a frans-acting factor, e.g., 25 PDX1, for induction
SOBR G e

. f
X RIfER ABERTHELAH She Wi SecReedement to

be UReaylatacdar BKiaeupsasannaad/of Rudalio PIRDEdNEId the wound cells;
administration to the wound of a PKC modulator. The present invention

(11} SATHOATEEPBPAHDH ith dXAGHREHSSHESSSIAN A6 Ple ApiiateB PEEKiGoIn
woltiOenRr i hskifarals P Qvbhsdsimaryigos imihertieaagntObonsiruct,

wounds Is to achieve wound closure. Open cutaneous wounds represent

whepéregeicd by erd Simms Humnduerd B s IR chat AparTRgulator
for tIErS RFRSIILE SRS ¥ENAMS SRSISHIRSIANHIBPQUHINCELAs Jvith a cis-

acting element to be inserted adjacent to, and upstream of, the endogenous insulin
gene of the wound cells, when expressed and secreted the insulin serves as an up-
regulator for PKC expression and/or activation; (vi) implantation of insulin secreting
cells to the wound; (vii) transformation of wound cells with a trans-acting factor, e.g.,
PDXI1, for induction of endogenous insulin production and secretion, the insulin
serves as an up-regulator for PKC expression and/or activation, and (viil)
administration o the wound of a PKC modulator.

The present invention, as is realized by any of the above methods, can also be
practiced ex-vivo for generation of skin grafts.

The primary goal in the treatment of wounds is to achieve wound closure,
Open cutancous wounds represent one major category of wounds and include burn

wounds, neuropathic ulcers, pressure sores, venous stasis ulcers, and diabetic ulcers.
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Open cutaneous wounds routinely heal by a process which comprises six
major components: (i) inflammation; (ii) fibroblast proliferation; (iii) blood
vessel proliferation; (iv) connective tissue synthesis; (v) epithelialization;
and (vi) wound contraction. Wound healing is impaired when these
components, either individually 5 or as a whole, do not function properly.
Numélpers fattorscawatiedt wontnctiyehtinig bynelydirgsnavhidhitiannprises six

infection, pharmagcological agents (e.g,..actinomycin an .st_erol%
mg] 7 _com Bharn ? d{%%l%g% o l_Eu?] fibr E)gxcs)g gr% zt%ra ont e%l Seul,%%ialvessel

. 1
ncea age an se untan sonin

prDiidgnasis & Tyeatment@MaysuAppietonis; ((angpithphaBoS6n(1988)viYitbund
resg%ct to di behe ,(jjiabetes mellitus iﬁgch?gacterized b%ﬁimpa'red_in ulip

SO G Rind SIRy L B RS A SATCBERRR 5 ey

orchranihatendplicatifmnstionglvingrbevelah@istinclive HSSME S e Q:aﬁlﬁ!ll Hegling,

. chranic complications qf djabetes mellitys, impaired wound healin .

I E AR I BB O N S Bt GRpnycin and

steretiatvindiabefie padiefithakessae SRGYENID PesIenaliandfiraicilrgical
cost (29, 30Q). Moreover, foot ulcers and the 15 subsequent amputation of

Dizgnans ‘&)(MW%QY%;WQ%BﬁﬁHM%' GP-RBSpit&fidation among
diabefigtRabgis (3Qi3Bitds diabatasniBuodngl Heaing PIRERRSdTed insulin

_impaired and healed wounds are characterized by diminished wound

SIERARGh TR e fede i s stlEG5aiPhths heRiT S RReilion sévefsvaierorshronic

cotngeinendeHraneRY. Yesaular diseragangsinfectiona kiguevesi, Ger chronic
mechanisms whereby the 20 diabetic state associated with-abnormal

compliratiagn afrbiprisairaciisund neaiiag waandikepking pagdinglbyjoot siearation
is NasoRe! irenalcidatedhereyeals,n CRIRR RICRIGHSE WoAds takes a

healing following surgical procedures in various parts of the body, the
stagaejing fessedsandt fHegsinedicididn 38bes Mortar, 2@ kirdera and the

ifl epithelium.i | lIs.undergoi h an
B SNSRI S s o
hogpitifézation rmebafidiebdictimatersal GéiS that Auhkabdoshébasementealing

prlREQOTANg, HlE SRRt A, S0RHE! RO IRIE PASALEEISIRSE el
adhesion to the basement membrane, cease synthesis and undergo
straiggthie s Bfaninfehologitaliandisivchenticah olebateb so Tdeecddl himateincluding

maturﬁtlon step is.the g%dgci%{]?n of the cornified I&yerfor%nn the

neBFg%c Re" Sgl'rlr?errdcl) the &kin ?%f)q‘he 8ariedt Changey’ Rl Uiy the

difizsal selis ssmmibiowdifetentatel imadsocigiedindthipsbiltvief theling and
2IREH SRS R detach and migrate QWAY: dated.

There is also a common problem of wound healing following surgical
procedures in various parts of the body, the surgery succeeds but the wound incision
does not heal.

Skin is a stratified squamous epithelium in which cells undergoing growth and
differentiation are strictly compartmentalized. In the physiologic state, proliferation is
confined to the basal cells that adhere to the basement membrane. Differentiation is a
spatial process where basal cells lose their adhesion to the basement membrane, cease
DNA synthesis and undergo a series of morphological and biochemical changes. The
ultimate maturation step is the production of the cornified layer forming the protective
barrier of the skin (1, 2). The earliest changes observed when basal cells commit to

differentiate is associated with the ability of the basal cells to detach and migrate away
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3 from the basement membrane (3). Similar changes are associated with
the wound healing process where cells both migrate into the wound area
and proliferative capacity is enhanced. These processes are mandatory
for the restructuring of the skin layers and induction of proper
differentiation of the epidermal layers35 The analysis of mechanisms

fromg ulatihgs growt mamabdifferéh)tiation ibfreglidegmahreelisduda ddeentgreatiyound

facilitated by the devel ent of cultyre systems for mpuse and, hu .
o R E88 (Sl Lo AN el o o W OA PR SR 25 LaI rative
caprafifgiatindaeits withadpghogsowthreateandurdhe fiaofe: ifferentiaiosy ¢ad skin

be induced in.vitro.following.the maturation pattern in the epidermis in
s S LI AR L GETHR Y P FEATTRB I SBmponents

(3,5) ahd amskidciivededsnbiheraalahiniegrthand cetiatiachpeoft®idermal

atrix proteins. This suggests that changes in integrin expressign are
ol DR SAUCORS B ANE RATGHT P B 58 Sfoms for mouse and
hemidesmbsenal cCOMACt Ipadste, Skpralasa i gration: ohkeratinaeYi§ Shasal
Prgé;%?is linked _to induction of Keratin | (KI) in cultured keratinocytes and in

atng spllewHEr A9 He AT dRto thEvgsTiarayilipRaHaipge gan be
indG6QCIAIeE Wi AW Y eauIalRRBh PRI EHARDRBAIRANIN 8XRISSSiGhe early

loss of adhesion potential to all matrix proteins and is followed by

EHRiRENERVERSpY Rridgem o ctraRarctiférehfinting ciariadaratefythe
aﬂ?#ugﬁégﬁﬁnaﬁﬁ‘%&w&%%}gﬁéﬁﬁﬁamﬁ SAHAMES {Ris du NS PIRG A Aes in

_ differentiation in vitro closely follows the maturation pattern of epidermis’in
IN{REHI X RETEA @f@cﬁé@yrﬁk@mm@t@@wméiﬁ’@mg’hﬁ@mhg’rdmmﬁmﬂoss of
h&h AL ARG PRI SNPISILIC AU AL SKID ALOIURIBION ARG i tinked
differentiation. The protein kinase C (PKCJtamily of serine-threonine
tokimdidoplal K eratim pdidntineguitatedykodinncytearedyinfskiol0hicals). Further
. 8.9). The PK mily is composed of at Je 2 individual
dig%%}#nﬁé%vﬁ%ht%gegﬁgﬂ%r% éf%%iél(p:{terclg g%}lsefés?s |)Czc?§%év§r§%oégmggfﬁlrg%% of
b, f32n(BR4yinagirategleysalHophotballesiers nendidcy gljiceratix proteins
liperated intracellular hospholipase C, (ii) novel isoforms (S, s, g, 0)
o B S0 SEMAREU ) SREF R BLRarS AN CRUCAEcerbl BLR e g Cels
ulGattelgndofishatipiealh caud msmbensafrthegtamily, whigh angdplogram of

tivated by Cat+, p, ori)ol esters or diacylglycerol. 30 On activation, most

SRR Cr etk SRV ieiriHeaBea Rl i od cpiderms in vivo.
mempas: framithacKaplavR &N BibIBeyof isefir and RSN of Protein

Kicriligég %Jggt?iways, which regulate skin prolifération and differentiation. The protein
kinase C (PKC) family of serine-threonine kinases plays an important regulatory role
in a variety of biological phenomena (8,9). The PKC family is composed of at least
12 individual isoforms which belong to 3 distinct categories: (i) conventional isoforms
(o, BL, B2, y) activated by Ca’", phorbol esters and diacylglycerol liberated
intracellularly by phospholipase C; (it) novel isoforms (8, €, 1, 8) which are also
activated by phorbol esters and diacylglycerol but not by Ca>*; and (111) atypical (G, A,
t) members of the family, which are not activated by ca”, phorbol esters or
diacylglycerol.

On activation, most but not all isoforms are thought to be translocated to the
plasma membrane from the cytoplasm. The type of isoform and pattern of distribution

vary among different tissues and may also change as a function of phenotype.
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vary among different tissues and may also change as a function of
phenotype. 4 Numerous studies have characterized the structure and
function of PKC because of its importance in a wide variety of cellular
endpoints of hormone action. Five PKC isoforms - a, S, s, rl and c - have
been identified in skin in vivo and in ctlture. Recent studies have shown
Ntimatrthe RKGesihnad thmadiectied patbmaynis: anddiatditiac€ Kl because of its
._mediator of the differentiation response (10,11). Eyrthermore, . .
THRASEdlodichl gc‘fﬁ}‘é%/rsogfc F’@&% RO CoP R tinbE R KC
islifienentint®)z.im vive @nddte bitsa (derkd) c@nd RKGINNDItOKSIATOMaNt. Recent
expression of differentiation markers (10). While conceiving the present
SRRV ORAE MASdHesIyEcrERl PRes QudiBmme By dt frasyin ameeiular
maGHvatiT. Mayheheneficial iesaaeelerating)wounghHa-NealingREACRSISSical
The limitations for investi&atjn the role of distinct PKC isoforms in skin

acli¥LOB SifeiatiotTanarsT Bikindieation keathnstpshfsasatiationds i r ard in
vigifiaulty jraintreducingi orsion SRMe 8,6 IS B YRR HelS s (10).

conventional methods. The short life span, differentiation potential and
the indBAley (oTSSINIBE SthBIPIRSPRTOINERNS BO HotaloRyeribrsiged that PKC

isHBRRYUANON O {IgNABRE S I REMARY be SKIREEUS i%c@%rating wound

describes the potential use of insulin as a'therapeutic agent for healing
heplimaeoceries; Us: Paitatess Sosdnvreeaing hozoland &stnstdC isoforms

indgsgriRetheoipricabarRlical %@r&m@gﬁ%@sm'@é&%waﬁb%% WRHRYD £ the

‘healing. However, these patents describe the use of insulin in
difarnbin atidiiadtecio dose sirgaeh e flipicndly oft@oniheimswils,idyoconventional
ENA0Ce LIRS URIRKG AN B LS B RCAID Gt PO
mAp?)ligation Ser. No. gQ/%%QAé%%%%%@r%%ﬁ%ﬁa %i%%\ppﬁ%ggort?) Sf)l&te
st TS 2278 4ldevdribl eorfipositicrmsbntaiing foseilpn fomdepicalprimary
P iﬁ:gltion to skin for the purpose of improving skin health or treating
sk?rﬁ . o o
shallow skin injuries. However, none of these patent applications teaches
the uBe@fdrtsidinribes 2betreatinichsepiCinGrided hahdeppuiouges. for healing

B I b Codei Lot R LT OB

topicalrubphieating.dfl welerndhewsadhinstdindr earnbinhigmpitanetRer these
biologjcally active agent capable of modulating the expression and/or
PR A B PRC e B A BEGYRSHEY FHRS G SpfCAfignnction of

the insulin is to enhance glucose uptake and to thus promote wound healing,

U.S. Patent Application Ser. No. 09/748,466 and International Patent
Application No. PCT/US98/21794 describe compositions containing insulin for
topical application to skin for the purpose of improving skin health or treating shallow
skin injuries. However, none of these patent applications teaches the use of insulin for
treating chronic, Grade II or deep wounds.

International Patent Application No. PCT/US01/10245 describes the use of
cyanoacrylate polymer sealant in combination with insulin or silver for wound
healing. However, the use of insulin in combination with another biologically active
agent capable of modulating the expression and/or activation of PKC is not taught nor

suggested in this application.
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5 International Patent Application No. PCT/US85/00695 describes topical
application of insulin for treating diabetes. However, this patent application
fails to teach the use of insulin for the purpose of treating diabetes
non-related wo unds. International Patent Application No.
PCT/US92/03086 describes therapeutic 5 microemulsion formulations

Whi@Htéﬁ?éﬁBﬁQFakﬁh't@ﬁH”ﬁ?bi%ﬁMﬁf e upe-pfitke sfopsusaiddaselintical
the purpose of wound healing is not taught in this disclosure. U.S. Pat.

appijenion @3 madinder 4roaime shabessrinE QUmEb s ateRtIERHF e daibs to
tead IRENSIPIRARKIES Bd-pREe DAl caliRduMbQ v RiGh Nglude sRidermal

growth factor and insulin. Both of these patents teach the use of insulin for

the Im@mﬁemqé@e%%mﬁg@@s@%éﬁ@%@%ﬁ@% dpseritiey gremmgitic
middWENSL NG AR RINSHID QB RY 'lﬂ'édﬂn‘."v%{bm%fa&&%hﬁ&y of the

these patents. None of the above cited prior art references teach or
forsulsged inhelinsritse riarsmedduiatio denéng s reusivre binia/ driadibedarmeof
PK%.%Q gﬁiml@g&e!f 6@41& Qﬁ(@ll&g!ﬂ? r@é@ S@eggr%gu@&ﬁ%g H&%r O S 1onal

the prior art Tails to téach or suggest utilizing 15 nucleic a |§iconstructs or
grogehetfchtransf aritionytes mid gesl fompl eeiting ivigulivbociwioghds, pdesmal

gmt\%ﬁlct({:i%l[%{_ag%&hgl?hlﬁ%{[n%&[ og?sfg)%fet%%t\évﬁg ncda?é};”t]k?ereulsse ao\fll%%l}iin for the
recognlzed need 10r, and it wou € nighly advantageous to have, new
devehpmanhes talaced sating hevhidcesse bassodidte eviftingouidwever, the

healing. In addition, there is a widely recognized need for, and it would be
D o AR SO L Tt SRR G A SO recombinant

genskifttositio aalie vihiehndl aceslamie-cethphalifesation drdies insulin for

differentiation processes and wqund heg\gﬂg&SUMMARY OF TH

mofRHPERE BSNBBI 9RO BrRLERE ARIBARIRE R ra?@méwﬁ%‘s%?e@%ﬁﬁaﬁng

prodeiNiBISiREREdNSUliGBPARAY \WRUPESIMAY falisearversersilig@ffeatslizing
such as excessive angiogenesis, inflammation, epidermal cells,

ISR SANSHH ST AFr B PSR IRTBIBULE F EHRIE R AR I BE Y tifig nsulin to

wolRISIRRSIOW)acthR RIS RO hinvaBFs Lusheinkeuaagd that insulin-
induced side effects can be effectively circumvented while substantiall

A ) > ] ! Yy
accdibeatitiyenitdy et iked Mgt asd By wHbisimighiz iy Wiees to
hav? IEARAhEARALIR QG NG SRR SN ARUP LA VAR ifing.
in cells colonizing the wound area. 6 ,
In addition, there 1s a widely recognized need for, and it would be highly
advantageous to have, an efficient method to insert recombinant genes into skin celis
which will accelerate cell proliferation and/or differentiation processes and wound

healing.

SUMMARY OF THE INVENTION

The present inventors have surprisingly uncovered that administering insulin
alone to wounds may cause adverse side effects such as excessive angiogenesis,
inflammation, epidermal cells hyperplasia and scarring (see Example 23 in the
Examples section hereinbelow). The present inventors further uncovered that insulin-
induced side effects can be effectively circumvented while substantially accelerating
the wound healing process by combining insulin with one or more agents capable of

modulating expression and/or activaty of PKC in cells colonizing the wound area.
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The disclosures herein provide novel methods and compositions for
treating wounds efficiently and without adverse side effects, by providing
to the wound area effective amount of insulin and/or other agents capable
of modulating expression and/or activity of PKC in wound-colonizing cells
and acting in synergy with insulin to g5 accelerate the process of wound

healifg. Acciding IRRAE ARREE. 1BELE iscArgNidschthHsSAIASYIP 0ding

at least one additional agent selected from the group consisting of PKCa

wolipiesficnpitatdcharciess sl prayiditprohe wound area
oA ARSHHE AR HOR TR OREALAPRIC AN D N 26
SKIn wounda.

accelerating a healing process of a damaged skin or 1
andagcardingy tof Gk embodinderstothiaiesisghioaidieat ing ethsydeogyndibimgwdim to
acc%i:e%%géﬁg o%e@g%li; Rragess of a damaged skin or skin wound, the

method comprising the step of iministering to the damaged skin or skin
wouAdcar diveg apeuticadheeffdutiveaprovidedftha ageof fosuliodnkhtindeiK Gne

roduction and/or PKC activation. Accordi nother.embodiment,

o R R R LSBT BBt 5e AAUBI B Erows Tctor
anBCGIRING R Meaking prasessol ardapagedidnear skilpywinid atiigted for
pharmaceutical composition comprising, as an active ingredient, a )
toPiRRk APRERRLOR BFrERNAnE b AFt s At RS DERNEJERETET M adlimmsgirkia or

skiRrRgustion 20 and/or activity; and a pharmacedutically acceptable carrier.
According to still another embodiment, there is provided a method of

indutiRPrémacteIenaty tehEMg Hrsedsssey dudrageritadnasriskiring or
acctiRHRhthe metiord emprisipg.the sl of adMiBistarngde il damagesiod

skin or skin wound a therapeutically effective amount of insulin and at
congyitieh cthriditinatfagémiaiRrinin 25 shnedgpagd tlimselinskd asaend 2

t}1e%g&%?c8ﬁﬁ%%@&ﬁ%e&8ﬁ?%@&pigl&ﬁsﬁ)f’frﬁﬁSlhﬂﬁggaﬂﬁfbsﬁgg‘?g%l{‘ and/or

und. Actcording to yet another embodiment, there’is prov
PKghanttvatientical composition for inducing or accelerating a healing

process i3 dapaged;siin gnsidn, woung., the; pharmaceutical tical
comSSiOn Copring: as ik AVa ofeient o 0 ReiapedbEafy s
coreffegtive &maouhtcofgnsuliccehiriensgt oheadiddiponalsagént datingeihsisynarglyin
woli the nsulin, and a phamacenically acceptable catier being designe

for ’toplcali’ aaﬁ.f)l?lcatlon of the Bﬂarmaceulﬁgallsccﬁhposi%n. g ’
therapeutically effective amount of at least one agent for modulating PKC production
and/or activity; and a pharmaceutically acceptable carrier.

According to still another embodiment, there is provided a method of inducing
or accelerating a healing process of a damaged skin or skin wound, the method
comprising the step of administering to the damaged skin or skin wound a
therapeutically effective amount of insulin and at least one additional agent acting in
synergy with the insulin, so as to induce or accelerate the healing process of the
damaged skin or skin wound.

According to yet another embodiment, there is provided a pharmaceutical
composition for inducing or accelerating a healing process of a damaged skin or skin
wound, the pharmaceutical composition comprising, as an active ingredient, a
therapeutically effective amount of insulin, at least one additional agent acting in

synergy with the insulin, and a pharmaceutically acceptable carrier being designed for

topical application of the pharmaceutical composition,



6a According to still another embodiment, there is provided a method of
inducing or accelerating a healing process of a damaged skin or skin
wound, the method comprising the step of administering to the damaged
skin or skin wound a single dose 5 of a therapeutically effective amount of
insulin, thereby inducing or accelerg{jng the healing process of the
damaged skin or skin wound. 7 According to an additional embodiment,
there is provided a pharmaceutical composition for inducing or
accefarctidga feedllhgnotbeesmbddidemhabed skiprovidkin wothod, dhmducing

. or p%@é@:% nu“galllg méosﬂ“c?é‘ SAPRM Lr}x?a ag? asrllq%cg\xlesi(qar%(yten%; a%hsemz%ghod
GSe-unit of insulin selbote capa%le AT ucing or accelerating’the
comgabing pho cégs df Sithieidemagedibkidaatagkih skoundslandvaund a single dose
pharmaceutically acceptable carrier. being designed for. topical applicatio
o B e e PR EBAON, ReLDal R o A GHRe S CR e
hedliage is provigded a oethodief indukingged acceldrating@ heakikih processnd.
of an old skin wound, the method comprising the step of administering to
the old skin wound a single dose of a therapeutically effective 10 amount
of insulin, thereby inducing or accelerating the healing process of the old
skin wound. According to still another embodiment, there is provided a
method of inducing or accelerating a healing process of a damaged skin
or skin wound, the method comprising the step of implanting into the
damaged skin or skin wound a 15 therapeutically effective amount of
insulin secreting cells, so as to induce or accelerate the healing process
of the damaged skin or skin wound. According to yet another embodiment,
there is provided a pharmaceutical composition for inducing or
accelerating a healing process of a damaged skin or skin wound, the
pharmaceutical composition comprising, as an active ingredient, insulin 20
secreting cells, and a pharmaceutically acceptable carrier being designed
for topical application of the pharmaceutical composition. According to an
additional embodiment, there is provided a method of inducing or
accelerating a healing process of a damaged skin or skin wound, the
method comprising the step of transforming cells of the damaged skin or
skin wound 25 to produce and secrete insulin, so as to induce or
accelerate the healing process of the



16

15

20

25

30

damaged skin or skin wound. According to yet an additional embodiment,
there is provided a pharmaceutical composition for inducing or
accelerating a healing process of a damaged skin or skin wound, the
pharmaceutical composition comprising, as an active ingredient, a nucleic
30 acid construct being designed for transforming cells of the damaged

skin Qe&kininWeyng) tJaradHae AshaRGEREE Sy BRAAed a pharmaceutical

pharmaceutically 8 acceptable carrier being designed for topical

compphiciiofPbindcplgaprrrsslretngakisdisig ononse oroindproagt akin or skin

Wo%qg!tit‘ﬂ@ _1&%&%@@8&1%3?&%84&85%&5 igiﬂg,e%ogl%fc EQfgl‘lﬁ%ggfé t. a single
accelerating a healing process of a damaged skin or sf«n woun ,trhe 5
dospathibd Cosbirisisigated stppta¢ whistormings celtsloftine daeragbugskiness of
thesﬁlﬁﬁvg%wgﬁ% Ryeduse %&Gg&e'&'é'%asia%ng&aééﬁ;'”%‘éce L ACCSleNale ing
edli of ¥ R und Ree

the ng process of the "damaged skin or skin'w ording'to a
dedignhe femimchhvppijthisoe i groyidechacphtarahacsyiisiaionomposition for
induging or.accelerating,a healing.process of a damaged skin,or.skin 10 .
woutT i S CONRUBER TR D) A i O indeing
or ingrdeligtivig aa rheclene aeistesnsfruntdidiskitesigndd tar inatisforcoingristls the
of the damaged skin, or skin wound to ptoduce a protein kinase C, and a .
s HRRBUIEENS LB s ETRBPD RGeS FOP e e e
amduthe phathactutital ernpagito Acdtearein ehtotskilliacfuriaess of the old skin
embpodiment, there is provided a method of 15 inducing or accelerating a
WOHBSiing process of a damaged skin or skin wound, the method comprising

the stepopfiiadrinisteingrer harbImage diskini9nakinda@tRtkthod of inducing
therapeutically effective amount of PKC activator, so as to induce or

or Zeceleiiiag e Rl P PETEsSTof tHaBREFAGEHSRIN BESKIPWkrige method

coﬁﬁﬁ@fﬁ’é“gﬂé_’ areflll sefubhanambodimentetheddsdrowisledR skin wound a
pharmaceutical 20 composition of inducing or accelerating a healing

thesppeically sifksivea ek Jrisgpinsseistngreihatfgdedndage or accelerate

theRMPQSHIRRLOMRYIS g AS AN IBRIINEINg edigat. a therapeutically
effective amount of PKC activator, so as to induce or accelerate the

healm@cp?di@éséoowhea@@hfag@a@éﬁrmnékm%dﬁ Premideth acdepeedsieatical
coll %méﬁ%fiﬁ?&uiéﬁ{g%- AR RGNS R AP GELDBPIIMENL 8ISy skin

provided a method of inducing or
wound, the pharmaceutical composition comprising, as an active ingredient, insulin

secreting cells, and a pharmaceutically acceptable carrier being designed for topical
applic'ation of the pharmaceutical composition.

According to an additional embodiment, there is provided a method of
inducing or accelerating a healing process of a damaged skin or skin wound, the
method comprising the step of transforming cells of the damaged skin or skin wound
to produce and secrete insulin, so as to induce or accelerate the healing process of the
damaged skin or skin wound.

According to yet an additional embodiment, there is provided a pharmaceutical
composition for inducing or accelerating a healing process of a damaged skin or skin
wound, the pharmaceutical composition comprising, as an active ingredient, a nucleic
acid construct being designed for transforming cells of the damaged skin or skin

wound to produce and secrete insulin, and a pharmaceutically
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accelerating a healing process of a damaged skin or skin wound, the
method comprising the step of administering to the damaged skin or skin
wound a therapeutically effective amount of copolymer-1. According to
yet another embodiment, there is provided a pharmaceutical 30
composition for inducing or accelegating a healing process of a damaged
acH Ok SKiRr Yo Bathathe- BRALM LR UHGALSP RRORIABR L BP S NohAS A utical
active 9 ingredient, a therapeutically effective amount of copolymer-1 and
commmdiftaceutically acceptable carrier being designed for topical
applicatianal e Ahpunagauisal SAmBaRtan. AeeoHa A A0HERNR of
embodiment,there is provided a pharmaceutical 5 composition for
indnelnging ocertexiengtindechnalipymocessofagatagied skirsidnskiound, the
n . I ti itio mprising. as an agtive. , .
D B ST G ki woung
to phahmacautitaiykaceefiableactrrindizing aesigred for teploa appksatidithe
da&%t%ﬁﬁggrgwg %u‘thi]%%lngomposition. According to yet an additional
enbo |men{, ere 1S provided a method of 10 inducing or accelerating a
healiageprdegssofa flathagethbkifimeskinharunisl, phevidedthodbireiuategtical
modulating expression and/or activity.of at least one PK isofor(rjn in .
CORETHIAPRERY LSRRG P SISIRaNLA LR Biasioaha, 4mpesd skin or skin
woadtitistphingntedigcdemmposaiisnacthieraiiigl calhheitaot iagodainl ohatieic
least one additional agent selected from the group consisting of a . )
S RIS BORIHIEISH S OB e S AR 1 S SVBeer sk
woltith thernndylatingexession andl arpeivibeaitbaIP ke dpaidendfier being
thereby induce or accelerate the healing process of the damaged skin or

desigped.iiapiRE BRI 88 A HEFERASSHIFROMRIE i Brovided a
pharmaceatizat ComNosiieRHEr NAVGIRE Gt acerleraling 3 N8aliNg RIQREESor

of a damaged skin or skin 20 wound, the pharmaceutical composition

IndHeIRgiAg AeHABRR @ b Atosetheapineagsderaatior drtbiriugda the
methbEnapHonp afuidting expressienior Activation Al Basten&RKfound 2

isoform and at least one additional agent selected from the group
thegaprsaayor ZepdYhane vatpbWihGaatby Haradipakiite IFNGPRACHapid the

hee%i GR-a0draRnarmacawisally ageepiagle carrier. 25 According to

rther features in preferred embodiments, the wound is selected from the
group wsondisgrig afstiH alferthardiatedisrsiatddry duneadedra phasoradsutival

coﬁgosition of inducing or accelerating a healing process of a damaged skin or skin
wound, the pharmaceutical composition comprising, as an active ingredient, a
therapeutically effective amount of PKC activator, so as to induce or accelerate the
healing process of the damaged skin or skin wound, and an acceptable pharmaceutical
carrier.

According to another embodiment, there is provided a method of inducing or
accelerating a healing process of a damaged skin or skin wound, the method
comprising the step of administering to the damaged skin or skin wound a
therapeutically effective amount of copolymer-1.

According to yet another embodiment, there is provided a pharmaceutical
composition for inducing or accelerating a healing process of a damaged skin or skin

wound, the pharmaceutical composition comprising, as an active
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aging skin wound, a corneal ulceration wound, an inflammatory
gastrointestinal tract disease wound, a bowel inflammatory disease
wound, a Crohn's disease wound, an ulcerative colitis, a hemorrhoid, an
epidermolysis bulosa wound, a skin blistering 30 wound, a psoriasis
wound, saborehic dermatitis woungd an animal skin wound, an animal

ingflaReHCINALIAM e RHEIROBRBY L WAHR GRS uUngLmueRsiiSkedtically

vaglnal mucositis wound, a gum disease wound, a laceration, a surgical
accipiipdibn grstieg Bpida é@@ggmlgi&al sepiesis a@ahﬁ@mcé&”rdm‘g phagmpaceutical
corfliibgifeatures in the described preferred embodiments the ulcer is a
labetic ulcer, a pressure ulcer, a venous ulcer, a gastric ulcer and an HIV

5 relét@drdmertm@noadmgqmémmmeféam@s in the déstrbpprefautchl
corﬁrﬁaﬁﬂ H‘Fd}tf’nﬂ(}?c erre @rgﬁ%ents tﬁg Gosding go 5‘&%&%@ [8RWISRin

escribe insulin is of a naftural source.
wom@dAdd:mrdvhgrmasﬁuﬁumthemﬁgmmamlmﬂmpﬂsswbed prefected: mgrediem, a
emb ent additional agent latele derlved
the%gcor 0 gY %ft?ﬂ%furtﬁmroe?(%g o%ol&mg 4 & 4 Br gt 1\9{( %g dacce %abie

to st atures ESC e

cartive tediditimaageit m;adﬁl@;ﬁmahﬂmtof thecpbadimg:¢attil éurﬁpﬂsi‘e«atu res -

in the des rlbed preferr mbo imen ts,. 15 ad nlsterl ected :
SR AP ERonY b LT SRR P R A oo of
indpne[igrr@deemﬁmdtmgrﬁslﬁaﬁnglqmﬂ@mwwmd &arahgeasmardaywiﬁi wound, the

According. to still further features in the described prefe red emb
mehad; e i {HﬁweéSﬁ%gé}ﬂPa%‘?f WA HBhTD MR PR Sotorm

in AeaodiagdestihiAdunhasdieatyesin dhelgesosibed @ﬁﬁf@ﬁﬁﬁﬁns‘termg to the

embodiments the dose-unijt of insulinis 0,001 to 5 nM in 0.01 - ml of

deffﬁ@l SRHs A deaReutcali sotibve 2neBripitdeesh qaﬁﬁ%ﬁilf%@%ﬂm fhlected
frofesRibed prefanes e oodiments the,0aae Qs Uinsi Farginopikers RRAEK

to 0.5nM in 0.01 - 0.2 ml of the pharmaceutlcal composition. 25

andpEWRGPY o dtithfuraedfeiing resdietren asdivs ey hritepicte Ribbdisatn to
thelB6y RRRIFRAGELHICRLERMAORLAN S RelRS e TR HRR LA WR CORSISIN % Blind.

an aqueous

According to a further embodiment, there is provided a pharmaceutical
composition for inducing or accelerating a healing process of a damaged skin or skin
wound, the pharmaceutical composition including, as an active ingredient, a
therapeutically effective amount of a substance for modulating expression or
activation of at least one PKC isoform and at least one additional agent selected from
the group consisting of a hormone, a growth factor an adipokine, PKC6 RACK and
GW9662 and a pharmaceutically acceptable carrier.

According to further features in preferred embodiments, the wound is seiected
from the group consisting of an ulcer, a diabetes related wound, a burn, a sun burn, an
aging skin wound, a corneal ulceration wound, an inflammatory gastrointestinal tract
disease wound, a bowel inflammatory disease wound, a Crohn's disease wound, an
ulcerative colitis, a hemorrhoid, an epidermolysis bulosa wound, a skin blistering
wound, a psoriasis wound, saborehic dermatitis wound an animal skin wound, an

animal diabetic wound, a retinopathy
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solution, a gel, a cream, a paste, a lotion, a spray, a suspension, a
powder, a dispersion, a salve and an ointment. According to still further
features in the described preferred embodiments the 30 pharmaceutical
composition includes a solid support. According to still further features in
the described preferred embodimegts the cells are transformed to

wolFRIUES ANl ey |4 @gﬁ@gﬁ&@mﬁ@'wﬁmﬁrafgﬁ}g 168 ENGound,

described preferred embodiments the cells are transformed by a

a laecsatiomina RN LadipemMe YRe ETd enei salgicatedbesisavourdcerete
natugl insiip 1o chardirade sill furtherieaiuses }‘fﬂﬁ%&ﬂ?ﬁ%ﬁiﬁf&ﬁ?ﬂw

embodiments the 5 cells are transformed by a cis-acting element

ulegedueriebirite ghatedapssaamulsaana oisdoge ntags. ingaitrigadecofiibape gV
reigtgﬁl%ﬁpc%%gfore the cells produce and secrete natural insulin. According to
still further features in the described preferred embodiments the insulin
secrétingr deltstarstithpabier dédomeing Secretmnybgiopuies ciCcmbodidiea tahe

. s}ill further f%latur?s in the described preferred embodiments the insulin
INSULI 1S TeCOM DINAnL, . . . .
secreting cells aré endocrine cells. According to still further features in the

deschileddimeferrei ichntodifentsdhie thesdéircdbedetirteaeldscarbodiments the
._human source. According to still further features in the described preferred
NS lgé)lrr?‘e%at%sufﬁlesoigcﬁisulin secreting cells are of a histocompatibility

humaoizedianimalisofiick:rAeemiding thstdtdunbher feaiires inhwliments the

dcﬁescri}l;)ed refe&rfd fmr%)dim nts the insulin secreting cells secrete
ARG AR 2R S T SR f&tures in the described preferred

embadinams thestinsukihseRialing eetbadesoHtRogeeBeellendddiments the
According to still further features in the described preferred embodiments

addjfiongbpgsard sa ke HBRbIF-group consisting of fibroblasts, epithelial
ce"s&@grdsﬁgs@@%meﬁuéﬁwame@ StilHuriacs isauesin e Jeseiheds

preferred embodiments the cells are transformed to produce a protein
adippderoaiasEespubby dctivate papiirati®Rherefore the cells produce natural

prOtngC%%ﬁg {o-still further features in the described preferred embodiments the
old skin wound is at least 2 days old.

According to still further features in the described preferred embodiments the
insulin has an mnsulin concentration ranging from 0.1uM to 10uM. According to still
further features in the described preferred embodiments the dose-unit of insulin is
0.001 to 5 nM in 0.01 — 0.2 ml of the pharmaceutical composition.

According to still further features in the described preferred embodiments the
dose of insulin is ranging from 0.01 to 0.5 nM in 0.01 — 0.2 ml of the pharmaceutical
composition.

According to still further features in the described preferred embodiments the
pharmaceutical composition is selecied from the group consisting of an aqueous
solution, a gel, a cream, a paste, a lotion, a spray, a suspension, a powder, a
dispersion, a salve and an ointment.

According to still further features in the described preferred embodiments the
pharmaceutical composition includes a solid support.

According to still further features in the described preferred embodiments the

cells are transformed to produce and secrete insulin.
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According to still further features in the described preferred embodiments
the cells are transformed by a cis-acting element sequence integrated
upstream to an endogenous protein kinase C of the cells and therefore

the cells produce natural protein kinase C. 30 According to still further
features in the described preferred ehhbodiments the cells are
transformetiryy/ta setofmbinaftgrotsimkinadesGriped el b cefbreliinents the

ells_produce recombinant protejn kigase C. 12 Accqrding to still further
o e B S BT BT ariL Ot Rl ano
sesgdeatethfabmstliengroup consisting of PKC-(3l, PKC-(32, PKC-y, PKC-6,
PKC-X, and PKC-r.. According to still.further features in the described
prefe"r&r(((ia‘fﬁ)Iéglrlnnﬁo8ir?"fﬁ%s’lﬁkl r %ﬁ?&%ﬁﬁ%ﬁgég@f iﬁeﬂég &d o?ﬂ”l’r‘i’éhﬁ?‘alﬁfﬁ the
cetionsistinghofoRKéd-dyPK CiSadtif € -l e B anreh RKatdarAegorgigithstil an
further features in the described preferred embodiments the copolymer-1
e ST B SUCEl SOMbLTOI o Mheiri Bopcar ond socrte
na@ppligaioin, 10 According to still further features in the described preferred
embodiments the PKC isoform is selected from the group consisting of

PKCACIREEopIE wrihar fesieres 1 the Assghsdareiiwedr qmbersachis the

ingtaﬁrplme&be&,dc@mf@fm@meQﬁimﬁmﬁgﬂg@cﬂeﬁwgﬂ@iﬁéﬁsuIin- 15
According to still further features in the described preferred embodiments

the GroWiNIREiorLbaEhedtwemE dhsulsrsisdmmgiomad smkpdinagnis the
insUNFT 8ecAveeRrdéng Seestillibarthercigatures in the described preferred

embodiments the adipokine is adipsin or adiponectin. The embodiments

disclOSEaTABISIte At (BIabeIréSuris Shditcommidsdpmterzg srabedinyents the

inm%&%ﬂ@ggﬁg%@&;}y&@ﬁ%@@gﬁggy therapeutics to combat damaged
skin or skin wounds. BRIEF DESCRIPTION OF THE DRAWINGS The

inverftigseisingreintdederibediesiwayrofedenpiduhly it sfotanimeots the
m&é}iﬁ@%&sﬁﬁgmgywoqrgmmg&a{wnbiﬁgﬁﬁlﬁﬁgﬁﬂsa*8&&%5%}&?

drawings indetall, it
According to still further features in the described preferred embodiments the

insulin secreting cells secrete human insulin.

According to still further features in the described preferred embodiments the
insulin secreting cells are autologous cells.

According to still further features in the described preferred embodiments the
cells are selected from the group consisting of fibroblasts, epithelial cells and
keratinocytes.

According to still further features in the described preferred embodiments the
cells are transformed to produce a protein kinase C transcription activator and
therefore the cells produce natural protein kinase C.

According to still further features in the described preferred embodiments the
cells are transformed by a cis-acting element sequence integrated upstream to an
endogenous protein kinase C of the cells and therefore the cells produce natural
protein kinase C.

According to still further features in the described preferred embodiments the
cells are transformed by a recombinant protein kinase C gene and therefore the cells

produce recombinant protein kinase C.
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is stressed that the particulars shown are by way of example and for
purposes of illustrative discussion of the preferred embodiments of the
present invention only, and are presented in the cause of providing what
is believed to be the most useful and readily understood description of the
principles and conceptual aspects;ef the 30 invention. In this regard, no

attergpLis mads gqiﬁ*}%wh%&%u{?ésqﬁtﬂi@&gsﬁ}gﬁ%? '%d”efﬂﬁ’&ﬁiﬁl%ﬁ%' the

than is necessary for a fundamental understanding of the 13 invention,

prateendesesiplors tsitertadithictnete apaingscmaldtigaapp Bfedit o, t(RE<E BRIl R ARy,
e.a the al forms of the invention maybe embodied in

Pﬁp}éﬁdt%ﬁ@%’tﬁ%@%ﬁﬁgs: FIG. 1 demonstrates effective over-expression

of PiCcinaiapms siilizinghs reaniinaticadenavwsdpuaetas dualbPanetis the

four day old primary keratinocytes were infected for 1 hour utilizing (3-gal
ProjfiEntiiies Y hotlectellolinmy Threetm, eanssiare ofiddtiland B& idPRGH
PkZglapiesidage protein was quantified by the induction of blue color

reaction in comparison to uninfected keratinocytes. Right panel: four day

old PréaeaNReaEAB ko Ereiurie dieddcicscnbed pntikmgdcodmimants the
i _specifi C.ad ' I rs,| retei f
o i o e A B et FiE Wl
appiiesdiem blot analysis and samples were analyzed using isoform specific
anti- antibodi ' in.th amples section below. FIG. 2
hon B Al e TR 8 BB R e
PKdvesedopressadePi<C fsaforns gfoapr aayisdth primh Rk (keral KACReBRE@I& and
p infected for 1 hour with isoform specific recombinant PKC adenoviruses.
venty four hours following infection, cells were either untreated (C) or
stimuladehiwithdryioistatifdr (Bhuess30 mingtesiphdl fraripnpach ISR the
samples were subjected to Western blotting and analyzed using isoform
hogpanss BsHiBKC antibodies. 20 FIG. 3 shows that over-expressed PKC

isofokene ke 2ESIRIINthel Mg M E QUi AR Al BEMAI Y mbodiments the
keratinocytes were infected for 1 hour with isofonn “specific recombinant

sropiciadenvirlase! Bryntdereromrsfotisinag iffe6isd @endijdtes from
uninfecisisantaeladfo 0t RKGISROMIS. A SXRIEI00 £H5 (e

were immunoprecipitated using isoform specific anti-PKC antibodies.
adippkiemhspdpipitacativenedimbjected to PKC activity assay as described in

the The embodiments disclosed herein aim to address the shortcomings of the
presently known configurations by providing new therapeutics to combat damaged

skin or skin wounds,

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with reference to
the accompanying drawings. With specific reference now fo the drawings in detail, it
is stressed that the particulars shown are by way of example and for purposes of
illustrative discussion of the preferred embodiments of the present invention only, and
are presented in the cause of providing what is believed to be the most useful and
readily understood description of the principles and conceptual aspects of the
invention. In this regard, no attempt is made to show structural details of the

invention in more detail than is necessary for a fundamental understanding of the
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Examples section that follows. FIG. 4 demonstrates that over-expression
of specific PKC isofonns induces distinct morphologic changes in primary
keratinocytes. Primary keratinocytes were either left untreated (C) or
infected with recombinant PKC a, 6, r) or ~ adenoviruses. 30 Twenty four
hours later, cultures were observed by bright field microscopy and
inghotograph ddstxigdntdkéd @i showawistinehiatstizpiion@iio those skilled in
over-expressed PKC isoforms in infected primary keratinocytes, Primary
L AT E‘i%&éﬂ“%%ﬁ%“@%‘%%%ﬁg@%ﬁaé’é PESHitifes were
eithelwtteahtadqrstnfected with different recombinant PKC adenoviruses.
Twengéog{]r[%lf@rs foIIowin%fi fection, cells were fixed, washed and5 .
air-driedt” CulftifBSRHEAECANAZEY by HifTiREHESR steridtusigaeBomilizing
respediicanitdiiGrantbadies, feloped biolt aycorl yomias SRERE M es were

antibodies. Cells were scanned by confocal microscopy and

infepie R riniilzing B-groidgrapies 4B koves delipsnsedndection. pREG were
RIS SRAGHIT A PR e IIAIRIARLSH NG W EXRIGSR I - HE ﬂ%ﬁ&lgn of blue

primary mouse skin keratinocytes were untreated or infected 10 wit
CCHHRIC S, PRORTHNAR OSiésseddismittadsteovifisdy. irody &ghtday old

p@%ﬂg P&%ﬁ% '9%&@{11‘%&5'@%89 li fﬁ }igﬂﬁﬂ%jfsc%%%%%&tﬁofonn specific

PAGE eléctrophoresis, transferred to nitroCellulose filters,
Pikhmadesbiatusdswit T amtitaciamd aotis 34tantibodties afidiacatydethdy BEGIL non
infdSed SNRNP A AELQRIERION S EN ft WAOSEL IS BMICER and samples

eratinocyte proliferation. Five day old primary mouse ski
whkaratimdyitds wware istfeatedpiciinfe ot Midh RKOSIRKCa, BKGiter in the

EPKC recotmbiQaInt adenoviruses. Forty eight hours post infection cell
xaml €S SCCLION DeIOW, e . .
proliteration was andlyzed by 3H-thymidine incorporation for 1 hour as

desciithed i experitheni orectduties. Resujissattmplesahied amagovgisn, of

in compari th ?g% alactosjdase.infected keratinocytes. Values are
VTSNt §§%9ﬁ§82 %f&éﬂrafiaw&wﬂﬁmoa%%mm gigd or 1
heepavigie iexfefmed it B ebmansirrtes dhenb¥ikidsfoMgenty four hours

ver-expression eff%:ts on hemidesmosomal localization of the a6(34

follasdna MBPeHAR K AVBe A RE s (- bir simmared wilbmygiian 1 (B)

fos|inemanetkesal TReYISHaWHIr s MaresaaiaRer iRl et &rie WY flotting
48 hours. Fojlowin%that period of time, cultures were left untreated 25 (A),

and apsbediting BRISENSRESH! e B pritbadigtombinant adenoviruses

(B-EFIG. 3 shows that over-expressed PKC isoforms are active in their native
form. Four day old primary keratinocytes were infected for 1 hour with isoform
specific recombinant PKC adenoviruses. Eighteen hours following infection, cell
lysates from uninfected control cells (C) and PKC isoforms over-expressing cells
(OE) were immunoprecipitated using isoform specific anti-PKC antibodies.
Immunoprecipitates were subjected to PKC activity assay as described in the
Examples section that follows.

FIG. 4 demonstrates that over-expression of specific PKC isoforms induces
distinct morphologic changes in primary keratinocytes. Primary keratinocytes were
either left untreated (C) or infected with recombinant PKC «, 8, ny or £ adenoviruses,
Twenty four hours later, cultures were observed by bright field microscopy and

photographed (x 20).
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respectively). Twenty four hours post infection, keratinocytes were fixed
with 4 % paraformaldehyde followed by mild extraction with 0.2 %
Triton-X-100, washed in PBS and air dried as described in the
experimental procedures. Cultures were subjected to
immunofluorescenee analysis utilizingtisoform specific anti-a6 30

antiboties; thdowelsbydt [HCakenjogaledeecaniaRs@PROGieF@ss in infected
described in egj(tperimental procedures. 15 FIGS. 9A-B shows that

PIEYEN KBNS B C S BT PREETNTIES REFAtHEeUABURIR eht 9 Gtrelass

slid -Pamanekeratinesitesunesetedtheriypiseatad (Cardniectetomiiant PKC
recombinant PKC a, S, rl or ~ adenoviruses. Cell attachment was

adgpaKInISg Sy 4 LRI MBS U EMRY HrgcRiBrti By GRiGYRES dénedappshed and

aiFRRIBENT MR OR dRAIHN v 6O BE ThIRDR S RI &R ISHE RIFSRAIE @8 ¢ anti-
__protein concentration mg/diz?é)%of the attached cells. (B) -Primary

Pheribegies vielleenhdnufitEatsaesdrdnrseradaatideestifsinahelgere
scAnedbQlcoeen %Yi’&l?s%%lpg:ﬁﬂcﬂf‘eﬁ%‘égéﬂw EIG %lvgggh%‘}o IRed.

following infection, by collecting the detached floating cells in the culture

medifif- @éi%@&ﬁf@f&ﬁetb?é@é?ﬁeéﬁ(a’@métém@ﬁﬁ@%ht@idntm@/ﬁlﬂsh’»ﬂ@igrin
exﬂ%ﬁﬁtﬁcm olﬁ%ﬁﬁr}%gﬁ@%r%?% LGS Lﬁ{‘fp@rﬁ%ﬁeoq %fﬁcted

actively proliferating keratiriocytes. Primary keratinocytes were plate
witniiKing-BE4te dPdl 655 wliBES L Foroymbigiah hadmsofoltesvingFpkagiegeht hours post

._keratinocytes were incupated with BrdU ,soluti f rfollawed ,
i B R o SN S oresis
treafibogies asrdedtrlbadfittdhe inxaohplasisertion hatl fallexmsakiefig wamBodies

5 scann rg t()g Cé(r)nfocal microscopy and representative fields were
é?ﬁfg ed" FtG. 11 demonstrates that PKCr1 induces, while PKCil

mutapieduarsys keratReYepREliTaliopK Prmary pkio Kalinacyistinocyte
were infected for 1 hour with recombinant PKC1I or a dominant negative

ProffEaRHST PREY (BRIPICRIBRPKIOIN kit ditsuiasseFoitycelghteated or
infIQWS ROS! iﬁ{%‘%ﬁ Presl! Pf@i@?Eﬁ“?ﬁ&@%&%‘%%%%’dén%@iﬁ%%. ﬁ g{ty eight

3H-thymidine incorporation as described in the Examples section t
hoferisawst 1Resin eald paderteonas aspmibiized Bontiehyninfectéwtegltsation for
1 l’fdgrs 6%5%%:[19 %gﬁé&%ﬁpﬁg&i&g d %NSP lﬁsc gx'ljeovgg-%)t(gc{ essclor%'dish, in

specifically regulate ocalization and ceflular morpho ogy. rlrﬁary
cosigrarikenatin doy tpeulece sidestent fandd hiosrativiteyes o nbinasst K Grkemaed as

inant 2 tive mutant of PKC1 (PKC DNrl) adenoviruses. Fort
m(g%% %? 1&?31582%?%%&% t’r%ﬁcate (I'l<et mgmatclzonsl\in)S separa\t/é g}%perlmentg.

FIG. 8 demonstrates the PKC isoforms over-expression effects on
hemidesmosomal localization of the a6P4 integrin. Primary keratinocytes were plated
on laminin 5 coated glass slides and keratinocyte cultures were maintained in low
Ca®" MEM for 48 hours. Following that period of time, cultures were left untreated
(A), or infected with PKCa, PKCS, PKCn or PKCC recombinant adenoviruses (B-E,
respectively). Twenty four hours post infection, keratinocytes were fixed with 4 %
paraformaldehyde followed by mild extraction with 0.2 % Triton-X-100, Waéhed in
PBS and air dried as described in the experimental procedures. Cultures were
subjected to immunofluorescence analysis utilizing isoform specific anti-a6
antibodies, followed by FITC conjugated secondary antibodies, as described in

experimental procedures.
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keratinocytes were fixed and subjected to (A) bright field photography (x

20) and (B) immunofluorescence analysis utilizing PKCil specific

antibodies followed by FITC conjugated secondary antibodies as

described in experimental procedures. Control- uninfected cells. 30 FIGs.

13A-B show that inhibition of PKC1I éxpression induces keratinocyte

differengiation B phokierafing aralipasytasP RUMan SKICCKeadinQCKtestinocyte
e either maintzag}ed proliferating in low Ca2+ medium or differentiated

we ] .
ISRYPTEUI HE2+ 100 2P BH AR IRACHESRES K EIhEh JRYecdfe or infected
witifaetesiohAROPK with RGombinantRKGLGY aCEnHNRRLRADAINE AN 24

of PKCil (PKC DNil) adenoviruses. Twenty four hours after infection,

Afiheetd lsrgiinichnintinéding |9 celbs anbarmtating taemien aaatiix
cdadifferprtiatingmedive £eniAlNNg. 9 12 M{E&a&m@ﬁ@&i@,ﬂd&é&ﬂﬁd@ﬁaﬁf the

hours. Forty eight hours after infection, kératinocytes were extracted an

Bt to EDSIMTE Igarinores yryanidhikeraincates) Cxreindisted with
rex@ﬁbqﬂalm@cb&,\@eﬁt&f DIRIINGRFISG- é‘ndgéﬁ%ﬂgiié E%P%ﬁé?&géﬂz@ hours

vivo expression of PKCrl énhances the” formation of granulation’tissue
follaw mec eéeeties. vioumd! besalin ghin deigchinkBoanial ICelioimds: Yhiote skedium.
ncisio created.on the back of hude mice.. Topical
e T L B D et b
appli¢dcat 16 adehvdafolowinbavatindngisVbgliesidd ilounds veredibtiderining

4 % parafonpaldehyde and skin sections were analyzed histologically by,
R o SRR MG DEED P EL. B HBNAS, oo gasides.
Fdrt eldhdesuansitaiemihplatney it fidagtdSivdrs pesibieally widutR8U solution

translocation of PKCS in proliferating keratinocytes. Primary keratinocytes

foqd RO RO St M R RSTEREF AHEEHHIE SO 4o tffad) and anti

BiolowsRIQifesating alg%r@s@ﬁ%mtﬁﬁtmmgjm@ya@ﬁoﬁﬁﬁs\f%qmind@l% were

Ca2+ medium (0.05 mM) until they reached 80 % confluency. Cells were
scafipsd Atetriivsal ovicxpsropynd ARyrSFentet o e derar¢idejgerapbed.

minuieg; Ce|ls e YSRG: ?ﬁa@%ﬁ@?%ﬁﬂ&@%ﬂ@ﬁﬁ@@%@eﬂ?&t reduces,

cytosol extracts of stimulated and contro unstimulated (Con S were
kosafivjocidel poo FEISHPAGEriamt ytrekisfder Biotsywes evprotietbotith Spetificur with

RS0 B G RS TN B
adenoviruses. Forty eight hours post infection, cell proliferation was analyzed by 1-
hour SH-thymidine incorporation as described in the Examples section that follows.
Results are presented as cpm/dish. Control-uninfected cells.

FiGs. 12A-B demonstrate that PKCv and DNPKCn over-expressions
specifically regulate PKC localization and cellular morphology. Primary skin
keratinocytes were infected for 1 hour with recombinant PKCn or a dominant
negative mutant of PKCr (PKC DNw) adenoviruses. Forty eight hours post infection,
keratinocytes were fixed and subjected to (A) bright field photography (x 20) and (B)
immunofluorescence analysis utilizing PKCn specific antibodies followed by FITC
conjugated secondary antibodies as described in experimental procedures. Control-
uninfected cells.

FIGs. 13A-B show that inhibition of PKCn expression induces keratinocyte
differentiation in proliferating keratinocytes. Primary skin keratinocytes were either

maintained proliferating in low Ca®* medium or differentiated in 6.12 mM Ca®* for 24
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25 PKCS activity, five-day keratinocyte cultures were stimulated with 10-7

M insulin (Ins) or 10-8 M IGF1 (IGF) for the designated times (1, 15, or 30

minutes). PKCS was immunoprecipitated from membrane (blue bars,

mem) and cytosol (purple bars, cyto) fractions using specific anti-PKCS

antibody. PKCS immunoprecipitates ¥fere analyzed for PKC activity
haitilizing asalfieyjkerkinresiassayaaidend foed ibatexpesrveniaknt PKCryor a

procedures. Each bar represents the mean SE of 3 determinations in 3

dargpanii o ARt A ST i irdddin adpmsrasep/digkmhinfory hours
affeiGnfbédoB, shovnthatyRsulinand el haveamaddiivesifeehion medium or

keratinoctyte proliferation. Proliferating keratinocytes werge maintained for
traRal th dlrretisting,awdivmeosamNne pdreYrEach &y gp ggditional 24
h&QE‘.fW%E‘f%]eei@l\} FivesOai: keratinpe e syl ras WetR: %%@&ﬁ?é@é&%@l@aéjwed to

hours with insulin or IGFI at the 5 designated concentrations. (B) In

SarBid ik ersindeftasive radieratinet] (AheIpraaptnsadiniihg)cdny Western
inggasing doses of IGFI (IGF). At each concentration the right column
(striped bar) represents proliferation observed when both hormones were
addellfdgéthéenTthetefeh diati¢oportiates thexyepaiate dfiRECof &6hZnvks the

foinsg[gig (rg:'{d bgnr@aggd igscsl;leeasin(g con er;lttrations oJI Fl.(gra bar?sg.. s onal
1flﬁymlrdinei corporaﬁon Was 10 measured as deseritéd elxp@lll efitaprona
wpnaded Wesld Hdrdsnits stdionarecreprasehtative dhokexparduerits. Eaglical

bar represents the mean SE of 3 determinations expressed. as percent
SPRHGHROR rs?%fﬁ%iiﬁ}gﬁhé’ﬁ?é}awﬁ?olé&‘ég HIBROVIBA WUERSHFafedpRlicd at

1Pvaiexpressiwahsecambinant PRERUeNM U GRSy KBradinacyte o,
cultures were infected utilizing recombinant adenovirus 15 constructs

PacRidEmGhiAa FisioReseiaRrBRE Syalvnerpiotnesal byl iaiping and

bréigminanhneaRiye P HCI miant (BNRKESY. (A) Following infection, cells

were cultured for 24 hours, harvested, and 20 g of protein extracts were

analy2&# by S wissrenstisising elsingsypacifftantiob KIEE br siegifikatls  induces
trARIRQRIGS- JNBItRIS; PRSERIGH: eﬁ&a{ﬁ%%gl{@éiveﬁhﬁamg@&oc es were

experiments. (B) Twenty four hours 20 following infection; cells wer
istlatedsted plated KOdesrPRES ithenBroprdeipitates Watefelahmtdt difonating

e
regaisidie lesprissing. WERK @6 ¢daikulitie vath) 1dr DNREKGE:(glashad 0 ° M
Ilel*l &J%IP}%I‘)S ovfl?ge_ngrigg%gsq f&ra} s4\pe?'g Ii?/svgtif,ha% %égcl}qbed, and 20 pg of membrane or
cytosol extracts of stimulated and control unstimulated (Cont) cells were subjected to
SDS-PAGE and transfer. Blots were probed with specific polyclonal antibodies to
each PKC isoform.

FIG. 16 shows that insulin but not IGF1 induces PKC3 activity. To determine
PKCS activity, five-day keratinocyte cultures were stimulated with 10'7 M msulin
(Ins) or 20'8 M IGF1 (IGF) for the designated times (1, 15, or 30 minutes). PKC8
was immunoprecipitated from membrane (blue bars, mem) and cytosol (purple bars,
cyto) fractions using specific anti-PKC8 antibody. PKC8 immunoprecipitates were
analyzed for PKC activity utilizing an in vitro kinase assay as described in
experimental procedures. Each bar represents the mean + SE of 3 determinations in 3

separate experiments. Values are expressed as pmol ATP/dish/min.
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25 insulin (Ins), 10-8 M IGFI (IGF) or both (Ins+IGF). Thymidine
incorporation was measured as described in experimental procedures.
Each bar represents the mean rSE of 3 determinations in 3 experiments
done on separate cultures. Values are expressed as percent of control,

unstimulated cells from the same cultéire in each experiment. FIG. 20
showg ¢kt intibiioshoP KBS antiity spdcificilly htvogatesiddsulia 8ect on

' ‘ ' prali ' imary keratinocytes were.cultured as .
T L T
lowe fatinoopttisrinéeesdmith DINPRES wecbetiBulStechidh@ddeour@jviltive-day

he follawing,growth factor. 18, concegntrations: 10-7. M insulin (In -8 M
) e B T B ik L i T o e
deEQ@Fd oo insor(Ry Atiparalks, heasuvestas vaesstibedhiadheith 10-7 M
. Examples section that follows. ar esents the mean SE, of )
L e S BE NS € ol oGt e VAT e i
cobxpresseigpab bapereprisehcopiodifaunsdinolaiascbisHtanbdite Bamenes were

ultyre in each experiment. FIG. 21 shows that over-expression of PKCS
oo R e TR IRY TR RGeS B ROt G raialn, Mridgn (e
bakgradihooyiesine wtditrabas dasaFibegayndearn Figuiaidil oncifeetedn was

cells or keratinoc; t%ﬁ infected with over-expressed WTPKCS were

MEAHGThAS fGFSA RS r it RAB RSk QreWiTSactot o EEMEnTARBHS: 2t
repiQs évhingUliof (16S) edfefrMde P KHIT) bED nepieiE, 4R nglgah PRGF.oF 3

ng/ml KGF or 5 ng/ml ECGF. Thymidine incorporation was measured as

et AR B 4ESeth IR S HOR R SRR WasaRltsd esphiaseRes the
meapiSk. gk Ahreasesasminations i-tHae SReHMES HRne PR SERMMSirus

cultures. Values are expressed as percent of control, unstimulated cells

COHde SRFE'UNEYIE iPEHET TExiiRtEh v Higs somsombinsstanteevirus
cofEaigndficanas. gtRKG S ek CK eR thihesyavnd tﬂ%aﬁk%ar@%ﬁéﬁé&ak"& a

in vivo. Utilizing in vivo mouse model of newly devéloped isoform specific
dopi@niutiegitizs FKED RRGS! aiNPKCEhullAnitehnditigeinfuittdotypeells were

ttennate re subjected tq a wound healing study. Mice were
o S e s R bR G dmhged by
Wwere Cheailatbonstig Rpes hackti AfeCa Vseedn ol IEisp . iMEEIskIN WAk blots
removed and skin wound healing was quantified by subjecting skin flaps

PrESPRIGb Y STRIRARAEEE Rz GBS ASP RIS (EohiyaRtn ueshours
fo 6K BYPIRARER S RUES WGP ISR IVRIRD FK@&SQPHSI@@% immunoprecipitates

were evaluated by in vitro kinase assay.

FIG. 19 shows the effects of PKC over-expression on insulin or IGF1 -induced
proliferation. Non-infected (light blue bars), or cells over-expressing WTPKCS (dark
blue bars) or DNPKC3d (slashed blue bars) were treated for 24 hours with 10—7 M
mmsulin (Ins), 10'8 M IGF1 (IGF) or both (Ins+IGF). Thymidine incorporation was
measured as described in experimental procedures. Each bar represents the mean +SE
of 3 determinations in 3 experiments done on separate cultures. Values are expressed
as percent of control, unstimulated cells from the same culture in each experiment.

FIG. 20 shows that inhibition of PKCS activity specifically abrogates insulin
induced keratinocyte proliferation. Primary keratinocytes were cultured as described

in the Examples section that follows. Non-infected cells or keratinocytes infected

with DNPKCS were stimulated for 24 hours with the following growth factor
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maximal pressure within the chamber monitored until bursting occurs.
Results 25 represent determinations obtained in distinct groups of 12-20
mice. Experiments were repeated at least 3 times. FIG. 23 identifies a
specific interaction between STAT3 and PKCS in primary skin
keratinocytes. Primary keratinocytes were either untreated (upper panel)

coicdimfiaciad farnd’ haumsithisaform spedificrecampinant BitGl EGF, 10 ng/ml

enqviruses (lower 30 panellg Cells were extracted and

Phituh .6% fe@ PPN E6fdhn JRNEHME PR ECAmIBHENEsY FhEeasured as

ddEBHEAARreR Iialep e secsuRjeate e e starn gt ARaAlYSISsUSthean +SE of
anti-PKCs or anti-STAT3 antibodies. 19 FIG. 24 demonstrates the

3 (RISEMIRES ST BICCERSEHVSHGH 85U ipPiHalsced fressscYipirsharaskveaseed as

pRtel Hrnemanskaaiiadesivaremiaiat QuIalRs  sides @t ment.

maintained for 5 days in low Ca++ medium (0.05 mmol/1) until they

reactidti- 88 RhetdRRicy Y EelpipeTeumfebiddy Cuntiatpperqsiliral prinsulin
infiGRISH LD ﬁ&ﬁ&@@&ﬂ?%&‘&%’I@E?Rﬁ%%éﬁeiqc%% RAfEH QS ibed
b ixed by methanol,

y 10.7 M insulin for 5 minutes (Ins). Cells were't

ungeiségnehd aidbrethiGutdredlweore anatipessitey infartedoftitbrescenspressed
| ntiphaspho-Tyr-705:STAT 3 antibody, follgwe FITC conjugated

W??&%gaﬁy%%ti%%%p%gﬂz \g\(/)er)r? é:ca%r?ersd b‘)‘\/{igﬁ(l)n ogal(%r.ﬁ?é%%l&p%ﬁoé'l%g %e%cmr

codeentmtitrated @HaMbveseliprdssior ©f DN IBIRC TGRS keratin@ke 100ng/ml

iferation,i ed by ove ressign of PKCS and STAT3. Primar
P é%itﬁné] ?gsTgv(\/Egré) in e%%ﬁ?gg fﬁ EOLMI &eofﬂﬁ?ﬁ%?ﬁagagr%”\lﬁrﬁ?%umd as
descristciotslcoBlaimipigRdsabn(fhncilsoly, FieChth dAEpSdsAs NS IAESE of

double-infected with DN PKCS, foll d by STAT3.24 h followi
e A Y S ANt AR AR PGPS SIS Valies are

eximpessporasignrcbhe sessiigrale piasaniedasdE MY prot@imelakachiladach
represents the mean of three determinations in a plate from the same

CXPIRMELFIG. 26 demonstrates the importance of insulin concentrations

and freguensey-Bf applisatisasRswaHd RLAPG W VR NGRORSund
were performed on the back of 8-10 week old C57BL mice and were

iR P SiEofitroor WithZigereriveoneesratisies ahaewly developed
isé@gﬂ%%@ﬁ@m@ml?eﬂi&?tﬂee&y%xa%vaﬁﬁggggg%%ﬂt %%@%%f%ﬁ'e%”m

vs. a single application). The mice were sacri ven days a
typediitetingt e ¢heesabgentadf tyeatetvidisatis gwdrelynddsuredrd ecstsuited and

a 85 RIFSEAISELAS, MNEOUPa SR ANGERSLPRLIERIESRA A RIIRRR Bhe.
SiX replications Standard

After a week follow-up, mice skin was removed and skin wound healing was
quantified by subjecting skin flaps to a wound strength test utilizing a bursting
chamber technique. Values are expressed as bursting pressure which represents the
maximal pressure within the chamber monitored until bursting occurs. Results
represent determinations obtained in distinct groups of 12-20 mice. Experiments were
repeated at least 3 times.

FIG. 23 identifies a specific interaction between STAT3 and PKCS in primary
skin keratinocytes. Primary keratinocytes were either untreated (upper panel) or
infected for 1 hour with isoform specific, recombinant PKC adenoviruses (lower
panel). Cells were extracted and immunoprecipitated (IP) with isoform specific PKC

antibodies. The immunoprecipitates were subjected to Western blot analysis using

anti-PKCs or anti-STAT3 antibodies.
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deviation (p<0.005). FIG. 27 demonstrates histological effects of insulin
concentrations and 25 frequency of applications on wound healing in
vivo. Wound incisions were performed on the back of 8-10 week old
C57BL mice and were treated with different concentrations of insulin and
frequencies of applications (i.e., seveh daily repeat applications vs. a

singl@iapplitation)ntistedogic ampornebs eatipROW IR PR Mmesh Sivehduced
days after Yvounding and were analﬁz_ed for epidermal and dermal closure

S ERSIRE B AERN P iEpidehal BIOSERS WeREHALeR dsyeKRIkH 98 glass
slided ahantibatin lawinudedt Ranerandyanee(Siole e PRsitiNgBe reached

wound was stained positive across the entire gap. The dermal closure

SUvAseBHYfENe o FaLIErr W TRAREh el o VRS RIBAHEST Bt técd kv M
RAMEEH FHONtIGIRICADE e SRA) figld a1x1 0], mPORKigation G minutes

panel). The results are presented as percent of wound closure over

(IRDntrsilarerentnaddhyaprdsents waehadeand ofrstitirsblicadiors. WG, @8lyzed by
infIRMMONRTAILS &S YREFINNGAHEst sombsninginsulin:abe P IRRISt® by FiTC
derived growth factor (PDGF-BB) on"wound healing in vivo. Wound
comeiginsssensrl ape eraiibialy ok eHe Wexskseiad ek lolcICBitBlsejge and
were Wi in pplication of insul -BB,, or with insuli
nd B o DN R R TR R
prafiferatiouriningealioy hiopsigsevdre @kek Coralistdlagisalmnalsdsatinocytes
epidermal and dermal closure (wound contraction). Epidermal 10 closure
i ?%%‘ﬁ%fdl RiePAih" 250 (R AT n LAY Sttty Yt esinéj e Retee!
(fsonsigere e resHive f iewroupswas steinef opRitiye-aetPas i e pite:s,

R gap. The dermal closure was considered positive if both dermal wound
Q

preedchie st ldh sty Flkmengy it peiionsepib eriplidesitige Wasdualyzed by
1 KduPOMagRficAION. (iskit.RaReDnd, &%ﬁ@%?&ﬁ:%@%&éﬁ%%ﬁ%ﬁ]gg{&em

summarized in a bar graph as percent of wound closure 15 ove ontrol
Eaghbudenrpsania tre soens e dhise detomiratepicitionéate i@sn 280s Drareulture.
Photogiiaphe Histainaha mattalagicar flleeh ol camRINIAg ARBA0cy
a PKCa inhibitor on wound healing in vivo. Wound Incisions "were
of pefbipattho pithedvadk sk BnpOiwveak. olIVOSTB inoistenarvdereeper&ithexd on the

oL SR R PR A
differenbrphaloygitalsbserfistionscidsigliiesiHa Al stwivedit o kwauntsly repeat
ap%\im!a i(l)zlil WS azgsgfg esé‘ﬁ’p ié&%%%ﬁq \Aﬁl%nl%slbe were sacrificed seven days after
wounding and the areas of treated wounds were measured. The results are presented as
mm’ wound area and each bar represents the mean of six replications + standard
deviation (p=<0.005).

FIG. 27 demonstrates histological effects of insulin concentrations and
frequency of applications on wound healing in vivo. Wound incisions were performed
on the back of 8-10 week old C57BL mice and were treated with different
concentrations of insulin and frequencies of applications (i.e., seven daily repeat
applications vs. a single application). Histological wound sections were performed
seven days after wounding and were analyzed for epidermal and dermal closure
(wound contraction). Epidermal closure was assessed by Keratin 14 (K14) antibody

staining (left panel) and was considered positive if the wound was stained positive

across the entire gap. The dermal closure was considered positive if both dermal
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FIG. 30 is a histo-micrograph illustrating the combined effect of insulin and

a PKCa inhibitor on dermal closure (wound contraction). Wound incisions

were performed on the back of 8-10 week old C57BL mice and were

either untreated 25 (control) or treated daily with insulin (HO/01) combined

with a PKCa inhibitor (HO/02). The tteéated mice were sacrificed seven
wolayd siftes wanlddngpbdisteldginabrwioligie sertionsopeia pesfosmeteandt x100

observed under a li icroscqope. The dermal closure was considered
R BT GRS dL S DA GO T RSB S ge over
comagnifidation hialceplecppemediyauntsatespichngtreated control 30

sectign (left panel) was too large to be contained in a single x100

o Ao GRS e SEABA ot QLR BEHUN i plaiglet
depsiliveiaiTateo semes BB et ovs spe tldach ingsymarkihageimasions were

edges. 21 FIG.31lisa histo-microgrézi h illustrating the combined effect of

PeretmihAn Lpkask HHptorsRepadmid cBeare i Hafsbrdthargnsle
appEEaIBed OmibBhaek H-B180 weekiplthGRifBiniPO BRIMKE@RIRII. The

untreated or treated daily with insulin (HO/01) combined with a PKCa

rqRishiBiceHE SR oTHI trh atuEnniiee iBFe Badifien dduensiply ¥ amdpken for

hivolREinCa Histelagical naundsRHaRR WA PE RUMRH cSERIRG W tR pidermal
keratin 14 (indicative of basal keratinocytes) and observed under a light

clositrostspassesrd dperdetraisuhtl Sfdd amsrhasteang Wlellunaesdicend was
cotRIIERLESRIAR Haft RANGIhUNASIQY @%&Oﬁgiﬁ%tws& IR, %Ht%lgoél\%go"l‘he

magnification field, while the treated wound section (right panel) sh
d%lg

ieshicaw efosune dpislipprifivcei teindumalgapuid sides. @pid be observed
urldSo O R trﬁlﬂg%ﬁh@&%@i%?%E?%ﬁém&gﬁbgg@ (. The

inhibitor on spatial differentiation of epidermal cells. Woun
regd678E pgstotoveak iy werengbatdddaihanitiapbpis acapplicdiionsndf closure

\j&s i i i inhihitor (HO/02). The treated

© miéé%@?&%%ﬁ%%gggﬁ J&E&% tg%%w%gr%%aglﬁ%%%‘gical wound
sectibihswerg pdifornse pbwid staihe diluttrdthke rtitin hilid})aloibady effech of
highlights the initial s of tial cell differentiation, The unjreated . .

o B R S S Re ki Ry . incisions

wémankdakinydhe airoballndtile Bnmaskividep i3 In aliteconbivuctienheankecated

R S D SR R e
Skifthtispsien weauneheading itayivaft¥ eundeehRits (G&PBbI08IdA werkaldns.
Fiévu%g 29A-B show control wounds while Figures 29C-D show treated wounds.

FIG. 30 is a histo-micrograph illustrating the combined effect of insulin and a
PKCa inhibitor on dermal closure (wound contraction). Wound incisions were
performed on the back of 8-10 week old C57BL mice and were either untreated
(control) or treated daily with insulin (HO/01) combined with a PKCa inhibitor
(HO/02). The treated mice were sacrificed seven days after wounding. Histological
wound sections were performed and observed under a light microscope. The dermal
closure was considered positive if both dermal wound sides could be observed in a
single x100 magnification field The opened wound area in the untreated control
section (left panel) was too large to be contained in a single x 100 magnification field,
while the treated wound section (right panel) shows a positive dermal closure. The

yellow speckled lines mark the dermal edges.
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treated daily with topical applications of insulin (HO/01) combined with a

PKCa inhibitor (HO/02). The treated mice were sacrificed seven days

after wounding. Histological wound sections were performed and

analyzed for dermal contraction, epidermal closure and spatial

differentiation as described in FIGs 30-32 above. The 25 bar graph shows

the indideAte pdrstntaged ghhlllynealeohgvhendsdsnddteffninet loyulin and a

istological analyses within each trgatment graup. FIGs. 34A-G are

P e A G B e e G e e
ofghdbwackivity 6PPRCaarcambdelativigexpnesaied andéardaiciyily ofth insulin

er PKC isoform i mal cells jnistering a hormone to the .
e R O el iR iy e

- seskindilgsaiftasteowedmgniidetedogithl dominbsiotegative d Pétjdinasdesinaetiveith

PKCa. Twenty four hours,later scratches were performed and the cultures
el TSR AR GRSty 2°Rp RIS e peope
THNEDeRKICErid utie 3 &Bo W IKCHkddD i e l34G i WIE PKGtrol Fsigkikh 34D) Sinel)

WT PKCc (Figure 34E). Alternatively, PKCa-inhjhited cultures were
WA S ST (O RS A9 ST AL (6 s Wi reated
wed)seBhitogsaphameaiprddakem 2pinowksifollowibthieainantdifd Gsund gap.

35A-H are photographs illustrating the combined effect of inhibitin

. : g
expredGon aAIGH LR SR S B FatHg MR L6 Crigfohin and a
PreCh Vit iof @ her Ik @i g tonmtin deryalieahisl eeidministiatiemeleacs7L,

g %rfwth factor to the dermal cells, on the closure of in vitro skin wounds.

TPl Slhharpiskirexisraldyy i dreife crsligrtioaromintseliagdiGeo 1)
cotRhdinpag Nagtive BitGacLrivventy four haursdatersRIENES RIG! seven

performed and the cultures and were either left untreated (Figure 35A) or
dayediggwmdng ypstalvsicpkempligerions ey rerirmed Figustaisse pith
(Ej . ivelv. : -inhibited: r -
A TG ), R B i
Tizsmyirepd ook sertion Nisfigans 35k ws TNEs (eivtrentBigdre @@ )area
r r ' FlGs, 36/A-B.are .
S R L e R U S
thetraftedaviivitg ofPIKCEighidemed) cells and administering a growth factor

to the:germal calls-n e dlosreofin o spannds, Guitued.y ., picco

primary skin fibro ﬁas Swerel intected with dorminan neggﬁve jﬁlnase
innbictvefonouofiPKaing in vivo. Wounded mice (C57BL., 8-10 week old) were
treated daily with topical applications of insulin (HO/01) combined with a PKCa
inhibitor (HO/02). The treated mice were sacrificed seven days after wounding.
Histological wound sections were performed and analyzed for dermal contraction,
epidermal closure and spatial differentiation as described in FIGs 30-32 above. The
bar graph shows the incidence (percentage) of fully healed wounds as determined by
histological analyses within each treatment group.

FIGs. 34A-G are photographs illustrating the combined effect of inhibiting
expression and/or activity of PKCo and modulating expression and/or activity of
another PKC isoform in dermal cells, or administering a hormone to the dermal cells,
on the closure of in vitro skin wounds. Cultured primary skin fibroblasts were

infected with dominant negative (DN) kinase inactive PKCa.. Twenty four hours later

scratches were performed and the cultures and were either left untreated (Figure 34A),
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20 (DNc). Twenty four hours later scratches were performed and the
cultures were either left untreated (Figure 36A) or treated with KGF (I gig
per dish; Figure 36B). Photographs were taken 24 hours following
treatment. FIGs. 37A-D are photographs illustrating the combined effect of
inhibiting expression and/or activity 88 PKCC in dermal cells and
oradiainéstevitiy wilgrowpth(RGtp PIRG SoFaguoerddig it0e dBigned 3elly, BATHIEK CE

closure, of in vj i unds ltured primary skin keratinacytes were
B AR STk BN A N PURREL Rt nar IR SE (B ere
tréineaintyifhuadipuirs (atepselatBhesvens perfanmngth ard7the) Tuiueswyere4a).

either left untre’%i%pl %g ure 37A) or.treated with IL-6 (1 gg per dish;
Phalpgrardrayereiaan £2 Boms {2 Igtes ¥estueatiiponectin (1 g per dish:;

Figure1@0 3FR)Pheteamphapirretalenird hrutsiabowingtteatnenhibiting
FIGs. 38A-E are photographs illustrating the combined effect of inhibiting

eXIRpTESEIGHHRE /BT HEN IR SFRER sadviatiancaprssinminrddmactivity of
AW IAC QLo Ry R UBATE YWERE 68O ARG ST DRSS QRIRGCIOSIE QT the

in vitro skin wounds. Cultured primary skin fibroblasts were infected with
degayinggitsn<gattbe @pyranateringiétiveskrnsimieB ONBedrwengriowkin

: r tG r r n u s were either.left
e e LB A B e
Twegy1gupdodishiBigeretG8E v ims piinf¢BuTest QY th: ditjures 38D were cither left

SWO662-.(1 r.dish; Figure 38E). Phqtogra r en. 24 hoyr
GG B e, G- e PO B e T vt hE o). W
PKOMiFiggreff@sE pfgpromotrCexpressien3ang/or artinityi o8IR KES@Nhhibited

modulation expression and/or activity of. 10 another PKC isofonm in

cufuralEndr Sreimifistirh g la HoRfoAiste tHEWERRE)cAHGTor the Per dish;

Figlaeusof iprvitee rRKioRveHRUR Ciiturecs primary ke, keralinacytes :
Ii%?fctet? with wild type (V?IT) kinase%%rm (%IE?KCS (DNS). v%ggti/ fo%%&r%SG)
Phedesserhie e iepie 3dvena potiorneg Eerimsateultures were either left

0 R N DR 1S 006 0 B
expreseiettivel/o PG Sigrohiiied, dultlamsalverbstepdtedwitistadipsine(@yt/fattor
N X T
fitinshilings Fi<Eai petdosithsitaién a1t crphinatiDNS tharsefinatiite fBlosWePK CL
(DNCE). Twenty four hours later scratches were performed and the cultures were either
lefi untreated (Figure 36A) or treated with KGF (lug per dish; Figure 36B).
Photographs were taken 24 hours following treatment.

FIGs. 37A-D are photographs illustrating the combined effect of inhibiting
expression and/or activity of PKC{ in dermal cells and administering a growth factor
or a hormone to the dermal cells, on the closure of in vitro skin wounds. Cultured
primary skin keratinocytes were infected with dominant negative (DN} kinase inactive
form of PKC{ (DNC). Twenty four hours later scratches were performed and the
cultures were either left untreated (Figure 37A) or treated with IL-6 (1 pg per dish;
Figure 37B), TNFa (12 pg/ml; Figure 37C) or adiponectin (1 pg per dish; Figure
37D). Photo gréphs were taken 24 hours following treatment.

Fi1Gs. 38A-E are photographs illustrating the combined effect of inhibiting

expression and/or activity of PKCB in dermal cells and administering a growth factor,
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of in vitro skin wounds. Cultured primary skin keratinocytes were either left
untreated 20 (Figure 40A), or treated with insulin only (6.7 x 10.7 M;
Figure 40B), copolymer-1 only (55 tg/dish; Figure 40C), a mixture of
insulin and PKCa pseudosubstrate (6.7 x 10-7 M and 107M, respectively;
Figure 40D), a mixture of copolymer-#3and insulin (55 g/dish and
inuliK10r 7y vespeatively deitiie 40E) oh aHpiBER Rl 60RRIYMS -dkidnSWiRds,
and PKCa pseudosubstrate (55 tg/dish, 6.7xI0-7M and 107M, _
CraBpb RSB ders. BrstGRgit Withalpmeraiargtivadionikinase
inHaAB M bIGK dd i are pReiegaPadllustrating theirifeateferformed and

copolymer-l, insulin, PKCa pseudosubstrate, or combinations thereof, on

thé, e FedfFgihRAs fpiried (deevi8rb eriesatert withdaiCu(imigaes dish;
A) yEieated g@%gef diglpys yuith i@@f,%s%@ﬁli@&fm% 07 sapelymerskp) or

55 g/ml: Figure 41B), a mixture of copolymer-1 and 30 insulin (55 g/ml
G hagpeetidish:: Figune 3810, Shatngsanhe viecosaigman howisdpowing
ragd £KCa pseudosubstrate (55 g/ml, 1M and IM , respectively; Figure

41D). Photographs were taken 4 days post wounding. 24 FIGs. 42A-H

are hidfesmictdfapiesniiataesanty i emsnothnyenodmekisifegtefheomoting
t na; } C igures.42A-B show normal .
e L S T BT o o
anoftiew SUR(d imagnifiediatm40aymusdsobseried drhatosmproximiteahidheclls,
wound gap (in-red 5 square; magnified.at, x200 in Figurg 42D). The wound
o R Sl S SRR e
infragdessthFigitegp2BVA shinasa SHeiayORKWOUMING a Sléndiabeatesours later
motse magnified at x40 (Figure 42E) and x200 (Figure 42F), no thymus
SR G PR BTG S I M GT ik N n e A A o
infigse@ @ranwWatipR(Y deloea! FRFashe), ivabprivedrkigre#afz 360) or DN
shows a 9 day old wound of a STZ diabetic mouse magnified at x40. The

Phofes eI/t ir@aredUain 4 haaiechs RKGHeioepiRE e Puesscverstisensed with
adTﬂym%?/&@sﬁfé@gu%Ei0%&5%%@’\9@%%9%%& &15%&@&%5%@.

magnified x20 in 2H). The ‘wound is re-epithelized, granufation
tissu&ligsorrHed-Endderpivtegarbetidhuiningogre ssfistF I, 4@nsimstering
hptograph illustrating.the effect of insulin com ine? with,a_PKCa inhibjtor
o RN PR SR Bhbink ucap e el
ofincisienshievenefféctdthitinrtidephacicpitiarhe Aviniesés bane riterdefmesticated

(FPglglgeamA), or treated with insulin only (6.7 x 107 M; Figure 40B), copolymer-1

only (55 pg/dish; Figure 40C), a mixture of insulin and PKCa pseudosubstrate (6.7 x
107 M and 10'M, respectively; Figure 40D), a mixture of copolymer-1 and insulin (55
ug/dish and 6.7x107 M, respectively; Figure 40E) or a mixture of copolymer-1,
insulin and PKCa pseudosubstrate (55 pg/dish, 6.7x107M and 10'M, respectively;
Figure 40F). Photographs were taken 48 hours following treatment.

FIGs. 41A-D are photographs illustrating the effect of copolymer-1, insulin,
PKCua pseudosubstrate, or combinations thereof, on wound healing in vivo. Wounded
mice were either feft untreated (Figure 41A) or treated daily for 4 days with topical
applications of copolymer-1 (55 pg/ml: Figure 41B), a mixture of copolymer-1 and
insulin (55 pg/ml and 1pM, respectively; Figure 41C), or a mixture of copolymer-1,
mnsulin and PKCo pseudosubstrate (55 pg/mi, 1uM and 1pM |, respectively; Figure
41D). Photographs were taken 4 days post wounding.
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treated daily for 15 days with either PBS (control) or a mixture of 1 pM
insulinand 1 pM PKCa pseudosubstrate (HO/03/03). The wounds were
photographed 30 days post 20 wounding. The HO/03/03 treated wounds

are completely healed with no scar formation and exhibit markedly
improved skin aesthetics as comparéd with the buffer control.

DESERIP BINIDI T it RRic iz R RN 02 MENTE 25 TiRgrreseitimity

invention is of methods and, phaymaceutical compositions_designed for,
RS e B eSO SAGRITE GO ch GATFC B TR DR adul
rokinasesnalsoknew asdpkGsafonindpgingandlor aeerleratingiggllold wound

roliferation and/or cell differentiation, and thereby accelerate the healing
m%aeibﬁ& B WO RSP SUSHORTS A Y RS SR ihay bihereead wpp (i red
sqasenraanamwdthtRedeasinasoitng 3G psasenhdMention By fen examiifion
. (i) transformation of wound cells with a PKC expressing construct; (ii)

(S S JATBEO AN BT CRMSARHONA TS REARG SBleMENISS BERstquga 9 day
01@H36RAIP AT URFHARIRuR RNOBGN aUR 40K E 28RS O Tha IVeARA(Figure

cells; 25 (iii) administration of insulin and other agents acting in synergy
2RknNAstITEE MoRIGRTSY the dRpreRMsiHA/BF dbevEssRbEPKENA no Te-

eptRunaiesils dvle ransiosmation afsnaund Galksuath anJpsylinex 'mgx:zG

construct, when expressed and secreted the insulin produced therefro

p
shewi/ad davnldpragd afor Pl diexpresaion snibiedraicridatibhe gryund was
trfastarmatian af g ngﬁ%'witﬁmsgseaxmusk%%ntﬂﬁ#@%@5@5%8(1 in

adjacent to, and upstream of, the endogenous insulin gen the woun
clessiBragheiiesprbe seehahdamtreted shpaiies uiresified <26 mnfigureddidiorThe

SardPEGEXRIRSRIN a%%%ﬁ ivatian. (i) dmplantation of insulin secreting -
chlls to tﬁeé&%vound; (v trans%%ﬁ%%%% }c?f gégﬁf% géfgavé)ftréa; léé%é?g%éﬁﬁég 0
prégeess, e.g., PDX1, for to induction of endogenous insulin production and

secretjon, the.insuli rves as.an up- reqgulatQr for PKC ression .
and/%iieap'ct%\?atll%)n% élfrg%%%ﬁ %dlm?ﬁ%%% n %?%%%v§511 S‘(%??a Sf{%)med with a
PKhiod uthibrtoT e phiadipidisand eperatiomdf dheagedhsdds. addngitudinal wound

. harmaceutict?l compositions accarding t resent invention may be
3D o dISaT oAt R RSt TECcRARS I Rke g e
tredescdglinfis: 15 BetovdtaxpiainiPBSi{deasbing embodiment gfXhénsulin and 1

[ ion in detail, jtis t lée /ﬁfr od that the inveption is not limited in
Tt e (i 67 L AR e e SAGEERL o i post
waompenenthseHon mpthe:-foddWingnds are completely healed with no scar
formation and exhibit markedly improved skin aesthetics as compared with the buffer

control.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is of methods and pharmaceutical compositions
designed for modulating the expression and/or activation of serine/threonine protein
kinases, also known as PKCs, for inducing and/or accelerating cell proliferation
and/or cell differentiation, and thereby accelerate the healing process of wounds.
Such modulated expression may be effected in accordance with the teachings of the
present invention by, for example, (i) transformation of wound cells with a PKC
expressing construct; (ii) transformation of wound cells with a cis-acting element to

be inserted adjacent to, and upstream of, an endogenous PKC gene of the wound cells;



10

15

20

25

30

description or exemplified in the Examples section. The invention is
capable of other embodiments or of being practiced or carried out in
various ways. Also, it is to be 20 understood that the phraseology and
terminology employed herein is for the purpose of description and should
not be regarded as limiting. Adult skidSincludes two layers: a keratinized
(ispratifieni spidenmis andian dadderyngdhiek lryeipofcellagen-rnalhdeifigh for
cqonnective tissue providing sypport and .nourishment. Skin serves as the |
IETGe 5P HGSTHRE (R b Choide WETRE 281 TR S0 alHGears: ()
trdvrsfakniatibe sKiwsunstdagy apiginantsefficieqiyiendedshrt deseiegitssed
the Background section hereinabove, the first stage of the repair is
a0 TR by Yor RSt G B Cibt ARLEA, S THEF it obRAC M Eiafir PKC
exipiiasiynaiany relisilixiohlasts andseapilhadias dnvadadbeclrt WifRrm dReacting
granulation tissue, The following stages involve re-epithelization of the

elghRtr danhfeiBseHEd I R iMoSRePRET I Plo B IFaHAReRANR 4Bl igre of

thE QI aAIS. HEY Al NEE Vg I aieIURER (AR BRUIRTIQB-TISSHe 40 GRVERIRR T for
wound. Fqllowing{keratilnoqyte 5gn‘i}gration, keratinocytes enter a

Pifofitereivebasstoniitnaif s iéjrermaroardeirswbia sraisiinaedieto the
widY (AffardhaomoEREH S EMRIGE Ry & Hane RS- Rl A00ENSS, PBY I, for

stratified epidennis is formed and the new basement membrane’is

indugt pais RadP RS InSEGR EMIEINh T (1 ¢iive Bednsstiovsariss as an up-

reBRHGIRRIER AR OCRRPRAIUIANGIn, (010 ) AU PRI (i wouna
DGF and TGF(31 (22-24). Among these growth 5 factors both EGF ang
offeGK Graeduladtit to e intaeaienveneéd irpeietiegulafiortisf protfierdsiorand
e e G S e STl
P lu nd ersta{lﬁginrggég%i\%g%&g%e%%gag%l(}J%)y%léga E%n%\?v{tadlge 0 %ﬂé ilﬁgg#ahﬁsethbgtt ter
ungigefer theitbeldeienhe twdindraw imggraité apeotiipraenaddsayptions new
matrix | facilitate ynderstanding of the inventi et
fort 1 e G RR T o v
undetsinvod bae e "wownddneferadirdadiyetb injutiespplibaiskina@nte details of
subcutaneous tissue initiated. in any one of a variety of s.(e.q. .
0 ieie R b R ATl R TN
destersoburns anglitfiedike)aritkadiblvargingch@hrdieristics Weapattarfother

typically classified into one of four grades depending on 15 the depth of
e R Ty e B URSTIRES i AGHED 16 R 6 GrARBL I 1 (o be
undasnadd exierginghiatedhedenmigniiindksadetblwrdnesextentinehtRirpose

the
of description and should not be regarded as limiting.

Adult skin includes two layers: a keratinized stratified epidermis and an
underlying thick layer of collagen-rich dermal connective tissue providing support and
nourishment.  Skin serves as the protective barrier against the outside world.
Therefore any injury or break in the skin must be rapidly and efficiently mended. As
described in the Background section hereinabove, the first stage of the repair is
achieved by formation of the clot that plugs the initial wound. Thereafter,
inflammatory cells, fibroblasts and capillaries invade the clot to form the granulation
tissue. The following stages involve re-epithelization of the wound where basal
keratinocytes have to lose their hemidesmosomal contacts, keratinocytes migrate upon
the granulation tissue to cover the wound. Following keratinocyte migration,

keratinocytes enter a proliferative boost, which allows replacement of cells lost during
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subcutaneous tissue; and (iv) Grade IV (or full-thickness wounds): wounds
wherein bones are exposed (e.g., a bony pressure point such as the
greater trochanter or the sacrum). 20 The term "partial thickness wound"
refers to wounds that encompass Grades I- 1ll; examples of partial
thickness wounds include bum wourkfs, pressure sores, venous stasis

thelipgusy. andididbetioulceiscTeabbp ddeap lugand isrmariottesjmehideratified

both Grade_.lll and Gr IV_wouynds. 25 The term "healing" in respect.to
D el 4 o e TP R, Bodr oA HHE2
Sepkralsgrimtutingoriasecteratisipahealpagipipaesa ofia priocesolmilidiaie BGF

to.either the induction of the formation of granulation tissue of wound
SRR SR el el ot 0 e k=
fasrey¥ betls BGihadDiepkhatumiuNounBaakng ds, GanyRRIEMYHNeaskgen of

b‘y decreasing wound area. The present invention contemplates treating
Pray

ISTaHAR AFDIERRIR Y GRES HEUKTE HRE R drie-Wduniiademenial to the
unkBiRtaCiENiE weund heafais thawpindithahiagoer hralechwithindhigyer the

days. The phrase "transforming cells" refers to a transient or permanent

celifdndhionorng kemigriaidolifants ashiaydarennest Buration dre wound gap.
exogepoMsiseimacidmiich SratteniniegsatesiMRdh&.CoILIBBAME e that

and genetically modifies the cell or remains unintegrated. The term
foligws amynerrmb s asedeRarsi® e describe a genetic region that

serves,asamatipshimentails oRNABIRHRIRICHS &9 SaNanEkineous
_operators and promoters) thereby affecting the activity of one or more
tisgahustiethin samend ofchiorss srheaThéeghrases serarssrae frapfastendisl bed
restSSE RIS R ARy AERIACION N MO I8ne B LT AREUM Varying

modulates its activity with respect to gene expression therefrom. Thus,
chppotarigiastraWswsting dauoealibichisiid tothenasylifvgepedpsalmiating on
th%ﬁgg%oékgﬁée@%ﬁﬁc@'%rgﬁa h %glg{gss %rrg%gs&nﬁ%ogpiatﬁtelﬁ%}g;r ({5 lﬂ}sr%ge i:

erein to describe a factor that

wounds extending into the dermis; (iii) Grade IIl: wounds extending into the
subcutaneous tissue; and (iv) Grade IV (or full-thickness wounds): wounds wherein
bones are exposed (e.g., a bony pressure point such as the greater trochanter or the
sacrum).

The term "partial thickness wound" refers to wounds that encompass Grades I-
III; examples of partial thickness wounds include burn wounds, pressure sores, venous
stasis ulcers, and diabetic ulcers.

The term "deep wound" is meant to include both Grade III and Grade IV
wounds.

The term "healing" in respect to a wound refers to a process to repair a wound
as by scar formation.

The phrase "inducing or accelerating a healing process of a skin wound" refers
to either the induction of the formation of granulation tissue of wound contraction
and/or the induction of epithelialization (i.e., the generation of new cells in the
epithelium). Wound healing is conveniently measured by decreasing wound area.

The present invention contemplates treating all wound types, including deep

wounds and chronic wounds.
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Increases gene expression. A trans-acting factor is an example of a direct
transcription activator. The term "activator" is used herein to describe a
molecule that enhances an activity. 20 The phrase "modulated
expression and/or activation" used herein refers to enhanced or inhibited
expression and/or activation. PKC isd major signaling pathway, which
mediafes!RBTatihseyte Wrmdrantis &ha difendrifiatibns PROssbdrig i Sirty
da%'r) and ~ are expressed in the skin (4, 10). While conceiving the present
invention it was hypothesized that PKC modulated 25 expression and/or
activaterPiasg irfsnsecssling sty atiprafrifotreed eiffer dstiatiopntaaitpration of
2 RArehacre Rt MEReRINAPIACEIR AN IS MR AERG 108 which
present invention to practiCe this theory has been approved by humerous
eligrpanierratessitbwitg ¢hbt RO cudl adiésaiessiotiBasdibe activatioemains
ur}ﬂlq(gﬁgtga(_juces cell proliferation and cell differentiation and accelerates
the healing process of wounds. As is further 30 delineated herein in great
detaill Matioosdistintingpprozmiie ssweed beaténtakerswimadgdatéic region that
ressio / vatio C 10 thereby accelerate the healin
s R R e
proaeéebeeth@8bygevf$erding sthikirgtanty nofedphenomensngatas discalieredme
Ch%QTilleSredéJcing the present invention to practice -insulin serves as a
modulator of expression and/or activation of PKC. As such, insulin may
serve hs phtherdpenticagentiosrnsdigating ¢he texjarestion fantdiahat binds to
activation o[ PKC so as to accelerate the healing process of wounds. 5 |
@ FReeHIEA IEMENE B AR CliocinY AR inEPRSechc BEcRigssion
theelfriprolifetatiorP By ofsdifferentiading ateof gng@élirm@mﬁamaﬂ@ th&ulin gene
biology of. skin_wound healing. Utilizing PKC adenovirus constructs
Pf%ﬂ&ﬁ%&“ﬁ%‘fbﬂ&#ﬁ;‘ﬁﬁf&ﬂéﬁ&&ﬁ% roles of a variety of PKC isoforms in the
wourthbealiag: Presessitiviracdndtit vikousAd! isgferms Welaisblg tctor that
. specifically affect different aspects of keratinocyte growth to and o
INGHEASFS AFHASTIPTRRB AR ofOrFROSPRES Sdopides cxaiml spEaifitant tragtsrpsion
actiiggrin regulation (see Example 6 below), adherence to the basement
membrane (see Example 9 below) and hemidesmosome formation (see
Examipe SBRIGREVHRD isoemthlcioids dergmircn moleraleothal ephances an
actR@ylate the proliferation potential of epidermal keratinocytes (see

Examples 7 and 11 below). In addition, a dominant
The phrase “modulated expression and/or activation” used herein refers to

enhanced or inhibited expression and/or activation.

PKC is a major signaling pathway, which mediates keratinocyte proliferation
and differentiation. PKC isoforms o, 8, €, n} and & are expressed in the skin (4, 10).
While conceiving the present invention it was hypothesized that PKC modulated
expression and/or activation may induce cell proliferation and/or cell differentiation
and thereby accelerate the healing process of wounds. While reducing the present
invention to practice this theory has been approved by numerous experiments showing
that PKC modulated expression and/or activation indeed induces cell proliferation and
cell differentiation and accelerates the healing process of wounds. As is further
delineated herein in great detail, various distinct approaches were undertaken to
modulate expression and/or activation of PKC to thereby accelerate the healing

process of wounds. Based on the experimental findings, other approaches have been
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15 negative isofonn of PKCil (DNPKCL1I) was able to specifically induce
differentiation in actively proliferating keratinocytes (see Example 12
below). Finally, the importance of distinct PKC isoforms to the wound
healing process in skin was also verified in an in vivo system. Utilizing
PKC null mice where expression of distinct PKC isoforms was abolished

ddiviseghonsrhikngintaadvKGB ashBlcR Sy e weie PHAUREIR B the present

. required for both adhesjon and motility processes in skin keratinocytes are
YRS R O REHFCHE SRS WA AR PHEAHHG B oR e ST SiP A iR asdERtion of

PXIee Examnlend i Whele:skinsullibisknass Higpsiesipd K& thekipression
suggested that both PKCS and PKCS but not PKCa are essential for
aslSp@FRERipYSHRE Woaht ssrisErndre haliagmprecoss wélvassws that

a PKeadninhieraliest vely MameRe WHHTREAHIN SR MM IBHE ts on cell

indicating that the PKCa isoform may be antagonistic to wound healing.

prokdierting andmyubifiusntaietivition. sreatpieworangntly chprbisdesirf skin
w@ﬁﬂ@‘ﬂé@hﬂ%su@ﬁl@%r%@[(@ Ahbvprdizatign sudigsias f@qgéﬁiﬁsf the specific

immunohistochemical studies have demonstrated PKC1lI is high

rofggppd sswerienitd ke iapfivamscmHi difershbienlies| ayesess2n)yitoearas nitsivo.
Alreseated hereiny qg%gemﬁcéﬁﬁﬁeet Bi'ﬁ%réﬁsa &%@?@L&ﬁﬁﬁj@r@g&?&m

both proliferation and differentiation of skin depending on the ce

anshyisfbtogyiaiitmen Ravatisotytms, aPKMdintainBH Gif a cpndlfifepatificstbtecgulate
nder low.Ca 2+ d ion rate fiv% 29

. conditions, PKCG1I i ed the praliferat
R ST RS S R TR e o
Eindygebtdethifforentiaterhidedavating tfienGaZoncaeeehiratiph; 8 below). Two

. djfferentjgtion was | ced in a faster and higher rate in comparison to
OIS e P BB L Bre M TR AL prele gl of
epddernalicatly tindspe e d:healng anddfermabeneh S grapudation tsad/inant

as both proliferative capacité;gnd formation of differentiation layers were

negatigk i fome ishikgn, (RARIBGMA Haamblerkssrecifically itmerdifferentiation
ine&fﬁ)%ﬂp’kmli%{a% 'nl&rﬁgﬁ&@i{%sﬂﬁ%@@' phigh normalyAees NOinally, the

express PKCr) at high levels in "adulthood, would suggest a possible rdle

infapILRREsITh diréippbifE farientams deste weyadizanbneoprowese inskies wes also
e o Y P oo of distinct
Pilribefonae ytire dioilished specificatly hegritatbdifdiebtiatib P, which were
e T T S e o
alsnaniputttet difféxentiatiorvandChattvlg process in an animal model (see Example
19). Whole skin full thickness biopsies in PKC null skin suggested that both PKC8
and PKCE but not PKCa are essential for proper healing of the wound. Furthermore,
Example 22 below shows that a PKCa inhibitor effectively promoted wound healing
in vivo thus indicating that the PKCao isoform may be antagonistic to wound healing.
PKCn has a unique tissue distribution. It is predominantly expressed in
epithelial tissues (27,28). In situ  hybridization studies as well as
immunohistochemical studies have demonstrated PKCn is highly expressed in the
differentiating and differentiative layers (27). The results presented herein suggest the
role of PKCn as a functional regulator of both proliferation and differentiation of skin

depending on the cellular physiology. When keratinocytes are maintained in a

proliferative state under low Ca®" conditions, PKCn induced the proliferation rate five
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hyperproliferative disorders involved in wound healing. 15 It is exemplified
herein that the healing ability of PKC1 is exerted in vivo, on wounds that
were produced on the backs of nude mice. Example 14 below shows that
administration of PKC1I expressing construct to the wound resulted in a
granulation tissue formation, four da%?s after topical infection. Overall, the

to reay(fifs hreserRetchereirp & psinstriesh ad moelierativbeaxprBs sisne 20duced to

aifiBRREACHRNAR eI mRIEBNOMY AHBRE B SUNMRTER in o
effective tool to combat wounds. Accordingly, woun hea ing may be

fagses randell gyee ntarioivgniberiesprisssivrirahdedhs {stivifixefipbfdis kS Spuld

exgéﬁrh%ngbﬁg CS’fCif 3 (¥ in{?)i Qiltg]rgat%@gl yxﬁr Scs(go\go%ng_/%%&ctivit ff(i)%%aQtriBnn of
a. Thus, according to one aspect-of the preserrllt invention there 18
grproldtied Gss26 méivboflifvtudingcap adseletafirg atvaaling) ffeoaessiof dayers

ng}éiréc ?e%g of (ggrm?%e tht?e%etgo }Ea ifg;ectéad 1b administ r‘lcg to the . ;

SKin‘wound' a fher%spleﬁ%afy Siretive o it or af' €28 Bite %Sﬁ?’i‘%ﬁmono

PHaflidatingrPichc axpressibitandianAktivatio loteitasiereutighigh levels in
composition for effecting the method accordirég to this aspect of the

adghaad: ivouiticharetefore THblaEd e OB K Efvdnrigrearatifestion and tissue
orfapianRpificalbieifantives3Q areaunt pisahlaagtone AYENt fORPAIAtAGAT and

PKC expression and/or activation; and a pharmaceutically acceptable

mpggleelisSrs: THEGhPSSe eéificduhgalsd isdeenasmmizbnsy disuarsftiiseverund.
F&@%@E%E%iﬁ%%e@fﬁcﬁﬁ&l%ﬁgtéocﬂﬁ&g}ﬁfaﬁﬂﬁhﬁ%rgf%%%%s and

. ulcer, a pressure ulcer, a' venous ulcer, a gastric ulcer and an HIV related
indieer ngrdlabdtbisrasdasgnyou petl vl ume] deseinsueall s hagibdzéxnavduninant
nega‘fgfr@eﬁldﬂjiﬁ?raatl'ﬂ)%gvo } Qifﬁrﬁllﬂﬂaﬂg]%ﬁf ag@SHgf@}gﬁ@%ﬁr d control
isease wound, a bowel'inflammatory disedse wound, a Crohn's disease
hypesrelifgretiksedovderoiniaaedemewhoidiatimpidermolysis bulosa
wound, 8. okin blsterng worid, 3 Hé%hasa%%ﬁ?“%ﬁ&aﬁ'sm&'es 38 Mo
an animal diabetic woung, a retinopa oun&, an oralwodn
wnmdsabitisyceevagihakthor dsitisavlourthaleguivedi§gaselvddristlew shows that

laceration, a surgical incision wound and a post surgical adhesis 10 .
ade‘Hﬁﬁ?‘t’r‘H’e‘f?r%&‘%“%ﬂ%?&iﬂ%ﬁémﬂ%&é‘a LSRRG RS %wtﬁp%rwafm

tisShdfokanaaes, dsucangition suphcasifricayample, wrinkles (e.g., ultraviolet
irradiation-induced wrinkles), skin lines, crevices, bumps, large pores
(e.g. %’%@&iéf@drﬁﬁ%t%ﬁﬁ@fgfed herein demonstrate that modulating expression
and/or activation (membrane mobilization) of distinct PKC isoforms is an effective
tool to combat wounds. Accordingly, wound healing may be promoted by enhancing
the expression and/or activity of isoforms PKC8, PKCn and PKCZ, or by inhibiting
the expression and/or activity of isoform PKCe.

Thus, according to one aspect of the present invention there is provided a
method of inducing or accelerating a healing process of a skin wound or damage, the
method is effected by administering to the skin wound a therapeutically effective
amount of at least one agent for modulating PKC expression and/or activation. A
pharmaceutical composition for effecting the method according to this aspect of the
present invention therefore includes, as an active ingredient, a therapeutically effective

amount of at least one agent for modulating PKC expression and/or activation; and a

pharmaceutically acceptable carrier,
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structures such as sweat gland ducts, sebaceous glands, or hair follicles),

or 15 unevenness or roughness, loss of skin elasticity (loss and/or
inactivation of functional skin elastin), sagging (including puffiness in the
eye area and jowls), loss of skin firmness, loss of skin tightness, loss of

skin recoil from deformation, discolof#tion (including undereye circles),
blotcHing phedbewslessyhypédt pig medtke Skincfegion ausubfpeast agilspalsyound

. and.freckles, keratases, abnormal differentiation, hyperkeratinization, 20
g M BRI SR Bl i CIBMTEAI BRSBTS wicer.
vesisatumiceqraegistricatisaepige e, thiatelinagculalabysieni®ed. wound, a

telangiectasia or spider yessels), and underlying tissues, especially those
b DU el P EIAY RERCoh SRR S i e G amimatory

gaerporsiielisauedsbareiosanthe wifectsafnsulint sldehareviastha Crohn's
.attributed to its ability to actjvate the closely 25 related IGFR. It was
AISERSG HA inRASEHOES RS BB iHSTRTRA & FRdArat iSRSt wound, a

skigdgpermandoastly alpimila dewnsirapaBiaciRns Rihdlawershdh@abetic
present invention demanstrates that whereas both growth factors induce

W im SRS PRI RPN ah U s¥eund SBREERMaR NaB Al sRUSBFHiS NEound, a
guaxaitedte affesls Hraueli GisinetSoNnaiae PRINENSIDE 1R IREHEALIAR i

for differential regulation of 30 keratinocyte proliferation by insulin and
WqBt was confirmed by the finding that these hormones had an additive

effectpg ﬁﬂ%@n%ﬁﬁ%%ﬁgﬁ%%méﬂQ@Q@Q?&H(%yﬁ% @%&E@ﬂhma%ﬁ or

proliferation-inducing concentration of each hormone (see Example 15).
cogditispyepyshidantifothemurisensaipbint iagsulimaaidacr irsidistimginduced
wiAlRY B nregidatignRtkerainnryte,prolisral (ggz ge.,le IR AW %dnexal

both regulate keratinocyte proliferation'and to act as downstream
strgfagesrssuthnsalinsrghatihgdveectxasainedouT hgbedsudieshayetilBilgwat or

inswin.signaling ific nedi P in 5 keratinocyt .
o B A e P r R R oo
skfaralhsiohp rotesneg rivotietingpeuiiivally im glowtheamdanatdratics)ofaariofiskin

I (35)..However, while P .was shown to.be specificall .
TR T I R e SR
(irgtérilied gndertlydantolesy sl siebirgty anovittess, igppipigiatogidaliaifecisonesach

shown tQ participate, in growth 10 factor inhihition of .cell growth jncluding .
Lo O e D o e A T U e
eldesaniylinpastebdwlothatudtbibel 2iddb heirsl afiefselavationtafi@attordeun,

selective, loss of the a6(§4 integrin comglex is linked tq induction

dermis, epidermis, the skin vascularsystem (e.g., telangiectasia or spider vessels), and
underlying tissues, especially those proximate to the skin.

Skin is not considered to be a classic insulin responsive tissue. Therefore, the
effects of insulin in skin are mostly attributed to its ability to activate the closely
related JGFR. It was shown that in keratinocytes, both insulin and IGF! can stimulate
both receptors and activate similar downstream effectors (34). However, the present
invention demonstrates that whereas both growth factors induce keratinocyte
proliferation in a dose-dependent manner, each hormone exerts its effects through
distinct signaling pathways. The initial indication for differential regulation of
keratinocyte proliferation by insulin and IGF1 was confirmed by the finding that these
hormones had an additive effect on keratinocyte proliferation when added together, at

maximal proliferation-inducing concentration of each hormone (see Example 15). In
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of the Kl in cultured mouse keratinocytes (6). The loss of a604 protein
expression is a consequence of transcriptional and post-translational
events including enhanced 15 processing of the a6 and 34 chains. In
preliminary studies a link was established between the activation of PKC
and the processing and regulation o_f3fh_e a6(34 integrin. These results are
Ori’f?faﬁ?ebf‘%férﬁfvxiﬁﬁ PHEGIBERCRo SOKA ot tHEEIE arP AT aggheling rrikgsy in

re %ﬁi@%@ﬁ@%@éﬁ@ﬁ%ﬂ%ﬁﬂ%&%@%ﬁ@%@% formaati 95%123&%96@0%

eratinocyte detachment. However, the present invention identifies _
prafifsmEproladdp 2otk dswastany gateipip sulimsnHo ceenrbratinersy axamined.

T}R!s%'i@?ﬁﬁi&%”reﬂé&l@&‘%ﬁ%?'ﬁ%&%{%ﬁ%}% tg%%&%'%@% 8 g%'@%%rgg& in

not a variety of growth tactors, inc ut "‘not limited to,
keRDGREyEGEH tnail@Hsccahxranslodde dHdGEyatenRIGE Sofetnmahamg the

t ther. PKC.isof in skin. The i f, f PKCSt
B T et R e I T T

iInsuli ion was contirm

typns 28 HGF HeGEvd? DEhilE CRERNIGHbwereonotakregated pydbelated by
do inant%%egati‘;\éi mutant of PKCS and insulin a[ppeared to be the
SUBPALAP i HEXE 2

Y Brlectasrdr g ebuldatico fegrsdhagh factor

anBradiesatannises - XeMBIRIbIDgidaWERRls WheB JkeralineaRNeI€ in growth
infected with WT PKCS keratinocytes mitogenic stimulation by EGF and

fagées PR Eath ah s ?Fﬂé"ghé‘é‘égé%a&ﬂﬁkg@gsa&i\fféfﬁmi?él%oaé@s%hﬁ’de

refi@tiAGbinePiediarative; siimpation Piohar gewindastarshy YPSHeRRrs after

signalin pa}hways. Moreover, down stream elements were characterized

cleynii pieferte arephetiive ks cddmEasegsivatowisndaderktd deyrguction
lfarati the. ] : T. transcriptional activator in .
o e S e S L O B bR o is
a Foamsprption)ptoteinsdienal famdlypoftansdaipoion factors nediuiieg dmhaiced
variety of cytokines rqwth factors. Among the seven known STAT ..
PSR Bl IS PN (R gl P R TR ob ST Blibished
bebtler SbAt family snerbessd eadsrinearhs embryaniailatRaliie a6p4 integrin.

Specifically, when STAT3 was conditionally ablated in skin, skin
ThesssElsqieae Sevesarnithiavporeattsamidhe st vigisiehasoral as
PRIOFA,Pr fStergeingre, UARRIAGAIE Rl UELE AR IBIANG inducing

response elements of target genes to induce transcription. It was foun 19
kethiandaie rdeindoyes, PRES it Hot pthemnP KCdsodorndsieimessethin skin for
p 5(%38 a, Jfllfand S).is.C nstié tive associatc—fc% wigh STAT3 (see

LRV

xample Urhermore TS ﬁ“?‘egl;1 A 6?1656?110(?31/1a ioR ,ea%i?\%ﬁ%Relow
shewdnicleby fnsmstoaatianths AT Botia variety of growth factors, including, but
not limited to, EGF, KGF, PDGF, ECGF and IGF1, can translocate and activate
PKCS, but not any of the other PKC isoforms expressed in skin. The importance of
PKCS to insulin stimulation was further confirmed when the mitogenic stimulation by
EGF, KGF, PDGF, ECGF and IGF1 were not abrogated by the dominant negative
mutant of PKCd and insulin appeared to be the primary activator of this PKC isoform
in the regulation of keratinocyte proliferation (see Example 17). However, when
keratinocytes were infected with WT PKCS keratinocytes mitogenic stimulation by
EGF and KGF was enhanced. This suggests that PKC6 activation is also essential for
the proliferative stimulation of other growth factors by upstream signaling pathways.

Moreover, down stream clements were characterized which meidate in insulin induced
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specific activation of PKCS. Inhibition of PKCS activity by a

pharmacological inhibitor, rottlerin or by overexpressing a dominant

negative PKCS mutant abrogated 15 insulin induced STAT3 activation

and nuclear translocation. Finally, overexpression of a dominant negative

PKCS mutant inhibited keratinocyte pzoliferation induced by
provsraxpiaasiomel REATRSES. FraaaleASindNeseiresuisnoagstasale. a

for insulin induced PKCS activity in transcriptional activation by STAT3 in

traseTiREPLRh Sl It Rit B eSS AT BRI riabt uF SRigteloaetigers
andNEiSaeRvWe @%@@i&%ﬁﬁfsg%ﬁg%igﬁféﬂamgafia@&%%%?ﬂ@&frﬁ%@mned

growth factors, overall these results suggest PKCS activation as a _
bYphiiffaIS UBASaERRT SRhiBRTHCARETY thepralifbraryan drreratiiotytéamily
maYeMakeypf skingrpwth fﬁ&%ﬁéﬂﬁﬂ%ﬂﬁ@ﬂyo?’_*§€P§’F9‘ﬂ9tb§ciEh&her_STAT

primary candidate for'the pathogenesis of defective wound healing as it

famplyenesbersidpetic paaeitsreonin gien SreSientywober BEalii was
coﬁaﬁialawema%édcqlaotgg{&w&iﬁ véxanwéﬁ%gﬂ%@%%ffw&wﬁ%cf KGSon

null mouse it is shown herein that the lack of PKCS, delays w
acHeation i IniEEKviSdenmnmsl o bytemdéniens, Jempderne KCHandcleus and
biEID SANAURG RS RlRe e ERIANUSIRA Y SRRl AUOSL YRR a6 Rund
example, it was recently shown that ih muscle cu tures,slglk mediates
than sukieririthoce g IDEESE Hramspoth¢d PKA3)s@mitartypiressellsosien 30K Cs o, &,
expressing the insuljin receptor, insylin stimulation was shown to he
n B I B oA S A A, GRS e aMorabs h ibganore,
insitidieginswinpmegdialndagon PkGmast aiionkaspaansloked ithSTATS via
metabolic effects of insulin, this is the first reé)%ort linking PKCS to insulin

SPRUifatst ©IPPrafitdrifich. Anhiutioneef RisCdIeTbY P sairPhaguRgipeical
inﬁi)lﬂgfh %%@HH%%%Q@QI{%@EQQ% ﬁ&?ﬁdﬁﬁ?‘:‘i%&ﬂ@%ﬁ%@muwm abrogated

_ differentiation stagés where cells Tose their adherence to the underlying
inpiseindmes MmEAbland vedoskodnudh weulpeaitiyesFinalilindnegspeoession

P : imay idate of regulation of the physiolpgical balance
o g RS T IR A0 o
ovilreximashings{d TRE[PrésentEareplieol 8 in oHwati nepuR K €1 gxgates side) fanddetlin

. _activation is effected. by subjecting wound cells to insulin. 10 This can_be
indl ek RIS SR Y dr R O b RV T A ok R SRek e e
préefgiisdera© e way is thepdirest agministrasinsdefinsuiia 1R theiwesngeam

As described.in ) .
effector recruited by a variety of cytokines and growth factors, overall these results

suggest PKCS activation as a primary downstream element mediating the proliferation
of keratinocytes by a variety of skin growth factors. Specifically, PKC8 could be the
primary candidate for the pathogenesis of defective wound healing as it appears in
diabetic patients. The link between PKC8 and wound healing has also been
coroborated in vivo. Utilizing a newly constructed PKC8 null mouse it is shown
herein that the lack of PKC3, delays wound healing in mice skin (see Example 19).
The link between PKC3 and insulin signaling has also been established in several
other systems. For example, it was recently shown that in muscle cultures, PKXC$
mediates insulin-induced glucose transport (42, 43). Similarly, in cells over-
expressing the insulin receptor, insulin stimulation was shown to be associated with

activation of PKCS (44-46). However, whereas in these studies insulin mediated
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Examples 21 and 22 hereinbelow, a topical application of insulin on
wounds at a concentration ranging from 0.1 - 10 M effectively promoted
epidermal and dermal 15 closure and subsequently wound healing. Yet,
surprisingly and unexpectedly, the application of insulin combined with
PDGF-BB growth factor, or with a PKGU inhibitor, resulted in a

PRUsstRtttaliand sy Besgetisipano emanhebhemesihhelinth, RIBEESShe first
over the insulin alone. Thus, according to another aspect of the present

repRié MG BRGR frdnsatin medpisbasHputlifriatin dhnidatfisdndpal role for
PREBING RIREARSOLA SN KEKAh O AORRAR TG, MENAL ISRHRTEH BY carty
‘administering to the skin wound atherapeutically effective amount o
difegmtiatinn sithggst wheraddlioheicatiem adtieginsyndigy wideriiombatiernent
induce or accelerate the.healing. process of the ski und or
O T SRR I PP e, pemery
caagehités af groguthi2mfadtothsu phyasoRDEH, BGnEGhd 6 rEG&ition and
di%??elﬁt%nd mos{{freferably the agent is PDGF-BB. The direct
a mln}sPr% i6h°0 rfhsulin, either alone or combined with another agent,
may bitneffentadcbydarsinglationiy rephaioapglicet gasseihite sedoicing didating
sent invention, to practice, the inventars surprisingly discovered that a
P AR A H S e LS BRI oL o
ThiisasUstantialy BosaeefagivieaiitnepiRe RS ERAR Wit $eMEX emplified
h repeat daily applications of insulin at a similar concentration (see
EX4 20 below). 34 Thus, according to another aspect of the present
inventiae whee i6daavdsediaimethed.obndveinoeRcerigratling Adheaiing in
process of a skin wound or damage by administering to the skin wound a
Exampledidde2iiflicdr Remisiragletticaigrasal carelication o gnmdimi s preteidb it
co@HNUenIARGHRIHEAMPIISes @ Q0L WMy HRSRISIAP LRGN Ord AMmal
of insulin in, for example, an agueous solution, gel, cream, paste, lotion,
clepmsy andspbaeisnpywaamdissaismon, ¥alvewpumngisntrdringaistedly, the
app @M USHTGENLIRBIMET Qe PISERRSE R WS & 4 U B
ml. The timing of administering insulin onto wotnds may bé critical, as
inflibdwatecsuite tara sleb2@ritizhant xanspies saniooviaeiobdwis: Round healing
ingle. to lication of insulin to a 4 day-old wound resulted in
préﬁ%ﬁ/%ﬁé%ﬁ%ﬁé%ﬁﬁ'&%hus, according to another aspect of the present
invenitiors, texedsngrav idedharmagihacdbthe present invention there is provided a

~method of inducing or accelerating a healing process of a skin wound or damage. The

method is effected by administering to the skin wound a therapeutically effective
amount of insulin and at least one additional agent acting in synergy with the insulin,
so as to induce or accelerate the healing process of the skin wound or damage.
Preferably, the agent is a PKCo inhibitor. Further preferably, the agent is a growth
factor such as PDGF, EGF, TGFp, KGF, ECGF or IGF1, and most preferably the
agent is PDGF-BB.

The direct administration of insulin, either alone or combined with another
agent, may be effected by a single or by repeat applications. While reducing the
present invention fo practice, the inventors surprisingly discovered that a treatment
with a single application of insulin at a concentration of 1uM was substantially more
effective in healing wounds than with seven repeat daily applications of insulin at a

similar concentration (see Example 20 below).
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inducing or accelerating a healing process of an old skin wound by
administering to the wound a single dose of a therapeutically effective
amount of insulin. The phrase "old skin wound" used herein refers to a
skin wound that is at least 15 one day old, at least two days old, at least
three days old, preferably, at least fot# days old. A pharmaceutical

compDisiiip Bctor ditk einghothac eelrmatiigl healing prasess, daskibrovided a
wound or damage, accoyding to another aspect of the present invention,
i Re SRR S fé&?%f%ﬁ?w@%@&ﬁ?éw SiEivEURbGRtiamage by
adnshiiferaideastZO dae adsliianal agelet asingdn HMereemiibuinainseifctive
and a pharm ceuticallégacceptable_ carrier designed for topical application

TBPHAE BhafriHELut AP ESARD D Sl rERSEIy tih e AR aOBKEHC 5 nM,

preTBiBr M0 B @rowthNaeomsweh a5 RP&EperanTigiddud et GE Uream,
IGF1, and most preferably PDGF-BB. The pharmaceutically acceptable
Pk £an BE Y G FRANTINRe 8T 957 g diSBFETQ NS AR B LSt MSb Ao g in

arPadid SHSRENSION: 1@ Bovedar: 3.isRarsiaRe akSANVGARNAN AVEDLAS is
further detailed hereinunder. Solid supports can also be used for

prolohlediERGE GRS IREIHE WSUR I IR B uppratistbemidugated
iniNSRARORNIL PATIKE QLPIR{REPILIBG MIRIPaR W@ hymaR QLAY 0§ ale

suitable source. According to another aspect of the present invention, a

anphisrirelitalintocopostidiomAdeiiglomafteltrstngrahbenling. Thus,
acRbPeRSSt8f A siia wasnd ofF _tﬂéra@eg&tr@ﬁveiﬂfdﬂsi&@r@@kﬁ&lﬂasauylﬁl%th?d of

_ insulin’selected capable of inducing or accelerating a healing process o
inghieigRinIsgpigretarmh Agalizmhtiragssamanaldciiiy 3®vadcepribiandstaimg to

m@%iegn%em%qg aggé%qig%a@gﬂﬁ H@@%@&&Q%{H&%@g&;ﬂtﬁ%ﬁmposition.

Preferably, the single dose-uhit o ulin 1s ranging t05 nM,
prefetaisiptoe Told. Savy nd) Gedi2nmhfofegl ttiosidosesunit thatdm at least

It lye iment of the present invention, cells expressing and 5
Onge(gdr"gt%r% f}]{as{g |%?%al‘?é) idn]fl%?a?:lltaé m?ggt&ér\?v%u%?(cf : %16? 2 ge{nd%’téapcl)%f%t 901“ days
oldccelerate the healing process of the skin wound or damage. Such insulin

producing cells may be cells.naturally producing insulin, or alternatively,

D S o e e e g ST e b oess
ofbe skanstanmedbby] dongxaseptedagrecambinantPeX boene fe8ent invention,
i Cfe eBank Accession Nos. AH 05712f.AF03§f6Q, 10 AF035259) which js
iy AR AP SRS IR o BTR G SASSEL RGN SRR insulin, at loast

one additional agent acting in synergy with the insulin, and a pharmaceutically
acceptable carrier designed for tépical application of the pharmaceutical composition.
Preferably, the agent is a PKCuw inhibitor or a growth factor such as PDGF, EGF,
TGFf, KGF, ECGF or IGF1, and most preferably PDGF-BB. The pharmaceutically
acceptable carrier can be, but not limited to, a gel, a cream, a paste, a lotion, a spray, a
suspension, a powder, a dispersion, a salve and an ointment, as is further detailed
hereinunder. Solid supports can also be used for prolonged release of insulin into the
wound. It will be appreciated that the insulin can be native or preferably recombinant,
of a human or any other suitable source.

According to another aspect of the present invention, a pharmaceutical
composition for inducing or accelerating a healing process of a skin wound or
damage, may include a single dose-unit of insulin selected capable of inducing or

accelerating a healing process of the skin wound or damage, and a pharmaceutically
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Alternatively, the cells can be transformed by a cis-acting element
sequence, such as a strong and constitutive or inducible promoter
integrated upstream to an endogenous insulin gene of the cells, by way of
gene knock-in, so as to transform the cells to overproduce and secrete
natural insulin. This is obtainable bec&use the upstream 15 regions of the
acieeguiibl ¢ erverieavbabee ndetopredl ($ee WpoadsgpMNosioB0001the pharmaceutical
NMO000207),Alternatively, the cells are transformed.by a recombin
e o B S S B o B il 5
nMnprerabig ddotmbinant!,insalind AMphanhfaceutiaidicdospasition for
inducfn or cgelgatin @ aergggtgdqrﬁfess 20tof a skin wound or damage d
according to this a5pect of the presentint/ERHEn ER e CHE FABES G D
scactitey imgrelithe ate inaplim seCietingleeispant] agpharmagduteally accelerate the

acceptable cartier which is designed for topjcal application of the
T o P R S e D
celldmimisigiie di dusiapniharen CapaieabibDMNGSECcretiry gnulieSosaas to
to secretg insulin prootlﬁl,ced (Lfereby. The 25 insulin secreting cells can be

Profiseing CSRETHE W e BF oAl SN sBer b BFRehiblcBih s> 2

reboiARize PONDEERUICE: NMRSleBaferaliyesdisrnsuin sgeoeting calisg35260,
either transformed or not, are of an autologous source. The insulin

Akirandd B theSris RS Hack £ors Braren dBri s Ashsesemanop Higgulin

ATREAINIAG, ARIA-SaEUENGE tRIRINRARIBSUlI;sTRe I im seisiing &85 GR%s o
be fibroblasts, epithelial cells or 30 keratinocytes J)rovided that a

SUQRATBITARH UL A SIS AlSORIOTB IR BING R 166 HRsEeTENers GaragsRgUS
infQIR{ Qsleesndseagte, insHin oBG.cHe AtibaR plternalive, embadiment cells to

of the skin wound are transformed to produce and secrete insulin, so as to

OVipiiERIs? AbdefStastetRatHEd g Wiocedhisfithebtiirielingase the upstream
reBRRIMGEEHHCEh GAMPSHIO R INGGINg OF AL CRIELatNg R HERAIIRG Prassss 1,

of a skin wound according to this aspect of the present invention
NM@OBTSFB indllieres!issl varihgceilés intsrétiietioraedieis wsidndonsttuistsulin gene
desianed.for fansipsing,salsgbine. skinweund e produce and secrete
(e%%ulin, and ag(&armac@l?ﬁca@%gc%Stalélgégi;grﬁégrdgg%%%%é%?ﬁ%o%%éﬁmam
ingidpslication of the pharmaceutical composition. Any one of the
trans},gr éaggn mttatfgﬁ)%s desuibedfapov&c?ﬂ transff)r ation .10, with a

COI’]StI’U%t encabc }higclnsgﬁlnl??rsé%%?or?néﬂon W .bg. %%Cr?s?Fﬂéflﬁgrggﬁlﬁlég E(i)Sc53 58
of a skin wound or damage according to this aspect of the present invention therefore
includes, as an active ingredient, insulin secreting cells, and a pharmaceutically
acceptable carrier which is designed for topical application of the pharmaceutical
composition. Advantageously, the insulin secreting cells administered to a wound are
capable of forming secretory granules, so as to secrete insulin produced thereby. The
msulin secreting cells can be endocrine cells. They can be of a human source or of a
histocompatibility humanized animal source. Most preferably, the insulin secreting
cells, either transformed or not, are of an autologous source. The insulin secreted by
the insulin secreting cells is preferably human insulin or has the amino acid sequence
of human insulin. The insulin secreting cells can be fibroblasts, epithelial cells or

keratinocytes, provided that a transformation as described above is employed so as to

render such cells to produce and secrete insulin.
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acting element for insertion downstream of an endogenous insulin gene
by way of gene knock-in, and transformation with a construct encoding a
trans-acting factor for activation of endogenous insulin production and
secretion, can be employed in context of this embodiment of the present
invention. 15 Previous studies on theeffects of distinct PKC isoforms in

skin havgipesnibamperesasarRautefihe difficulty W infoducingsiorsion «
genes efficientlf;éinto primary cells by conventional methods due to the

PTRABTE IfBCS PR GifTtliatfoAS OISR MMcrase falsithy herlilgterepssteot the
skirpRstarmants. To overcome these obstacles, viral vectors are being used
to introduce genes of interest. Viral vectors are 20 developed by
modific AHBFTBFeHE SRl SOgRASHISNHo dTevRSE v8 reslfvatingradigaing process

of\irYsaSvd bR Mestigaly &iﬁeaisl\ggal NEHOR LR R LRHOY MSEH A cludes, as

adenoviruses, which are used for experimental as well as gene therapy

annuibvedagredicrdna difieky, ackb engFaRicilesigned deeoniiosmnectelisinf the
kPR ESRICRIAG a8lls o thiesBigh dita L af, Vit égﬂéﬂ%b&%&fﬂf%z%é&&e{et%&m

transduced protein makes this system highly 25 advantageous to primary
degigngebBe spnjsataanbosstpovaidheatiorsapainedmovietdado not integrate

Into e DAL IANANE AN SRR SRLIOBIE0IE I dnanstommation

replication deficient, these viral constructs are associated with’'minimal ris
wifbr ansaligimaciciasddihgrimsnlas Wellsdsranitioal widldelscOb4duTo lsateyring a cis-

in, virus. construgis have alsq been used successtully with.high

s g R et Y ot
geaddmoviris, \aectdrawfiichatias dettelopadtyctleBaidmandhisassog dtesr for

e S e L B e S e (B el B
nearﬁ/a ait er%g adenovirds genome U TaeRSETA B BRI Jyontex

of thgi enshodindaring theprinesréplaaion defective. It contains a composite
CAG, pramoter, consisting of the cytomegalovyirus immediate-early
enha%%é/ﬁ?‘éﬁi &lgﬁeiﬁnaﬂ%ng%?};ﬁof’eg,%%%‘%{ é%létl I:%Hﬁrfn il have been

hapglyadenylatiesusigitathwidich sirenglyiintidee s ©fpragsiqaisinggdedly into
DNAs %iﬁ 7). A gene of?lnterest |s inserted into the cosmid 5 cassette,
e

PHHCh cEOETUIRRR PHIBYUENTE dmmih§orliekidiiey pas chffgrentiation
potegeiemvithadeaavis O NOREMinal PrateistGampiex (TBCQIvIRERR these

cells that express E1A_and E1B regions, recombination occurs between

obpiaelessivial cestorters e ngarsdifadnindact eenesieldmigse Jswkrectors are
de(@ﬁ%@@iﬁﬁ%&m&ﬁkﬁﬂcﬁffiﬁée0%&10&1%@@@%@%rm%t{0&59@¥§%iQl@?éctive
m

_methods. Such high efficiency is mainly due to the use of the
viruses. The most widely used viral vectors are the retroviruses and adenoviruses,

which are used for experimental as well as gene therapy purposes (13). Specifically,
the high efficiency of adenovirus infection in non replicating cells, the high titer of
virus and the high expression of the transduced protein makes this system highly
advantageous to primary cultures compared to retroviral vectors. As adenoviruses do
not integrate into the host genome and the stable viral titers can be rendered
replication deficient, these viral constructs are associated with minimal risk for
malignancies in human as well as animal models (14). To date, in skin, adenovirus
constructs have also been used successfully with high efficiency of infection with ex
vivo and in vivo approaches (15, 16). An adenovirus vector, which was developed by
L. Saito and his associates (17) was used in the present study. The cosmid cassette

(pAxCAwt) has nearly a full length adenovirus 5 genome but lacks E1A, E1B and E3
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10 adenovirus DNA-TPC instead of proteinesed DNA. Furthermore, the

presence of longer homologous regions increases the efficiency of the

homologous recombination. Regeneration of replication competent

viruses is avoided due to the presence of multiple EcoT221 sites. It

should be noted in this respect that keratinocytes were infected with
regietihctPRaIngcdmbitant wmpdneiin séefedérmondtramdaiss howeniatsitel SAG

pr%%%?é;{?% ﬁ(gﬁ%gﬁ%&%%g@%&i%@%&“%Pn%‘?ﬁ% R

atlng pression anad/or aCtIVgtion IS ellecte
actiogoralingco tind preddnt frykttionidhydndiacing dyestexpiessianmdia induces

PKC .in the skin cells. This can be achieved by transforming the .
e R A bl BB A St T W GO th Cosmid
cabenglogiels isebembinaiinifectps iearmimancitbendng eihies Pootell kinaster

C of the cells and thereby causing the cells to produce natural protein
R AN FEEER) NG P Koo O (00 ST eSS A

anWith B iegamb)ineniniaieidkivase genenstehasniiichakliiiad tdenovirus
PKCégSl gene (Accessi,qn Nos. X06318, NM002738), PKC-(32 q;ne

DRA:ddSsiofelin s e rreqmyimi AHRsich RoICIIsan)e pradipd fold

thAeHNEARCaEsIRN MeHdIE0IR) P Ko cAocae9 (AGeaRBIONDes BRBREdf the
PKC-t gene (Accession No. L18964), PKC-a ggne (Accession No.

adgnpying) IBae 1 Getnstead seioteniseed 2880, Eyrdemnopk dhe gapmmce of

10ABGORSSION A Xl SHhh P&ed 11BS8 GRREESFINL MAndibad08)thbination.
OPKC-C geneé%(gccgfgon Nros. 315108, X725573, NM00274%), and therglggon

Reggigiganeobairplisapraduennesambirues prowinikphsactadh presence of
miIEac61Y6e! Gampasiten.iariadusing A" AecelRrRlinganealing RRCE e
_ of a skin wound according to this aspect of the present invention therefore
infpeifedh et sligimac el ngeotibimant radsiedy inesdscslestansidesst redigors later
effé@&@@&%ﬁ@x‘ﬁ%@f&kt{ﬁﬁ&?%%)Wﬁy?&é%%&%‘l‘&?)a protein kinase C,

and a pharmaceutically acceptable carrier designed for topical application

of thd piaranateutizay dompositioredsintiagdiKé? waydsyiorh ikl fmoetiatifign. is
ef§§§d%é86?§§{ ?03'1‘1(9’ feastivatan fgﬁ%éfﬁca%%u%clgong}@%o e RIesetoK C in

invention is by a activator, suc as,%ut Rot & Timited o%att insulin
theslon/estatih ck]lso dkisocanchicachicacddigratetfoermaglithg getboeis afdkecting

skin wound. A pharmaceuytical composition of inducing or accelerating a
eI SRS as e oy oF NSl s ity T o ity © a0
enthg@reseptanientionsherafdnbe cells and thereby causing the cells to produce
natural protein kinase C. Still alternatively, this can be achieved by transforming the
cells with a recombinant protein kinase C gene, such as, but not limited to, PKC-B1
gene (Accession Nos. X06318, NM002738), PKC-p2 gene (Accession No. X07109),
PKC-~y gene (Accession No. L28035), PKC-0 gene (Accession No. L07032), PKC-A
gene (Accession No. D28577), PKC-1 gene (Accession No, 1.18964), PKC-o. gene
(Accession No. X52479), PKC-8 gene (Accession Nos. L07860, 1.07861), PKC-¢
gene (Accession No. X72974), PKC-n gene (Accession No. Z15108) and PKC-Z gene
{Accession Nos. Z15108, X72973, NM002744), and thereby causing the cells to
produce recombinant protein kinase C,

A pharmaceutical composition for inducing or accelerating a healing process

of a skin wound according to this aspect of the present invention therefore includes, as

an active ingredient, a nucleic acid construct designed for transforming cells of the
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includes, as an active ingredient, a therapeutically effective amount of a
PKC 10 activator, so as to induce or accelerate the healing process of the
skin wound or damage, and an acceptable pharmaceutical carrier. Still
yet another way by which modulating PKC expression and/or activation is
effected according to the present invegtion by downregulating expression

SIARAHRURCHY Y RfuR PG RPN ado B ANATS GHIRHNI AF T4, %fcgegglble carrier

isoform may be effected by a PKC pseudosubstrate isoform inhibitor such
depdgs dxatppieapciicatircy Siephainapaitisabdsopmpatéanhibitors

(Calbig&h lifqenia, Upéd, [ - inhibitar sugk .

for exgél%nﬁw:1 plgég,etttyw%ﬁp{hmgsprﬁace utica?%g%?%geﬁ %\%%7%9 Egég)(éé%)? %%I%?&%S%%\é%%n IS
cifqeied apverdinawh thg utsahegt dotivitior & PG iBSOrachvalobesatfeate dbiynot
-a- ingntnegati denquyir, OF t d ihed. in.
RSN SR B A D P G
pigefes et thaylde efieotkd by a small interfering RNA (siRNA) molecule.

RNA i ! W Nel(e] .. The first 25 step, which.is termed

o e S R AR e SR AN TR o
a sinalWnterdeoin daRiNgs {siRNAY probabiyiegttiod dotipresfnDiceendion therefore

. member of the RNase |l family of dsRNA-spegific ribopucleases, which
m%ir%%%sésgss cleaé:\{/}éfg) J&R E?l%t?o Ueal ?r%%ﬁ oerfl%ggg?r%%%%nﬁeoér g PKC

aofirag)rinsanasA iR - iddpendenicoelrner (it beelslyenieayage gvekitin wound or
dde rade the RNAE Jr9- 1 bp 30 duéglexes (SiRNA), each with

aél}f%%’lgg idé 3" e%?fné%a[ﬁ%f\%aﬁ rAfi&Zamore Curt. Opin. Genetics

and DeilElepmenhd2:22 52 32i@002)dath B ericteipNaidie 402;8661300n is

1%200 ). 39 In the effector step, the sSiRNA duplexes bind to a nuclease
¢ %?éle ?814'8}% 10 BRI RIS Cé%}’gﬂgﬂ{}irlﬁé’ ¢ m@gl(kgfglé).emessmn and/or

achV iy ddparidensafarinding of the siRNA duplex is required for activation
of the RISC. The active RISC then targets the homologous transcript by

base PANMGSHEERSIGE YR ObaES tHeoimeRAM G P9 seHeledibe 2 PKC

pdeagreepiadtonsiTes taimmbes ahine SIRNA [Hulvsgnerand Jamore,Cuikcy
Opin. Genetics and Development 12:225-232 (20 2;; Hammond et al.

PSBEoTYINYEREhikYer ptvoliymdgaliomen Eraetise PKC isoform
inkASO RRH 200 W, AUthRe ¥A€ pharmaceutical peptide LY379196 (Elly Lilly,

USA).

Alternatively, downregulating activity of a PKC isoform may be effected by a
dominant negative (DN) PKC adenovirus construct such as described in the Examples
section hereinbelow.

Downregulating expression of a PKC isoform may be effected by a small
interfering RNA (siRNA) molecule. RNA interference is a two step process. The first
step, which is termed as the initiation step, input dsRNA is digested into 21-23
nucleotide (nt) small interfering RNAs (siRNA), probably by the action of Dicer, a
member of the RNase III family of dsRNA-specific ribonucleases, which processes
(cleaves) dsRNA (introduced directly or via a transgene or a virus) in an ATP-
dependent manner. Successive cleavage events degrade the RNA to 19-21 bp
duplexes (siRNA), each with 2-nucleotide 3 overhangs [Hutvagner and Zamore Curr.
Opin. Genetics and Development 12:225-232 (2002); and Bernstein Nature 409:363-
366 (2001)].
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mechanism of cleavage is still to be elucidated, research indicates that

each RISC contains a single siRNA and an RNase [Hutvagner and

Zamore Curr. Opin. Genetics 10 and Development 12:225-232 (2002)].
Because of the remarkable potency of RNAI, an amplification step within

the RNAI pathway has been suggesteéd. Amplification could occur by
copyimg:ied titedrputdsRMASRAINCIIVRiEs ganeraie MR SRNAS 16X BY from

replication of the siRNAs formed. Alternatively or additionally, = .
Bt B FSLTaN By KISl o EH BYEnt B A R the

siRtevupnRd o Rlqiald Reviceiod 40rd R9S20G1: RRRPRBENETnRAYets the
15:485-90 (2001); Hutvagner and Zamore Curr. F(’r)ﬁ{)in. Genetics and

Rl eRs EAPIS 1D 530 89S BYBYIS FBIHHEHO iR B Bh RAREIEA dato 12

nieidewdRgr4eniaws FaaahbGhamBiashen a3 R4 (AAAN Grllondat Curr.
Immunol. 3:597-599 (2002); and Brand Biochem. Biophys. Act. _
Onig74igaces sphIyesel aynthbdid o RAi HoRoulastitasetor/usdiithNat.

Ré&bequesent inveotionotanakeseiissiechas lows. iy hedtke is9R5Mkh the

MRNA sequence is scanned downstream of the AUG start codon for A

meffgiuBtide detrscsSBLiuberrlacidatode rospreshditHicatesdferieprchoR ISC
contlRolideRis tneQiled fa PRIGNIASIRNAG 9% i8S Pralarasiin SRMNAics

target sites are selected from the open reading frame, as 25 untranslated
angblireoRuTs ) ar2ficker @0R2gLiatory protein binding sites. UTR- binding

protej / ion.ipitiati integfere with, bindi

Ot A R A DAY e
RN Avilppdwapphesittsy theggghiethatSiRNifisatioactenidt ovnvartsiatepyiagiofishe
: e ct rate APDH wherein siR .
L e A A, e SRR B e simvas
fomrEPDHAHRNAE complitetniihoispéidicptioteindeldebe effected by multiple

U BORIORATIECRIDINOLI1Z il I Second BACYTRIAEE! g1,
Sites are compared 10 an appropriate gendmic 0atabase (e.g., human’
GeneusBerat Eict #8ing 2001 e fuevigmalignih ensattwEune; sDpihasHmetics and

DS RGR e i G MLAGTA P B GIB1 8 BV it olloving
regignifitantilotiaiogyidohather oding sepuencasutiee. Ndltameeaidl. 3:597-599
O B e oL g o b G GhFab as these have

Proveiyiehbgs of RNAI molecules suitable for use with the present invention can
be effected as follows. First, the PKC isoform mRNA sequence is scanned
downstream of the AUG start codon for AA dinucleotide sequences. Occurrence of
cach AA and the 3° adjacent 19 nucleotides is recorded as potential siRNA target
sites. Preferably, siRNA target sites are selected from the open reading frame, as
untranslated regions (UTRs) are richer in regulatory protein binding sites. UTR-
binding proteins and/or translation initiation complexes may interfere with binding of
the siRNA endonuclease complex {Tuschl ChemBiochem. 2:239-245]. It will be
appreciated though, that siRNAs directed at untranslated regions may also be
effective, as demonstrated for GAPDH wherein siRNA directed at the 5° UTR
mediated about 90 % decrease in cellular GAPDH mRNA and completely abolished
protein level (www.ambion.com/techlib/tn/91/912 html).
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more effective in mediating gene silencing as compared to those with G/C

content higher than 55 %. Several target sites are preferably selected

along the length of the 10 target gene for evaluation. For better evaluation

of the selected siRNAs, a negative control is preferably used in

conjunction. Negative control siRNA freferably include the same

nuclettided gisolitldaras thiesiRNAsbartelhok sigpificamtdio prologic dathiesse
(SS9, TS, Seramplegnudleatie seaence of G SIRNAS, . o

%r'é erag?y’/ useé,’ provid a'it 56S ot &%pﬁay %ny significant h%rﬁol‘%)sgﬁo
BloAf Ditudvgen ev#l sbitaitenlth IR sweording torthie . pheseiht govanitiasT/).

1 be, for example,.an SiIRNA capable.of inhibiting PKCa expression
P B S R B R R R R T N
filfenathet.agent capable of downregulating a PKC isoform is a DNAzyme

molecule capable of specifically cleaving. an mRNA transgript or DNA )

et DU B S BB RS a A RO, Synthesis
Prpfoltodclantitiessvinicthase eanaiie obeleading hetl singlesamnd dopideen to be
stranged.target sequences (Breaker, R.R. and Joyce, G. Chemistry and
m%ﬁ%%%%&@?%%@?%%%%? slipe %&?c%?f@?ﬁ%r&ﬂwaﬂ,w,&%a@.%a9ntent

highSARR0 3043 42821 A generaldv agteh(Pna 98- 2d ool iR ength of the
DNAzyme has been proEosed. "10-23" DNAz§mes have a catalytic

BIgShriRcolO1 % E a8 Ry ribBh BElkSaL Agel By ftsoted SIRNAS, a negative

cofitlosiAfRereeRURiRY donans Al SEVERIANIBeHEOXVITICRYSISRIASS include
each. This tyge of DNAzyme can effectivelyacleave its substrate RNA at

the, stRe pysifnbteRmenstionsarttsrsiFos Ruidode sentlipridionglpgy to the

gehsRd. SeindSALE HREd SO S KNRCHIARA, M IGHEERPRed,
Mal Ther 4:119-21 (2002)]. 30 Examples of construction and amplification

proyidpdtHelRescnrfinbaray DKAgpifieandevgalorysingleather gene. A suitable
silgﬂ%blcﬁ:t%f@i%%qg Eﬁ@ﬁfe@@@fﬂ%ﬁgﬁ%%ﬁ% %?%ngﬁﬁlg,sgﬁl ﬁRlI{IPQi‘cE ble of
No. 6,326,174 to Joyce et al. DNAzymes of similar design 41 directe
inkigHinst RRE mniaassirskinels ey e plohwavelpeceithsopserasdeb fimtlibn SEQ
pYelinasg receptor expression, and successfully inhibit colon cancer cell
metastasis in vivo (Itch et al , 20002, Abstract 409, Ann Meeting Am Soc
Gen Fhethssvageasgiapabe InfadothecgppticationP BN Azyines is a DNAzyme

tha iSO gseferbona Naeryowst ran sbaihd-rtroades pfl GMtlandies which are capable
of cleaving both single and double stranded target sequences (Breaker, R.R. and
Joyce, G. Chemistry and Biology 1995;2:655; Santoro, S.W. & Joyce, G.F. Proc. Natl,
Acad. Sci. USA 1997;943:4262) A general model (the "10-23" model) for the
DNAzyme has been proposed. "10-23” DNAzymes have a catalytic domain of 15
deoxyribonucleotides, flanked by two substrate-recognition domains of seven to nine
deoxyribonucleotides each. This type of DNAzyme can effectively cleave its
substrate RNA at purine:pyrimidine junctions (Santoro, S.W. & Joyce, G.F. Proc.
Natl, Acad. Sci. USA 199; for rev of DNAzymes see Khachigian, LM [Curr Opin Mol
Ther 4:119-21 (2002}].

Examples of construction and amplification of synthetic, engineered

DNAzymes recognizing single and double-stranded target cleavage sites have been

disclosed in U.S. Pat. No. 6,326,174 to Joyce ef al. DNAzymes of similar design
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ALL. Downregulation of a PKC isoform can also be effected by using an
antisense polynucleotide capable of specifically hybridizing with an
MRNA transcript encoding 10 the PKC isoform. Design of antisense
molecules which can be used to efficiently downregulate a PKC isoform
must be effected while considering twb aspects important to the

diagttied ngmiapprbachunhhe fifstldspectisqedvensef thecatigoshitipatideintthibit

the. cytoplasm of the appropriate cells, while the second aspect js design. .
R p ke, SHECTRAY EIHAS e b ket bR n
viwithiiitalellsdnd wap 0sdich Absibiks treds|atiomn thereonEhe\pliosé¢t Gen Ther

teaches of a number %?eliver strategies which can be used to
W ASRRT elivég oflg8 EIBRIEE AT, NG TR BRISIPEI Y [d8e brorab!
orexaeRie wtdfsdchot iierh 10hibhiad 1RO8)idssenenwgitatioh Blaetkdhia cells,

%2-62 (1998); Rajur et 20 al. Bioconjug Chem 8: 935-40 (1997); La\dﬂe
A S RS B S R COMHRO S 7R 1) A TS RORT EXAk and
AlX997) Biochem Biophys Res Commun 231: 540-5 (1997)]. In addition,

algorithms for identifying those sequences with the highest predicted

bindiftP HHHSEY RSO 8 3t MpiRIA 3888 firHshraming gratisense
pdhahd&aaeQupisob &@@&%ﬂ@@mﬁiﬂf#%%ﬂﬁfﬁﬁw iRReBING coding
a

tariﬁet MRNA and the oligonucleotide are also available [see, for example,
th\iitbrifeimBiotechnol Bioeng 65: 1-9 (1999)]. Such algorithms have

beensHGeRIH N LREI IR 1 RIBMPR AR ANLSCRSE | ARRICRAN USSR fifite a

example, the algorithm developed by Walton et al. enabled 30 scientists

PR sirefessrumpie by P EReisEnsedfigennsifssnde sor raptsitsoinpgitisin to the
arkRER %&im&@e Woﬁﬁ?%ﬁ%&fq@ﬁ%ﬁ\lf@ﬂa @Nﬁeaﬁi ) tE@l@%ﬁHQ Shto the

The same research group has more recently reported th e antisense
Cybem oPfationalypaspradie ctellsoligbtiaclbstidescadairmtetirde edgh of an

: and. rat 0).in
o L S SISO A RS ST BB way
whilphashilits sseslanetudiergatsts against three different targets in two cell

z:}llﬁpeeni@,t%h ﬁgro e qgggﬁg’éeorfa angtpm@g'rp é}o (nglhvig%/t %t?aljcg%rég% ?(Hld gar? be used to
efficiently deliver oligonucleotides into a wide variety of cell types [see, for example,
Luft J Mol Med 76: 75-6 (1998); Kronenwett ef al. Blood 91: 852-62 (1998); Rajur et
al. Bioconjug Chem 8: 935-40 (1997); Lavigne ef al. Biochem Biophys Res Commun
237: 566-71 (1997) and Aoki et al. (1997) Biochem Biophys Res Commun 231: 540-5
(1997)].

In addition, algorithms for identifying those sequences with the highest
predicted binding affinity for their target mRNA based on a thermodynamic cycle that
accounts for the energetics of structural alterations in both the target mRNA and the
oligonucleotide are also available [see, for example, Walton et al. Biotechnol Bioeng
65: 1-9 (1999)].

Such algorithms have been successfully used to implement an antisense
approach in cells. For example, the algorithm developed by Walton et al. enabled
scientists to successfully design antisense oligonucleotides for rabbit beta-globin

(RBG) and mouse tumor necrosis factor-alpha (TNF alpha) transcripts. The same

research group has more recently reported that the antisense activity of rationally
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In addition, several approaches for designing and predicting efficiency of
specific oligonucleotides using an in vitro system were also published
(Matveeva et at, Nature Biotechnology 16: 1374 - 1375 (1998)]. Several
clinical trials have demonstrated safety, feasibility and activity of 10
antisense oligonucleotides. For exaniple, antisense oligonucleotides
sefsitetbleoligothis]trgialen e ngohshntech ave ddernapocessitlysus@dman  lactate
9@#‘5?&5@ x%tm%fg 3911%' rllaM%I%)ir rjnlcgé?lzétg’i?uglégagsggl/ YVh{lee t{)eaatlrﬂﬁnré:tti%fPCR
matological malignancies Via antisense 0 |gonucleoat|'é%s ar}éetlng
techmybegee cp58erit 8 @l 2l hadteriteractlinidaldirgl scan chgaad tbidese different

shown to be tglerated by.patients [Gerwitz Curr,Opin Ma] Ther 1-297-306 .
o e P eI Pl ariatichce
chieepstragsase gene expression has been reported to inhibit pleural

disseminatjon of human cancer cells.in a mouse model [Uno.et at,,. .
Canclh KA, SEal BRIl (e R Cunang Figeioncy of
spretBoiotigualaprotdes isihe dieldh ofi/20 sysiisensa dethnolggsddighM @sceva of
described.aboye, have | he ion of highly accurate antisense
al’d Z?Sﬂea%SFﬁﬂm%%%elge ﬁlél% v“a}i%gl a%% nuclgoti):je delivery systems,
enablsarrardinaiy skilediarisakiodesignl anddyplempatigntisensivity of
approaches suiltable for downregulating expressjon of known sequence

{ S
A HEOIY R et FO L RATBRISaFAHEE o RpyitisaRtisiomiishle for the
treAinbae s AeRTeARADIRa dewarsauiating aiRdsise ol ICRHRGANMEo] Ther

molecule cggﬁlble of specifically cleaving an mRNA transcript encoding a

1R S B el HETRBAP B aRies via. antscnse
olRRAUERGERRAGHICHBIRILAN, oLIENSSXRIEINeD IXINe LRAVAGS A trials and

mMRNAs encoding proteins of interest [Welch et at, Curr Opin Biotechnol.
hag: hagngbqags) Peridepedibnnabeasdigeng hsoryrmpiaiied Eeevb 2y 306
(15pegific target RNA has rendered them valuable tools in both basic

research and therapeutic applications. In the therapeutics area, ribozymes

haveMeEh resgidite attisensfemad RN AupiTdpfsstidsiiiswas dspaonvisargene

oS e P M e v

a wevesanadedjme ¢ferle G ResctbGSIESGOIV0 batients are already in

G A e e b i
antisense technology which, as described above, have led to the generation of highly
accurate antisense design algorithms and a wide variety of oligonucleotide delivery
systems, enable an ordinarily skilled artisan to design and implement antisense
approaches suitable for downregulating expression of known sequences without
having to resort to undue trial and error experimentation.

Another agent capable of downregulating a PKC isoform is a ribozyme
molecule capable of specifically cleaving an mRNA transcript encoding a PKC
isoform. Ribozymes are being increasingly used for the sequence-specific inhibition
of gene expression by the cleavage of mRNAs encoding proteins of interest [Welch et
al., Curr Opin Biotechnol. 9:486-96 (1998)]. The possibility of designing ribozymes
to cleave any specific target RNA has rendered them valuable tools in both basic

research and therapeutic applications. In the therapeutics area, ribozymes have been

exploited to target viral RNAs in infectious diseases, dominant oncogenes in cancers
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5 ribozymes are in various stages of clinical trials. ANGIOZYME was the
first chemically synthesized ribozyme to be studied in human clinical
trials. ANGIOZYME specifically inhibits formation of the VEGF-r (Vascular
Endothelial Growth Factor receptor), a key component in the
angiogenesis pathway. Ribozyme Pharmaceuticals, Inc., as well as other

arfiiysebidiesdaman stiatedibed pRRHRANGRQHAR aNteRAYPYLNESIS Diagn Virol.
therapeutics in_animal models. HEPTAZYME, a ribozg’lr%e designed to

15 Retely BéUroa8paiE 1Y HRFEAHOoT I L Rad AN RIRbegR)s fior HIV
pARGIGASNGIHLPAIIPEayiral RNA InEGE i 253 RPAZYMKeen used for

Pharmaceuticals, Incorporated - WEB home page). Preferably, the

UHIREFRE UL CERPOsiBBR IR TRELY M s atb rai dlsédimy Several
rib¥RAaRs aka sKinwRuederdampag;ictierncludasriieeshare Qaditionat

agent selected from the group consisting of a hormone, a growth factor,

chemichbbkinetoResd RATRYEM GOvIBE2 sdigitabie havmane elriesé, Hnls.
Aﬂﬁmmﬁ_&ﬁmw sfiaRlengrauel fackanh capRer RUEARLIMIEH dBrhelial

Interleukin-6 (IL-6), Kerotinocyte Growth Factor (KFG) or Tumor Necrosis
Groyedly Fampa errirean). A g@ﬁm@a@mﬁakmt@oa@awg@zem; prsbtimitedibpzyme
piRAIRFIAIAPanECD- VIIL realeing e ReseaLIMGRNON 40.R tfEnce of

the present inventors surprisingly and unexpectedly uncovered that
angopedypsenchiy gthtirepasliicicatateninadapaisielof sUBERIMANNIFmotingozyme

ealing.in.yvit IR Vive, (see Exa in the Example o
S e R R B R W e
deascasiigeprsino dutatisigRags nnusdt dature atingy miRiiple;sotePbaisnanehiticals,
mSEntal, ner o@ﬁﬁ%]ediso(%?ers (U.S. Pat. Nos. 6,620,847, 6,362,161,

8,&%1?%9, éﬁ 2,430° %045,898 ,5,981,589 and 5,800,808; U.S. Appl.

Ser. Rogethbl§] 586 5Hon66@88 ¢ahnchb M positdA7 0f, théupligr ait doeddating a

describe or suggest the use pf copolymer-1 for accelerating the process,
R, S RS oA S SHAIe S B (8 S dr ol
agenveselianeth érenisips Qridpdcansieitwdfof Inducing arcpereietaiing ahaaisigne,
rocess of a skin wound or damage, the method is effected by o
P RS N S v HE O RS e i BNty 1 Siedomitin

Aamewk ofernOhBs chnigfe@bl¥atai cNCENHRIRIKANI IL-BRIWERM ey te
500 g/ml. A pharmaceutical composition for effecting the method

Creebrdigonirisi heplemsrivepreieRestveribn thetoreiretiidels aipakine
caﬁcggf %H@%@%ﬁﬁ{ef{l’w, adipsin or adiponectin.

While reducing the present invention to practice, the present inventérs
surprisingly and unexpectedly uncovered that copolymer-1 (glatiremar acetate) is
capable of substantially promoting wound healing in vitro and in vivo (see Example
26 in the Examples section which follows). While copolymer-1 has been previously
known as an immunomodulating agent used for treating multiple sclerosis and central
nerve system disorders (U.S. Pat. Nos. 6,620,847, 6,362,161, 6,342,476, 6,054,430,
6,046,898 ,5,981,589 and 5,800,808; U.S. Appl. Ser. Nos. 10/615865, 10/666857 and
10/014477), the prior art does not describe or suggest the use of copolymer-1 for
accelerating the process of wound healing.

Thus, according to another aspect of the present invention there is provided a
method of inducing or accelerating a healing process of a skin wound or damage, the

method is effected by administering to the skin wound or damage a therapeutically
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therapeutically effective amount of copolymer-1 and a pharmaceutically
acceptable 5 carrier. The therapeutically/pharmaceutically active
ingredients of the present invention can be administered to a wound per
se, or in a pharmaceutical composition mixed with suitable carriers and/or
excipients. Pharmaceutical compositians suitable for use in context of the

QSO LINYERION dPFHAS HNPSEERMPRAS LONS IR WRIER LR A A ¥etween 1 to

ingredients are contained in an amount effective to achieve an intended

StRdrapelutit efapnasetiselnereasiiopiar eeding theormibodisererditart this
adfé PEEPRIRtipROheNG veRmar et tis actie paredients da%%ﬁrétl)?{?gp&ﬁ%ﬁh a

either protein, chemicals, nucleic acids or cells, or physiologically
thgensptisidysaftssvpramams terend wittrdtadls phamicaiutionpoaersable
caSHeh as traditional drugs, physiologically suitable carriers and excipients.
The purpose of a pharmaceutical composition is to facilitate
admidBeraticsrapfcutsotippharchaccditatan astiemismerBdientnacdutibal present
inGEmRASUIRNR Al ALRSFT IMNRIN, AL be MANYACIIE B PIOGeSSERor
well known in the art, e.g., by means of convention mixing, |sso?V|r‘Pg,
migrechwlelirsy; tdhdg carmsakiang/ de dgeipigts2 Pbatalsifyinigaleomapssilatingsuitable
ing or lyophilizing processes. Hereinafter, the phrases . .
o STy LDl Carmar S SIS LR Ay RS LD S e
acaines intemrekdamge alpty csadiact iefentameartierffacta diltenthatcdaasinghded
cause si%ri%icgnt irritation to an organism and does not abrogate the

th%}i%?gaﬁ:% activity and properties of the administered conjugate. 25 Herein

the tekmuieedcipiemnt’ « ¢fdratmatuinalt cubptantmadefes ty @ preparation of one
pharmageutical.composition tq further facilitate processes and ,
O R TR B S I G R i ARG B IPRERIH: GPcleic
actlCipientt inaitigh paltigitalarbonpiabkalgits RhesRiale, YaHeus SHER S her
and types of starch, c(g)l(l)ulose derivatives, gelatin, vegetable oils and

SRR SRSARO BRALS iuicho2 SRl dsvasrminrsnloeialia aniiehie semictsr and

exefivatingredipnts,mpysee Jpund aReminatan scbhponaeauticaly  facilitate
Sciences," Mack Publishing Co., Easton, PA, latest edition, which is

admERRSLRE ¢ e AR RSk SRSl 045 SRERESTAriBha n@YiRg} geenpositions of

thepreusiraten RfAsierb aedienia /e Wﬁ?&&s@@%ﬁm\@g U art, e.g.,
described, for the purpose of the present invention, the topical

by means of conventional mixing, dissolving, granulating, dragee-making, levigating,

emulsifying, encapsulating, entrapping or lyophilizing processes.

Hereinafter, the phrases "physiologically suitable carrier” and
"pharmaceutically acceptable carrier” are interchangeably used and refer to a carrier or
a diluent that does not cause significant irritation to an organism and does not
abrogate the biological activity and properties of the administered conjugate.

Herein the term "excipient” refers to an inert substance added to a
pharmaceutical composition to further facilitate processes and administration of the
active ingredients. Examples, without limitation, of excipients include calcium
carbonate, calcium phosphate, various sugars and types of starch, cellulose
derivatives, gelatin, vegetable oils and polyethylene glycols.

Techniques for formulation and administration of active ingredients may be

found in “Remington’s Pharmaceutical Sciences,” Mack Publishing Co., Easton, PA,

latest edition, which is incorporated herein by reference.



10

i5

20

25

30

route is preferred, and is assisted by a topical carrier. The topical carrier is
one, which is generally suited for topical active ingredients administration
and includes any such 5 materials known in the art. The topical carrier is
selected so as to provide the composition in the desired form, e.g., as a
liquid or non-liquid carrier, lotion, creasm, paste, gel, powder, ointment,

solventhliguigbiliiantdops daciieikaa0d DTaxRe Gamised Akdossible,

material of either naturally occurring or synthetic origin. It is essential,

and FFS, PEEYIATE ¥ ARt Cartherthp Sumspa il ik B st davenkionydhsgiamical
roffcatheicieamnanentsiabihg wrisal fosmH ation apghwiichistable Withich

respect to all components of the topical formulation. Examples of suitable

is s bathided foF (RRICHeHElY SrERIGE frtscrdmieds s ehandtinalvdsstanicsuch
mGBINC I8N, GvCeAn. miRerghidll siARPes pﬂ@%ﬁn&deﬂy’t@q%mide the

fatty acids, vegetable oils, parabens, waxes, and the like. Preferre
CORBRAIlRIbHS therdasiEnd atBrie s, sdbHasidomtheaniisuié grisier] Plinlpreseam,

paSIeanas @Dewglsoﬁ?éméﬁe @a@éﬁt,sr‘;m!ﬁpuﬁm%&%agg NSdRCRid €ina may be

typically based on petrolatum or other petroleum derivatives. The specifi
copifitifethpbaseaterise efsdtheasaiitabe eysproviatsdpythboserskitiedtits tyeential,

1340fJS QRe dhat wil i ti ive.,i ignts. deliver ,
R S L A S
cogmoilpateyodr e tikacalsiwithubttien,canderstoclveliciedlamothtmepedase all

L

hePan idokPwhlishirigoBals abd3B)icatpagesd38:iidG4)amimehcbasesineral

oifnsaiﬁ %% roe {()al%luiﬂlf% rcl%%o 18: 1p lt%a%icqgg 5 bae’?a%%%i U|Sifi le bases; d
emulSion Ases: and whter-Soluble ases.’éf?gagmous SPETAtRent BASEs? "

thentlkiele, Poefenarh flendgbtablbwis) fats obitaiked fsdoriasinalanand, liquids,
semisolid hsy%gcalibons obtained from petroleum. Emulsifiable ointment

lotions, cream els, . I
E)asés, also oW as absorbent ointment bases, contain little or no water

and ioghisgientoarexamiplaidyeipystearinsidiaie: apdroussanelpanslatum
hydrophilic petrol(%tum._ Emuliion ointment bases are either water-in-oil

or (1E) RAHGISHRSEPEA R att PSERESAR SiNtgnBast ipibetied s will be
apPrEmRle, e tibalcalitkdivcary| MOnOsiRAMLE wianplis RRdfSIeasimAGd active

Preferred water-soluble ointment bases are prepared from 46

SIS IEFE Gyc TS oPUARRG niBlE diiiaYide it Bigaite sierd rehruactseiytise as
wélagg [emAmRgieR HOaIRCIRIGRANGIRIacfR P RRRTRARY IR IHHRE base
shgggg‘g ggllﬁ, stable, nonirritating and nonsensitizing. As explained in Remington:
The Science and Practice of Pharmacy, 19th Ed. (Easton, Pa.: Mack Publishing Co.,
1993), at pages 1399-1404, ointment bases may be grouped in four classes: oleaginous
bases; emulsifiable bases; emulsion bases; and water-soluble bases. Oleaginous
ointment bases include, for example, vegetable oils, fats obtained from animals, and
semisolid hydrocarbons obtained from petroleum. Emulsifiable ointment bases, also
known as absorbent ointment bases, contain little or no water and include, for
example, hydroxystearin sulfate, anhydrous lanolin and hydrophilic petrolatum.
Emulsion ointment bases are either water-in-oil (W/O) emulsions or oil-in-water

(O/W) emulsions, and include, for example, cetyl alcohol, glyceryl monostearate,

lanolin and stearic acid. Preferred water-soluble ointment bases are prepared from
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Lotions are preparations to be applied to the skin surface without friction,
and are typically liquid or semiliquid preparations, in which solid particles,
including the 5 active agent, are present in a water or alcohol base.
Lotions are usually suspensions of solids, and may comprise a liquid oily
emulsion of the oil-in-water type. Lot#éns are preferred formulations

pohgndiyldos ghathgdargemhingyraileasizbeedpbe afihe egbecofcapplyingade to
more fluid_composition. Jtis gener necessary that the insoluble matter

e R e T
agenistodOpeqaupe-hitartdispaigiins astielias aampoundouseiuliéor and
localizi nd.holding the active agent in contact with the skin, e.g., .

A SRS AU, S R GEEDPARY AT HALED O HEMRFIC IS iuding the

acfeui@ibing.teg relantadactive NNRIIVNISAECLAEHROWEIBHIB, 8lfspensions of
viscous liquid or semisolid emulsions, either oil-in-water or water-in-oil.

SOBGEARDREESOTRPHRE AP ALK SN SR Loani i SirRfH dxBe-af otions are

prefusiiRERIN@maqueausBhasa‘ihaRldhage, Al SHpalines ealedse of
the "internal” ﬁgase, Is generally comprised of petrolatum and a fatt

Y

apRleBifot Sy ALeorarasiBan| HdorencrRE aBerastap s dhe sepplyble matter
in althosgh ROtRREESHRHYd eXCeagssthaIPILRIaRAs IRoKeIHMEspRhERNEERIK to

contains a humectant. The emulsifier in a cream formulation, as explained
Pritioes ReRIYRIRT et 2S i ghaeramyrevisitionréubite eakangrmodbholding the
acﬁwh%%%ﬂf: sysfactaptacEeliaimulationgare peeferreg iof aRIALION O dium

the scalp. As will be appreciated by those working in the Tield of topical
cagharanieigsdertintasopntingtldse: gels are semisolid, suspension-type

systemS,RINgGRAASS @1%'%agaa@dnaeﬁ%w&ffgmﬁgmgn%caﬁeﬁn%ﬁi_%!ﬂﬁﬁy,% art,

_substantially uniformly throughout the carrier liquid, 25 which'is typica
visiguebgyidbar sdsosplidfenaliionaraidhes citrinlovitel andatptionaillyCaganobases

arec %i Ir—%vfé)s'h%%[eé%lg %gﬁté% Igﬁiedi e%gsr&c%gt %IU‘E%%E?A}P 30 Aque us thase.
including targeted liposomes, nucleic acid complexing agents, vira Coats
Thenefltipbdice alktowewetnteansibedtittolinathaiiphd seu degeracidly maymised of

e,used. B%V ious additives, known tq those skilled in the art, may be
PRl s AT B Sl o1 I R APy gpRUeo S phase

ussalliye mkhmaghbﬁolﬁamﬂ:etssml yp lélz@:ede rtain ad:_t';vlmha;g'md\irehiﬁls,u bsthgessally
T T T —
Remington, supra, is generally a nonionic, anionic, cationic or amphoteric surfactant.

Gel formulations are preferred for application to the scalp. As will be
appreciated by those working in the field of topical active ingredients formulation,
gels are semisolid, suspension-type systems. Single-phase gels contain organic
macromolecules distributed substantially uniformly throughout the carrier liguid,
which is typically aqueous, but also, preferably, contains an alcohol and, optionally, an
oil.

Carriers for nucleic acids include, but are not limited to, liposomes including
targeted liposomes, nucleic acid complexing agents, viral coats and the like.
However, transformation with naked nucleic acids may also be used.

Various additives, known to those skilled in the art, may be included in the

topical formulations of the invention. For example, solvents may be used to solubilize

certain active ingredients substances. Other optional additives include skin permeation
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the like. As has already been mentioned hereinabove, topical preparations
for the treatment of wounds according to the present invention may
contain other 5 pharmaceutically active agents or ingredients, those
traditionally used for the treatment of such wounds. These include
immunosuppressants, such as cyclodporine, antimetabolites, such as
entmetbotese [icortiogstexaldstsyigaiting Rgenth vitachiem D g augatvg ssteitdimins Aand
thglii'ﬁ%.analogs, such etretinate, tar, coal tar, anti pruritic and keratoplastic
agents, such as cade oil, keratolytic agents, such as salicylic acid, 10
emolkents;sl uliricalytsh amntisepticsnadddisinfbotantsppich asctheagermicidethe
treozl‘iﬁhrea}lrt]ol 1(alv‘s/oug1 Qwn as Q}thra%lci)n)t Qotosen itizers tsuch as psoralen h
And methoxsalen and UV iftadistions othera eﬂi‘é%%f’yna@? e°885f‘é‘a, other
phench@sandiyicrabial ageimts, antifypodicragentssantiatiitioaAnd used for the

anti-inflammatory agents, Treatment by oxygenation (high oxygen ,
S T HIRBHS Gt IOy T e TEE BB dh S gsgorine
anpifesabblitegntiechmay alahde gy aiad tosteiskinuisinghCoNVeiaionamin D

dermal-type. ag:hes,or articles, wherein the active ingredients .
ang 9%%0%1¥%W'$5 offalfednRitah 14miRLeEaAEu ALr&Ofh dPeARls BgLtic and

kegitipdefivesychieyisecto be affixedito Hapefitid nagbsR sl ClYr8atidflic acid,
active ingredients composition is contained in a layer, or "reservoir",

&P NG e PUERGRHES | APEr IFtRISst InistiR P s dh @FEiside dithranol

(aBRNtAFka SINIEFEISET YPist SYeHsMiay ORI S WIHRIR 1T 888 eI RAGNd UV
embodiment, the reservoir comprises a polymeric matrix of a

irrgiatinn OiREAeRE Bt slec b addodd sadh asantisrisr dhigl sesnss wntifineal
aghifsSyRieRbdestha SR dHrnmaciivey ngredients daliyary b5 XMIRES R (high

suitable skin contact adhesive materials include, but are not limited to,

Oxﬁﬁwgﬁékwwmkﬁﬁ@s?lww%sobutylenes, polyacrylates,
po'yUﬁQ{Q%}ﬁéal%%%#h%sﬂﬁﬁ%ﬂﬂ&@lﬂﬁm}{%{H%?ﬁ%!ﬂseosb"eed%ﬁtkﬁe%%o the

will depend on the particular active'ingredients, vehicle, etc., i.e.,
skines eomiestivad sloaaibiene thtelics ompbinbastsidietivn dbtivetive ingredients

EEIERs SR SSTPOI AR SE L g e
despprarate afitkeistiinidiel alyior.s Imstiviiestdbiasey ¢h8Cethdeirigimditings resepesition
OB SRR SR PP g Gt v
ladifhated structure may contain a single reservoir, or it may contain multiple
reservoirs. In one embodiment, the reservoir comprises a polymeric matrix of a
pharmaceutically acceptable contact adhesive material that serves to affix the system
to the skin during active ingredients delivery. Examples of suitable skin contact
adhesive materials include, but are not limited to, polyethylenes, polysiloxanes,
polyisobutylenes, polyacrylates, polyurethanes, and the like. The particular polymeric
adhesive selected will depend on the particular active ingredients, vehicle, etc., i.e.,
the adhesive must be compatible with all components of the active ingredients-
confaining composition. Alternatively, the active ingredients-containing reservoir and
skin contact adhesive are present as separate and distinct layers, with the adhesive
underlying the reservoir which, in this case, may be either a polymeric matrix as

described above, or it may be a liquid or hydrogel reservoir, or may take some other

form.
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The backing layer in these laminates, which serves as the upper surface

of the device, functions as the primary structural element of the laminated
structure and provides the device with much of its flexibility. The material
selected for the backing material should be selected so that it is
substantially impermeable to the acti¥& 5 ingredients and to any other
compbinebisiofffiaactivaliogr ¢gicintce OMBIHNG - eaMp OsHigR dNbis face of the

reventing.loss of any components through the upper surface of the
Ao O R AP Ay BECBHHL SRR OrnoHBERTSEviracture and

prdefredirgieticwhethenitis casirad:draifhersl mbesomekydiated Weingking
activ irLgﬁredients delivery. The backing is preferably made of a sheet or

MAIRTEE SR ferbI PSSR e it TN, ERBHBRISS Soifinerdive

infhadiefessuiiable fomthebagkipgnipyaehciuge tRoIvRtRMeNiredients-containing
polypropylene, and polyesters. During storage and prior to use, the

comRiittet SHIRIFSSHERSdRSS LRy semprsenth thedi shelepimerosuiacerab the

ddaNR! ISTIRIMAVRAH MM dNede eeithexpesaiie basahskiaaedharpefding on
either the active ingredients reservoir or a separate contact 15 adhesive

whetir gtnseiivd Srdithn vhinyseamploniteied luring Tob raRasdinnisidelivery.
TiRb ek RE MAade e AnRchys gredients{vahiqempsrnealla aiatflric

Such devices may be fabricated using conventional techniques, known in

mgheiadrt HopaRrlen e Bylvasingtati e astbhlecfor dandxokingcliseer include
p(jgg&ﬁgﬂ@r{g%%r gﬁi&{gy%{p hagking layer, followed by lamination of

the rélease liner. Similarly, 20 the adhesive mixture may be cast onto the
releabeingrstoieweadb pramiratics dhehlenbackidgsiayenraltechutbsedyrelease
1ifBe ARIMRNGERAIRNES (P SRLV Qi MAY P S RERATES | ence ofactive
' ingredients or %ﬁﬂﬁgi}gnt, anﬂ%en%%d%ﬁy eby@\égo%l%]ﬂ}g%%g;&r% ‘ggﬁ\,‘g expose the
basejreditasts Anshiole mitkturéhaAsatiith tingrisiviosd fomavaitions ofstiparate contact

acfﬁéls?{}éi? et, 30 %%\l?hlg géggil%nlﬁgsﬁf ec%ye%si[g%ﬂec&n}%i?gg %/c\a/ﬂ[agisré i%?er should
active ingredients reservoirs of these lTaminated systems may contain a
benuatkedi@f compgoreintschatsheltabesnteenaciive ingeedients may be

delivered "neat," i.e., in the.absence of additional liquid. Jn most cases, .
p e R R s S o R T e R
arin fosuitabiplepbarasisgticallyi dcagpiafue ethilRediicaly v solyeai@ts and

SRl SERESnen, SO M e b prsent e pogervalesy
thbegdissdesaiibart may Bisencormpsige: suitalidisalidapgelinionesaltier o the
ba%l)gri}g%;}gf. I%?gplgt?\sfe f,st%%hagggéeirgggd?éﬁispL%Qé?voir may be prepared in the
absence of active ingredients or excipient, and then loaded by "soaking" in an active
ingredients/vehicle mixture.

As with the topical formulations of the invention, the active ingredients
composition contained within the active ingredients reservoirs of these laminated
systems may contain a number of components. In some cases, the active ingredients
may be delivered "neat," i.e., in the absence of additional liquid. In most cases,
however, the active ingredients will be dissolved, dispersed or suspended in a suitable
pharmaceutically acceptable vehicle, typically a solvent or gel. Other components,
which may be present, include preservatives, stabilizers, surfactants, and the like.

The pharmaceutical compositions herein described may also comprise suitable

solid or gel phase carriers or excipients. Examples of such carriers or excipients
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49 include, but are not limited to, calcium carbonate, calcium phosphate,
various sugars, starches, cellulose derivatives, gelatin and polymers such
as polyethylene glycols. Dosing is dependent on the type, the severity and
manifestation of the affliction and on the responsiveness of the subject to
the active ingredients, as well as 5 the dosage form employed, the

inphiénuotibe pditiswarcopjugate arsdingd tirOhaSRIEHAlIOAWHizaGars,
Persons of ordinary skill in the art can easily determine optimum

SISy SSRGS BOISY LA RObHEHSHRas pakigepe slycols.
formuatians roulepehadministiationpedessgr 68N BRICKOSERNHAE of the

individual physjcian in view of the Patient's condition. (See e.%._, Fingl, et

atglictiogand PiiHG ISRAIREEATiCABRSIAY 5 hradpe iesedicnts1 35, well as
thd MeSaslepandingNoREe BRYBHRARPLIEPRONSENESSAlRAERULAB Bute of

be treated, dosing can be a single or repetitive administration, with course

adgpipisiiptient walaer frERSeeverhl ARty skilbrint WiseRrg! orainetdlirelpgermine
orRfiRGHR A% gininulien of e dekigiesian IRAaiRYetids ThsAnRaRRe R tion,

the present invention utilizes in vivo and ex vivo (cellular) gene therapy

roydgigtednivhiticmearl dasaaemshsraiesen n g éndi wdeeknhygipen in view
of (RO PRBRLIRBNGROE APy afil E%thaqr,ei@fgfgﬁs"%wﬁhgﬂﬂ%gfo%ﬁcal Basis

genetic material (e.g. DNA or RNA) of interest into a host to treat o
ofptbaentyehdtie drhabyuired disease or condition or phenotype. The

genelq fualenal of IntEReFIL0c0deS AR i el di
polypeptideﬁeﬁtidg functional RI\?A, anil}ggﬁéslgs%ﬁk SW%%E%E Sqr)ggﬁé?%rtlo be
tréptedyalisinasirsdb ForsgimplectivtiGenednmaterianhinte resirsan £reaaieent
har, r n lypeptide.or peptide.of therapeutic value.
o SR O R LA L S PERc
skirhimsmoadelogyesdd Academic Press, 1997). 25 Two basic approaches to

gene.therapy have evolved (1) ex vivo; and (ii) in .vivo gene therapy. In
Vivo é%r?é"%ﬁ%?ﬁ%%c“cse\f@e ge?(g%t]ol\%gn%g% %ﬂiola iefit of ‘aré™ eﬁcvé)f?%;é?ﬁl%ar)
geandifeasp tecknigneswiiilietb éiivg leuleuié dranefreniedrinavidr@cfreesaliyin aype
trfur]fctiongl rep@cemg%nt ene is introduced into th ceIIvi? anﬁf propriate .
PeHE N ery BRI A aNEFRE St SR BT oh SimfBgt nateril

{engcapbinatig alcof Itaree: dntexpressiontsygtompas/oeesedmnd therdiged
.modified cells.are expanded in_culture and returned.to the host/patient.
dlﬁ@ﬁg% 8rg -Bgﬂf;@ﬁ?ﬂpémgd ddpseraelicgnatenal of interest encodes a product

(e.g., a protein, polypeptide, peptide, functional RNA, antisense RNA) whose
production in vivo 1s desired. For example, the genetic material of interest can encode
a hormone, receptor, enzyme, polypeptide or peptide of therapeutic value. For review
see, in general, the text "Gene Therapy" (Advanced in Pharmacology 40, Academic
Press, 1997).

Two basic approaches to gene therapy have evolved (1) ex vivo; and (ii} in
vivo gene therapy. In ex vivo gene therapy cells are removed from a patient or are
derived from another source, and while being cultured are treated in vitro. Generally,
a functional replacement gene is introduced into the cell via an appropriate gene
delivery vehicle/method (transfection, transduction, homologous recombination, etc.)
and an expression system as needed and then the modified cells are expanded in
culture and returned to the host/patient. These genetically reimplanted cells have been

shown to express the transfected genetic material in situ.
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shown to express the transfected genetic material in situ. 50 In in vivo
gene therapy, target cells are not removed from the subject rather the
genetic material to be transferred is introduced into the cells of the

recipient organism in situ, that is within the recipient. In an alternative
embodiment, if the host gene is defestive, the gene is repaired in situ

(Culver ;A4 988. d&siiiaeh) Aniigensd 1D MNA doErBNARPSeth herapgeticsiher the
February 1998, Coronado, CA), These genetically altered cells have been
ELRBR M e@%ﬁ?@é’ftﬁ H aéﬂff@éﬁfgﬁ% S EHar SRl e gisat organism

inMAeSSion vakidets cagphie ofidelivenwiianstespbhatamiogrts elsise is
cid into a host cell. The expression vehicle may include elements to

delpeitvsr ThrqRiiGyiSSeRAld o AHY HariehiplidPPof IALTIRIBI A atiRpRs N &

R N@lepiheg MRRRRLASsIOFshnewN o dhe ainldaauld berpaied.thatiOftgNaitered
the 5'UTR and/or 3'UTR of the gene may be replaced by the 5'UTR
celif AP EPTRISPRE LSHEESiO enriRetrheratdronaisTiidél Hirein the

expregaiopueicle gy armerded caoiincldadhe.r WhRandieh d4diReous

of the actual gene to be transferred and only include the specific amino

nugeste aeidiigl tephont 99T e prusstinnvehicle sy imalide elgremtoter dontrol
taGRBHR! g feansariRion.al iR be oralegriRmalelidh and e e Re e Aer as

constitutive or inducible promoter to allow selective transcription.

is kppwAderdenat el tbriteigdsiubeiiTmetes AR antierABibR itbisgene
m B@fé{ﬁé@!ﬁf @ﬁlﬁ%@@?ﬁ'ﬂ%@@@c@rﬁi{a&? gl%r@{h%&é v@ﬁﬂ%a%f?e%%r?oga as

NA sequence which works contiguously with the coding sequence
usgib)herehaigectiisassisal wenskription ksvebdicthtadtbindhalprmdt&rTRhend/or
>R GTIRE AACIR G20 ARNAIAER SRIPEHIRN HNA A3 SBRBRI B i

below. Vectors can be introduced into cefls Ol‘}t’ISSUES%y any one of a
codaniptgapdnknown methods within the art. Such methods can be found

generally described in .Sambrook et al., Molecular Clonjng;.A Laborator.

T KB B G Sl SO R of
thébstdvelogpak , iGaerénit b tacolsiviMetecularsBiologygrlohindibile pamebter to

Sons, Baltimore, Maryland 1989), Ch et al., Somatic Gene Therapy,
SR SR TR Tt FORRIO T A b AR RGPSl b Eossary
traisedptidnn]drbler Mh(AFHendistobs: mmSudady of Molemlar Glonidgerally any

Vectors a eir Uses, Butterworths, Boston MA 1988) and Gilboa et at
ﬂ%ﬁ%?é@%ﬁ%%‘é&%@yegees‘ﬁ 1.%31z%%%&%w&m%%%B%?%&%}ee (in

cigryanaient thansfegtiemsippiRatitivel dictated by the promoter. The expression
vehicle can also include a selection gene as described herein below.

Vectors can be introduced into cells or tissues by any one of a variety of
known methods within the art. Such methods can be found generally described in
Sambrook er al., Molecular Cloning: A Laboratory Manual, Cold Springs Harbor
Laboratory, New York 1989, 1992), in Ausubel et al., Current Protocols in Molecular
Biology, John Wiley and Sons, Baltimore, Maryland 1989), Chang et al., Somatic
Gene Therapy, CRC Press, Ann Arbor, MI 1995), Vega et al., Gene Targeting, CRC
Press, Ann Arbor MI (995), Vectors: A Survey of Molecular Cloning Vectors and
Their Uses, Butterworths, Boston MA 1988) and Gilboa et al. (Biotechniques 4 (6):
504-512, 1986) and include, for example, stable or transient transfection, lipofection,
electroporation and infection with recombinant viral vectors. In addition, see United

States Patent 4,866,042 for vectors involving the central nervous system and also
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electroporation and infection with recombinant viral vectors. In addition,
see United States Patent 4,866,042 for vectors involving the central
nervous system and also 51 United States Patents 5,464,764 and
5,487,992 for positive-negative selection methods. Introduction of nucleic
acids by infection offers several advantages over the other listed
Unirethosiatddigheeeificieasy ten bedoigigrdauerte theiitintesbigus pakeltetion
5 Mqreover, viruses are very specialized and typically infect and
) gate in specific cell types. Thus, their natural specificity can be used

to targeidie-Nestarsie kI citids a8l IYRREH \WHRIQIsWiHHN adaSHRS! over the
mixed culture of cells. Viral vectors can also be modified with specific

othepdster msithedidS g ane ey I8 dralnesldpercisto i freinatoenture.
Mevais:, WerseparificeBxapepigiobPNA \fy@lcxﬁgtsa{fmgg&gﬂngﬁgﬂe in specific
erive

i)épressing recombination sequences is the adenovirus- vector
ce

BRSpSBTH: il VebtsY BgstEsiacarapEsdIRSEghhainedmase TRific

celaPBLonAIthe bPasIHYE f RETRIVEI3aIGIgR AP AR EXRIASAER SASTENE: be
for desired recombinant sequences. This vector can be used to infect

medificth 3t Ratredif amssainra ST sieapds iwinlder ikersy spasifisityshissghgeseptor
m&RithglialQnigin as well as others. This vector as well as others that exhibit
similar desired functions can be used to treat a mixed population of cells
and éansiselfige ormeiample IiNitroiselexyeier cimupdusieellsnd tissprsssing
re@BiAMITAR StplERleTRAM SRS IUEHRIESOA ORI SE R MG Rector
can also be included. Such features include, for example,’promoter an
exgugietonhelpenenssibyaidispddifise 20 For gheedbsigtheepaypelor negative

se 3@%5&%?3@%&39&%' Blyes Ao ASive E%L:‘%%Eﬁ?n‘éiﬁ’to &b ér?g%.:’al [vector

ecause t ey offer aavantages suc
cainfectionda itdrgbtinlsfietifvitg. batedahinfessiondspioherbitlirithidiés most

. cycle of, f xample, retroviruses, and.is the process by which a single, .. .
t}‘Sisn esc?e%cf5 %%ﬁ%rag lﬁ‘,%g %S%ilip%%aeﬁf/szgalrslovn%g{t ra%sb‘ﬁ o‘?fg é)rgh Ifﬁ%éi? exhibit
siméighdesired detlstidite casbit issthibt@ targerandach gepuietsapidlyells and can

in g o B e Sl Y IR A cubfect.
particles. This*s In contrast o verl Wﬁé’ Of i &Fgﬁg, nPWHIBA B

infecReusrag dnitsieads nokyitiraughatlatighternrogryeairasyeséonscluded.
Sx%ﬁgf%flﬁ%??se m@ﬁ#,f;e9%3%&%%&%3&%@%%%%@%%?&@? that are specific
for the desired cell type.

In additibn, recombinant viral vectors are useful for in vivo expression of a
desired nucleic acid because they offer advantages such as lateral infection and
targeting specificity. Lateral infection is inherent in the life cycle of, for example,
retroviruses, and is the process by which a single infected cell produces many progeny
virions that bud off and infect neighboring cells. The result is that a large area
becomes rapidly infected, most of which was not initially infected by the original viral
particles. This is in contrast to vertical-types of infections, in which the infectious
agent spreads only through daughter progeny. Viral vectors can also be produced that
are unable to spread laterally. This characteristic can be useful if the desired purpose
is to introduce a specified gene into only a localized number of targeted cells.

As described above, viruses are very specialized infectious agents that have

evolved, in many cases, to elude host defense mechanisms. Typically, viruses infect
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30 is to introduce a specified gene into only a localized number of targeted
cells. As described above, viruses are very specialized infectious agents
that have evolved, in many cases, to elude host defense mechanisms.
Typically, viruses infect 52 and propagate in specific cell types. The
targeting specificity of viral vectors ufilizes its natural specificity to

anspecificalty targetcfiedete rppiced dellthypesnang sotely oiMtiadueears utilizes

, inant gene into the infected cell, The vector to be ysed in th
N R LI AR S BYAPE OB UBFEIF SN Bl b fhercby

intyRde baddaipriad apfewitkbeHnfinialtiese SKilleddiidhecae used in the
Rget%)viraé vectors can be ﬁc nstructed to function either as infectious
s o

TSI S09OFIBERFEPSS ShIPS UGRE s otREMt iR tBFEd FeeiB g be

tagRR] e ganveimelthe wioss ikimarifiedesgdhat it maintains all the
necessary genes, regulatory sequences and packaging signals to

syntHediod vy ST FateRisCantrBied Bitactotraths dusriurdarticles

orgynihesize dalhe: RagticeHiACkAGRSINRRNAANINGW MRl PRHRICIBR penome
which are capable of undergoing further rounds of infection. The vector's

of gsoMiss 1B uhfidesre s dhaoriBtang alpibssneretiasiregnes, regulatory
sel@eRrbinaNt,asbeiHp hensase A ReRDICAlRUS VA MREIN SHIRYELIODNce

genome is usually mutated to destroy the viral packaging signal that is

thegr e enatpsimahetiredR I ikgstvivell pRackaess 1Ba\RNdutinigchey viral
part N ANUP UGS BIA AT &t &gg%’ﬂhjﬂ%%@dg BIOGRAME 2 ¥he vector's

therefore cannot proceed through subsequent rounds of infection. The
gegprisific pecnsineseesk tvindege Al poretsdhindasied meplidinon. ne. In the

caBCHRl e HoLS AV Alagiknavd; and (/%@%ixly%%\@ﬂ?ebli %ﬁ@i&%&%&&&%@%@y

be constructed by one skilled in the art using well-known ‘methodology.
tha Hisalaeaskagivgntigaetdhatdn teg ithditn stecepsinate ter A MAyistdfwinaIparticles.
WYRSI S, @8 Y ;E!a;f Péf:é’ the p 9&%1 re can ake advantage of their
target spefﬁlc? angnmqugnt f}, éo no#ﬁave\%iBlegtag(r)nn%%tegrggnl%%gl@nd
therefher diseans gdosited Howegles,barmleatminidtratiorfadivprthdeedtickgre of
d mare effective treatment.,Procedures forjn vivg and ex vivo cell
e AT RerhOi gL 280 oMbt SN JEcRp know
ankneakiin pradebleresithie dei tattbriratobexamplecidaitadofbdaikiBhtantse art
5,487@ 2, 5,464,‘;’(;%, ,387,742, 5,360,735, 5,347,075, 5,298,422,
USE S8 S48 8 DO 7788 #75,385, 5,175,384, 5,175,383, 4,736,866 as well
as BUtkeranehBiison, Wiethads inckazimelagy, ik9%2hd 349 98)iral vectors
Caspgc%hi, Science , o
are used, for example, the procedure can take advantage of their target specificity and
consequently, do not have to be administered locally at the diseased site. However,
local administration can provide a quicker and more effective treatment.

Procedures for in vivo and ex vivo cell transformation including homologous
recombination employed in knock-in procedures are set forth in, for example, United
States Patents 5,487,992, 5,464,764, 5,387,742, 5,360,735, 5,347,075, 5,298,422,
5,288,846, 5,221,778, 5,175,385, 5,175,384, 5,175,383, 4,736,866 as well as Burke
and Olson, Methods in Enzymology, 194:251-270 1991); Capecchi, Science
244:1288-1292 1989); Davies ef al., Nucleic Acids Research, 20 (11) 2693-2698
1992); Dickinson et al., Human Molecular Genetics, 2( 8): 1299-1302 1993); Duff
and Lincoln, “Insertion of a pathogenic mutation into a yeast artificial chromosome

containing the human APP gene and expression in ES cells”, Research Advances in
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244:1288-1292 1989); Davies et at, Nucleic Acids Research, 20 (11)

2693-2698 30 1992); Dickinson et al., Human Molecular Genetics, 2( 8):

1299-1302 1993); Duff and Lincoln, "Insertion of a pathogenic mutation

into a yeast artificial chromosome containing the human APP gene and

expression in ES cells”, Research Advances in 53 Alzheimer's Disease
AliciRelateld: Riserders REDO&] Misdedeat dl99GeHuXIes 9 7426009 1);742-

K its.et at, Nature, 362:255-261, 1993); t.at, Nature
T o o5 b AR ar et Eh o R AGRD St AhNature
GERa3)s, 9021037 8-823 )Rbthstein aMdelttadsrobnzymplogyad 942811304 1993).
waghedl et al., 5 Nature, 362: 258-261 1993); Strauss et at, Science,
O S 1061160y MK oGP BBl A b Sagaached < at,
NWR8354206 VY6 9969 BB D 4/2.83A3rig 02 P QVIde IPTNASIDN. Further,
Additional objects advanta%es, and novel features of the gr

P AT BTGHOTS DA Ay S0 ARG TG TR 4 arlso

prexaisiabanaabihe following examples, which are not intended to be
limiting. Additionally, each of the various embodiments and aspects of the
present invention as delineated hereinabove and as claimed in the claims

sectigrdaalonafipee @xPRIMAREL SHRPASLE fhafrlloving GXamPIRSekRn will

EXAMPLES Reference is now made to the following examples, which

bIsEEIRAER tHeOab et sz shtiskinihe setnmR soBrBwirhal ferfollowing
eXHPIPRG, fashiana C eReraiyndbe pPmenglature Uﬁ@@;ﬁ@ﬁ@l@?@&ﬁg@f the various

laboratory procedures utilized 20 in the present invention include
crphodisigals Bisbrepsrsalc hilkeonrseicayamasofabivaraddnminabove and as

cUBERAIGHESSUSIE RIS AL ATV IR AYRIBINE QJﬁaa ¥ %te&%t Uirc%owing

See, for example, "Molecular Cloning: A Laboratory Ma ambrook et
eXgnpkes8o): "Current Protocols in Molecular Biology" Volumes I-111
Ausubel, R. M., ed. (1994); Ausubel et al., "Current Protocols in Molecular
Biology", John Wiley and 25 Sons, Baltimore, Maryland (1989); Perbal, "A
Practical Guide to Molecular Clda¥tMPadtn Wiley & Sons, New York

oo el REEnER G SRR SRR o
abeeeidssenigions.-d\GuideSpeiny tivrbom abondionfiRedsshiiew York
(lgg%énerally, the nomenclature used herein and the laboratory procedures utilized
in the present invention include molecular, biochemical, microbiological and
recombinant DNA techniques. Such techniques are thoroughly explained in the
literature. See, for example, "Molecular Cloning: A Laboratory Manual" Sambrook et
al., (1989); "Current Protocols in Molecular Biology" Volumes I-III Ausubel, R, M.,
ed. (1994); Ausubel et al., "Current Protocols in Molecular Biology", John Wiley and
Sons, Baltimore, Maryland (1989); Perbal, "A Practical Guide to Molecular Cloning",
John Wiley & Sons, New York (1988); Watson et al., "Recombinant DNA", Scientific
American Books, New York; Bimren et al. (eds) "Genome Analysis: A Laboratory
Manual Series", Vols. 1-4, Cold Spring Harbor Laboratory Press, New York (1998);
methodologies as set forth in U.S. Pat. Nos. 4,666,828; 4,683,202; 4,801,531;
5,192,659 and 5,272,057; "Cell Biology: A Laboratory Handbook", Volumes I-III
Cellis, J. E., ed. (1994); "Culture of Animal Cells -A Manual of Basic Technique" by

Freshney, Wiley-Liss, N. Y. (1994), Third Edition; "Current Protocols in
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methodologies as set forth in U.S. Pat. Nos. 4,666,828; 4,683,202;

4,801,531; 30 5,192,659 and 5,272,057, "Cell Biology: A Laboratory

Handbook", Volumes I-lll Cellis, J. E., ed. (1994); "Culture of Animal Cells

-A Manual of Basic Technique" by Freshney, Wiley-Liss, N. Y. (1994),

Third Edition; "Current Protocols in 52 Immunology" Volumes I-1I1
In@ohigdng)" B obon¢d 994) Cstites dt dl.,(edls) 'BeagicSang «hhic@ds), "Basic and

Immunology" (8th,Editi Appleto L e, Norwalk, CT ; Mishell
St SRR e oy e U Sy TR B
anidr8kitgr(aiag 'Celedtelviobledd 98Q)clhviaidbimimodondassays arBreeman and

extensiv esclibed in t patent and scientific literature, see, for = .

O e S LA 9aE S5 RBSETLA7 BOTPES TS Ayl in the
paBeBb AR KB Bl 5 1iferdiBik), 262, K90k abdle3,035,074it3,9845H333,791,932;
96,345; 4,034,074; 4,098.,876; 4,879,219; 5,011,771 and 5,281,521;
L bk Bai oy O, SRl Kuclcoka 3001654
3, phmnithizasiond seaneso s, 5 and bliggins 5098, e1is. 41980191 rangariptionnd
nd 10.T['ar]slation" Hames, B. D,,"and _Hi%%ns S. J., eds. %984 : "Animal
5. &R it (R EPPUSHREY RSN IREF T 9885, Mnmdbiltbd ERknducleic Acid

HERmEshRERess: (1986 XA Riasical Guidado MolegulerGiomiigion and
Perbal, B., (1984) and "Methods in Enzymology" Vol. 1-317, Academic )
Trppslations Brétol- AusidieaBsvretHodkISand MplicAmbmel Cell Culture

FrOgakeiC Press, GandpiennmchiiaPokiMarshakAhal: 1ﬁfj$§@§q@€slé9{ "A

Protein Purification and Characterization -A Laboratory Course Manual”

Precticn] Prisdde(1906) alraiatnickrarancBepratedd byl Hefderiosl asMathpds in
ESSiniauiyheyein. QUer gengiahiefprancesare pravidas threughoutdhiSethods

document. The procedures therein are believed to be well known in the

Angt dmphsationviderrrdeime Eopveniiicdbeghe feAdétOANth&Mpfdrakatonal.,
s@A%JIiE pedeineseinds incgrpraied o0 %&%ﬁ%ﬁf C“%D hﬁ%@&gﬁnﬁlowse

EXPERIMENTAL METHODS Mat s: Tissue culture me
Megavalh (e glreskh 4529000 Bliotbiibaird mouspigst¢Bdiy HdEmek, asiblly set
d i i n ) rfor ith. a ki
oA SIS R AT AN e
prperdhias dti dram dop bdtevBiote denetdl iown(bakeeRiacidd N, id&AJed for the

o gsianel anfmageclonalantbadies to PG isplormys wetc purchiased.
rom Santa Cruz féalornla, Aflan ransauction Laporatories

heteaxingteierdé¥y. The a6 rat

MATERIALS AND EXPERIMENTAL METHODS

Materials: Tissue culture media and serum were purchased from Biological
Industries (Beit HaEmek, Israel). Enhanced Chemical Luminescence (ECL) was
performed with a kit purchased from BioRad (Israel). Monoclonal anti p-tyr antibody
was purchased from Upstate Biotechnology Inc. (Lake Placid, NY, USA). Polyclonal
and monoclonal antibodies to PKC isoforms were purchased from Santa Cruz
(California, USA) and Transduction Laboratories (Lexington, KY). The o6 rat
antimouse mAb (GoH3) was purchased from Pharmingen (San Diego, CA). The
antibody 6844 for the a6A cytoplasmic domain was a gift from Dr. V. Quaranta
(Scripps Research Institute, La Jolla, CA). The rat mAb directed against the
extracellular domain of mouse B4 (346-11A) was a gift from Dr. S. J. Kennel (Oak
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antimouse mAb (GoH3) was purchased from Pharmingen (San Diego,

CA). The 30 antibody 6844 for the a6A cytoplasmic domain was a gift

from Dr. V. Quaranta (Scripps Research Institute, La Jolla, CA). The rat

mADb directed against the extracellular domain of mouse 34 (346-11A)

was a gift from Dr. S. J. Kennel (Oak’85 Ridge National Laboratory, Oak
RiggeqNatingaiRbebamby . phals phistgeosihe wabatpuréihde dororniBiymaigstwas

pubr OIS M RReLIRD B a&tbeﬁ9ﬁ@69aﬁﬁ%\y&w@ﬁ%§gggﬁg \%xmg%ﬂchased

(San Francisco, CA). Horseradish peroxidase-anti- nti-mouse

frogcixaes dBeaikisentisen. Bid-Rddotisradiph raupeidiac-aptiotitipit RPAMSE!-mouse
T, \ ti f '
Igg weld YA RNACRIG ﬂ@@%@;ﬁu&ﬁ%{%%{égiﬁﬁgmmﬁﬂﬁ inyau

hemicals (St. Louis, MO). Insuli iInant humari insu
orthasapareiased frartein iy Frardes Qe FarshdimrFiabcet. |G wdE0).

T FAMCRRESREN RIRID HS A0 pIRARUICRBREEN 2y Brance

-Convance mon S purchase
SASegussiivimm Eapoks) 0l PKGa pst(dosbairhie (@isysidjolatediwag ahl@body

urchased from Calbinochem (San Diego, CA). Isalati culture of
G A e R RS et e S B A o
frakinRe Preyiveasly deSonitmlitB)adrBiibcypesudesebetiite ot yitsfoigld' Swas

Minimal Essentjal Medium (EMEM) cantaining 8 % Chelex (Chelex-100,
pué?oﬁfﬁ%)@énaﬁ%ﬁl&%‘f ecr)r\llri?m %I\fg)%r“ﬁ)?’%g‘hﬁaintain a proliferative basal cell

pheniylaeiokSathe difadfeacfrmeonnenteatifnopeAdiPEiea-{0k@avdMes were
. Experiments were performed five to seven days after plating. Preparation
T R BT AR BB DI S O o BRI VeheBired
in \Eﬁ/gl?’@&ﬂi&&@ete&w&}{ﬁ?fﬂeﬂa[@ﬁ; tqmsm/&gli REreelisdate Pﬁ&@@%@@ﬂg&;&@eo,

pa/ml aprotinin, 10 g/ml leupeptin, 2 gg/ml pepstatin, 1. mM PMSF, 10 mM
BiRTA SS0ioh A REOBFHT 16N REE ARBHNCHOEP 3k FAL TP D
thér GRZEAAEVCEHEIRSatiFAIRs WEe&aUB danald €. ip6RA<MnWES hefformed

microcentrifuge at maximal speed. The supernatant containing the
fiveio sy ey fe8I13hstelAtRSction was transferred to another tube. The pellet

Was G IPaPERGIE AR APONFIBS SRR BINRG . B 1HA1) ks 1 G0 U HRTNEAS Bine

and phosphatase inhibitors, incubated for 30 minutes at 4 C and spun 25
fragbipmsiiRoicrelt disatery ereresed dpetdaping Celihinty BBhapmeining 10

SenaiRs e, mempanedsestion: RIIRIn SneeNUAIARSWRIR TIeasWebhra
H usintgﬁa rri10d|fied Lower%llf%@sﬁsﬂay (BlilgRa%%)sg Protein Assay Kit). Western ™~
2081 oM Réisonteb P anitdrein  After homogenization and 4 freeze/thaw cycles,

lysates were spun down at 4 °C for 20 minutes in a microcentrifuge at maximal speed.
The supernatant containing the soluble cytosol protein fraction was transferred to
another tube. The pellet was resuspended in 250 pl PBS containing 1 % Triton X-100

with protease and phosphatase inhibitors, incubated for 30 minutes at 4 °C and spun

down in a microcentrifuge at maximal speed at 4 °C. The supemnatant contains the
membrane fraction. Protein concentrations were measured using a modified Lowery
assay (Bio-Rad DC Protein Assay Kit). Western blot analysis of cellular protein
fractions was carried out as described (6).

Preparation of cell lysates for immunoprecipitation:  Culture dishes
containing keratinocytes were washed with Ca2+/Mg?”+~free PBS. Cells were
mechanically detached in RIPA buffer (50 mM Tris-HCI pH 7.4; 150 mM NaCl; 1
mM EDTA; 10 mM NaF; 1 % Triton x100; 0.1 % SDS, 1 % Na deoxycholate)
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fractions was carried out as described (6). Preparation of cell lysates for
immunoprecipitation: Culture dishes 30 containing keratinocytes were
washed with Ca2+/Mg2+-free PBS. Cells were mechanically detached in
RIPA buffer (50 mM TrisHCI pH 7.4; 150 mM NaCl; | mM EDTA; 10 mM
NaF; 1 % Triton x100; 0.1 % SDS, 1 %% Na deoxycholate) 56 containing a
capveittiaig of proteake fagmd phrespivhisdsesphhtbitois (DO ppéptibeul@pting 10
[ aprotinin; Q.1 mM. P ;. 1.m 20 orthovapadate; 2 g/ml
“%sf‘ﬁﬁ?}?}%egp%egg@at%asIcé%?él)fgjéﬁ’ir% (26 érqoggtrﬁ(r)i ﬁ%aédaa%te’ 7 pg/ml
papdimpal $heedeforadOmvinstesiailfdgid Tihe supexrataifitywas maethfelrspeed for
Immunoprecipitation. 5 Immunoprecipitation: The lysate was precleared by

2GATIHYESSGO Y G cLlie SRR Y63 BFsriRBIn R GEpHRI3E S anta
CruzJﬁﬁ,uuz?eé})gcas}%im:su’fﬂ@ NSIRREWAR TR, 68 @Q&g;‘ﬁ%g?’os?&%f cell

minutes at 4 C. The preparation was then centrifuge
lyette @br 26 minofedreieth30.1Gf MB18ephdfosea Wasadded ts#e, and the

natant al ith specific palyclonal.or monoclgnal antibodies 10 to
SRS G SR UTGEHL 0], THE UE e ore IERBgparaton ws
thON RENGNL ALt Sl iRaBYSRENNAP IS e ReanEifugad & Wmls_?e%gﬁﬂ)se

for 10 minutes at 4 C, and the pellet was washed with RIPA buffer.

wanageeisiorilwaspigaitaotaleiiggedhaspad fBopotyglpad domidoninoss)tbaics

hed faur ti inT ) le b 0.5 M TrisHCI 6.8;10%
o B BB LI BN 010 Bl oemighCac 4
chmipanipacldl el R ARARANG theramRle SRl fP A Rl MRS ng

and then subjected to SDS-PAGE. Attachment assays: Twenty four well
thpgweilstates (Grdindryite RIBSatudtezs0T ovelyneitsi @0 Wayrakahneantsfuged at

ins jn BB far.1 hour at 37.T. Fpllowing . .incubatj lates were
S R e e e T oty Borer 0.
MtdmperaiyH © hlaoksasmspetifiebinding] e ratnoeyias Ui tRENMAIE 0.05 %
trypsinized . briefly with 0.25 % trypsin and following detachment, cells
b LB I O B Gy S5 OB A (9t R i dhen
subfdtartdogiEstfordmour at 37 T. Nonadherent cells were removed, the
wells were rinsed twice with PBS and the remaining cells were extracted

in 1 MEESB1CE AT Snt WL Betermitbnsi brbtksh GoreBreRfatiasied (250
wIHSHIg @vmpéﬁi%@grymwmm@éaﬁqﬂ Pgspf&teﬂ%\éﬁaqsﬁtweé&h%wmg

were calculate percentage relative to untreated contro
incubation, plates were washed and incubated with 0.1 % BSA for 30 minutes at room

temperature to block nonspecific binding. Keratinocytes cultures were trypsinized

briefly with 0.25 % trypsin and following detachment, cells were resuspended and
keratinocytes (1 x 106) added to the coated wells and incubated for 1 hour at 37 °C.
Nonadherent cells were removed, the wells were rinsed twice with PBS and the
remaining cells were extracted in 1 M NaOH. Cell count was determined by protein
concentrations using a modified Lowery assay (Bio-Rad DC Protein Assay Kit).
Results were calculated by percentage relative to untreated controls.
Immunofluorescence: Primary keratinocytes were plated on laminin 5 coated
glass slides. Two days old keratinocytes were infected with PKC adenovirus for one
hour, washed twice with PBS and maintained in culture in low Ca®* MEM. Twenty
four hours post infection; cells were fixed in 4 % paraformaldehyde for 30 minutes

followed by permeabilization with 0.2 % Triton for 5 minutes. For analysis, control
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Immunofluorescence: Primary keratinocytes were plated on laminin 5

coated glass slides. Two days old keratinocytes were infected with PKC

adenovirus for one hour, washed twice with PBS and maintained in

culture in low Ca2+ MEM. Twenty 30 four hours post infection; cells were

fixed in 4 % paraformaldehyde for 30sminutes followed by
aREPREARIZALIORNI S SO TEHON A BMINYISS - JrQL ANMNRIP oSRRIRNEA 4 °C

and PKC infected keratinocytes were rinsed with PBS and incubate

wihelKigheriibrdicsiPepir Carmibbbitas](Sant4CRTD) diRESin AdeB @mubation,
sifaBSwAlter subatioge Ridep W&yy%nﬁ%%csn@%%m@éﬂﬁé\frvg%&%?ated

and incubated with biotinylated secondary anti rabbit antibody
sopfindaes AV sk heiE R PBS 3AdimnubatedShedtivGtee palidh-#id réobated

I E Is,Qf a6(34 staining, glass slide re treated with.
o 2 G e S S L e
wenetirertell Thith dide% vimteni iXulitddfitmaniid. Goriantio(Bhadtibpdiaainutes
ﬁ0\{erni ht fotl owed incctj ation with b'otin#{ﬁlate secondary anti gt bodic

ALY, MrREER ARE RIS WFUIESU DAAEhE RRL iR pRisaH P4 antibodies
ovagligetefbNothed tigpdidibatioh | WatFOh2&mRIeas sEHRIMHI 020 MAaShESody,
in PBS, slir?ge’g%%ﬁre mounted with glycerol buffer containing | % of
[

reSpEHLY e TREEER iy st WUGFLc B 284 dRfirRATady Ak S trepavidin-

FISEafaing Coniaaat MEgiRGVRICrass ORYs(MR e 1924, RiacRatkKlounted with
Adenovirus constructs: The recombinant adenovirus vectors were

giyeretr MEsT £onaltiBEsly desdriBatheaviereAasisidSieneyande etarsgice

exabiMUSS PGS WA d SoaenalaisshiypsHRSHLHeD fitheysingssidueat),
the ATP binding site with alanine. The mutant cDNA was cut from SRD

expreb@HIIERGIORTRCE R Parer nEaahid oty s AT sTRiepnstructed
asCRRRANIR 1P SQRBBHELRS. Axeainhidie AOSHRRNERBIAIE AGHYINP RIS ere

genes was demonstrated by the abrogation of its autophosphorylation

SCHSERIRY. %owb&ﬁwmi@ﬁ @ﬁdéfm é@%lfb‘é'} witthP G Fsbfoding eitesyitthelanine.
TR eI %@%ﬁ‘ﬁ%ﬁ%ﬁ‘%%@&@ﬁ%&%&ﬁ?%%&% ¢ jnfed a?ed into

with the viral supernatant containing PKC recombinant adenoviruses for
the ARGk ] Theoswitdiress swidectehesnsivash 8 tvice euittr MEM adodieafechegative

acﬁ@ﬂlhgf'Eﬁ@géﬁégﬁ%%ﬁ;ﬁ@%@? traﬂls&%?e{lg?g a lose(r)%lq%éfr%? I}%‘Vés hgrylation
Cat+-containing or ours. Kerafinocytes from control 25 and >
acimadgin-treated or IGF1-treated cultures were used for proliferation assays,

R R S PR Y 950 A RN o
was aspirated and keratinocyte cultures were infected with the viral supernatant
containing PKC recombinant adenoviruses for one hour. The cultures were then
washed twice with MEM and re-fed. Ten hours post-infection cells were transferred
to serum-free low Ca®'-containing MEM for 24 hours. Keratinocytes from control
and insulin-treated or IGF1-treated cultures were used for proliferation assays, 86Rb
uptake, or extracted and fractionated into cytosol and membrane fractions for
mmmunoprecipitation, immunofluorescence and Western blotting as described.

PKC activity:  Specific PKC activity was determined in freshly prepared

immunoprecipitates from keratinocyte cultures following appropriate treatments.

These lysates were prepared in RIPA buffer without NaF. Activity was measured with

the use of the SignaTECT Protein Kinase C Assay System (Promega, Madison, W1,
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immunoprecipitation, immunofluorescence and Western blotting as
described. PKC activity: Specific PKC activity was determined in freshly
prepared immunoprecipitates from keratinocyte cultures following
appropriate treatments. 30 These lysates were prepared in RIPA buffer
without NaF. Activity was measured with the use of the SignaTECT

uBIgtleiR KinaseLuftssayaysiem RRmegaMagisen, wgaﬁgs Sie was used
according to the manufacturer's instructions. PKCa pseudosubstrate was

ay ibegubsitiie Bubsyasifighese studies. Cell proliferation: Cell proliferation
was syreg. Jthymiding. j ation in.24 well, plate 3%@{3 1
were Sod R iy ing L N Seb A her el e

ingetiyovtixaashe o illeplstrss With P BS aupei1Seth FEOA Wedtapdatatd qaClim])

30, mipt sqlution was remqved and cells solyhiliz
o i S Ao T ol o g e RS P A e
weparted inta 8kwindbwofa Mikvaxs.lidlid scintittations cenmterd Nad-déHs were

activity,, Na+/K+ pump activity was determined by the 10 .
Y R T A R RS Wl iy ves
caoinied-fnoe™ BB hrwtainr2-addiRInC keind 12216081 0f:861Rb. Rb uptake was

terminated after 15 minutes b iration of the medium, after which, the
cells @v%r&?:]g’e’é{"@pfﬁﬁ"f@ﬁr tin\rﬁdzgi?t‘n Bl R BB S dRgnned by the

meadubitizedsiof Soabrlonolside: Titekeats TPmb spevHish vereiaddad 4018 infee

O in a scintillagion vial. Samples wergscounted in a 15 3H-window of a
P ieg%aﬁa'&%ni&%%hﬁ %ﬁ%@ﬂ@& ptiwe dHLERIRSA R AeEgRpted after 15
miMatKbyParpiaticilviy tasidaten)inaer bysubtiaciensohie SR%Rd rapidly four

_accumulated in the %lgsence of 10-4 M ouabain from the uptake
tigetdildtinGhé aliserddéSomaAsolnhilited. PR Crbritonokiheée Beagglls from

fie rei (S e . i lied Iy -
T N L2y i SRS UEH 2 S R el n o
IhfvRedewsydfaniai@dhiqhof Miadilas)n Peimtny Rratindoytescifiealy related to

NWjﬁ%' 00l é % ri l}%y i Buffer (1 % Triten-X 100, 10 p.g/ml , .
R B e P ey e
privsenNa2vO 40 10 MiMIBE N fronP BIS). Uptsktedatereiirdubatéd atbdctctoro3lthe
. ﬁr.%nytes, 25 and spun at 16,000 x g for 30 minutes at 4 T. Supernatants
infIOIOL. N
were transferred to a fresh tube. Immunoprecipitation of cell lysates was
carritkaliimvernighivatd dsswith Purified and standardized PKC isozymes were
kindly supplied by Dr. P. Blumberg (NCI, NIH, U.8.) and Dr. Marcello G.
Kazanietz (University of Pennsylvania, School of Medicine). Primary keratinocytes
were harvested in 500ul 1 % Triton Lysis Buffer (1 % Triton-X 100, 10 pg/mi
aprotinin and leupeptin, 2 pg/ml pepstatin, I mM PMSF, 1 mM EDTA, 200 uM
NapVQOy, 10 mM NaF in 1 x PBS). Lysates were incubated at 4 °C for 30 minutes,
and spun at 16,000 x g for 30 minutes at 4 °C. Supernatants were transferred to a
fresh tube. Immunoprecipitation of cell lysates was carried out overnight at 4 °C with
Sug/sample anti-a6/GoH3 (PharMingen) and 30 pl/sample of protein A/G-Plus
agarose slurry (Santa Cruz). Beads were washed once with RIPA buffer and twice
with 50 mM Tris/HCI pH 7.5. 35 pl of reaction buffer (1 mM CaCly, 20 mM MgClo,
50 mM Tris-HCI pH 7.5) was added to each assay. To each assay, 5.5 pl/assay of a

suspension of phospholipid vesicles containing either DMSO or 10 mM TPA was
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5g/sample anti-a6/GoH3 (PharMingen) and 30 |/sample of protein
A/G-Plus agarose slurry (Santa Cruz). Beads were washed once with
RIPA buffer and twice with 50 mM Tris/HCI pH 7.5. 35 | of reaction buffer
(2 mM CaC12, 20 mM MgCI2, 30 50 mM Tris HCI pH 7.5) was added to
each assay. To each assay, 5.5 gl/agsay of a suspension of phospholipid

adRAGISIHONARING LARGT WSO 0mA% BT BANAS H92408d B €50 7vme.

slurry together with a standardized amount of specific PKC isozyme. The

Theaeaeivnasminaatrbpuddiig 00/adease1 28 MM TPLEL A52paifidsagy [v-
3;!;‘}1 ;E.bzﬁl e e Sﬁ‘r?c{“a)nﬁg%{"ég"cv& 'touc"[é‘gqbﬂe f?nrug% rZ}‘t'%t%ﬁ% at30 Geads

edds were then was wice wi uffer." 301/samplé protein
wigadlng dyssk3d fwiaenimliRIPA SDErwanalldedmadibeisamplasWeke (3 x
boiled. for 5 minutes in a water bath. Proteins were _separated b

Lagen 2k S5 S ASTIGER b lre VAR O BT R Chler byBiales in a water

batBchieiekiar &ehpgibaachyisyatizeddly autogaslingraD¥nsterred onto Protran
Phosphorylation of histones and phosphorylation of PKC substrate

MBS el tEEEISE cohrorS PPk Catiiviljsuebier EXPERWadipaaphy.
PRt T8 iR dRck Efte pHue RS8R 6 BRI Qb fatiSPIBHNS were used

utilizing recombinant adenovirus vectors 5 By utilizing a recombinant

asgogapie issiiE<e atidH¥virus a high infection rate was achieved with more
then 90 % of the cultured keratinocyte population expressing the
recombinant protein. The recombinant P-galactosidase adenovirus
infection did not affect cell viability or cell growth. Furthermore,
(3-galactosidase expression was sustained for up to two weeks of culture
and was used as a control infection in 10 following experiments. The
efficiency of recombinant PKC adenovirus constructs to induce protein
expression and be activated properly in mouse keratinocyte cultures was
examined. As seen by Western blotting in Figure 1, 24 hours following a 1
hour infection with recombinant PKC adenovirus constructs, a dramatic
increase in specific PKC protein expression was observed five to ten fold
above the endogenous 15 expression levels of the specific isoforms.
Recombinant protein could be detected in
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infected keratinocyte cultures as early as 6 hours following infection and
peak expression was obtained by 24 hours. Protein expression was
sustained throughout the culture period (up to fourteen days). 20
EXAMPLE 2 Over-expressed PKC isoforms are activated by PKC
activators Recombinant proteins of #ie PKC isoforms responded typically
to PKC activators. As SERRARFIGEICT Ar@BSEDTwith bryostatin 1
induced translocation of PKCa Ms&%ﬁ?s to the membrane fraction,
with a lesser effect on PKCr) a rms, similarly to results obtained
Wittt eroagangussiSoionnBROGam AxPeRIH iEoer SpdEnlaatRk ovirus
requirements. EXAMPLE 3 Over-expressed PKC isoforms are active in
their native form 30 As early as 18"ATArS following infection, PKC kinase
assaysyrentaied thatchmbiuneppeeiniatasdaldisling e ISRIPEMSIWEIS rate
enzymatically active without further need of stimulation by PKC activators

WRERGHEVS] BYNESOKRABEIE R et Be srubuEh THalineaiteReuIaH A Figressing
thiNFbBRsL AN BF NI IRgicRLAIARIRS IBRIIMRIYXE AinRcIES AR did

the PKC adenovirus constructs employed induced a specific
noingiisaorsYicarbsieh an gelingprivmibyry itstheimoasael -@lgoiasidpst) aifestéeh was
subfiimes dousadqipinacys sRRAAM S iaclasidase lRaIeH NSy in

presented a cubidal morphology typical to the proliterative basal ce
folhunagtexitiom imtsulilne. diegandiest ot isoiomansPE ifisignaliPK@nstructs to
. aver-expressing keratinocytes showed morphological changes typical t
R O S P SRS s
wiikexprojeaiiorss socd bwéVesteadhovmezohthesfC,i2dfhoms fdtbaing a 1 hour
in ré%rac‘thgﬂjstljgceff%(lz}} on 5%;8% %c¥|£]e mor%htolo? .aP Ca infection induced.f

Strafification of Kerafinocytes  With 4 typical fiatte ASG MErSHBIBE o it spectiic
PROnpastif kEpkappenredsascandahsieclonesofforiIssbpreseidingidogenous

morphological characteristics of basal cells proliferating at prompt rate ,
e 45 S0 5 TG o P AR aBi AR L eisted in
inketedeltdaliassoriations:ct 8ad Behayrafodondngs Pis CSwimie Gi@estllSsnd peak

appeared elogﬁa,ted nd_extended with neuronal like projections. This

EXRIESSIS NS 5@ | A 1YES offrotein expression was sustained throughout

the culture period (up to fourteen days).

EXAMPLE 2
Over-expressed PKC isoforms are activated by PKC activators
Recombinant proteins of the PKC isoforms responded typically to PKC
activators. As seen in Figure 2, treatment with bryostatin 1 induced translocation of
PKCo. and & proteins to the membrane fraction, with a lesser effect on PKCn and £
isoforms, similarly to results obtained with the endogenous isoforms and as expected

from their cofactor requirements.

EXAMPLE 3
Over-expressed PKC isoforms are active in their native form
As early as 18 hours following infection, PKC kinase assays revealed that
immunoprecipitates of distinct PKC isoforms were enzymatically active without

further need of stimulation by PKC activators (Figure 3).
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the culture dish which occurred progressively in the course of the culture
period. Over-expressing PKCC keratinocytes appeared as rounded
keratinocyte clusters, which were attached loosely to the culture dish and
were gradually lost several days 20 following infection. EXAMPLE 5
Distinct localization of over-expressed PKC isoforms in infected primary
keratinocytes 25 The distinct nioxpiagieigical changes were associated

ith distinct cellylar lagalization as characterized hy immunofluorescence
G I MOTREHT LR MRS e IO AR el dhimies
expressed in the cytoplasiik gsiwelaeiarbe-plasma membrane. Similarly
tq e rotein expression, PKCil isaform was localized to the | .
S Air OIS0 FOHOHAER, b B GRAL Y i R 2 SHEHOE AURhological
chdigteibnioimwsskassheiatecs WilpRKES audiRfctisd pherasutagediogigadcyte
Set_achment PKC isoform expression was predomina_ntl?/ localized to the
culufiehRRhbrane (e trees g ot gk pidecateeb g bl gragialosy typical to

thE¥RSAESAT BB R Cedaaipars epxpesimenialies Wi FhR Al abshegliGificity
PKC isoforms to regulate proteins which are 5 characteristic of the basal

all PRARYSE SPise Bré aritire vas shewyet wawbekywivi sharesgdypical to PKC
actRHGIpR-RIRG JAINLEHIR AR L iRe, SRlYA¥e IS fRkinddp!ace AiiGions.

keratinocyte differentiation, the ability of the various PKC isoforms'to

Howgtatecaskppae ibihst IR abdamee birh aashatestmisishidiess spdestribgeyte
mfRIESS opRe Demidesmasamss afhehasa! &?ﬁ?&&\!ﬁ%ﬁﬁé?sﬁﬁ% BSypical

can be Seen in the immunoblot to presented in Figure 6, orily PKCS an
flatki@dsoforphslngre dbletotdoiyrPiégulatpp@b¢84aexpradsion] inlones of cells,

comparison to a6(34 .integrin subunits levels in control. keratinocytes. At
R R R R
(Foomtraigt, Gonsistetiity jsovermexpppssied of PHféca ietifanmriesistedlinas cell-cell

increased a6f34 level twq.to three fold above control expression_(Figure
aSE)CB R texbrabSiORUEE PRI diftBraffebions !presessressyrd and
exRaVsiaheiareceRIlInRAfRGESQsIAE T WAL LOMIAIBE My ohealialteell loss off
differentiation and which follow the down regulation of the
the culture dish which occurred progressively in the course of the culture period.
Over-expressing PKCE keratinocytes appeared as rounded keratinocyte clusters,
which were attached loosely to the culture dish and were gradually lost several days

following infection.

EXAMPLE 5
Distinct localization of over-expressed PKC isaforms in infected primary
keratinocytes
The distinct morphological changes were associated with distinct cellular
localization as characterized by immunofluorescence analysis. In proliferating
keratinocytes, PKCa, PKCS and PKCC were expressed in the cytoplasm as well as in
the plasma membrane. Similarly to endogenous protein expression, PKCh isoform
was localized to the keratinocytes’ perinuclear region (Figure 5). A dynamic change
in distribution was associated with PKC8 and PKCZ, where succeeding cell
detachment PKC isoform expression was predominantly localized to the cell

membrane (Figure 5).
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a6(34 protein including decrease in the proliferation rate, new keratin
synthesis, cellular detachment and loss of attachment to basement
membrane components. No changes in keratin expression were
observed by over-expression of the different PKC 20 isoforms. This
included expression of K5 and K14, which are characteristic of the basal
proliferating keratinocytes and Ki-anglds1 @, yhich are characteristic of the
early stages of spinous differentiation. In addition, when proliferation rate
was analyzed Regitoynidingih cappersitorbhBRCiagmecorrelation
between the loss of a604 expression and prgliferation potential. 25
EXAMPLE 7 Over-expresse%gﬁf{(%egr%g E’él%@ induce keratinocytes
proliféftiothbihtyitrol Gpesibxpi¥§SiomnsofdPC TbamagRE S sigrificamtlyich are

' j iferation: five and.two. fold above control levels
S E R SR
dB8n EephiMERbiE & QWi expegaised RIKE bAnkeCiardycevkeratinidaytgsace during

N T T7.G TR

exfpeatioacytesnacpange:inindaasion gatertiadfoisSsppasiis abdilized to the
proteins includi(r;%lamininl, laminin 5, fibronectin and collagen, was

hogpserpartatat dt prasahta Fisasvetsan: cAlsBldieessheisihg nkesgoblot
p@%@%%ﬂgeﬁer@)%dgﬁ@&t%eﬂlﬁpm@@ggﬁbfa}ﬁ@%@ Agh Wakwn regulate

associated with gradual keratinocyte detachment from the culture dish
aGPiyUrEMSEONE XAMPIRGIFNC fgoftbhts dviegorpradsivitseffoats ol  control

mi oS localization of ab/34. integrin. , As. 34. expression |
keggtér%n%(?g%brlﬁ{gﬁ%ﬁaﬁgﬁéﬁngf t(ﬁ%é Pemi e%ﬁ%églr%)a égirjg‘é%sn c%rr%B e{eﬁ%lé:ed'

InassocistionnsfsatiB4 danexpguiasio o faielisdésashmeantwitinkbeasslBtdop4
Imlization to the hemidesmosome was examined, Figure 8 presents
CrREE ) Rufyaatep B piassionddisimn Nittiyrs-expression of PKCn

diDeBIdasReRNR R ARIRIEXSR s A8 SN FIOUIE Bl GRPRANISOD Wated with

control infected keratinocytes, up regulation of a6J34 integrin expression

copppvEreaksreseilig P kidiarratiatins cyndswitiglufellow the down regulation of the

a6p4 protein including decrease in the proliferation rate, new keratin synthesis,
cellular detachment and loss of attachment to basement membrane components. No
changes in keratin expression were observed by over-expression of the different PKC
isoforms. This included expression of K5 and K14, which are characteristic of the
basal proliferating keratinocytes and K1 and K10, which are characteristic of the early
stages of spinous differentiation. In addition, when proliferation rate was analyzed by
3H-thymidine incorporation there was no correlation between the loss of w64

expression and proliferation potential.

EXAMPLE 7
Over-expressed PKCrj and PKCé&induce keratinocytes proliferation in vitro
Over-expression of PKCn and PKCS significantly induced keratinocyte
proliferation five and two fold above control levels respectively (Figure 7). PKCE and

PKCua did not affect cell proliferation.
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6) is associated with increased integration of a604 to the

hemidesmosomal 20 complexes. Cells over-expressing PKC1I also

induced association of a6J34 integrin with the hemidesmosomal

complexes, although less than observed in over-expressing PKCa cells.

As expected, the significant down regwlation of a6J34 integrin in PKCS

and PKCS over-expressing keragtigqayaspngs found to be associated with

decreased integration of a6J34 with the cells' hemidesmosomal

comiBeEwrprgsteid Kfhdsa by fudune knighiascwven dodintstin vrgs

an i t [ -matri {ati erafi ing.to

e e D d o e pr G A mee LR R S FREENG: G
stadivd4 dovwamaguisiots iitited keratinocytts cell detagshmenthiesianpptentiyl to

Istnct £ ' e di tiation. s. Finally, in order to

B A T R TR ARG e
obxe38:A4 I04tategtapiencart s pébificc o phalebical ehanges igskRKatiD aagt P K CL
1.Sgl Otra}ggln]gglst,é €, qp%nﬁ{estin tklﬁ gwl%ounlt of atfached and detached cells dual

over-axpressing the difetent OB AUy IRECEHETe PrPigeadua
kexmieciofteied chmEig dirend iiatiadhed deliig Figiie epunted in cultures 24 and

48 hours following PKC adenoviral infection. As can be clearly observed,

both PKCS and PKCS induced cell loss in vitro. In parallel, the loss of

cells in culture was correlated Witk Angmngrease in cells floating in the 5

g,a\yin medium. These results indicate that PKCS and PKC4 are

%’g 181 CStGHEIEHEC A SHECH TR enltetif e srasiab a6 54

stages of cell differentiation and mjgi@tipn. EXAMPLE 10 10 PKC71

differentialhéregulate keratinocyte proliferation and differentiation under

physiOGIERMsEHGEIAR Eeemyubuifritrigtraaticr s dhererprssaingmal
adBEGoH RAfpIR: PIRITRLALE. R ARrEaRiealad J@ﬁf@l’a[%ﬁ 0F %\éﬁ;}lg{y&ﬁnent with

above control uninfected cells, and consistently higher then keratinocyte
olfidutecabzetiexprestinglothatamkisoforws. kX diowealer, Figuirdictiorsents

._of proliferation was dependept on the differentiation state, of the .
R R b o U A spgggm
com@iines. WspalifarnBigkesatneoyipaisainiaicadrdnaaelon Kadtinocytes, up
concentrations (0.05 mM) endogenous PKCrl was localized to the _
fesﬁﬁﬁaaeaﬁﬁﬁ%g% NSRRI BPE PremreriGrneety GerdisatmyeitsidEigure

6)these.geRaitaNsy K GRLAMSEEXRHESRIABN of «6B4 to the hemidesmosomal
complexes. Cells over-expressing PKCn also induced association of a6p4 integrin
with the hemidesmosomal complexes, although less than observed in over-expressing
PKCa cells. As expected, the significant down regulation of a6p4 integrin in PKCS
and PKCC over-expressing keratinocytes was found to be associated with decreased
integration of o634 with the cells’ hemidesmosomal complexes (Figure 8). These
results suggest that w64 integrin plays an important role in cell-matrix association
and keratinocytes anchoring to the underlying basement membrane. Furthermore,
PKC$ and £ mediated 064 down regulation, initiate keratinocyte cell detachment in
a pathway distinct from the keratinocyte differentiation processes. Finally, in order to
link PKC mediated a6B4 down regulation, decrease hemidesmosomal a6p4
integration and specific morphological changes to keratinocyte detachment, the

changes in the amount of attached and detached cells over-expressing the different



10

15

20

25

20 induced a dramatic increase in keratinocyte proliferation (Figure 11).
However, when keratinocytes were differentiated by elevating the Ca2+
concentrations to 0.12 mM, over-expression of PKCrj did not induce
proliferation but further stimulated keratinocyte differentiation. These
results suggest that over-expressed RKCrl induces proliferation only in

PROYsOlogitalMRIgigratinguecisr it deps Rptintarfers withidocelilated cells

differentiation. Divergence in regulation of PKC{%éeFxpressmn was also

WASSHRSHVE. BHErE ek greseidienT et dliséranisg inl dsiamsipas As can
b GEARAb iRl than Ry wasidentifind whilg e mapue ﬁlddﬂgrmééﬁthe

no PKC-% was observed and in_the epidermis PKCrl was localized to the
logfr iUk inyier fvlswin. 685 ExaglandE YitPKet et DRPKGFs floating in the

' ' ¢ I izatl lJul
ov%YﬁEfﬁépﬁ‘?e?ﬁ\HH5@&%5@?9%[&%&&%5 e ﬁkﬁ%@ﬁﬁﬁ GFe tihortant for

morphology To further corroborate the results a positive
copdtelfol HicGIFldechBenbd ticptatsewitpdotifchationcerl diftepen tiditiml idi fferentiation
keral cytes, the effects of a kinase inactive dominant negative
ana&é#é}&rus' PKCTI construct were analyzed by studying the effect of
infection in proliferating and differentiating keratinocytes. As seen in

Figure 12 adenoviral infectionﬁmiﬁ(}g and DNPKCrj were efficient
in both the proliferation and diiférentiation’ states. As predicted, in

Pralifedifing kévdinegyias KeraiikRa proliceaer ataofyiey eiffriesyiatiaer
with a dramatic change in ce/l maQqr hol&gg/ including flattening of the cells,
loss of cell-cell boundaries ZIRTEIRAE “tREM & Dhological changes

assogiatgldanithkeaariingiged wiffereniiation frigirgsri2dn Bbform proliferate
Furthermore, these changes were associated with shut off of keratinocyte

at o8| ASCHITAEEIdae 19YSl SHdmaReh dBelEnentRle RS neatiéerand
colitebeding bakeratbnlickexatin.ge, dariar andHlagatigyNaRWeIeC isoforms.

elevated to similar levels presented in normal skin in vivo (Figures

Hopgovesy Uag tRdushinfe tnmenlifsenintitutio dsrendentioe fbpthitisreptisgpanstate of
thO¥eFaBxBESRSIoN QLEINRIE Hhdidhiokialragate et dndussss in the medium.

differentiation. These results suggest that PKC1| gnd DNPKCrl can be
In pueli femtimgrdiantinng ey maing Redasrrdssy tlevproffereairerraions (0.05 mM)

eng%%%i%zwr%s REMREIGIALSFUNAR EXAMESE & dENR of the
proliferating cells (Figure 10). Under these conditions, PKCn over-expression
induced a dramatic increase in keratinocyte proliferation (Figure 11). However, when
keratinocytes were differentiated by elevating the Ca®* concentrations to 0.12 mM,
over-expression of PKCn did not induce proliferation but further stimulated
keratinocyte differentiation. These results suggest that over-expressed PKCn induces
proliferation only in physiologically proliferating cells but does not interfere with
cellular differentiation. Divergence in regulation of PKCn expression was also seen
in vivo. PKCn expression in actively proliferating skin as well as neuronal cells of the

embryo was identified while in the mature adult brain no PKCn was observed and in

the epidermis PKCn was localized to the granular layer in skin.
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In order to test the ability of PKCrl to differentially regulate cell proliferation
25 and differentiation in vivo, the ability of PKCTI to induce healing of full
incisional wounds created on the back of nude mice was assessed. The
ability of the keratinocytes to express the exogenous recombinant protein
was verified by utilizing a control 434gal adenovirus. As can be seen in
Figure 14, two weeks after infegtiomAg-fgalfexpression is maintained in
vitro keratinocytes as well as in vivo skin. 30 Interestingly, when the
%ﬁﬁd’ﬁ@ﬂﬁg{gﬁé&i@w&g"é&&ﬁﬂrféécﬁﬁﬁ%léréﬂ&?‘{@é Kftéadiation and
control, PKCa and PKCrl adgngyiskseepsbiigls, only PKCrlinduced the
formation of granulation tissue as early as four days following topical

infectlonfBBieTisrrTARRIA Rests TS oMGarTZ 8P ROFNATRONI BF Priade rr ikl in
boqﬁ'rm:iaé@ﬁoﬁfemﬁoﬁ%“Qi%}@ﬂﬁa?f&'ﬂtrﬁl,E&gtﬁllégﬁeg?fﬁfét%gfé&%ﬁf a kinase

~ condensed granulation tissue was not noticed and no closure of the
ingediyadlovain b swsaty ¢Riderev iy, RREmmestRIKCtcoanigzedisicerdgesthe

rippar ndi inrequlating preliferation and differentiation of 5 .skir
o T T R R AR RS e A
1 Spdeificatihy indigcasiirafidodatitinG@g RIKEGINPIfgratitig kéfiaisnciteboth the

Two PKC isofo expressed in skin were found to affect keratinocyte 10
SR R PO PR TP A A R IS Reraocytes
DEREyenpidudagtatssthicactvatesapastic RKG isofgrmsmirowialing siin cell

proliferation, the ability of several growth factors which are known to

m%?ﬁ&@k’é‘f&ﬂﬁ%’(%l@%?@lﬁ&%ﬁ&? ficladiny: el keaFbmedareppimitarly to
thaaehifolda astivale speaiia REGIRRIOIS in R ar @il deRRBHGPloures 12A-

manner was assessed. PKC isoforms a, S, s, rl and ¢ are expressed 15 in
Blhe ERth A@ arctiviiish Ghmeesissrepnisseuaisdciatyl Winh thirof keratinocyte

erﬁ{%?é%%tmg%%e“?ﬂ%@Q%ﬁﬁ%?ﬁrlﬁdﬂ&%&{fSﬂﬁﬁéﬂé]ﬁﬁa‘%i&Eq}’i‘gﬁcéﬂﬂ%&ding

on the translocation of the various PKC isoforms from cytosol to the
kepaEmbrakeratiard @xiorimed apd Sdageiin. Ridurd Perasclevdiedd® sinnilapdevels
. . o, i : ificadly indu ] 0 PKGS.
P e o e e A T Hfon of
thof @fgeniatsomaintainet fovsevanassionrsfolBWRIKY sdlih stimebatigate 16a”"
._contrast, IGF1 reduced PKCS expression jn t emb increased
i U OP o eSS IGTE e HEESRbAESEK h B R B sed
fofadlidfepignificantbp adtagte ddrikladeiransiasgatéeniond dagaligatiamdeon under

change in distribution of the other
phys%lggical settlrngs.

EXAMPLE 12
In vivo experiments

In order to test the ability of PKCn to differentially regulate cell proliferation
and differentiation in vivo, the ability of PKCy to induce healing of full incisional
wounds created on the back of nude mice was assessed. The ability of the
keratinocytes to express the exogenous recombinant protein was verified by utilizing a
control B-gal adenovirus. As can be seen in Figure 14, two weeks after infection, B-
gal expression is maintained in vifro keratinocytes as well as in vivo skin.
Interestingly, when the wound healing process was examined in mice after local
infection with control, PKCa and PKCr adenovirus constructs, only PKCn induced

the formation of granulation tissue as early as four days following topical infection.
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PKC isoforms was seen following stimulation by any of the growth factors
including 25 IGFI and insulin. EXAMPLE 14 Insulin specifically induces
activation of PKCBIn proliferating keratinocytes In order to determine
whether the translocation of PKCS is sufficient for 30 activation, kinase
activity of PKC immunoprecipitates ffdm the cytoplasm and membrane
Thitacticnd af asukicangdGEd tfeated dedtinosylestwandnéasmelyds. At the

shown in Fi ure; g‘?% but_not G ] Increa: ed ctivit % PKCS in the
sofRs A BiaHL B b B{5tsher o e Bgarvasalwaw
ndMeplasMdraiian. dhecnadint indyeackactlyatipnwas spesiisrier, PIKES, ca

and ng activation of PKCs a, E, 11 or ~ was observed for up to 30

st BArRY TRetY s atHdalsrioroawat B tero Wi oreai d iligguiation of

skeiactive RHmRAtaNRYHISN RN HAQTEE! of PKCS activation. 5
EXAMPLE 15 Insulin and IGFI have an additive effect on keratinocyte

proliferation In order to analyze if the specific activation of PKCS signifies
specific insulin induced mitogeRiepgppyay §n keratinocytes the mitogenic
effects of both insulin and 10 IGFI were examined by studying their ability

{osutispacfisatiy dydipes itenslensiermé R katiny whifendifig keratinocytes
iNCOrRQratioR (A3 RANR IBHIQVLELL T RAth Insulin, ARt @Ffégmffé?&ﬁgocyte

thymidine incorporation in a dose dependent manner Wlt maxima
priféfactim aBKievedndt ABCAank 2odervh tespadtidetyifixttbaehdogenous factors,

Cgcgcr;][traggn teké‘?f‘ 18 als mulatlonf IGF was ?a%%{otga&gh%l%){y of
|nsuI|n ntere tmgy a B concentra ormones were

segiveh gngwtherfaﬁmfmmdge}mcam‘fénmwverm qﬂdmu&a(ﬂagutmd@rﬂe) fmeﬁeration

Its at insulin ate noc rollfe
G RS APl R B A R GE I R fraralie n
graEMANRIdnt Yeahher m@éﬂéwbm@ﬁdwﬁﬂﬂéweﬁi MACSre expressed
Sf%;/atlon and insulin-indyced_keratinocyte proliferation In order to directly
n

A858EIITD W inelmmun i eetp preds WHkihsiio Hagstpcation to
méshiidnahaeshkerntingrdg protifesatiopwiacnbioant B Granslocation of the

vartous PKC isoforms from cytosol to the membrane were examined. As seen in
Figure 15, as early as 5 minutes following stimulation, insulin specifically induced
translocation of PKCS from the cytoplasm to the membrane fractions. Membrane
expression of PKC& was maintained for several hours following insulin stimulation.
In contrast, IGF1 reduced PKCS expression in the membrane and increased its relative
level of expression in the cytoplasm fraction. No other growth factor significantly
affected PKC3 translocation and localization. No change in distribution of the other

PKC isoforms was seen following stimulation by any of the growth factors including

IGF1 and msulin.

EXAMPLE 14
Insulin specifically induces activation of PKCS in proliferating keratinocytes
In order to determine whether the translocation of PKC$ is sufficient for
activation, kinase activity of PKC immunoprecipitates from the cytoplasm and
membrane fractions of insulin and IGF1 treated keratinocytes was measured. As

shown in Figure 16, insulin but not IGF1 increased activity of PKCS in the membrane
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25 adenovirus constructs were used to over-express both wild type PKCS

(WTPKCS) as well as a kinase-inactive dominant negative mutant of PKC,

which abrogates the endogenous PKCS activity (DNPKCS). The effects

of over-expression of WTPKCS and DNPKCS on insulin-induced

keratinocyte proliferation were examfiied. Both constructs, as well as a
frie@a tdmsievetjonareRdfiGienttivaxpraessedeividiatihocytepl 36y Figetien. The

. 18A). Furthermore, infection with PK d PKCa induced
AR SR Rt Ty s T B e B E TG 1 o
¢ W8BhoAs-xPastad BVRInSRRIES SR R NBKESHid Nt duse & Eer, these

activity. As can be seen in Figure 19A, 68 insulin treatment of
regifipatgssstog] eeiecotipvaaiiom RysigH B oW PP KICE lvidhidiGCirgiiimtion.
treatment, increased thymidine incorporation to approximately identical
levels, two to three fold over untreated cells, or cells transduced with
PKCa. Moreover, addition of idsXHiBldells already over-expressing

WTPK G I A ERY S Y, rﬁaﬁgﬂ‘mg Qﬂe'&%@ %?d H:IQX rf/}?r?;gcc%'{em tion

incorporation. IGFI increased thymidin€ uptake similar

non-iweedet toedabing ih delispovdicaxpraticing IWRRIKG SaifitPGafic insulin
. (Figure . . The.direct.inyglyvement of PKCS in insulin induced,, . ..
R B RS o B S g and
1GFiywerd @Barbasal tyyshidineg itteorpbritiotrimmdelts &emtiarpyes sindifiretion as

dominant negative PKCS was slightly, byt 10 significantly, lower than that
R et e S St RN
IGRsuimndudeth pratiferatiendputdidonot affest |Ghkhdducadnpee|ifarhtionximal

._Moreover, the additive effect insulin and JGF! was redyced to that,
ingRAEE, SO CTSEXAMPLE 15 SRy HERE bR, gl aton, the
méaRsulh-quediatesh patheady s speadicihuntRKGS acivationderthengly, at all
insulin-mediated patrbway was analyzed by investigating the effects of
coBREEE AT NBRCS! PRPIRES JET R e Behy bty e Siffists were

adthgierMelwdingH GFITREE , Kéafts BGEabsanHA DialliZ GASBERN #Bratinocyte
Figure 20, the over-expression of DNPKCS selectivelé%eliminated the

profipreianyBonetid iAtiEsH PRI SeRAEeHb DI SCK thiskerh kyraingeyte

profigh@pwth factors tested. However, the over-expression of PKCS
mimicked insulin induced proliferation and did not affect IGFI induced
proliferation. The proliferation induced by stimulation with EGF and KGF

was increased (Figure 21). These datbrE 16

The association between insulin-induced PKCS activation and insulin-induced
keratinocyte proliferation

In order to directly study the association between insulin-induced PKCS
activation and insulin-induced keratinocyte proliferation, recombinant PKC
adenovirus constructs were used to over-express both wild type PKC8 (WTPKCS) as
well as a kinase-inactive dominant negative mutant of PKC, which abrogates the
endogenous PKCd activity (DNPKC8). The effects of over-expression of WTPKCS
and DNPKCd on insulin-induced keratinocyte proliferation were examined. Both
constructs, as well as a PKCo construct, were efficiently expressed in keratinocytes
(Figure 18A). Furthermore, infection with PKC3 and PKCuo induced isoform-specific
PKC activity several fold above control levels (Figure 18B). As expected, over-

expression of DNPKC3 did not induce PKC activity. As can be seen in Figure 19A,
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25 indicate that PKCS activation by insulin, mediates proliferation of
keratinocytes through a pathway involving PKCS and that this pathway is
upstream of EGF and KGF signaling, two major growth factors known to
regulate keratinocyte proliferation. Overall, insulin was found to be a
specific regulator of PKCS activity, wétich could be a specific candidate in
inkegHlatingnkaratiroarienenlifiermtiandngt R byxinsulinnE GFwPradsK @ mout
. 69 EXAMPLE 18 Insulin induced PKCS activity and keratinocyte
InSpRraatoRnS Mednetby s Hiny nearastisidnaarReavEnsistY idepsieablevels,
KGR ANRHINRIGNEHgNRS JUithe) chaeaialized and iU & 5 Moreover,

involve induction of transcriptional activation mediated by STAT3. As seen
additiogurd BBulm promesskeleidy cytes.cRrpESinaERBKAdodpenificallyse any

jate wi . Eellowing insulin stim on, PKCS is activated
e ol P A T S R B e
staflobatinboBK©S-adkivitd kylls pithimedt ogiaatiphibiing (VOTRKIAQR  shdtE Co.
activajton as well as nuclear translocation to of STAT3. Furthermore, as
G 1O S5 Gb e AR 6f LIRRT 4TSt Hupfaproerston was

fubiRiferation ws hatnduced by nsiiny ant R QYR eXpHes 308, HaEf S midine
_and abrogation of PKCS activity btgéverexpression'of a dominant
INFRIGSIRIEOP TS RS LRSI BB e damiinger SEAT® tBRddueas slightly, but

sié%@éHﬁﬂ ViR, RRQIITR LAty %Y‘%Eéﬂ«}ﬁ?e%?ec{ LS suagesy *}%ési%su'(i)? Hidbrcs
KCS play a role in transcriptional activation 15 associated wit
colrepbdticlyycienpralid ratiohn ExdaMe [EolideRK @S hnt R& G(araffess 0 aduced

prgilefe\{rveg%ﬁr]lq 'Rﬁ&'é%%“%ﬁ%%%éi?ﬁ‘(%%% h%slo 1 rtglnlg: % Oc{ f(ﬁq @ggorgﬁﬁégdtpoethat

wound healing process in vivo was S0 estabished IZIng Isoform

ofdpddifiddAKC null mice. As seen in Figures 22A-B, when full thickness
wounds were created on the back of PKCS, PKCc, PKCa null mice
(knock-out, KO) and their wild type littermates, delayed wound healing

was observed in PKCS and PR3 Mriot PKCa null mice. This data

indicates,that even | bsence of diabetic background, specific PKC
isoform?gféég@r?ﬁla%}%?ﬁ%“%%%fﬁﬁé’éf sPocatedpadnyay

EXANRL EpéRificity of PKCS activation to the insulin-mediated pathway was
analyzed by investigating the effects of PKCS and DNPKCS on the mitogenic
response to a variety of growth factors including: IGF1, EGF, KGF, ECGF and PDGF.
As seen in Figure 20, the over-expression of DNPKCS selectively eliminated the
proliferative effects induced by insulin but did not block those of any of the other
growth factors tested. However, the over-expression of PKCS mimicked insulin
induced proliferation and did not affect IGF1 induced proliferation. The proliferation
induced by stimulation with EGF and KGF was increased (Figure 21). These data
indicate that PKCS activation by insulin, mediates proliferation of keratinocytes
through a pathway involving PKCS and that this pathway is upstream of EGF and
KGF signaling, two major growth factors known to regulate keratinocyte proliferation.
Overall, insulin was found to be a specific regulator of PKC8 activity, which could be

a specific candidate in regulating keratinocyte proliferation induced by insulin, EGF

and XGF.
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Single vs. multiple applications of insulin for wound healing in vivo

Wounds were effected on the back of 8-10 week old C57BL mice by

incision 30 and were treated as follows: (i) insulin 0.1 M applied daily for 7

days; (ii) insulin 1M applied daily for 7 days (iii) insulin 10 M applied daily

for 7 days; (iv) insulin 1 M applied orsee 4 days after wounding; and (v)

vehicle (PBS) control applied dgiky 442 pfor: §glays. All mice were sacrificed

seven days after wounding and their open wound areas were measured.
I'Ngé'@éﬁ%@ﬁf{;ﬁ@%f%ﬁ@qu%m@ﬁpﬁf%gmhfwrw éomedintedidn SEET3

significantly more effective,{han,daily dreatmems,of insulin ata lower (0.1
M) or a higher (10 M) concentration. Surprisingly, the treatment of a 5

singl Bppitaton b mdulinsain M%@H%mmammscb_@@@_taﬁﬁgwnﬁo@md to
inGHRCUYEUIRR D Ueaimehal SayencaRaal dally Wﬁ%".”i?éé%ﬁ‘fﬂrﬁ%&e

the same concentration. Since the observed wounds were covered wit
2xcartisvaryikewasiffitedst FKCOvestishassess e idichllt eboscimaoiviieSTAT3.

und and the formation of structed 1Q epidermjs. Therefore the
e AS R e e G T
actietesmireTh hiskologicat parametersepidannahalas U ke v olsdsvasy a

determined by staining wound sections with Keratin 14 antibody (K14, )
Pbégses@l%ﬁ%ﬁ%ﬁ%lﬁrcﬁmﬂwaﬁlbﬁb@@w%ﬁrh@ﬁﬁ@ﬁ@d}ﬁé@%mﬁwtm

ofof bagal cellgmbiheryvoundaan PeimabslosuR airdRURIsMANATS induces a
considered positive if at both wound sides 15 the dermis could be

sigRaB R el gre thald wBked by infadinaaignaersetpsasian oK CS and
RRARIPAR RS REHEAVIELLrRUiRRHR HEAMERRSHROENAES mutant
promoted epidermal and erma? osure. Similarly to the résults shown'in
abpitplnes 26¢ abkisily tre&htehi ¢f indulin trbieoncenulifioatinas Overall these
significantl re effective tha ily treatment af 20 insulin at 0.1M, .or .
e R L Bt B i oFIRSHIRUGE e vaton
ascocieesdtreiib henamsybistandlébyanate effective than of seven repeat daily
applications of insulin at the same concentration. Hence, these results
clearly substantiate the therapeutic efficacy of insulin on wound healing in
vivo as determined by morpholggiaalras mel as histological 25
parameters, The results surprisirk%g/?show that determining the optimal
|

numbdrE B R GeEs 6T5pantan dhe sornd herling araeaisse e,

treatmBeNauRIRREORETBK C isoforms in the wound healing process in vivo was
established utilizing isoform specific PKC null mice. As seen in Figures 22A-RB,
when full thickness wounds were created on the back of PKC8, PKC¢, PKCa null
mice (knock-out, KO) and their wild type littermates, delayed wound healing was
observed in PKC3 and PKCE but not PKCa null mice. This data indicates that even
in the absence of diabetic background, specific PKC isoforms are essential for the

wound healing process in skin.

EXAMPLE 20
Single vs. multiple applications of insulin for wound healing in vivo
Wounds were effected on the back of 8-10 week old C57BL mice by incision
and were treated as follows: (i) insulin 0.1 uM applied daily for 7 days; (ii) insulin
1uM applied daily for 7 days (ii1) insulin 10 pM applied daily for 7 days; (iv) insulin
1nM applied once 4 days after wounding; and (v) vehicle (PBS) control applied daily
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71 EXAMPLE 21 Combining insulin and platelet-derived growth factor
(PDGF-BB) for wound healing in vivo Wounds were effected on the back
of 8-10 week old C57BL mice by incision 5 and were treated 4 days after
wounding as follows: (i) vehicle (PBS) control; (ii) insulin 1M (iii)
PDGF-BB 10M (R&D Systems, Minngapolis, USA); and (iv) insulin 1M +

foPP&IysBB\IGMcd hige shays adtesdveatmaent almicendrre saciticeshandound
the treated wounds were histologically analyzed for epidermal and dermal

argd§sifse ders e testrpSanE R Yo Anie HsanacrfiinmigaratoiM
coadiRBimentyithsgithatinay iR Qe RRGHRBRIANGWas Rarialy sfiarivg at a

on eg?idermal closure (30-40%) increase over control) and on dermal
lowigrs(ted (1bLbovsihigkese BveYit surentrEwsyerbasirehtbattefingetinof a

: P ined re i tially higher epidermal clogur
8 BRR SR A gL SR R
thaasuls shawrtdret 25 cevebinapent ofimbkulapphichBOG FoBBraffeat woding same

healing.in a synergistic manner. The results further indicate the potential
congeniration. - - . .
of combining insulin with other growth factors or transforming factor such

as EGinct Gke(3hicGEdordinaiapantictraataheritioh wariidsa2l EXANPLA! to

22 Combining,insulin and PKCa_inhibitor for wound healing in vjvo
oIS ] SO el P e B A dgggnstructed
epideisios Einglefeecateadlecd dallinfalid daypideimaithed Yehiciec(RB&) conbalds

. or with 0.67 M ins /%%EHO/Ol; HmeuIin, Eli LiI#/,,éJSA) combined, with a

e TR HEIES ER B MOIEISA! BESRT S s A a0l Wounds was

defendiirahem,sbatifdiegoutdA s&tbns SeMBNKdamalter MaupaingralumBehco-
were sacrificed and treated wounds were anal¥zed for wound closure,

CotpitReTn & RIReRE; Germvaitlodhieh hishlighind thrsramiiionl Sreeprsdinaafthe
wealls gpounsllasissunasraaiarmingsk Ry Theesur NG e AP BIAURGLAEAdes

Dermal closure of wounds was considered positive if at both wound sides
therdegitniewWd bsnbsse ehéd R siHca sy RO faved puKikiet NighianicTRisepe at
x 1GERS6RREAbX 100 magnification. Epidermal closure of wounds was

determined by staining wound sections with K14 antibody which

highlityhtsehe e tdnadf Basn samnagntseitectively promoted epidermal and

dermal closure. Similarly to the results shown in Figure 26, a daily treatment of
insulin at 1uM concentration was significantly more effective than a daily treatment of
insulin at 0.1uM, or 10uM concentrations. In addition, a single application of insulin
at 1uM concentration was substantially more effective than of seven repeat daily
applications of insulin at the same concentration.

Hence, these results clearly substantiate the therapeutic efficacy of insulin on
wound healing in vivo as determined by morphological as well as histological
parameters. The results surprisingly show that determining the optimal number and/or

frequency of applications of insulin is a critical step for treating wounds properly.



10

i3

20

25

30

72 wound gap. Spatial differentiation of epidermal cells was determined
by staining wound sections with Kl antibody which highlighted newly
formed epidermal cells. As illustrated in Figures 28-32 the combined
application of insulin and (HO/OI) and the PKCa inhibitor (HO/02)
substantially promoted wound closure; 5 (Figures 29A-B), dermal closure
(Figure 30), epidermal closure gRarged X .2and spatial differentiation of
epidermal cells (Figure 32). As can be seen in Figure 33, the treatment of

inSAMHP IR St red mirfelokéesitcdigior o B RSIEPRbnigeound

epidermal closure from ca. 15 }Q./8%., jnGrsased dermal closure from ca.
15 to 50% and increased spatial differentiation of epidermal cells from ca.

15 to BOWHEsVIE Coistad Mhtnbad wdiicl® cirkotddspieliviiye fsreeision
arlleygSUite S0 gﬁk%ﬁ@rmﬁ%tge@sﬂﬁ%@&w sy '{T%@T control; (ii)

. combined with a PKCa inhibitor effectively promotes epidermal closure,
ingpelifh Mo étite Paati B BiffdtieMtidBalbiepidermatiouikapatis. USA); and (iv)
insyRsqaugnipeung healing. XAMPLE 23 Combining insulin and .
mPKCa?lnhibitor %mve%n@dv@s%es%\‘gse e%tgrgigt%eél ?)l;gl?rl\cseuﬁ'r? rgnﬁ?/mﬁced
angidhtniemat o/ sundd sveses diffecteg ol e ilaekdofB-dfiduenki aldi @57R1 closure

ic ingision. and were treated daily for 7 days with either vehicle
Su%@%)g%séﬁ??g%?v%ﬁmpfﬁ39(?%%&"n (Humulin, Eli Lilly, USA) or a mixture
of | pMkinsetinrcbiphinedd witreairhdvt RKGaepheudssiinstiab® (GaliBoghamwas

San.Diego, CA, USA). Seve S aft nding all mice were
P S S T R T IO L P S B Bt oo and on
dgroliferiatiue:dPapits dhtherspidermusiRINAN Bnrgioganesisatment of insulin
inf jon, epidermal cells and the remodeling processes at the wound |
o LR AR S P 01t SR e A AR B BHE (e S0%
0Gausestd] subSkatiakinixaasecio dhe ingidenes)of apnermal ANGIRILRSEISthat

{{%éhe wound area, as com&ia:red with the buffer control (60% and 25%,
CRROHRRERY Tesiee #7E WOl abReaire srotad hnaliog &8 sapnayeistic manner.

TReoHaRinaepRifermaheelise SethinaredsesnBnURIRRERIS MaY al8Rr growth
increase the risk of initiating cancerous development. On the 30 other

fapterie ow Hams fstnafad Sormeinmsdtifith PRER, iKNBitor teeeangidipeiiesiment of
wii@siobserved in the treated wound area. 73

EXAMPLE 22
Combining insulin and PKCa inhibitor for wound healing in vivo

Wounds were effected on the back of 8-10 week old C57BL mice by incision
and were treated daily for 7 days with either vehicle (PBS) control or with 0.67 uM
insulin (HO/01; Humulin, Eli Lilly, USA} combined with a PKCa inhibitor (HO/02;
PKCo pseudosubstrate myristolated; Calibiochem, San Diego, CA, USA). Seven
days after wounding all mice were sacrificed and treated wounds were analyzed for
wound closure, epidermal closure, dermal closure, and spatial differentiation of
epidermal cells. Wound closure was determined by measuring the open wound area.
Dermal closure of wounds was considered positive if at both wound sides the dermis
could be observed in a single field observed under a light microscope at x100
magnification. Epidermal closure of wounds was determined by staining wound

sections with K14 antibody which highlighted the formation of basal cells at the



10

15

20

25

30

Table 1 The effect of insulin only and insulin combined with PKCa inhibitor

on the severi of an io enesis at the wound area Treatment Proliferative

capacity of angiogenesis the epidermis (layers of basal cells, PCNA }

PBS Control 5 high abnormal (PBS treated) 7 normal n=4 8 normal 6

normal average 6.5 Insulin only 8 high abnormal n=5 8 normal 6 normal
wouhib lzgbndpash! Sdifticabntomalfayetege 4. £ disulins+deE@a:Gd dmatining

inhibitor 6 normal_n=5 4. narmal.2 narmal, 3 normal average .2 5 |
w SR TR Sy el T b e et
hyperpladimofapidernikoedts, Xelay ebedifterdniiatiap g checspinOussiayerand
( P@pﬁﬁiderm | cells and.increased scarrin. None of the adverse side effects

188 FoHtniehelm SHR Yrdathstnfialiy gBearisd winkdnglosure
(FRIsRR Imhibityr wasnsoabined withiosulin EiEXMMPUEsA RKGare 31), and

inhibitor reduces wounds inflammation Late and severe inflammatory

spasEhdHErHUEARGS FRigrEplreds thigioddls &F can be seen in Figure 33, the

treatment of insulin HO/01 combined with PKCa inhibitor HO/02 increased wounds
epidermal closure from ca. 15 to 70%, increased dermal closure from ca. 15 to 50%
and increased spatial differentiation of epidermal cells from ca. 15 to 50%, as
compared with the vehicle control, respectively.

Hence, the results show that a therapeutic treatment of wounds by insulin
combmed with a PKCa inhibitor effectively promotes epidermal closure, dermal

closure, spatial differentiation of epidermal cells, and subsequently wound healing.

EXAMPLE 23
Combining insulin and PKCq inhibitor circumvent adverse side effects caused by
insulin only treatment

Wounds were effected on the back of 8-10 week old C57BL mice by incision
and were treated daily for 7 days with either vehicle (PBS) control or with 1 uyM
insulin (Humulin, Eli Lilly, USA) or a mixture of 1 pM insulin combined with a 1 pM
PKCa pseudosubstrate (Calibiochem, San Diego, CA, USA). Seven days after
wounding all mice were sacrificed and treated wounds were histologically analyzed
for proliferative capacity of the epidermis (PCNA), angiogenesis, inflammation,
epidermal cells and the remodeling processes at the wound gap.

As can be seen in Table 1 below, the insulin-only treatment caused a
substantial increase in the incidence of abnormal angiogenesis in the wound area, as
compared with the buffer control (60% and 25%, respectively). Since the wound
healing process involves rapidly proliferating epidermal cells, such increased
angiogenesis may also increase the risk of initiating cancerous development. On the
other hand, when insulin was combined with PKCo inhibitor no angiogenesis was

observed in the treated wound area.
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healing, thus preventing such inflammation from development may
promote the 15 wound healing process. Accordingly, the effect of PKCa
inhibitor and insulin on wound inflammation was tested in the following
experiment. Wounds were effected on the back of C57BL mice by incision
and were treated daily for 7 days with: (i) PBS, control; (ii) | ItM of a
PKCct inhibitor (pseudosubstrate Timistolated; Calibiochem, USA); (iii) 1
gNThn s Bfiiibli2 0 kASax)d Gy tivixtenwe bicll WP RIE@an hilideeang: ek
insulin. Seven daysafiizy 4Aamdogding ol mieevseid saqrificed and the
treated wluntswere obSeriviedifor cipitémmation underzignierioscope. The
resulting incidences of sé\?é@‘i’ﬁﬂénﬁhﬁﬁ@ﬁ pbserved in the wound arga
are 2 e of
severe pinflampation in Wound 5PBS Control 60. 0 DK % |nh|l:g|tor 40,0
Insulin 5@k RiEH inhibitor+ inswin 50.0 The results shawy,that
administering-the PKGa inhibitor ®©0 wounds daused a swhsiantial (33.8 %)
decrease of severe wound inflamfnation incidence, as eomplared to to
Cont[gL_mguhn_algp@_had_ng_a}fﬁﬁﬁﬁﬁﬁmmnmw effect.under the
experlmelgtall copdltlons These rgsults indicate that zl;lllfKCa inhibitor can
be used in thesapy to control sevgre inflammation o ggl he
demonstrated capacity of PKCa ighibitor to reduce mflamggatlon, coupled
with jts capacity to prgmote epidetmal closure, dermisiki Sadasaire and
spatial differentiation ¢f epidermat cells (see |n Exanileap@iateinaboye),
makeés-it-a-potentially-most effiEas therapeutic agent for wound healing.
EXAM 5‘1‘%%.}3 cornbined effegts of modulating expresspn and/or
activity o iIc PKC 20 isoforgns in dermal cells anc{;@ﬁgglnlstermg
varigus agests to the cells on acegelerating wound clossgrin Vitro

Materials and Methods: 2 normal
3 normal
average 4,2

In addition, the insulin-only treatment resulted in increased inflammation,
hyperplasia of epidermal cells, delayed differentiation of the spinous layer of
epidermal cells and increased scarrin. None of the adverse side effects which resulted
from the insulin-only treatment were observed when the PKCa inhibitor was

combined with insulin

EXAMPLE 24
PKCo inhibitor reduces wounds inflammation

Late and severe inflammatory response in wounds may suppress the process of
healing, thus preventing such inflammation from development may promote the
wound healing process. Accordingly, the effect of PKCa inhibitor and insulin on
wound inflamnmation was tested in the following experiment.

Wounds were effected on the back of C57BL mice by incision and were
treated daily for 7 days with: (i) PBS, control; (ii) 1 pM of a PKCo inhibitor
(pseudosubstrate myristolated; Calibiochem, USA); (iii) 1 pM insulin (Eli Lilly,
USA); or a mixture of 1 uM PKCa inhibitor and 1 pM insulin. Seven days after
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Reagents: Factor D (Adipsin) Human, CalbioChem, California USA,

Recombinant TNFa Mouse, R&D Systems, Minneapolis USA; GW 9662,

Cayman 25 chemical, USA; Protein Kinase Ca Pseudosubstrate Inhibitor,

CalbioChem, California USA; Protein Kinase CC Pseudosubstrate

Inhibitor, CalbioChem, California USAt Protein Kinase Cr)
wigelitpsubstrate whibitozcCidbib@GhémhC atdotaia WSAIP DGR BBerved for

. Cvtolab, Israel; IL-6, Cytolab, Isrgel; KGF/FGE-7, Cytolah, Israel;. IGF-1, .
oD e RS T AT o S Ai S Bion
obivtouseiBhChemidancintessationali 22 liicratdd 13 AL 4P Kdldelta RACK,
AnaSpec, California 75 USA; Rosiglitazon, CalbioChem. California USA;
Adiponectin, MBL, Massachusettsy}}5A,and Copaxone(r), TEVA. Israel In
vitro wound closure assay: Keratinocytes and fibroblasts (dermal cells)
were culturdaetomfive days in Petri dighesidomiisdvprthen an artificial

cross-over_5 scratch was formed in gaiilaistn tisinn weeaD($id pipette tip.
The culturedEeliSire infected with Aﬁ%g‘.o‘,'irus constructs-capable of

modulatingr}é%%%‘é%ﬁrandlor activity: g‘%@pecific PKE-tsoferms:
AccordinglyspaitEiypef WL PKC adepgygus constructs-wereused to
activate specific PKCS, while dominant-negative (DN) PKC adenoviral
constructs were used to inhjbit specific PK he cyjtured cells were
forthe OB b AL BTN g B SN IRCh 67 A ey 2
subsliponecln. §199) RRicrdisB o BEPSId (Loghid ha flarfithibRah s W Whdared
(1g per dish), KGF (I pg per dish), TNFa (12 pg/ml), TGFéS, rosiglitazone,
fo SREMRInibISH T REE RAE R BT 2B Bk ieps Sipks tRstarerimental

colitbiiag peptide (107 M). The resulting wound closure levels were

determined 24-48 hours following treatment using index values ranging
15 frdMese (R Eis dnfisats i}@t@oﬁ%@té@&%yﬁmégm@d Fhihereytio gontrol

scCaRbiTRIoRRAINE RIS B {Prohla Js ARl OSSR VI PR@u. inhibitor to

summarized in Tables 2a-b and 3a-b below. The results show that
reiiisioERBRPIES caupleksTah dndrmasitiviypromsisisiskrmabstasursiyermal
IR Qﬁ_@%yxaap@iﬁ@%mﬁme& 2p:gambingd y\(@&qﬂ IS9P RLRAAIRSN.),
or insulin to the cells (wound closure index values of 10 and 8,
makepcivelsntivigunestiSerievw e ripericcaierafer hyukkheakhitsition of
PKCa combined with inhibition of PKC1, inhibition of PKCc, activation of
PKCS, or activation PKC4 in t%ﬁ}ilasﬁ}%ozt%!asts (wound closure index
values of 9,

The combined effects of modulating expression and/or activity of specific PKC

isoforms in dermal cells and administering various agents to the cells on
accelerating wound closure in vitro

Materials and Methods:

Reagents: Factor D (Adipsin) Human, CalbioChem, California USA;
Recombinant TNFa Mouse, R&D Systems, Minneapolis USA; GW 9662, Cayman
chemical, USA; Protein Kinase Cu Pseudosubstrate Inhibitor, CalbioChem, California
USA; Protein Kinase CC Pseudosubstrate Inhibitor, CalbioChem, California USA;
Protein Kinase Cn Pseudosubstrate Inhibitor, CalbioChem, California USA; PDGF-
BB, Cytolab, Israel; IL-6, Cytolab, Israel; KGF/FGF-7, Cytolab, Israel; IGF-1,
Cytolab, Israel; TGFB2, Cytolab, Israel; Epidermal Growth Factor (EGF), Mouse,
Chemicon international, California USA; PKCdelta RACK, AnaSpec, California
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9, 9 and 7, respectively; Figures 34A-E). In addition, wound closure was
promoted by 25 inhibition of PKC in fibroblasts combined with
administration of KFG to the cells (wound closure index values of 7;
Figure 36). Further in addition, wound closure was accelerated by the
inhibition of PKC(3 in fibroblasts comiined with administration of insulin,

UNRAG oG Bl o ZaV 86 B2oieund einauea noex; valies: Rt 8q, /vBand@ssachusetts
respectively; Figures 38A-E). 30 76 Table 2a The eect of treatment
U@&T?Bﬁ]gﬁaﬁ§08ﬁ & B%8ursBtoroblasts in vitro wounds’ Control Adipsin

Insulipyllyi8-d Gt i Closkits Gast Oréeritd Rt dhiBHi gL RIS aéd 4 NE81 7cdils)
9 inhipition PKCi 2 ND 0 2 ND 7 inhibition i scale of closure was O (no

WEIG STy 18 dbrRlaYe EoSate) INBPS Rofletdtmitien. 2 gabiisigh cross-over

schiieeNest Rfitreatmentrembinations onothe glgéaéet_fg.rbt@ﬂgleﬁtmd/@éﬂs were
wounds' Adiponectin Rosiglitazone GW9662 SRC inhibitors PKCa 3 5 2

infedieHiBTibrRPRICTE S 3EtriskiiteRb pred moduiptingriprassioscand/of activity
of€ §Uir§c"ﬁ§(,oigﬂ%ﬁ@éu@lé&&&éﬁ%mi@%@%fz PR 8GRI Constructs

effect o treatment combinations on the cloSure o fibroblasts in vitro
woyensad'to activate specific PKCs, while dominant-negative (DN) PKC adenoviral

constructs were used to inhibit specific PKCs. The cultured cells were further
provided with one of the following agents: insulin (6.7x107 M), adiponectin (1 Ug per
dish), adipsin (2 pg/ml), IL-6 (1 ug per dish), GW9662 (1pg per dish), KGF (1 ug per
dish), TNFa (12 pg/ml), TGFB, rosiglitazone, SRC inhibitors, PKC& RACK (107 M)
and a PKCao pseudosubstrate inhibiting peptide ( 107 M). The resulting wound closure
levels were determined 24-48 hours following treatment using index values ranging
from O (no closure) to 10 {complete closure).

Results:

The effects of combination treatments on fibroblasts wound closure in vifro are
summarized in Tables 2a-b and 3a-b below. The results show that inhibition of PKCa
expression and/or activity in fibroblasts substantially promoted wound closure when
combined with administration of adipsin or insulin to the cells (wound closure index
values of 10 and 8, respectively). Wound closure was also accelerated by the
inhibition of PKCo combined with inhibition of PKCn, inhibition of PKCe, activation
of PKC9, or activation PKCC in the cells fibroblasts (wound closure index values of 9,
9, 9 and 7, respectively; Figures 34A-E). In addition, wound closure was promoted by
inhibition of PKCC in fibroblasts combined with administration of KFG to the cells
(wound closure index values of 7; Figure 36). Further in addition, wound closure was
accelerated by the inhibition of PKCf in fibroblasts combined with administration of
msulin, IL-6, KGF or GW9662 (wound closure index values of 8, 7, 9 and 8,
respectively; Figures 38A-E).
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Control PKCrt PKCrl PKCe activation inhibition activation PKCa 459 3
inhibition scale of closure was 0 (no closure) to 10 (complete closure)
Table 3b 15 The effect of treatment combinations on the closure of
fibroblasts in vitro wounds' PKCe PKCS PKCt PKCi inhibition activation
activation inhibition PKC a 9 9 7 1 intibition scale of closure was 0 (no
closure) to 10 (complete closure) Th&etiects of combination treatments
on kejaipReYIeS WAL CIORIIRLY YiliR: B5S.AUSPMAIMAH IR JARISR. 48D
and Ha-b below. Thetesults shawithatrihibition.of 2@expressiosrand/or
activity of JG ot in Kergtinocyteg substagtially pgomjotggswaund glosure

when comtmard with administering tg the cells KGF| IL-6, TNFa or PKCS
RAC i et &,iumuc &Bicx Volil.gcb of 6?8, 16 a el lCD@JCbti jely;
Figures 3aéstnand G). Wound closyre was also enhanced;by the

inhileon pEPKCotin kerafinogytes combpined With fhesgfimulation of
PKC1I, RiGHaar PKC~ in the cells 25 (wound closure index values of 10,
9 and 6, respedtivedigskrigures (85 tantl(td)upkncatidition, wound
closure washptomstEgdbytde inhibition of PKC~ in keratinocytes 77
combined with administration of IL- 6 TNFa or adiponectin to the cells
(wourkle CIRSHIE SR Va5, 800 o B e She5 ‘6‘?% RIS A D)
Furtherfin addition, WHRJGIOSWE Was ACCESHRS DYIRE RRFIRIION
PKCS activity@and/or expression in keratingeytes coimbinedawith

activatings®KiGs, activating PKCc, or inhibiting 5 PKGa in the cells, or by

administrafi§@fof adipsin to the cells fwound closure index ot 7, 8, § and
8, respnr%mbmmlimumc 39 A- F\ Tables 4a The_ of ect o treatment

combinat gr%jén the closure of keratl%oc tes in Vitro wounds® Control KGF

IL-6 TN NB-ND

Ullcb JO )] N

NP
IR '_Tm TE Was 'tno c'losure5 {o 'I'O corﬂﬁ'fﬁte ciﬁsure

Table 3a
The effect of treatment combinations on the closure of fibroblasts in vitro wounds’
Control | PKCn PKCn PKCe
activation | inhibition | activation
PKC o 4 5 9 3
inhibition
! scale of closure was 0 {no closure) to 10 {complete closure)

Table 3b
The effect of treatment combinations on the closure of fibroblasts in vitro wounds’
PKCe PKCS PKCE PKCE
inhibition | activation } activation | inhibition
PKCa 9 9 7 1
inhibition
!gcale of closure was 0 (no closure} to 10 {complete closure)

The effects of combination treatments on keratinocytes wound closure in vitro
are summarized in Tables 4a-b and 5a-b below. The results show that inhibition of
expression and/or activity of PKCa in keratinocytes substantially promoted wound
closure when combined with administering to the cells KGF, IL-6, TNFa or PKCS
RACK peptide (wound closure index values of 6, 8, 10 and 8 respectively; Figures
35A-C and G). Wound closure was also enhanced by the inhibition of PKCa in
keratinocytes combined with the stimulation of PKCn, PKCg or PKCC in the cells
(wound closure index values of 10, 9 and 6, respectively; Figures 35A, D-F and H).

In addition, wound closure was promoted by the inhibition of PKCC in keratinocytes
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PKC a36 8104 2 inhibition PKCS ND ND ND ND 8 ND activation PKC
~0099ND 7 inhibition 10 1 scale of closure was 0 (no closure) to 10
(complete closure). ND = not determined. Table 4b The eect of treatment
combinations on the closure of keralinoc tes in vitro wounds'
Rosiglitazone SRC PKCS PKCa PKGa inhibitors RACK pseudosubstrate

cARBHAasHRSr alentn! Seitisy 1BsUindNENEYO R uﬁlﬁ%&;ﬁ 30 BNEMNPwound
inhibition PKCS ND ND ND ND ND activation PKC ~ 2 0 0 ND ND

clivinyitsifiofe 5 dusreobPeld sare weaspehiz i Slimyes Y0\ damplerdeldsurddition,

Niad debite sy el agin s Atk SiIBaLA I ARE L A9

Wthe closure of kern |In8C tes E vitr wouné) ontro? P%C%@%@yﬁnéé%msmn
inaktivatrerytisibitiorbmetivation RK@tng FKEQ imhibitiony AKCSE, 3 i OilDiting
P A 0%%1%1\(; t%(\)% so n%ct e %‘;é:'osg‘ é%(\)%agf %4%%1%'?0% g )cgz Sl(QV% OnrH% %ts%re index of

7, 8, 8 and 8, respectively; Figures 39 A-E).

Tables 4a
The effect of treatment combinations on the closure of keratinocytes in vitro wounds’
Control | KGF | IL-6 | TNFo | Adipsin | Adiponectin
Insulin ND ND | ND ND ND ND
PKCu 3 6 8 10 4 2
inhibition
PKCS ND ND | ND ND 8 ND
activation
PKCC 0 0 9 9 ND 7
inhibition

"scale of closure was 0 (no closure) to 10 {(complete closure).
ND = not determined.

Table 4b
The effect of treatment combinations on the closure of keratinocytes in vitro wounds’
Rosiglitazone | SRC PKCS | PKCa PKCa
inhibitors | RACK | pseudosubstrate | pseudosubstrate
+ Insulin

Insulin ND ND 9 9 ND
PKCa 2 0 8 ND ND
iphibition

PKC3 ND ND ND ND ND
activation

PKCE 2 0 0 ND ND
inhibition

Tscale of closure was 0 (no closure) to 10 (complete closure)
ND = not determined.

Table 5a
The effect of treatment combinations on the closure of keratinocytes in vitro wounds’
Control | PKCn PKCn PKCse
activation j inhibition | activation

PKCa 3 10 5 9
inhibition

PKC3 3 ND ND 7
activation

! scale of closure was 0 (o closure) to 10 {complete closure)
NP = not determined.

Table 5b

The effect of treatment combinations on the closure of keratinocytes in vitro wounds'
PKCe PKCE PKCE PKCa

inhibition | activation | inhibition | inhibition
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Table 5b The effect of treatment combinations on the closure of
keratinocytes in vitro wounds' PKCe PKCS PKCS PKCa inhibition
activation inhibition inhibition 78 PKC a 2 6 3 inhibition PKCS 38 3 8
activation scale of closure was 0 (no closure) to 10 (complete closure) ND
= not determined. Hence, the results 7rdicate that wound closure can be
substantially dccgterated 5 by mpdulatinglexpressign and/or pctivity of
specific PKC isofobimisnin the dermal and epidermal cellscolopizing the

wound area, whef€dmbined with adminisiering to the cells g growth
factor such asl#<BE2¥SE_TNEcx, a.hormone such as insulin

_an
adipokine s 15§f;a? P%?W@Oéﬂ?ﬁéﬁgaiﬁ,lﬁmﬁﬂ@ﬁuﬁd/or GW9662.

10 EXAMPLE 26 A f%?ﬁfgrt%ring copolymer-1 for wound healing in vitro
ond Inive, MetRislnand Me o oot Lo copolmerd el cq
acetate) 1s'the active ingredient o the rug S(],‘lopaxone(sc eva, Israe
byvhiotuistiuge clnisailynfandreaticgvinubibie cdfer ®HC itbfGapolymerdeigal and
synthetic polypeptide analog of myelin basic protein (MBP), which is a
e o SN OR S A Ry BB BI e o the
caissignatedhLfgduiamictacisl HolymeGwitrNalaninBotmlysinew@iths insulin, an
L-tyrosine, acetate (salt). Its structural formula is: (Glu, Ala, Lys, Tyr) x.X
AHSE BIEP AN A EIPRRSDR, %%M%zﬁ@ém@ﬂwg@x C2H402.
The average molecular weight of 20 glatiramer acetate is 4,700-11,000
daltons. It is synthesized by chemically polymerizing the four amino acids
forming products with average m&%ghts of 23,000 daltons (U.S.
Pat. Nos 2,84 2/p0 %P@%%ﬁ-sﬁjﬁ PRI RE (Ss E 57 SRIAIY
as described in Example 24 hereinabove. Copolymer-1 was provided to
culturdgieeiels soéAdethads: concentration 25 of 55 g per dish, either alone

orin WQR@M%&WI@M%@{%@ EMb active ingredient of the

drug Copaxone® (Teva, Israel) which is use clinically for treating multiple sclerosis.

Copolymer-1 is a synthetic polypeptide analog of myelin basic protein (MBP), which
is a natural component of the myelin sheath. Chemically, copolymer-1 is designated
L-glutamic acid polymer with L-alanine, L-lysine and L-tyrosine, acetate (salt). Its
structural formula is: (Glu, Ala, Lys, Tyr) x.X CH3COOH (C5H9NO4» C3H7NO2-
COH14N202e COHIINO3) x-x C2ZH402. The average molecular weight of
glatiramer acetate is 4,700-11,000 daltons. It is synthesized by chemically
polymerizing the four amino acids forming products with average molecular weights
of 23,000 daltons (U.S. Pat. No. 3,849,550).

In vitro assays: Assays were performed essentially as described in Example 24
hereinabove. Copolymer-1 was provided to cultured keratinocytes, at a concentration
of 55 pg per dish, either alone or in combination with PKCa pseudosubstrate (1 pM)
and/or insulin (1 pM). The resulting wound closure levels were determined 48 hours
following treatment using index values ranging from 0 (no closure) to 10 (complete
closure).

In vivo assays: Wounds were effected on the back of C57BL mice by incision
(20 mm) and were treated 4 days after wounding as follows: (i) vehicle (PBS) control;

(i1) copolymer-1 (55 pg/ml); (iii) a mixture of copolymer-1 (55 pg/mi) and insulin (1
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and/or insulin (1 ItM). The resulting wound closure levels were determined

48 hours following treatment using index values ranging from 0 (no

closure) to 10 (complete closure). In vivo assays: Wounds were effected

on the back of C57BL mice by incision 30 (20 mm) and were treated 4

days after wounding as follows: (i) vehicle (PBS) control; (ii) copolymer-1
upp @é@ﬁﬁﬂ)&éﬁm{@&fp@w@&xa%{fét@ﬁ&@{mﬁg%ﬁra%ttliﬂkﬂ@n%d_-ﬁ@mm (1

(|v§ a mixture of PKCa pseudosubstrate inhibiting peptide (I M) and insulin

HYD; d Anuia(eyiatixadrecppbopein(as- L¢58Ly RN CPitSa gseldostdsiitbing

inhinit ide. insuli . Wounds were morphologicall .
P T EE Dy i e Bl R R0 )
wileddilegioozing sohivbumndsos Relsiilts blneding/aszsmmgso Administering

copohyrggffsl: to cultured keratinocytes promoted closure of in vitro

wounds 0 an index value of 8 on a scale of 0 (no closure) to 10

(compileteitloswelyTherstmbistatiop of qogptynrer- tavittuRiGER keratinocytes

bstrate inhi e, or with a mixture of PK

prBﬁ’l%%led g’H)SU{Fa?g xgnvdgf:%r\lgogﬁﬁst i% an i e vamelg LS R0 &S go% % @I% Scllj(%%ure)

pseudosubs nsulin, resulted’in simi wou
toindex yaligtcod 8dnghi). respaetivedynhigities 40A-Eypdiuserthe @shitPK Co
indjcate that copolymer-1 per se is capable of substantially acceleratin
mﬁ‘ 56596 and

PSGRSQSHOSTEES BN RIRS RERAGS saith A diisteAh g i indrsraiionsbis

inGaRIyFaRMdRIaNesinilR camiinatinmumithciasin apdor QIRKCer 8 and 9,
pseudosubstrate, substantially reduced the 15 wound gap area and

respestisriteligess dittdton IHtotisassulicidinate dhakisanel yrerche se is
cagl%mf lnnegditieny al KRAUMEN W 9RAYME,effectively prevented

eeding and oozing at the wound area. Hence, the results indicate that
admiffistérihgssie Welimaisieingrieffisive amiost shedpsimerlane, or in
coftBNRESINAAMANAOR WL lDpliRanlial g, 40 %ﬁﬁ@gﬁgfg&t{é&%&d the
inhibiting peptide can substantially accelerate the wound healing process.
wWENANEL Brey influsnctesieiysnas Seoretied substancs an thmpeoethavith the

bleeding and oozing at the wound area.

Hence, the results indicate that administering to the wound area an effective
amount of copolymer-1 alone or in combination with insulin and/or PKCo
pseudosubstrate inhibiting peptide can substantially accelerate the wound healing

process.

EXAMPLE 27
Influence of thymus secreted substances on the wound healing process

Materials and Methods:

Wounds incisions were performed on the upper back (near the neck) of normal
adult rodents or STZ diabetes mice. The animals were sacrificed 7 or 9 days after
treatment and the wounds were histologically analyzed for the presence of thymus in
the proximity of the wound area and for epidermal and dermal closure of the wounds
using the staining procedure as described in Example 20 above.

Results:
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adult rodents or STZ diabetes mice. The animals were sacrificed 7 or 9

days after treatment and the wounds were histologically analyzed for the
presence of thymus in the proximity of the wound area and for epidermal
and dermal closure of the wounds 30 using the staining procedure as
described in Example 20 above. Resgits: 80 As can be seen in Figures
42A-H s then mesence of Ly us N1 glase praxdRit iaDaVaHN98Broximity to

correlated with accelerated epithalization, granulation of tissue an

they gypvarcamir ottt dvBilidacairstedsaralieiiothdeaal tiantefntigsie and
desBer st sURsHANCas Mk eeHie N CRMARR @ lhehealing ARaesSOlieted

wounds. Accordingly, 5 thymus derived substances such as thymosin,

subsdeaqelymss e iycl Yepnslntp satee hpglinesmoseta aOvmymosiAdsetdingly,
thﬁ?ﬁgy&eg%a heiRdaedDnasiny Qﬁ%&é&‘,%%&atﬁplﬁb%ﬁk@%;ggﬁy uﬁf}g&iﬂm 4,

alpha, 1/ zadaxin, prothymosin alpha, parathymosin alpha),” t

thymesindety, NG Hhyamsitodetin Sthiirsglotinlibctsarethyhoid dxmmiste ahld/efpha
thimbﬁmg t‘é’é’?%%ﬁ“ﬁaﬁﬁaﬁw F%%MQQ‘}/ o %?iﬁnaga%%trg%%pf}tﬁ Inosin alpha},

accelerating the 10 healing process of wourids. It Is appreciated that
thysevizin felludéd ot INGTH\eemtidns wihicthare globdiaxityardbgaribddimtne and/or

t f r ment ay also he.provided in combination in
e B KR anr e e
hearag foodShodvityyatlsscribed in the context of a single embodiment, may
also be provided separately or in any suitable subcombination. Although
the invention has been described in conjunction with specific
embdtimeppsdtietabihitis@videfitdhatynsihalieveativas whirdifieati@isclarity,
desagl%e gnvt rei:ati%g(}g ill. be al{aparerf)t'[é)those skilleéi in.the art, A Cordillg??ly, )
L e S S T A Al SR D AP R A Y iR M de T APt Ghdion
in thehfad witbodiinespidloandderpachscapdatifs appendedarRmsyiAdh are, for

ublications, patents, patent applications mentioned in this specification
bregfrlg’hé%egﬂ%ec%rﬁb FORERSiPertirSRelsy, Fofedmeening tve AR B atprided

sef@rihgysame eyteniiasdisaebnibaivigial 25 publication, patent, patent
application was specifically and individually indicated to be incorporated

herein by reference. In addition, citation or identification of any reference

in thia pRRlication sRalRRLbe coBstyetasipRRAMSHIAMIRLSUA specific

reference is available as prior art to the present invention.
embodiments thereof, it is evident that many alternatives, modifications and
variations will be apparent to those skilled in the art. Accordingly, it is intended to
embrace all such alternatives, modifications and variations that fall within the spirit
and broad scope of the appended claims. All publications, patents, patent
applications mentioned in this specification are herein incorporated in their entirety
by reference into the specification, to the same extent as if each individual
publication, patent, patent application was specifically and individually indicated to
be mcorporated herein by reference. In addition, citation or identification of any

reference in this application shall not be construed as an admission that such

reference is available as prior art to the present invention.
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surgical incision wound and a post surgical adhesions wound. 89 9. The
use of claim 8, wherein said ulcer is selected from the group consisting of
a diabetic ulcer, a pressure ulcer, a venous ulcer, a gastric ulcer and an
HIV related ulcer. 10. The use of any one of claims 1 to 7, wherein said
pharmaceutical composition is selectéd from the group consisting of an
aquedbis solitimg, & delBlatrehnny v pasteiaaflolinrs. ANepiay Ka, Msagmald‘m E.,
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3%&'1 i, Tos %o %t @ggﬁgg hlomzion <120> METHODS AND
: Ut %\ % IONS FOR HEALING WOUNDS <130>
28181 <160> 16 <170> Patentln version 3.2 <210> 1 <211> 21 <212>

DNA/RNA <213> Artificial sequence <220> <223> SiRNA oligonucleotide
<400> 1 ggaccacaaa uucaucgcgtt 21 <210> 2 <211> 21



<212> DNA/RNA <213> Atrtificial sequence <220> <223> SiRNA
oligonucleotide <400> 2 cgcgaugaau uuguggucctt 21 <210> 3 <211> 21
<212> DNA/RNA <213> Artificial sequence <220> <223> SiRNA
oligonucleotide <400> 3 auucaucgcg cgcuucuuct.t 21 <210> 4 <211> 21
<212> DNA/RNA <213> Atrtificial sequence <220> <223> SiRNA
oligonucleotide <400> 4 gaagaagc ¢ gcgaugaautt 21 <210>5<211> 21
CEAMDIDHNA/RNA <213> Artificial sequence <220> <223> SiRNA

1.oligopyglectde, 7 0% 3 ARARPIGUUL SARNCARL Ak 1SEA O iPdE o Fdup
consisting of PKCa inhibitor, growth factor and PKCS RACK for the
preparation of a pharmaceutical composition adapted for topical application for

inducing or accelerating a healing process of a damaged skin or skin wound.

2. The use of claim 1, wherein said insulin is recombinant or of a natural
source.

3. The use of claim 1, wherein the insulin concentration is from 0.1 to 10
LM.

4, The use of claim 1, wherein said at least one additional agent is a growth
factor or PKC3 RACK.

5. The use of claim 1, wherein said additional agent is a PKCa inhibitor.

6. The use of claim 5 wherein said PKCa inhibitor is N-myristoylated

PKCa pseudosubstrate peptide.

7. The use of claim 4, wherein said growth factor is PDGF, EGF, TGFB,
KGF, ECGF or IGF1.

8. The use of any one of claims 1 to 7, wherein said skin wound is selected
from the group consisting of an ulcer, a diabetes related wound, a burn, a sun
burmn, an aging skin wound, a corneal ulceration wound, an inflammatory
gastrointestinal tract disease wound, a bowe!l inflammatory disease wound, a
Crohn's disease wound, an ulcerative colitis, a hemorrhoid, an epidermolysis
bulosa wound, a skin blistering wound, a psoriasis wound, an animal skin
wound, an animal diabetic wound, a retinopathy wound, an oral wound
(mucositis), a vaginal mucositis wound, a gum disecase wound, a laceration, a

surgical incision wound and a post surgical adhesions wound.



<212> DNA/RNA <213> Atrtificial sequence 2 <220> <223> SiRNA
oligonucleotide <400> 6 uuggcacugg aagccuugutt 21 <210> 7 <211> 21
<212> DNA/RNA <213> Artificial sequence <220> <223> SiRNA
oligonucleotide <400> 7 ucccuaugga uccaaacggtt21l <210> 8 <211> 21
<212> DNA/RNA <213> Atrtificial sequence <220> <223> SiRNA

oligonucleotide <400> 8 ccguuuggat ccauagggatt 21 <210> 9 <211> 21
9. <21 7PhENAMRNA <211B> A riifibiaksedueh celcep 26> sehadsdsifrpm the group
oh%qnucl Ptld& <400> acuuauuccuegaijcccaa%tml <210> 10
CONSISING 0 labetic ulcer, a pressure’ulcer, a venous ulcer, a gastric ulcer

and an HIV related ulcer.

10.  The use of any one of claims 1 to 7, wherein said pharmaceutical
composition is selected from the group consisting of an aqueous solution, a gel,
a cream, a paste, a lotion, a spray, a suspension, a powder, a dispersion, a salve

and an ointment,

11, The use of claim 10, wherein said pharmaceutical composition is

provided on a solid support.



<211> 21 <212> DNA/RNA <213> Artificial sequence <220> <223>
SiRNA oligonucleotide <400> 10 cuugggauca ggaauaagutt 21 <210> 11
<211> 21 <212> DNA/RNA <213> Artificial sequence <220> <223>
SiRNA oligonucleotide <400> 11 auccgcagug gaaugaguct t 21 <210> 12
<211> 21 <212> DNA/RNA <213> Attificial sequence <220> <223>
SiRNA oligonucleotide <400>°t2"g&tucdiniéc acugcggaut t 21 3 <210>
<@ <24penRin<24@> DNA/RNA <213> Artificial sequence <220> <223>

SiR@ﬁ@fﬁbﬁ&rﬁ%}tide <400> 13 agaccgacga cugucuguat t 21
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<21i>
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<223>
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DNA/RNA

Artificial sequence

SiRNA oligonuclectide
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<210> 14 <211> 21 <212> DNA/RNA <213> Artificial sequence <220>
<223> SiRNA oligonucleotide <400> 14 uacagacagu cgucggucutt 21
<210> 15 <211> 21 <212> DNA/RNA <213> Artificial sequence <220>
<223> SiRNA oligonucleotide <400> 15 ggaaccacaa gcaguauuctt 21
<210> 16 <211> 21 <212> DNA/RNA <213> Artificial sequence <220>
-5223> SIRNA oligonucleotide <400> 16 gaauacugcu ugugguucct t 21

<223> SiRNA oligenucleotide

<400> 6
uuggcacugy aagccuugut t

<210>» 7

<211> 21

<212> DHA/RNA

<213> Artificial seguence

<220>
<223> SiRNA oligonucleotide
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ucccouaugga uccaaacggt t
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