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acid sequence of full-length wild type TGF-£3 is set out in Sequence ID No. 1, and cDNA

encoding this TGF-(3 is set out in Sequence ID No. 2.

TGF-B3 is known to play a crucial role in the regulation of the wound healing response.
The activity of TGF-33 may influence the rate of wound healing as well as the extent of

scarring that occurs as a result of healing.

TGF-B3 may also be used in the treatment of fibrotic disorders, pulmonary fibrosis, liver
cirrhosis, scleroderma, angiogenesis disorders, restenosis, adhesions, endometriosis,
ischemic disease, bone and cartilage induction, in vitro fertilisation, oral mucositis, renal

disease, prevention, reduction or inhibition of scarring, enhancement of neuronal
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LTGF-g is activated by dissociation of LAP from the active fragment. Cleavage of
LTGF-8 may be mediated by the action of enzymes such as endopeptidases like furin,
plasmin and thrombin or by acidification of the pericellar space. The active TGF-3
dimeric fragment is stabilized by hydrophobic and ionic interactions, which are further
strengthened by an inter-subunit disulfide bridge. Each monomer comprises several
extended beta strands interlocked by three of the four intra-disulfide bonds and forms a

tight structure known as the “cysteine knot”.

Due to the complexity of biologically active TGF-33 molecules (which are, as set out

above, homodimeric proteins with 8 intra-chain disulfide bonds and one inter-chain
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agents may provide valuable alternatives to naturally occurring TGF-33.

In a first aspect of the present invention there is provided a TGF-83, or a fragment or
derivative thereof, wherein the alpha-helix-forming domain between amino acid residues
58 and 67 of full-length wild type TGF-33 comprises at least one alpha-helix-stabilising
substitution. The invention also provides a nucleic acid encoding a TGF-83, or fragment

or derivative thereof, in accordance with the first aspect of the invention.
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residue at position 63 of full-length wild type
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the present specification is based upon the amino acid sequence of the active peptide
portions of TGF-33s. For example, references to “full-length wild type TGF-83” should
generally be taken to refer to the amino acid sequence of the active peptide shown in
Sequence ID No. 1, and references to the alpha-helix-forming domain between amino

acid residues 58 and 67 are to be construed accordingly.

An alpha-helix-stabilising substitution may preferably comprise a substitution of the
Glycine residue at position 63 of full-length wild type TGF-33. However, suitable
substitutions may additionally or alternatively comprise substitutions of, for example, one

or both of the Threonines at positions 60 or 67 of full-length wild type TGF-33, or of the
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Although the amino acid residues listed above represent preferred residues for use in
alpha-helix-stabilising substitutions, it will be appreciated that there are a number of
alternative qualitative and quantitative systems by which the propensity of an amino acid
residue to contribute to alpha-helix formation (and thereby the suitability of the residue
for use in a alpha-helix-stabilising substitution) may be measured, and that suitable amino

acid residues for use in alpha-helix-stabilising substitutions may be selected with
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cas
Glycine and Proline being strong helix breakers.

Thus, if the propensity for alpha-helix formation is assessed with reference to this
qualitative scale it will be recognised that, although an alpha-helix-stabilising substitution
may preferably be one in which an amino acid residue is replaced with a helix former,
suitable alpha-helix-stabilising substitutions may alternatively make use of indifferent
forms or even helix breakers depending on the nature of the amino acid residue that is to
be replaced. For example, in the case that in indifferent form amino acid residue is to be
the subject of an alpha-helix-stabilising substitution, a suitable replacement amino acid
residue may be a strong helix former or a weak helix former. In the case that a strong
helix breaker is to be the subject of an alpha-helix-stabilising substitution, the
replacement amino acid residue may be a strong helix former, a weak helix former, an

indifferent form amino acid or a weak helix breaker.
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an am no acid residue is substitut ed by a repl acenment
S R T R R
subslituBdn as required by the first aspect of the invention is assessed using a quantitative
scale, such as that set out in Table 1, a suitable alpha-helix-stabilising substitution is one
in which an amino acid residue is substituted by a replacement amino acid residue that
has a greater helix-forming propensity (indicated in Table 1 by a lower kcal/mol value)

than the residue being replaced.

Suitable substitutions that may be utilised in accordance with the invention include those

that introduce artificial replacement amino acids. Suitable examples of artificial amino
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artificial am noacids that nay be beneficially used to
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havj | kyl .hyd | si. hai ns. Al ani . . .
o8 Bom SRR OINY b e BBt S rsicu
h?l%b %lg{gel i g@gfﬁ;{gl‘ ?Piﬁ%ﬁugzﬁ It Bti ons. It is nost

preferred that a TG--/53, or fragnent or derivative

hereof. in accordance w.th the first aspect.of the .

Al Rl AP LGB e Bty SRRG AeisErogial® suitable for
ufROH tlpha-tREx Gfabllisidg kedreitdtions.! dittiy PRoskPrefededWitah a TGF-83, or
al anine. The am no acid sequence of a preferred . )
fregrentaeyr derivativerthaiset i egeordaacy jwity thes festtaspectt gfethe invention

o R R ehBeriin B LI e BISROE of B Mol Rla 6 1Bir-3 wih
alain®lo. 4. Fragnents or derivatives of the TGF-/33 of
Sequence I D No. 3 containing the Al anine substitution
at position 63 of full-length wild type TG-/33
ThERLERSUd RIgRERL 79 ¥9§¥lfe§%ﬁiﬁ§9{ﬁ%5&fdeﬁ A6t MRMiERpect of the
I n accordance wth ﬂ%e Irst aspect o the 1 nvention.
infergian iabéteous ubSequente IDNNoed/ (Gg-GBdda)i andiNAhersodingrthis TGF-63 is

nor e. apgl N0_acj esi dues | gcated.bet weepn 5 67 of
s Qi i SHrBERCS aE Jp ae S 3 SPUVAR SEEE LE TG Rgpence I
NGBDS @oftainitig2he Alafihb isﬁﬂ)s@iiuﬁion%itpﬁﬁti@& b8 oF eSll-MASE: wHY tYRYTGF-B3
of further clarification, suitable substitutions nay

represemtyeeierred (sl fragmens of deaivativeylie aggardance siidh the first aspect of
th%?s‘i,dlenvvith one or nore replacenent residues, or the

SUDSTPUt i on of more than one anino acid residues with

one or nore replacenment residues. A preferred

substitution may be one in which the nunber of am no
Aatiitgbleeibgfifation saydisens, igwhicheoneqprempye gyminehacichgesidues located

b%gg%}ESS afa n@gbﬁ@?ﬁ%@%ﬁr\ﬁﬂ&ﬁ? ﬁ‘Cﬁ‘u/?SS Lljetréﬁc}%jedi with Bfe §8HBre natural

e nu ace am no acid residues
o1 atifiothliamihno héidwediludsurBherayhe faphered adfi@tiohhaditable substitutions
pr eferreg am no acid residue, (or, residues) to be
Ry Rl AP o8 o o BB To i BHER Vit QPR T more replacement

reSidatd Rt thY &ubdtitASRN b Lk Yl?ans&gé ﬁﬁhﬂé)' SGHSSEGuRDIUE one or more
Thus "a suitable amno acid to be the subject of an

replaptmmettgbiiduest dbpiefgiadgubsiibatidn may baomaip which the number of amino

acid residues is conserved, i.e. one in which the number of amino acid residues

substituted is the same as the number of replacement amino acid residues introduced.

It will further be appreciated that preferred amino acid residue (or residues) to be replaced
may be selected with reference to the qualitative or quantitative scales discussed above.
Thus a suitable amino acid to be the subject of an alpha-helix-stabilising substitution may
be one classified as a helix breaker, or preferably a strong helix breaker, with reference to
the qualitative scale discussed above. With reference to the quantitative scale set out in
Table 1, a suitable amino acid to be the subject of an alpha-helix-stabilising may

preferably be one with a helix propensity value greater than or equal to 0.50, more



be one classified as a helix breaker, or preferably a
strong helix breaker, with reference to the
waQoal7ito4ts ve scal e di scussed above. Wt h ref erP€/6B2@7/000833
the quantitative scale set out in Table 1, a suitable
am no acid to be the subject of an ,
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eat er an_or

oiRGely SHAP B dio RS el Bt e Srogdp e b Red gt preferably

withahefik pRépenkity Pale 601.0and nost preferably with a
hel i x propensity value of 1.00. The inventors believe

that TG--/33s, or biologically active fragments or

r. f NsAC r.dance th.the firs _
T B TR AT ABREY | Bl o v
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Th@s%&ia?@cuﬂrhhmuﬂdé O@tﬁ%?&&_ﬁ}@@ed’ i tﬂé}%géuﬂx %@%g Ofh l?elefifﬂg with this

provi des the use
tldeapeutact e thétenmnﬁpmefhsoapmdﬁnthe uMetdnt‘ ahEGrF+ﬂ3$tor a fragment or

ct .of the inv ntlon a medi ca It will be
V%?l@f: fkrseth ORgEor %ncterttslt}bfﬁ ?‘tstﬁggﬁcb %‘P Upiepiigijag hedigament.
fragnment or derivative of a TG--/33 in accordance with
the first aspect of the invention conprise the
Ttfwilll bel appesickated that-alibough it mamhag)rcf@rrad that e fitaginentigr demivative of a

hel | x5 st abi L bst i t this need.n
TEERRC I ArigagieE itk Thd e P bR by sdgeinagise the fulllength
algBi-h¥iat-forehi )doﬁ@ﬁipédrﬁﬁnﬁgtdh“aﬂ?li’d—ﬁéhx—stablhsm substitution, this need
al pha-helix-formng domain as Tong as this runcated

nef) isesspralyi be the casen gA dwitelle fregment @ectﬁna’aﬁ%em@y comgrise a truncated

B0 A A Py d DGR i, domai

canjfriseg BElRhst Ohe dlqz;hmhatmmbﬂi@ﬁfgaat)snwmﬁf ein the dycine
residue at position 63 of full-length wild type
TGF-/33 is replaced with Proline. The i nvention al so

4 QbHE s cf‘b‘iﬁthg ifyeftbd HOR 1@ \ﬁdee £ o2 a;@;g{eﬁ?’m derivative

or a fragnment or derlvatlve ereo “écco
theicol, whecineber@lyempeetided at pmsmmlvémbtf cﬁmll lebigeh wﬁtMeﬂype TGF-63 is

ve su i ngl f.ound that proteins i acg
bRt P EiaBBRg The JOtgh AP HIEHE MRSIAOH Heipoute encoding a
TEFIBYBA L FreRincles) IHVMOS }hetﬂe%\fembdceéragﬁ&%t@%' s\élcé aspect of the
conparable to that of wld type TG--/33. Thi's findin

inventinmexpect ed, since it may be thought that t he
presence of Proline in a region of TG--/33 normally
associ ated with al pha-helix formation

The inventors have surprisingly found that proteins in accordance with the second aspect
of the invention (or their fragments or derivatives) have biological activity comparable to
that of wild type TGF-83. This finding is unexpected, since it may be thought that the
presence of Proline in a region of TGF-£3 normally associated with alpha-helix formation
would interfere with the secondary structure of such proteins and thereby impair their
biological function. Although the refolding efficiency of TGF-33s in accordance with the
second aspect of the invention is lower than that of wild type TGF-33 the anticipated

impairment of function surprisingly does not occur.



woul d interfere wwth the secondary structure of such

proteins and thereby inpair their biological function.
wa@\donooghs t he refol ding efficiency of TG/ 33sPCTGB2007/000833

accordance with the second aspect of the invention is

| ower than that of wld type;dG--/33 the antici pated

i npai rment of function surprisingly does not
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am no acid sequence of a preferred TG--/33 in

accordance with the second aspect of the invention is

t, - 63P :
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: TG/ r g ' i
g U s STulrion WP 6P A KB VTS type TOT
BGremasent atefdrtdd TGBLH3 fragmherdg oe desvatived ér heamidanes with the second
thereof,.in accordance with the second aspect of the

PG hOM VAP he used in contexts in which it is

desired to utilise the therapeutic biological activity
of wld type TG--/33 it wll be appreciated that that
Giveartbati EGEiBs, qragnehads othderivativest thdiept,/i8 3sgordance with the second

fr ts.or derivatives .thereof K in_gccordance.with ..
st Rl i G o b el o REN Rl pgilise the
tHerupRii Obivldplal BMEity Mkviﬁitt\?\ge TedLaPHwAl De MBprebiatddsbst that there is
all clinical contexts in ich it is known to make use )
alge prdyidedithe By LV CEE8s. o fipgmenty or dedmtivis theraof ingccordance with
128864 QlodhBr W BRERY, LOHQidaeR:OV e dynE Hefldve that such
or a rad%ent or. derivative thareo , conprising a
nedieainkiity tmayrbeoised healy tlifiedcongisdn mésdhdiy és rioviaoti hblause of the
_1% of full-I egl%tgh wldtype TG--/33 and/or the
biglognedl astviyaf & -83: position 52 of full-length wild
type TG~ /33. The invention also provides a nucleic
acid nol ecul e encoding a TG--/33, or a fragnment or
Irde thixdadsipeet dflles meéntionnthere o poberivted all GR-A3her & lifagohent or derivative
thae%%?ct of.the i ?)vent i on

comprising a substitution of the glutamic acid residue at position 12 of full-length
wild type TGF-33 and/or the arginine residue at position 52 of full-length wild type TGF-
B3. The invention also provides a nucleic acid molecule encoding a TGF-@3, or a

fragment or derivative thereof, in accordance with the third aspect of the invention.

It will be appreciated that the third aspect of the invention thus encompasses TGF-83s in
which the Glutamic acid at position 12 of full-length wild type TGF-G3 is substituted but
the arginine at position 52 of full-length wild type TGF-(3 is retained. The third aspect of

the invention also encompasses TGF-83s in which the Glutamic acid at position 12 of



It will be appreciated that the third aspect of the

i nvention thus enconpasses TG--/33s in which the
w@awanmoss aci d at position 12 of full-1ength weTHGBY®E/000833

TGF-/33 is substituted but the arginine at position 52

of full-length wild type TGF-1433 is retained. The

third aspect of the invention al so enconpasses
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activity conparable to that of wild type TG--/53. This
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-/33. .This f e,.t | et [t brid .
EleRER BiAnkge T Rpatigat, BodBerelioett nas BighedEapebunit sal
bﬁ&ééswohﬁalw folid 14 33RI thPe TEEQHaANGS femufréuot r!b%nﬁl&b oper salt bridge

aspect of the invention since the biological it
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s
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yi el d of bi ol ogi cal active TG--/33. Thus proteins In
famation trat enwst tdketﬂimet ini T@F-#8péc accxofdanh@ wiithvbe sécond aspect of the
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the yield of biologically active TGF-{3.

Thus proteins in accordance with the third aspect of the invention serve to expand the
repertoire of compounds capable of exerting TGF-B3 activity that are available to the
skilled person. As noted above, that availability of such compounds is of important in

contexts such as those in which it is desired to use TGF-83 activity therapeutically.

The inventors have found that one or other of the Glutamic acid at position 12 of full-

length wild type TGF-f3 or the Arginine at position 52 of full-length wild type TGF-33



skill ed person. As noted above, that availability of

such conmpounds is of inportant in contexts such as
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therapeutically. The inventors have found that one or

other of the Jutamc acid atjpposition 12 of

fulllength wild type TGF-/33 or the Arginine at
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aspect of the invention. Serine may be used
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t e tni r

ccordance w aspect o he 1 n tion
|s set out in Sequence ID No. 7. The invention

% adarreflggggl g@g]e%?f %Ca%glggr ?It{?g\ﬁﬁ ﬁ.@%ﬁﬁé agpect of the invention
1s@etutu% n§§é qURHRSID KBt 7.0The ﬁlDétﬂlcﬁme&Klg&sm@to%tﬁﬁ? 8- fragments

/33 is set out in Sequence ID Second
oresiarmtlerea)fof Segresfcer HécNorc# qoggrisingatheottit AcRerwiubbtitvtien. cDNA

t hi.rd aspe i s set t 4N Sequence
eneting 5 RO PE R b sl RO 8 "aer vat f ves
of Sequence ID No. 9 conprl sing the Arg52- Ser
substitution al so constitute preferred fragrrents or

Agerondhexarerleiof mprdeaethd&HWI An rpeoranee ivitly dhe dprdaaspect of the

1n@%ﬁﬁ%' i %tﬁkﬁ} ﬁéqr%gﬁexanpﬁ {3?’0%%&1 atrcpggh%ﬁ_lgﬁggylﬁﬁ%%tlves of
Sayensed ADCNoWOt boryhiesindithel /agpBStr ghibdtinetidnnyiBat dodstitute preferred

set out in Sequence ID No. 11. Biologically active
fragagitepf dortyRtryes I\ Agpen @?edtl%}s@&d’éﬁ‘é’éww epgodipg fhis preferred

TGP'ng1§§§otaPﬁ{;SéqP§nc@Iwﬁo g Substitution and t he
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mrglnit;#a%g)a% @EI\IA p}’% Iﬁﬁi q‘%ﬂ‘t E}é Sinparc%(f)r Etrrw%d thFF the t%urd aspect of the

invention is set out in Sequence ID No. 11. Biologically active fragments or derivatives

. of Sequence ID No. 11 that comprise both the Glul2-Ser substitution and the Arg52-Ser

substitution also constitute preferred fragments or derivatives in accordance with the

invention. ¢cDNA encoding this preferred TGF-{3 is set out in Sequence ID No. 12.

The inventors believe that TGF-B33s, or biologically active fragments or derivatives
thereof, in accordance with the third aspect of the invention may be used in all contexts in
which it may be wished to make use of the biological activities of wild type TGF-33.
These include, but are not limited to, therapeutic uses of TGF-83. Accordingly the
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all contexts in which it may be wi shed to nake use of

the biological activities of jwild type TG-/33. These

i nclude, but are not limted to, therapeutic uses of
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as a nedi canent. TG--/33s of the invention, or
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muidle diwesis, egiationy fibmakis)tlddnaye fibidsisp praliferdiie jv8ssoretinopathy and
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Ve RS m, angi ogenesi s di sorders, restenosis,
adhesi ons, endonetriosis, ischem c di sease, bone and
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i BBRSC kRS MRl oloafaioS UMD S o AR cartilege
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si de. ef f ect;s _of . radi;ati on tro-intestinal syndronme
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incidehey, Beresipy aad dufiion ol bell amicositis; g réditeahe hdveade il effects of
The inventors believe that TG- /33 s of the

rafligfient gasto-igestinah giadreome giesyiing eam aagg doesfem gellp prused by
fi e ' : i ndi-gat:| -

RO B bl on Sy EEelly T bR liqyg o TO-
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ftstéeat' nt. of conditions which may, for exanple, be
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TGF-B3s of the invention may be used in the same way as naturally occurriﬁg TGF-£33,
for example for the treatment of conditions which may, for example, be selected
independently from the group comprising fibrotic disorders, scleroderma, angiogenesis
disorders, restenosis, adhesions, endometriosis, ischemic disease, bone and cartilage
induction, in vitro fertilisation, oral mucositis, renal disease, prevention, reduction or
inhibition of scarring, enhancement of neuronal reconnection in the peripheral and central
nervous system, and for preventing, reducing or inhibiting complications of eye surgery

(such as LASIK or PRK surgery). TGF-33s of the invention may be used in the treatment



I ndependently fromthe group conprising fibrotic
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fertilisation, oral mucositig4 renal disease,
prevention, reduction or inhibition of scarring,

n cenent. of .neuronal. reconnecti.gn in. the periphgral...
ot BEAEY e SeRE ap s AT oryiD preehephiol of Cnditions),
arldeRithle 8 Rtioh MR ihibite SOfR BRI eR at&Y BeAMEAST téndons. The

(such as LASIK or PRK surgery). TG-- 3s of the
mpiepk fpiteh ofay GheB3u skésgldsad tihether peeserdninyentidrefate |abls 4ndpromote
e, (for,ex ledn conunckion wiih.surgical . .
BB b0, SO Gl P et T ey Rl Binign in the same
mbiiYr Dast hatirdfy Scafind IrGIE3 ac qikeraat edsd1ebld RY pedmote epithelial
tendons. The nmutant forns of TG-/33 disclosed in the
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not enconpass TGF-bl or TG--b2. The identity of a TG~
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reducing scar formation I'n a woun
preferaslyrbehsh-antathl TOBER34H3s in accordance with the

present invention nmay preferably be non-natura

TGF-b3s. A TGF- b3 in accordance with any aspect of

t InA ' .he uys | e rafi . .
A BN PP BBt P SRR i) P00 47t gpaction
off 4 migdicamentios iediréAmuit bff &6 cbalfitioh3In whiehit us8sbe wished to utilise

I ncl ude, but are not limted to, treatment of any of o
TR 3 ofaeh pensgnelude ibué peuinotilimited fi, deeafment of any of the conditions

e

speci fi.cation. |t ma pr.ef erred that . TG i n.
coRerdRdEe R nE e aban il IRy SRAFO ey S0 SR P Pypgcordance
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heal i ng of wounds, and/or the prevention, reduction or
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Medicaments manufactured using TGF-B3s of the invention may preferably be for use in
the skin, or in the eye (for example in the acceleration of healing in the skin or eye, or for

the prevention, reduction or inhibition of scarring in the skin or eye).

TGF-B3s in accordance with the invention may be either latent or active TGF-B3s (i.e.

either with, or without, the latency associated peptide).

Save for where the context requires otherwise all references to TGF-£3s in accordance

with the invention should also be taken to encompass fragments or derivatives of such
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Withaug él@m@ﬁon,swﬁblm examplaspifeitable formaf defivatives ofay be selected

A B R S SRR o o o
theGhvet&sn Qér tHeg ﬁﬁ%ﬁéﬁthﬁ Nhér@pedtidBily feBEE Maginents or derivatives

therapeut| cally effective fragnment's or derivatives
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b&ell @t TUR-A3S M AP BREAESS (or their fragments); therapeutically effective retro-

inverso peptides based on TGF-B3s of the invention (or their fragments); therapeutically
effective depsipeptide derivatives based on TGF-B3s of the invention (or their fragments);
therapeutically effective B-peptide derivatives based on TGF-B3s of the invention (or their
fragments); and therapeutically effective retropeptoid derivatives based on TGF-B3s of

the invention (or their fragments).

It will be appreciated that, for the purposes of the present invention “a TGF-33” may be
taken to encompass either the monomeric and dimeric forms of the TGF-G3. The

inventors have surprisingly found that TGF-33s in accordance with the present invention
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of the invention" is to be taken to conprise any
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A “method of treatment of the invention” (or “method of the invention”) is to be taken to
comprise any method of treatment that utilises a therapeutically effective amount of a
TGF-£3 in accordance with the invention, or a nucleic acid encoding such a TGF-£3. It is
also intended that methods of treatment of the invention should be understood to
encompass methods of treatment that utilise suitable fragments or derivative of TGF-33s

of the invention, or nucleic acids encoding such fragments or derivative.
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TGF-B3, and this activity may preferably be investigated in vivo.

A therapeutically effective amount of a TGF-83, or a fragment or derivative thereof, in
accordance with the present invention is an amount sufficient to bring about a required:

1) acceleration in wound healing and/or inhibition of scarring; or

ii) promotion of epithelial regeneration; or

iii) prevention and/or treatment of a fibrotic disorder.
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effective anount of a nedi cament of the invention, or
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Alternatively or additionally, accelerated healing of treated wounds may be illustrated by
decreased width compared to control wounds at comparable time points. It will be
appreciated that this reduction in wound width ensures that there is a relatively faster rate
of wound closure (since there is less width of wound to be closed) and is indicative of the
ability of such medicaments to accelerate the healing response. Narrower wounds may

result in narrower scars that are aesthetically preferable to wider scars

Accordingly, accelerated wound healing in the context of the present invention should be
taken to encompass any increase in the rate of healing of a treated wound as compared

with the rate of healing occurring in control-treated or untreated wounds. Preferably the



wounded area than woul d ot herw se be the case.
Alternatively or additionally, accelerated healing of
wo c@atie4swounds may be il lustrated by decr easePCWGHRIV7/000833
conpared to control wounds at conparable tinme points.
It will be appreciated that tfis reduction in wound
vvi dth ensures that there is a relatively faster rate
und clos re (since.there i wound.,
ool RIOR S el e dectorved Bitk Erveeup sy SPigieon of the
rafEf feOSPRMERallstt G b Sedlif tlehiRd RBa! ool WSRIBSS: comparison of the
Narrower wounds may result in narrower scars that are
reilxaélsfts ivddihcef] troptedranfl sontsblew owndgiatieomparabls tiswcpsiatisndlore preferably

~GFREUR Shbu BB R0 D% b EntREhBRooRat tamyes re ot re

eplth@ﬁﬁi%%ﬂoﬂ ninihe fedt@icdl ohefdundd wadthacdhaé® do Wesid] aBounds at
conpared with the rate of healing occurring in

CEpAFe eIy or untreated wounds. Preferably
t heaccel erati on of wound healing my be assessed with
respect to either conparison of the rate of

Preferaily ttheepiogddtiva tof atcaerhice \mﬂmﬂ rheblipainey shrdiseantarete of wound
or conparison of the relative width of treat ed

d
heghae dgisis Bile ng%déo%s 206 P gnereater than s et hogtieg ocourring in
a RbBA B0\ SFLLWRLALCMIRLBILIRAAY | Y piBiKotRSh BFabfdai®d wound

conpri si ng an i ncreas
headiep imdyegiva lri'se; &t a oate i dhealimgettiatcisi ab Iheasif 4006 U506 wir diOPro greater than

C ared to unds at co time point
s a b Py gl B vGR TR o BIREER b HoRERoRE o ieelerated
waayd KHayi8 Eﬂag‘ﬂ;ﬁ@n@ mtﬁteqa‘f neackhhEakhi Ret 17084, 80%, elé 90% greater
| east 50 % 20% or 30% greater than the rate of

thae dhat gcwtiogin corral rweaumnds rand ghosh mrafmablevahe gronaativa. of accelerated

eferab the pr opot of .acce
bR B o AU Bl R BLRRRgBOB S oo there
odcaasly iAQ¥ntrSI0HmaKIs 60% greater than healing in a
control wound. It is even nore preferred that

pronoti on of accel erated wound healing nmay give rise

The 2 fs’?taf\ﬁﬁg 1?1?% bf‘gfoﬁgc?heélﬁlrgaélsérﬁgﬁtqwi r/ cggl‘{%telq%edggl/ %t least

rea occurri

pamﬂly ¢lraedctsriabd, ybyt in@prropiiame faimr@fdehgm kretabhich vHthecormal wound
al i ng ve rise to a rate of healing that is at
fraglagtw%e% gfé%\@%nhtx REetHR me&h@o sduppdiggnenis e e vention to

n
RIS %%C?E@%@ V\%g#l% thgﬁar}@ %’té écfél?ssgiguﬂﬁt?/‘éﬁ lﬂ‘[k?gﬁ:@é'ltidﬂgor treatment of
smhrdtsoaldrgz characterised, by inappropriate failure,

del ay or retardation of the nornmal wound
Since certain methods and medicaments of the invention are able to bring about the
acceleration of wound healing through the promotion of a stimulated re-epithelialisation
response (thereby increasing the rate at which the wound closes) it will be appreciated
that these methods and medicaments of the invention are particularly advantageous for
treatment of wounds of patients that may otherwise be prone to defective, delayed or
otherwise impaired re-epithelialisation. For example, it is well known that dermal
wounds in the aged exhibit a less-vigorous re-epithelialisation response than do those of
younger individuals. There are also many other conditions or disorders in which wound

healing is associated with delayed or otherwise impaired re-epithelialisation. For example
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Accordingly it will be appreciated that such patients
frameotherivisedioraal apute iRBrigs eoanyeliree.i € ypicdhy euprigyaands may arise as
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order to promote their healing. Such methods and medicaments may promote the re-
epithelialisation of chronic wounds, thereby bringing about healing and closure of the
disorder. Preferred methods and medicaments of the invention (such as those utilising
TGF-B3s comprising Sequence ID Nos. 3, 5, 7, 9 or 11) may also inhibit scarring
associated with wound healing. The prevention of scarring in such contexts may be
particularly advantageous since chronic wounds may typically extend over relatively large

portions of a patient’s body.
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For the purposes of the present invention, healing by primary intention may be considered
to involve the closure by surgical means (such as sutures, adhesive strips or staples) of
opposing edges of a wound. Healing by primary intention is typically employed in the
treatment of surgical incisions or other clean wounds, and is associated with minimal
levels of tissue loss. The skilled person will recognise that since TGF-(3s in accordance
with the invention (such as those comprising Sequence ID Nos. 3, 5, 7, 9 or 11) are
capable of reducing wound width they facilitate the joining of opposing wound edges, and
thus may be beneficial in wound healing by primary intention. Furthermore, such

methods or medicaments may (as described further below) result in the prevention,
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The use of TGF-B3s of the invention such as Sequence ID Nos. 3, 5, 7, 9 or 11 to stimulate
re-epithelialisation (as part of their promotion of accelerated wound healing) while
inhibiting scarring is also particularly effective in the treatmeﬁt of wounds associated with
grafting procedures. Treatment using such methods and medicaments of the invention is
of benefit both at a graft donor site (where it can aid the re-establishment of a functional
epithelial layer while preventing, reducing or inhibitirig scar formation), and also at graft
recipient sites (where the anti-scarring effects of the treatment inhibit scar formation,

while the accelerated healing promotes integration of the grafted tissue). The inventors
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Without wishing to be bound by any hypothesis the inventors believe that the promotion

of epithelial regeneration achieved by TGF-83s of the invention is mediated by their

promotion of epithelial cell migration. The epithelial cells (the migration of which has

been promoted) are thereby able to re-populate and regenerate the damaged epithelium

more rapidly than occurs in the absence of treatment.

It will be appreciated that promotion of epithelial regeneration using TGF-83s of the
invention may be of use to induce effective re-epithelialisation in contexts in which the
re-epithelialisation response is impaired, inhibited, retarded or otherwise defective.

Promotion of epithelial regeneration may be also effected to accelerate the rate of
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bowegjalirerdars.on responses in patients suffering from
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the body's re-epithelialisation response nay be
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T
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microscopically the collagen fibres within the scar may have morphology and organisation

that is more similar to those in the surrounding skin. The prevention, reduction or inhibition
of scarring within the context of the present invention should be understood to encompass
any degree of prevention, reduction or inhibition in scarring as compared to the level of
scarring occurring in a control-treated or untreated wound (as defined elsewhere in the
specification). Except where the context requires otherwise references to “prevention”,
“reduction” or “inhibition” of scarring may be taken to equivalent mechanisms that are all

manifested in anti-scarring activity.



stemcell deficiency or corneal erosions. Defective
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reduction or inhibition of dermal scarring achieved
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this case inhibition or reduction of scarring may be demonstrated when the

g/ be matched to
SS

redness of a treated scar fades earlier, or more completely, or to resemble more
closely the appearance of the surrounding skin, compared to an untreated scar.
if) Height of the scar. Scars may typically be either raised or depressed as
compared to the surrounding skin. Inhibition or reduction of scarring may be
demonstrated when the height of a treated scar more closely approximates that
of unscarred skin (i.e. is neither raised nor depressed) than does the height of

an untreated scar.
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Sigtable parameters for the microscopic assessment of scars may include:

1) Thickness of extracellular matrix (ECM) fibres. Scars typically contain
thinner ECM fibres than are found in the surrounding skin. This property is
even more pronounced in the case of keloid and hypertrophic scars. Inhibition
or reduction of scarring may be demonstrated when the thickness of ECM fibres
in a treated scar more closely approximates the thickness of ECM fibres found in
unscarred skin than does the thickness of fibres found in an untreated scar.

ii) Orientation of ECM fibres. ECM fibres found in scars tend to exhibit a greater
degree of alignment with one another than do those found in unscarred skin
(which have a random orientation frequently referred to as “basket weave”). The

ECM of pathological scars such as keloids and hypertrophic scars may exhibit
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preferably at least three of the parameters, and most preferably all four of these

parameters.

Prevention, reduction or inhibition of scarring of a treated wound may further be assessed

with reference to suitable parameters used in the:

1) macroscopic clinical assessment of scars, particularly the assessment of scars
upon a subject;

i1) assessment of photographic images of scars;

iii))  assessment of silicone moulds or positive plaster casts made from silicone

moulds of scars; and
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Typically, suitable parameters may include:

L Assessment with regard to Visual Analogue Scale (VAS) scar score.

Prevention, reduction or inhibition of scarring may be demonstrated by a reduction in the
VAS score of a treated scar when compared to a control scar. A suitable VAS for use in
the assessment of scars may be based upon the method described by Beausang et al
(1998).

2. Scar height, scar width, scar perimeter, scar area or scar volume.

The height and width of scars can be measured directly upon the subject, for example by
use of manual measuring devices such as callipers. Scar width, perimeter and area may
be measured either directly on the subject or by image analysis of photographs of the scar.

The skilled person will also be aware of further non-invasive methods and devices that
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Minolta Chronameter CR-200/300; Labscan 600; Dr. Lange Micro Colour; Derma
Spectrometer; laser-Doppler flow meter; and Spectrophotometric Intracutaneous Analysis
(STA) scope.

Prevention, reduction or inhibition of scarring may be demonstrated by a smaller
magnitude of difference between the appearance or colour of treated scars and unscarred

skin than between untreated scars and unscarred skin.

4. Scar distortion and mechanical performance
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visual assessment as to whether the scar is, for instance, matt or shiny or has a roughened

or smooth appearance as compared to unscarred skin.

Scar texture may additionally be assessed with reference to whether the scar has the same
texture as unscarred skin (normal texture), is just palpable, firm or hard compared to
unscarred skin. The texture of scars may also be assessed with reference to the Hamilton

scale (described in Crowe et al, 1998).

In addition to the techniques set out above, there are a number of non-invasive
profilimetry devices that use optical or mechanical methods for assessment of scar

contour and/or texture. Such assessments may be carried out on the body of the subject
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Photographic assessment of treated and untreated scars may alternatively or additionally
be performed by a panel of expert assessors using standardised and calibrated
photographs of the scars to be assessed. The panel of experts may preferably consist of
suitable individuals skilled in the art such as plastic surgeons and scientists of suitable

backgrounds.

Such assessment may provide categorical data, as described above or with respect to the

comparison of a timecourse of images of selected treated and untreated scars.
Suitable assessments to be made may include:

Identification of the best scar, which for the purposes of the present invention may be

considered that scar which most closely resembles the surrounding skin. Once the best
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untreated scars. In comparing treated and untreated scars the expert panel may consider

which of the scars has the best skin texture, the earliest time after scar formation at which
any difference present may be detected, the time post-formation at which any difference is

most obvious, and the time at which any difference disappears

Comparison of treated and untreated scars may further assess which of the scars is
narrowest, and which of the scars is shortest. Consideration may also be given to the
shape of the scar and the proportion of the scar margin that is distinguishable from the
surrounding skin. As with previously described visual assessments and assessments of

colour the presence, degree and location of hyper-pigmentation may also be considered.
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6. It will be seen that the assessments described above allow the generation of scar
ranking data which is able to provide an indication as to whether a treated scar is better,

worse or no different compared to a control, untreated or other suitable comparator scar.

In addition to categorical data, quantitative data (preferably relating to the above
parameters) can be generated using image analysis in combination with suitable
visualisation techniques. Examples of suitable visualisation techniques that may be

employed in assessing scar quality are specific histological stains or immuno-labelling,
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treatments in order to investigate significance of results.

Preferably prevention, reduction or inhibition of scarring may be demonstrated with
reference to more than one parameter. More preferably prevention, reduction or
inhibition of scarring may be demonstrated with reference to both a clinical (i.e. observed
on the subject) parameter and a photographic parameter. Even more preferably
prevention, reduction or inhibition of scarring may be demonstrated with reference to a
clinical parameter, a photographic parameter, and atso a microscopic assessment
parameter (for instance a histological parameter). Most preferably prevention, reduction
or inhibition of scarring may be demonstrated with reference to a clinical VAS score,
external lay panel VAS score and ranking (from photographic images) and microscopic

VAS score of the reticular dermis.
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scaunber of deleterious effects afflicting those
suffering fromsuch scarring. For exanple, skin
scarring may be
The extent of scar formation, and hence extent of cosmetic or other impairment that may

be caused by the scar, may also be influenced by factors such as the tension of the site at
which the wound is formed. For example, it is known that skin under rélatively high
tension (such as that extending over the chest, or associated with lines of tension) may be
prone to formation of more severe scars than at other body sites. Thus in a preferred
embodiment suitable medicaments and methods of the invention may be used to promote
accelerated wound healing and/or prevent, reduce or inhibit scarring of wounds located at
sites of high skin tension. There are many surgical procedures that may be used in scar

revision to allow realignment of wounds and scars such that they are subject to reduced
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It is recognised that wounds resulting from burns injuries (which for the purposes of the
present invention may be taken also to encompass scalding injuries involving hot liquids
or gasses) may extend over great areas of an individual so afflicted. Accordingly, burns
may give rise to scar formation covering a large proportion of a patient’s body, thereby
increasing the risk that the scar formed will cover areas of elevated cosmetic importance
(such as the face, neck, arms or hands) or of mechanical importance (particularly the

regions covering or surrounding joints). Burns injuries caused by hot liquids are
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the epithelia of the peritoneum).

The healing of wounds involving the peritoneum (the epithelial covering of the internal
organs, and/or the interior of the body cavity) may frequently give rise to adhesions.
Such adhesions are a common sequitur of surgery involving gynaecological or intestinal
tissues. The inventors believe that the ability of the methods and medicaments of the
invention (such as those comprising TGF-(3s set out in Sequence ID Nos. 3, 5, 7, 9 or 11)

to accelerate the regeneration of the peritoneum while reducing scarring may reduce the
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accordance with the invention is a preferred embodiment of the invention, and is

particularly preferred in the promotion of accelerated wound healing and/or prevention,

reduction or inhibition of scarring in the context of surgical wounds.

The methods and medicaments of the invention are also able to promote accelerated
wound healing and/or inhibited scarring if administered after a wound has been formed.
It is preferred that such administration should occur as early as possible after formation of
the wound, but agents of the invention are able to promote accelerated wound healing

and/or prevent, reduce or inhibit scarring at any time up until the healing process has been
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before and after formation of a wound. The inventors have found that administration of
the medicaments of the invention immediately prior to the formation of a wound,
followed by daily administration of such agents in the days following wounding, is
particularly effective in promoting accelerated wound healing and/or prevent, reduce or

inhibit scarring.

For the purposes of the present specification by “agent” or “agent of the invention” are
meant biologically or therapeutically active TGF-(3s of the invention; and/or biologically
or therapeutically active fragments of TGF-33s of the invention; and/or biologically or
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v&}oﬁﬂasbt'hg nf‘e?l?galfrleﬂgshould be administered as soon as the wound has occurred (or in
the case of wounds that are not immediately apparent, such as those at internal body sites,
as soon as the wound has been diagnosed). Therapy with methods or medicaments in
accordance with the invention should continue until the healing process has been

accelerated, and/or scarring prevented, reduced or inhibited, to a clinician's satisfaction.

Frequency of administration will depend upon the biological half-life of the agent used.
Typically a cream or ointment containing an agent of the invention should be

administered to a target tissue such that the concentration of the agent at a wound is
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The inventors find that the promotion of accelerated wound healing and/or prevention,
reduction or inhibition of scarring is particularly improved by topical application of an
agent of the invention to a wound (or, in the case of prophylactic application, to a tissue

or site where a wound is to be formed).

Compositions or medicaments containing agents of the invention may take a number of
different forms depending, in particular on the manner in which they are to be used.
Thus, for example, they may be in the form of a liquid, ointment, cream, gel, hydrogel,

powder or aerosol. All of such compositions are suitable for topical application to a
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formof a liquid, ointment, cream gel, hydrogel
released over days, weeks or even months. Such a device may be partlcularly useful for
patients (such as those suffering from chronic wounds) that require long-term promotion
of accelerated wound healing and/or prevention, reduction or inhibition of scarring. The
devices may be particularly advantageous when used for the administration of an agent or

nucleic acid that would normally require frequent administration (e.g. at least daily

administration by other routes).

Daily doses of an agent of the invention may be given as a single administration (e.g. a
daily application of a topical formulation or a daily injection). Alternatively, the agent of

the invention may require administration twice or more times during a day. In a further
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bi oconpati bl e, bi odegradabl e, bioresol vabl e and
non-i nfl anmatory. An agent of the invention, or a
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topical formulation or a daily injection). _
Alternatively, the agent of the invention may require
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suspended in a pharmaceutically acceptable liquid vehicle such as water, an organic
solvent, a mixture of both or pharmaceutically acceptable oils or fats. The liquid vehicle
can contain other suitable pharmaceutical additives such as solubilizers, emulsifiers,
buffers, preservatives, sweeteners, flavouring agents, suspending agents, thickening
agents, colours, viscosity regulators, stabilizers or osmo-regulators. Suitable examples of
liquid vehicles for oral and parenteral administration include water (partially containing
additives as above, e.g. cellulose derivatives, preferably sodium carboxymethyl cellulose

solution), alcohols (including monohydric alcohols and polyhydric alcohols, e.g. glycols)

and their derivatives, and oils (e.g. fractionated coconut oil and arachis oil). For
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reS @It BOXNERENYberbdds U @S Faser surgery on the cornea). In this case a preferred

medicament of the invention may be in the form of an eye drop.

Agents of the invention may be used in a range of “internal” wounds (i.e. wounds
occurring within the body, rather than on an external surface). Thus for example,
medicaments in accordance with the invention may be formulated for inhalation for use in

wounds arising in the lungs or other respiratory epithelia.

Known procedures, such as those conventionally employed by the pharmaceutical

industry (e.g. in vivo experimentation, clinical trials etc), may be used to establish specific
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centimetre of wound or epithelial damage (if administered by injection), or 100ng/cm® of

wound or epithelial damage (if administered topically).

By way of still further example, the amount of an active agent that may be administered
to a wound or site of epithelial damage in a single incidence of treatment may preferably
be in the region of 50-200ng/linear centimetre of wound or epithelial damage (if
administered by injection), or 100-300ng/cm® of wound or epithelial damage (if

administered topically).
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An agent of the invention (such as the peptides of Sequence ID Nos. 3 to 8) may be
administered at a concentration of between 0.79pM and 0.79mM. Preferably an agent of
the invention may be administered at a concentration of between 7.9pM and 0.079mM.
Most preferably an agent of the invention may be administered at a concentration of

between 0.79nM and 0.79uM.

Purely by way of example an injectable solution containing between 10pg/100uL and
100pg/100uL of an agent of the invention (such as a TGF-83 of Sequence ID Nos. 3, 5, 7,

9 or 11) is suitable for application to promote accelerated dermal wound healing and/or
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an injectabl e solution containing bet ween | Opg/ | OO
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a TGF-/33 of Sequence ID Nos. 3, 5, 7, 9 or 11) is
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adm ni stered as an intradermal injection and dosed
wapndymay be in the region of 1ng/100puL — 1000ng/100uL, and 100uL of such a solution

administered per linear cm of wound margin.

Agents of the invention may be used to promote accelerated wound healing and/or
prevent, reduce or inhibit scarring as a monotherapy (e.g. through use of medicaments of
the invention alone). Alternatively the methods or medicaments of the invention may be
used in combination with other compounds or treatments for the promotion of wound
healing or scar inhibition. Suitable treatments that may be used as parts of such

combination therapies will be well known to those skilled in the art.

The inventors have found that TGF-G3s in accordance with the present invention may be

advantageously formulated in the presence of a sugar. This sugar may be a reducing or
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(1) Degradation by proteases and the like.
(ii) Clearance by binding proteins.

(iif)  Binding and inhibition of agent activity by extracellular matrix molecules.

Furthermore, agents used to promote accelerated wound healing and/or prevention,
reduction or inhibition of scarring need to be administered in a suitable vehicle and are
often provided as a composition comprising the agent and the vehicle. As discussed, such
vehicles are preferably non-inflammatory, biocompatible, bioresorbable and must not
degrade or inactivate the agent (in storage or in use). However, it can often be difficult to

provide a satisfactory vehicle for delivering agents to a tissue with a wound to be treated.
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aspect of the invention.

According to an eighth aspect of the present invention there is provided a method of
promoting epithelial regeneration, the method comprising administering to a patient in
need of such treatment a therapeutically effective amount of a delivery system as defined

for the ninth aspect of the invention.



means of gene therapy. According to a fourth aspect of
the present invention there is provided a delivery
wWGeYRrAmMADr use in a gene therapy techni que, SBCTIGB2007/000833
delivery system conprising a DNA nol ecul e ‘encodi ng a
pepti de selected fromthe grgyp consisting of those
defined by Sequence ID No 3, Sequence ID No. 5,
| D No.

%ut%i %%g%eaacm lﬁ\bgegg %ﬁe]]t ﬁgclf%aé% Djclgic aggf ee&uences encoding

agdedn®wRhbIE B6k sl in SRFrdafcd WRh MeRhRHS0R @m?lbetx%e& RpeRged without
peptide. According to a fifth aspect t he present

suhstaemlbb affeeténge the sprusnsedoff thhepradiect o¢ncgdetb |t QIG‘PX& to provide a

R R VB GERLA OB BB e et o

efiio0EpEptiRs dbfiaaicn! Séqukawd IONBE Neali ngr anavilbe readﬂy apparent to
prevention, reduction or inhibition of scarring.

thej skilled peprent ansk the ikillerl eersan withbesbledn makerisfarance to theaexamples
&%ﬁ%ﬂ%&%&déﬁc@ﬁfl\]%% 4’J‘6d§' Ve ré%§§tﬁ%1§¢‘s defined in

bove use I'n the’ nmanu acture 0 nedi cament for
use in the pronotion of eplthel ial regenerati on

ﬁmco ding to a seventh aS@F of .t he priggg vention
V‘?ré’ W&Wsd 8ErORIIAR (A othe o VB ID B §1 éPE? felgr achieving
20 Of tmRERNBRLL A w&ﬁ&ﬁ‘&&ér ‘arloﬁ)éer eriod of time than

|nh|b|t|on ?lscarrlng scarring, met hod rising
isguesiblestbe mosgednyentigpat deivierst systeaed Agemwoﬁthenemntsu&able for

therapeutically eff i.ve ampunt .of. deli.very s
P RR HsHeRi piound il SRUET miRbitdl S ey B8 ' Einuousty
e)EEREFFBE dePsaNa S¥cRhl @lt@ﬁﬁeﬁaveqfeeﬁ RAnfbRSQNith ANEDN Dholecule
there is provided a nethod of pronoting epithelial

dwdgeadenatheofpurﬁlhesnm b thec invpntiasi nthesefteni eyeerif rﬂge tage@t of the

atient in ne gh treatment I utlca
B R S PR G2 P PeiB S RBRYS ot the agen
nfapee ebmﬂmoagpe reﬁ@‘edtfﬂ@ﬁl thewenked essuue to the
degeneracy of the genetic code, it is clear that

nucl ei c acid sequences encodi ng agents suitable for

o We! V, r
USSR MR (0 BYEPRCRTDG A58 S 0 D
mofectileq apd ddiuehy thn ageedtthe ileytiot)oniplicy ithke need to use convent10na1

pf unCt%E% Uglgfglc‘f %&E%Sra]ggl%h %gg{ogfgiel%g pf)&%ﬁﬁé}ﬁse or grfea S Tt are S contacted

with the wound.

The delivery system of the present invention is preferably such that the DNA molecule is
capable of being expressed (when the delivery system is administered to a patient) to
produce a peptide defined by the group consisting of Sequence ID Nos. 3, 5,7, 9 or 11, or
a fragment or derivative of such a peptide. The DNA molecule may be contained within a
suitable vector to form a recombinant vector. The vector may for example be a plasmid,
cosmid or phage. Such recombinant vectors are highly useful in the delivery systems of

the invention for transforming cells with the DNA molecule.

Recombinant vectors may also include other functional elements. For instance, recombinant

vectors may be designed such that the vector will autonomously replicate in the nucleus of



encode peptides defined by Sequence ID Nos. 3, 5, 7, 9

or 11 wll be readily apparent to the skilled person,
war@7t®4ski | | ed person will be able to nake rer¢EGBA®E/000833

to the exanpl es provided as Sequence ID Nos. 4, 6, 8,

10 or 12 respectively. The dgkivery systens according

to the invention are highly suitable for achieving

sust.ained. |l evel s of an_.agent, of invention at a . ..
gl Qv SPongErS Qg mgEcs FINA ahfehe fgyaiepfeguired in the
rebQhbiiBR vesORY Altckifigbly AR Fot8mYind SRt mAYBH Hesigedts06h that the

invention suitable for pronoting accel erated wound

veigtog | and geeondyieant D halestlesiséagratesginteathe gsnemn of Buelis Iy this case

ressed fro el | t._a.wund site, that have been . .
DRAIERSRA R et do B b o ot A boli Y RGbination) re
ddstrable.nRaspaisihar fveétb rhavasy hoe. DNAG0OEMQIfes g that fnal e used as

agent of the invention has a very short ha%f-life in

selgoiable magkers potheicloningpredesect i ve anounts of the agent
may be continuously expressed fromthe treated tissue.
Furthernore, the delivery systemof the invention may
The recombirdant pecer deyt dso Riherwbapuike a(aothotdiaredegulbitoe to control
Xgjgen,t of. the inventio(g) wi t hout the need to use
CXPETIOROL Sifagenp AR FeMREEt i cal vehicles such as those
required in ointnents or creans that are contacted
with the wound. The delivery system of the present
Tha D nmledude pragf(bnabdtynesesshrityhdt dnkeh®Necnmbee igbeporated in the

pahl e . of I ng_expressed (when th eli.very stem
DR R faiRsrore eBRE Bt oo PRGN ALY dee be sably
tréfforned 1éamn%hs {IH SeBucten S %Eﬁéﬁgalgf mSeiie® A88xhkd? BIRS - Waen this is
5, 7, 9 or I1, or a fragnent or derivative of such a )
thp egpsé, deegulntien Mirexpoission|ia thaysubicct arayabpagquiradn.g. avith specific
P USRS, LEEP HRPY B Bl g whih

tréoisciibe e @B iaBipor b rsioral Spebifighlly fousi€ btd wolind. h&lternatively, the
delivery systens of the invention for transformn

dedivprys sysitem mAR ondesignedctn davome camwisbleant Wassiest §3ﬂ98é9nnaﬁon of

. el e . [ el t: r.d : , :
PR O SRl BN Y HSF v
mee deolessMimpordait dreosmse sixpressiql iof athe DNAt imelacule! wills stop when the

ofthe cell. ].n this case, .elenents whjch_ induce DNA ]
g tﬁehﬁ iy e SEUFISAE 7 PRRGEIR sty i (hecpigotion of
acRbleBR RV bYR] Nealing Wi GOMRED 8BriYERAYecBNcli&))deST gned

such that the vector and reconbi nant DNA nol'ecul e
integrates into the genone of a cell. In this case

The delivery system may provide the DNA molecule to a subject without it being
incorporated in a vector. For instance, the DNA molecule may be incorporated within a
liposome or virus particle. Alternatively the “naked” DNA molecule may be inserted into

a subject’s cells by a suitable means e.g. direct endocytotic uptake.

The DNA molecule may be transferred to the cells of a subject to be treated by transfection,
infection, microinjection, cell fusion, protoplast fusion or ballistic bombardment. For
example, transfer may be by ballistic transfection with coated gold particles, liposomes

containing the DNA molecule, viral vectors (e.g. adenovirus) and means of providing direct



DNA sequences which favour targeted integration (e.g.
by honol ogous reconbi nati on) are desirable.

w@Re@oniontint vectors may al so have DNA codi ng POT/GB0g500833
that may be used as sel ectable markers in the cloning
process. The reconbi nant vectopr may al so further
conprise a prormter or regulator to control expression

Dﬁf&gggggg(g% S Ripiopln A TR SR iRl ok Yo ropicatty

Etigel | s of the subj ect being treated.
Und| fferentiated cells may be stably transforned
| eading to the production of genetically nodified
h I hj C
Crglzl%greé é)rres%loln g'ﬁ %%B{ e%: t%h n]éty‘é%gonr 121312 eg}g% ﬁ§ aP @I%eh edge of the

rﬁnﬁfagéd greh rsa;ﬁrsmrdnrg the rvvcfuznat of fhay Qe edly \batbryr@lle therapeutically
preferably wi th inducibl e%(f)rormters whi ch

infrogdvesainBdhg we%(teﬁer PRk i sed engogenquy paexogenous cells involved
t a mound Alternatively, the
m§9§%@g¢£ﬁ%%%?§§¥ﬁ%§?be desi gned to favour unstable or
transi ent transfornatlon of differentiated cells in
ubj ect. b at.ed. In hrs i ns

1B P b Biecisfed b, Y 001 1800 e aneutisally fo @romote

ac%éféfa%&ﬂv@ﬁn@ftea‘h'ﬁg a%%r &Wév%ﬁt’t’&ne r¥fuctioR bP PhiiieiBn ¥ 8carring may be
transforned cellsS die Or stop expressing the protein

m@n@ehtddwxmsmhéhettrtmmtxp@ws oficreaseé lerel efchnagentiof the invention,

‘m@:“sﬁ, lgl?fng%gtl ﬁ%@gbﬁ ?ﬁ’ﬁéﬁ Bﬂ%elﬁg}’ g{eéerébly?e geﬂ-s cultured ex

Vil Bhregk imthdprebaratioR 6t ﬁﬁmﬁﬂt@@ﬁ'@ @f altBdidl Rkid Meski® Eubsﬁﬁi’res to be
i nstance, the nol ecul e TK be i ncorporated wthi
AL

uS@dlln dless piemnogion if psing dregling. e Theeelks may imast prefevably be autologous
a ject's
oA 0PI SoMs SRl SIS G2 P40
upt ake. The DNA nol ecul e may be transf erred to t he

cells of a subj &ct to be treated by transfection,
Apoprdipglvorin #i Wp; AfRset idbrthe civentiors here B sropfeke medicament

B e R e S

particles, I [ posorres cont ai ni ng the DNA nol ecul e,
Vi I, vect adenovi r us ans of provjdi
Tie { SEE PiorSRbrion ahattt 5 TMsPPRaPRhe Ghiected by
mBARSI tﬁ‘e hritRliMhd el HOkHabid Qcﬁﬂ§ @éds}ﬁgothe R¥pression of agents
ection | ul ar expression of the agent of ]t)

sulta{)brfmmlrragcownbywcthlth@na@nttm edge of the

The invention will now be further described by way of example with reference to the

following experimental protocols and studies, and the accompanying Figures in which:

Table 1 shows values indicative of amino acid residues’ propensity for involvement in

alpha-helix formation;

Table 2 sets out details of nomenclature used in reference to mutant TGF-33s of the

invention;



undamaged area surroundi ng the wound, or may
alternatively be by cells therapeutically introduced

WO pa0a/1049¢5 wound (for exanpl e cul tured endogenoP&T/GB2007/000833
exogenous cells involved in the wound healing
response). It will be appreciggted that cells that are
to be introduced therapeutically to pronote

RS T P RSP e RERYETEE U P

such that they express increased |evels of an agent of
the invention, and then introduced into the wounde

Table4 comparescibe biolpgigal pekviey abwild maoecEGFsﬁfsoamdt@lwéWéﬂ (a TGF-33
piihl of B 156lolh ADBSRRERY] Al A0 BLOTBIGASHS D1 ¢ e

pronoti on of wound healing. The cells may nore
eferab be aut ol ogqus cells, although it w |l be’
Ta%'ﬁééﬁs qoaeRtatigns © OEPeas eseddn Frsvirogad heaing studies;
Accordingly, in a ninth aspect of the invention, there
is provided a nmedi canment conprising cells induced to
Teldpioessts cath capentratofns pficeagerds eset in ivent iwonnd Réwing studies;
i nduction of cellular expression of an agent of the
i nvention may be effected by neans of the
Figueon Piods! #hiddtbamebf TCPBANT eWgldary s ondk $hefyl-Sepharose
the expression of agents suitable for use in
‘Cabwwi,dance with the invention. The invention will now
be further described by way of exanple with reference
to the foll owi ng experinental protocols and studies,
Fipee L RAoRs OgRaMviopeant iof TEEBeR IMNGR-TRP ModorsdOMR Dimer on
values i ndicative of ami no acid residues' propensity
Sl &by nent in al pha-helix formation; Table 2 sets
out details of nonenclature used in reference to
mut ant TGF-/33s of the invention; Table 3 sets out
Figerd Dblthwiga edthparisen of TGF-Beth d- M}dwﬁt P’ﬁ%ﬁﬁﬁld&‘ﬂ’dﬂd -Type’ TGF-Beta
conpares t

f th Tabl
3 anoﬁ?lég% étéft“i?‘id %ﬁ%%o%{]qsae ?]%lb‘%P}F@f nejg ﬂafﬁcrh@byﬁst gychange of
G315 41?213(:4%@ om@fant gﬁ)télﬂé’ ?%gﬁg)l%%ﬁm@ s%ﬁ%?ée ths@¥herefore the

cell growth |nh ition assay; sets

actoal cemtentrafiomaddstl to dmgpehwsreusthdr fess than the\Bpgvetated);
heal i ng studies; Table 6 sets out concentrations of
reagents used in in vivo wound healing studies; Figure

F%u&iwm“@ tROfPRPAR U MoP bx AnBeAndingV | d- Type' on a

henyl - Sephar ose

Figure 5 shows day 3 average macroscopic assessment scores for incisional wounds (A
and B) treated with wild type TGF-Beta 3 or TGF-33s of the invention, where “*”

indicates significantly increased healing compared to naive wounds (p<0.05);

Figure 6 Day 3 microscopic average wound width for excisional wounds (C and D)

Treated with ‘wild-type’ and mutant TGF-Beta 3 proteins;

Figure 7 shows the template used for incisional wounding;



Col um; Figure 2 shows a chromatogram of TG--Beta 3

"W d-Type' Mononer and Diner on UNO- Sl Col um; Figure
w@2ehom4m conpari son of TGF-Beta 3 Miutant Pr oP€T/a82@nd00833

"Wl d-Type' TGF-Beta 3 by SDS-PAGE stained with

Coonmassi e Bl ue(pl ease note that the buffer exchange of

d y63-Ala and d y63-Pro nut ant protei ns resulted in

S0 le |loss therefore t ent ion . . ,
i TR nE s eRe ot it (a8 200 For S B oA wila-ype
TeFaB&4}; GlylogLa1a afid Shssplone tenpl ate used for

exci si onal woundi ng; Figure 5 shows day 3 average

macr oscopi ¢ assessnent scores for incisional wounds (A

I
F%pl% f%lulg%fgcggn ﬁgcroséo%hc\é\grcglduﬁélgeg Ed&?%O?gog%g&élﬁs ?;% (V:I)’t% Wild-type’
TGRB&A3£Alyos ARl Giya3ePegd t o nave wounds (p<0 05)
Figure 6 Day 3 nmicroscopic average wound vvi dth for
exci sional wounds (C and D) Treated with 'w | d-type'
B ¢

Fl%ﬂl% F@Jalilg[%rg{egdgz &%s%o}?c%?%tn ?cjlo?ess %i g%gq“ej @pg&%u&ﬂ@d with “Wild-
typb’l D6t bxtes, Ghd2eSrapd dosdaSestomesant (GjulZ&Her f&:)ArgSZ -ser), where
< wounds treat pe' TG--Beta 3, .d

sy SR ficapiy Heseset] (iERp oML B GUFRO desicd wounds

; gs (day 70) for wounds treated with 'WId-type'
TG--Beta 3, A y63-Ala and dy63-Pro; Figure 10
illustrates macroscopi c scar scores (day 70) for

woungs. ated with 'W|I ‘
FIRSHYB5 BiBRE e sonit e e, (B T8 G eou epacS it Wi
tyPEFETGF-Beta 3 MGlut2ISe6 aisl diftibld SieliutfRq GRASESrSE Alrg 5 Mer);
conpar.ed to ‘pl acebo treated wounds (p<0.05); Figure 11
illustrates macroscopic scar imges (day 70) for

Figﬁ n douLPﬁlaa%ees?re réslgn é%nét g‘iél%g (E)T('S S¢ gr%,%gzog &fl %nd%e{reated with

“WHigrtype® TPGF-Betes B ac&196341>ﬁ:p ra@& e(BIyamAAe Niuemo FeoRing Oadays Post-
es. of wounds treated with "Wl d-type' TG Beta 3,
W@“?%nglaﬁ dand @ y63-Ala Mitant Proteins (70 days Post -
Wbundi ng) ; and

Figure 13 illustrates representative microscopic scar images of wounds treated with
Glul2-Ser and Double Serine mutant (Glul2-Ser and Arg 52-Ser) after 70 days Post-
Wounding).

Details of sequences of particular interest are provided in the section “Sequence

Information”.



Figure 13 illustrates representati ve m croscopi c scar

i mges of wounds treated with G ul 2-Ser and Doubl e
w@eronesonut ant (G ul 2- Ser and Arg 52-Ser) aft epCT/OBA@YS00833

Post- Wbunding). Details of sequences of particul ar

interest are provided in thesgection "Sequence

| nformati on". Experi mental protocols and results 1

Gener at | uction, refolding, and purification of
EW‘W%%@PBE%&"E i’l’é‘if‘“é“](tﬁe first and second aspects of

the invention. 1.1 Generation of cDNA Total RNA from a

human i nci si onal wound (taken day 5 post-woundi ng) was
1tr eaGenlemtmn, pmdulétiem refoldingnand purification of I GF-33s according to

widBRE I ForRashint o Pbllify, roverse o °

Transci pt ase- Pol ymerase Chain Reaction (RT-PCR). The
RT- PCR master mix was prepared fromBrilliant(r)

14RT- Geperation oRERYent Kit, 1-Step (Stratagene). One

IS A 5 S Ty ] o i v

D36 RMe NB@ibion)lto mém&Ster aalyabatahpiating\ N Ae Usingrsial RptAases template
T Pol 2. 4 '
SR VIR S e o SO e Pl i

PRI A8 o B TG B ks

RedpebfTRlit, ClySlepr (Strhabberieyl BﬁRrEp@ﬂfgeaﬁe@t) Rand wadnaddedead S0uL of a
the follow ng conditions: 30mn at 45C, | Omnn at 95C,
salbieon aentaipoige nststgb QR IGPCBObea, OeZeVf gNTPs,3. ﬁlré‘ddMgClz, 1pL

SEHASIHSS Foibre® asRso Aol e e e ahiseh M SefsEyimer (5° GAT
ATBTECA FEGF YA ACRTCER| 2o RERUETER 1 Palirisense primer (5°-

C)Aé}: C@G G TUeCGvadCfGAt TZIBRKHET \PE(CA arr T&Adlﬁc Aﬂ/’a (Ch3%’) dl'He/reaction

whe Bfeged i o 2%?11@@%5 g Uvg (it Hert Bpasiol BRA v | 'é\lglﬁ%fnth@ following
oA A B §§§Blg)%ﬁﬁﬁt % tdg@{e?lgﬁﬂg/cfés%@@oc ?&P?@%E 85bC for 1

respectiv

mih End g3 fdrngrﬂuh ORihalGepAaiS72oliefor tI0an s, ®ORe shnple® wiltd n on 2%

Col d
(w/w) agarose gel to verify band size and purified using Wizard PCR Prep Kit (Promega).

1.2 Construction of plasmid

The pET-3d vector is derived from pBR322 vector and contains a T7 promoter under
LacUVS5 control and an Ampicillin resistant marker gene. The TGF-Beta 3 cDNA
fragments (generated in Section 3.2) were sub-cloned into pET-3d at the Nco I and Bam
HI sites (5°-3” respectively). The resulting ligation was then transformed into XL.10 Gold
cells (Stratagene) and colony PCR analysis was performed to locate clones containing an
insert. The final clone was grown up and plasmid DNA extracted into water using
Qiaprep®Spin Miniprep Kit (Qiagen). The plasmid was sequenced and verified using a
T7 promoter primer (5’-TAA TAC GAC TCA CTA TAG GG-3’) and a T7 terminator
primer (5’-GCT AGT TAT TGC TCA GCG G-3°).



cells (Stratagene) and col ony PCR anal ysis was
perfornmed to | ocate clones containing an insert. The
wo cowaliohdne was grown up and pl asm d DNA ext r BCT/€82007/000833
into water using Qaprep(r)Spin Mniprep Kit (Q agen).
The plasm d was sequenced andsgerified using a T7
pronoter prinmer (5 -TAA TAC GAC TCA CTA TAG GG 3') and
a T7 termnator prinmer (5 -GCT AGT TAT TGC TCA GCG
G3).1.3 Site directed nmutagenesis The 'w |l d-type

1.6F- Bsita dit-e6@OShdhtdgéndsisom Section 1.2 underwent site
di rected nutagenesis to generate two nutated

Tl swildetype’e Balg forcomgmeBdtan 3SeptipAni -2prBdevesr!, site directed

The construct/mutant non | at u nd nucl ept.i :
DUGEERCD I raBle B o UMM, Bl 5 oty P8P eta 3 mutant
MUEiR0t THe @BStridtAngaithabmendanmweahd lck@eidessguaic® change are
shown in the Sequence I nformatjon section. The .
sunpaised i8iTbledf}-r The auclertids popitions thibupdsaven gputaganesis are shown
/ ' i ck Change(r) Site directed

lﬁﬁﬁgg% eg?ésfn%tn?@al%?%%éc@#' plasmd (from Section 1.2)

was added to a solution containing: 2.5nm 10 x Quick

B4 Db i cirolslo Puldapmsnmstinds S8BT oD PUAIBEEI's Quick

. -y . f |
GO, SEE S PAPIR e g OB BT o et
Pioash tontdininge?. fRl 10ychsick Chihgi® MRORREx@ioasBEftsy, @Quidk solution,
run under the follow ng conditions: Imn_at 95C 30
Waged Mptagerin Paltne%b@lg BEE it Piiu pfugboy R A Pelyigrase (@fgatagene),

1@%%6&302 £ Eiﬁgl \mhﬂn? s 8ulihgith Ig?ﬁﬂ@glis?iﬂ&ll WG VIR reactiontwas placed

e reactrons were aced onice for 2 mnto
ineadheend beclerephbnidtRCR Baptessws Baf@. ruh underalie ©Oplotving conditions: Imin
restriction enz nk was added

me (10 U t h .
3661 $hoHer Y VB HHOY GugHIG ot Pt SHbE ToR PR CGFEC for 2 min
O3 SEERLISOL 8 0L g8 208 B GO 2 i
redicemheoemppraturt rekive @ 7BNA1 AL o Bpalhrestuictigre easyme (10 U/ul) was
reacti on was added 45uL of resuscitated XLI-Bl ue

added|tp qack raackigarmay mivpdothorayelky. ribe Teagtion BFEHE) Wasrigentrifuged
AP EPUE IR Lk S AR ST g e o

Enbh 1£501 30Ppabadged DA Moth ich Mamgensishaiaibnonas akled 45uL of
for a further 2mn. 0.5nL of pre-heated (420C) NZY+ -

rpvseitatodh sXbHBéer tlocadaciSteaeenes ugise idilof-Mihemix (Stratagene). The

suspension was mixed and incubated on ice for 30minutes. The suspension was heated to
42°C in a water bath for 30seconds. The mixture was incubated on ice for a further 2min.
0.5mL of pre-heated (42°C) NZY" broth was added to each cell suspension. The
transformation broth was incubated for 1 hour with shaking at 225-250rpm. 1pL, 10uL
and 100uL of the transformation broth from each mutagenesis reaction was spread onto
LB agar plates containing 100pg/mL of Ampicillin (Sigma), 80 pg/ml of 5-bromo-4-
chloro-3-inodlyl-p-D-galactopyranranoside (X-gal, Stratagene), 20mM of Isopropyl B-D-
Thiogalctopyranoside (IPTG, Sigma) and incubated for 18 hours at 37°C. The blue
colonies contained the mutated plasmid. A single colony from each mutant type was

picked off the agar and used to inoculate 10mL of LB medium containing 100pg/mL



transformation broth was i ncubated for 1 hour with
shaki ng at 225-250rpm | nL, | Ol and | OOl of the

W e@nabemsat i on broth from each nutagenesi s reBCI/GBRO07/000833
was spread onto LB agar plates containing 100ng/ nL of
Anpicillin (Sigm), 80 ng/nm af 5-brono-4-
chl oro- 3-i nodl yl - b-D- gal act opyr anr anosi de (X-gal,

Strat agene) 201M of | sopropyl b-DThi ogal ct opyranosi de
Aoppici] msﬂ“éxmasandl wag deplbatedbusing QIABrem@J pindylingregp Kitr{(aiagen). The

B 2 DR I U S P B p e

pricherssed to i nocul ate 107 of LB nmedi um cont ai ni ng

100/ mLAnpicillin. The plasm d was isol ated using

Q Aprep(r) Spin Mniprep Kit (Q agen). The plasm ds

re . b ed for correct nmutation using

T%E fg?glgsﬁgﬁﬁ evd/gHlfd rs. 1.4 Transformation and

CO@DI(F@ ng Pt ;.L()ﬁﬁ' plgsnfi@ 'DNA ) (fioln Peam 12 BAA 1(F)rwdaw added to ImL of
Section 1.2 and 1.3) was added to |InL of cold (40Q)
edAfétEmonmegast iE. @IiZRLY 1D@3§3)m_[yb§§ Shgley B sel§Nevapen. After 20min

AR P POk, Patoeian o ) 42 Lt EF AN By foowL or s

Redfisd W%Q&dé@ thage adrsigshi thixfurs &hd /slﬁ’ikéﬁrﬁl g74% ¥JrWoQnin. 50ul and
and shaken at 37C for 90 min. 50m and |1 OOM aliquots

We0d apqmteWemlﬂatedi Bntadd agiralaes @otrizingil0Q ugoaL dgipitillin (Sigma)

JCI| (S| ma) and incubated for 18 hours at 37C
A'@ sl foh T & Bows b 6 §mgi? QO%ﬁaWPw&JéﬁhVﬂ&féi fnddpagep gell stocks
g&ﬂfe{t@& g&q Qtrc]%ds&to @‘% ai’lakl‘%@ﬁNf l %Scells stocks to verify
nal ysed tromcell's sto o verl y c rrec

toraaes fravisf@iration. 1. 5 Expressi on An anpoul e of frozen
transfornmed E.coli cells (from Section 1.4) were
recovered and inoculated into a baffled Erl enneyer

{ kask ghhing 100nL of LB nedia and | OQOng/ nL of
Anpi CFW&%I The flask was incubated w th shaking,
Aneanmpoglet ofafr oaemtzans&nmwa tdvﬁ seltsy rom dection |l t4) reeroseeovered and
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gt e nfoﬁ%d b%gﬁlrﬁerssa%allrrllgubgt% %&rflt arll ﬁmg at%7°C 2mL Broth samples were
taken hourly to track growth and TGF-Beta 3 ‘wild-type’ and mutant protein expression
(post-induction). Growth was determined by measuring absorbance on a spectrophoimneter,
at a wavelength of 600nm. When the absorbance measured 0.6 Abs the cells were induced
. to express ‘wild-type’ and mutant TGF-Beta 3 proteins by the addition of Isopropyl B-D-
Thiogalactopyranoside (IPTG, Sigma) to a final concentration of 1mM. The cultures were
incubated for an additional 4 hours. 0.5mL of broth samples were pelleted by
centrifugation (10 min 10,000 rpm in a Sorvall Biofuge) and the supernatant discarded.
The pellet was re-suspended in SO0uL of Sodium Dodecyl Sulfate (SDS)-polyacrylamide
gel-electrophoresis (PAGE) sample buffer and heated for 10 minutes in a water bath at
95°C. 10uL samples were loaded onto SDS-PAGE. SDS-PAGE and Coomassie Blue

staining was performed as described in A.T Andrews (1986), using a Hoefer®Mighty
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p

sus sion was then centrlfu(g for 30_m_nutes
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sglgé{q ! tg% I%g] ULﬁq,éJrﬁl%lga[t? opt %f? sgflﬁso f\k en ﬂ’ie%@l%éﬂ W éé()change 0 0
(v/v) acetic acid. 1%(w/w) DTT (Sigma) was added to the suspens1on covered and left

stirring for 30 min to reduce any disulfide bonds that may have formed between TGF-33
monomers during the buffer exchange .The suspension was centrifuged at 12,000g for 40
min to separate the soluble and non-soluble proteins. Samples were taken from urea
solubilisation and buffer exchange steps (acetic acid soluble and non-soluble material),

and then analysed using SDS-PAGE.

1.8 Ultrafiltration

The 10% (v/v) acetic acid soluble material from Section 1.7 underwent ultrafiltration

using a 10kDa membrane on a Vivoflow50 (Vivascience). The purpose of this was to



soluble in the 8Murea precipitate out of solution

when the buffer is exchanged to 10% (v/v) acetic acid.
WO 6or1odo4DTT (Si gma) was added to the suspensi BPET/GB2007/000833

covered and left stirring for 30 mn to reduce any

di sul fide bonds that may have,fornmed between TG/ 33

mononers during the buffer exchange . The suspension

was centrifuged at 12,000y for 40 mn to separate the
rehicathe vahuns ofi- 196 (bive apetin e¢if susgagioncty Jleaids ke gemove low

fromurea .sol ubil i Lon and buffer exchange steps
11{0%@@@%5{@1@}8@%%@?&8 non-sol ubl e material), gnd

then anal ysed using SDS-PAGE. 1.8 Utrafiltration The

10% (v/v) acetic acid soluble material from Section

19 7 @dddtwationul trafiltrati on using a 1CkDa nenbrane

Vi vof | i i _ ! _
108, i Foneoarh e B VBB RIS B ARRAF 2o/ SephREy1 5100
hesHSRESIEH N cd1amANAnasnshatug 3pembY @ 1094/(vw) awtit acidweh glow rate of 1.5

proteins (<10kDa). 1.9 Gel filtrati es e, f

nge/mm-olffaqtgonswﬁtaéﬁ% RODBRCHP HeRAtEisd Zﬂﬂi‘j'%ﬁ?p? g@“@’é cited between
b 25z Lgh~f.gsol uti on col um (Aner sham
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eta 3 (whi.ch eluted between 100 mn and 140 m n) were
1ol doPRUSELIPR o hhi | j sati on The pool ed fractions
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Ref ol di ng The | yophilised, nononelic, TG--Beta 3 from
Section 1.10 was solubilised in 8M urea containing
11OVRFlding i | a final TG--Beta 3 concentration of

| Omg/ nl..was achi eve e TGE-Bet,a , 3 s tio . .
Tasdde e S Saoie) EOCERHt gt oy bi g doliPlerd p ot s
c%%%rﬁ”ﬁg { oVl DHrARit b fmPrEERBRa bd et &idnNPIBmAR). was achieved.

% v/v) D methyl Sulfoxide (DVSO, Sigma), 2% (gvv/ vz) )
The(TGR:Betaahsadeprmowsd gdded dropwise, while stirring to re-folding solution (1M 3-

| Tt XL AR O hreR 2P 2560 M S¥feide (DMSO,
B PR TR R e SPn B Y et M Sforide
SipaaR) , B405Wy/v)  3-(3-cholamidopropyl) dimethylammonio-1-propanesulfonate
(CHAPS), 1M NaCl (Sigma), 1%(w/v) reduced Glutathione (GSH, Sigma),0.05M

Trizma®Base (Sigma) pH 9.3 ) until a final concentration of 0.2mg/mL TGF-Beta 3 was
achieved. It is important the pH is kept within a range of 9.2-9.4 using concentrated
NaOH/HCIL. The solution was covered with Parafilm, which was punctured to allow
oxidation of the monomeric TGF-Beta 3 and left stirring at 8°C. After 144 hours the
solution was centrifuged at 15,000g for 40 minutes to remove the precipitate formed and
the pH was adjusted to pH 3.5 with glacial acetic acid. The supernatant contained
disulfide linked dimeric TGF-Beta 3, which was determined by SDS-PAGE (non-
reduced) and Western Blotting. The SDS-PAGE was carried out as described in section
2.1.

For the Western Blotting, samples were loaded onto a lmm thick, 15% v/v)

polyacrylamide gel. Once electrophoresis was completed the proteins within the gel were
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helix plays an important role in the correct re-folding of the TGF-Beta 3 molecule.
Substituting the amino acids involved in the formation of the ‘salt-bridge’ did not effect

re-fold yields.

1.12 Hydrophobic interaction chromatography

The renaturation solution from Section 1.11 was concentrated to 50mL by Ultpaﬁltration
with a 10kDa (molecular weight cut off) membrane on a Vivoflow50 (Vivascience). The
renaturation solution was diluted 1:1 with a solution containing 2 M Animonium Sulphate
(Sigma) and 10%(v/v) acetic acid. A 2ml Biorad column filled with the Phenyl-Sepharose
Flast Flow (Amersham) was equilibrated with buffer A (1.0M Ammonium sulphate and
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KOV Brhfilkration/diafiltration

The fractions containing purified monomeric and dimeric TGF-Beta 3 molecules from
Section 1.13 underwent ultra filtration/ diafiltration to exchange the buffer to 20mM
Acetic Acid, 20% (v/v) Isopropanol and concentrate the sample to ~10mg/mL (TGF-Beta
3 concentration was determined by U.V spectrometry). A Vivoflow50 (Vivascience) with

a 10kDa cut off was used exchange buffer and concentrate the samples.
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Gly63-Pro protein band position was slightly higher than the band for ‘wild-type’ TGF-

Beta 3. This was to be expected as the substitution of Glycine 63 for a Proline made the
Gly63-Pro mutant protein a larger molecule than ‘wild-type’ TGF-Beta 3 (see Figure 3).

2.2 Cell growth inhibition assay to compare the biological activity of TGF-(3s of
the invention with that of wild type TGF-{33

The cell growth inhibition assay (A Meager, 1991) is an in-vitro biological activity test
for TGF-Beta molecules. The colorimetrical assay is based on the inhibitory effect of
TGE-Beta molecules on the growth of Mink Lung Epithelial cells (MLEC). 100pL of cell
suspension containing: 1 x10* MLEC cells/ml. and complete medium (DMEM
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(v/v) Acetonitrile to give a final trypsin‘ concentration of 0.2ug/pl. The digestion was
performed overnight by the addition of trypsin in a 1:20 (w/w) ratio with ‘wild-type’ and
mutant TGF-Beta 3 proteins .The digestion was quenched by the addition of formic acid
(Fluka) to a final concentration of 0.1% (v/v). The samples were then diluted to
1pmole/uL. The peptides were then analysed by a process of nano-flow RPLC-MS
(Ultimate system, Dionex online to a Q-ToF2, Micromass). The chromatography was
performed on a 75um C18 column (LC packings) utilising a 43 min gradient from
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i.ngs) utili si 5 m radi ent, fronb% v/ .
ABerunP e et sBS s RBeoRTERSPE, sohEnia! didi-Pes? proteins
oK infvBRi daRdHnOihcidRhal AARKEBIGRALL ValRlDRhEng\3edR)s ?Pﬁ-wounding) and

i nstrunment neasured the nmz of peptide ions elu g

seaprng 0 dags apsi-weunding) imadubpmeeriatst e i ons for M5 MS

anal ysis where collisionally induced deconposition was

enpl oyed to fragnent peptide ions to render sequence

B/f or Kniwitisod dithy etfects bAwaAlt9He TEF-GB aqll THCF-338 38 t1f invention
the invention The biological effects of re-fol ded

groyQrad Realing: ype' and nutant TGF-Beta 3 proteins were

i nvestigated on incisional and excisional wound

heal i ng (3 days post-woundi ng) and scarring (70 days

pde rate (Bikiaged Dawleyd udre anaeathetizeit with HdotBampand o lofcks shaved.

ffects.of wild t TG/ 33 TGE-j S3 .the . .
WA Gwiechd Dichotig nekEs itk SERL wrgits iah Bkip Bsking ink as
Havianadshietd. z2@anpikd WekalinbiRang addle thBide BagKS containing 0.25M
shaved. Vbund|2§BEOS|t|ons were marked usin

Maktqern (&igasip 0408 Yani(¥hy) saeptic ragid iand (P~313é’/oaév/g)h gmmml Alcohol to
Ed;##fét?atg)gﬁ ?g{gﬁbﬁg 112\9%5@&91' Aﬂts%%pieg wsetree ﬁitslerestf\:/rﬁpsie& Iagd endotoxin free.
Four rats were used for each treatment group.100uL of sample from each treatment group
(Table 4) was injected intra-dermally into marked wound positions A and B (except rats
receiving no treatment (naive)) At wound positions A and B punch biopsies were made.
All animals were caged separately. After 24 hours the animals received a second dose of
sample. After 3 days wounds were photographed and analysed using a macroscopic
Visual Analogue Scoring system (modified from Beausang, E ef al 1998). Statistical
analysis of the data was performed using Mann Whitney U/Student T tests. A value of

p<0.05 was considered significant.

3.2 Assessment of day 3 incisional wounds treated with wild type TGF-G3 or
TGF-83s of the invention on wound healing using a macroscopic visual analogue

scale



Mal t ose (Sigma), 0.002% (v/v) acetic acid and 0.33%

(v/v) Isopropyl Alcohol to concentrations described in
waawao#4s Al 1 sanples were filter sterilised aPdI/GB2007/000833

endotoxin free. Four rats were used for each treatnent

group. | OO of sanple from eagh treatnent group

(Table 4) was injected intra- derrmlly into marked

0 rats recelv ng NO«,.

t rggltgﬁ%n‘?’b%&gﬂé?ﬁ %&gql\}\%ed( %iﬁ(e OS|dFYsoH$§n% ARGCHRS (P [Y isual Analogue
tHcalesiVasS wamethisaee-poit scaAd b ¥8b18 ofeY @pLRERE a SERhe &l Wound and a
After 4 hours the aninals received a second dose of
SEMG106 10 Kgpresents aguepspapslirfieslederaungrideia ghapnibat: and
anal ysed using a macroscopi ¢ Visual Anal ogue Scoring
system (nodified from Beausang, E et al 1998).
Stredtimsht eidh 5@:@1 Q0piLsord00hge0wlel of wid-tygrrTEF-Bech Zdaédﬂ@ses the VAS
Mann V\hltne ipudent T tests. A value of p<0.05
Sertsi(ber é]auﬁrgvgﬁq‘i iTBAFRRSCOBIC APPSEISS A Y ousHskiegmppred 16 no treatment
%{/esgcgﬂ{%if #{eh‘?%r’%vwelﬁl?hgﬁ \ggflw Sg%t Gr‘ﬁca%ﬁg 11%§10Q1red (p<0.05) the
EpIacsIco pf Woumcﬂuﬁinpafbﬁl toay ereatmﬂne{rﬁﬁie&ioﬁﬁalb .80 Ue\ferated healing.
were exanined after 3 days using a macroscopic Visual
Anal ogue Scale (VAS). On this ten-point scal e a score

f 10
e R S Sl PO SRS B Bl R Forehes e vas

t;cthaé ‘cothp&x@tl ree o m&dtiﬂeﬁtoﬁﬂivbo&ntfbl)clfnd| é@%@fﬂp@ﬂlﬂe #f wounds treated
| d-type TGE-Beta 3 decreases the VAS score (i.e.,

hﬁl}r EY\lfléstYquér GHxBesstidpi did apijemededling:  wounds)

conpared to no treatnment (na ve control). Treatnent

with thel OOng/ | OOnl dose significantly inproved

Creatn @ withnfOng{ijpear. a0 ¢ 00194/ 1 00 EIIh€ OIRI3LRE rhi@tafiQiecreases the VAS

t reat nent é\n a ve control) i.e., accelerated healing.

3506% £oRRATIE 1P Mosieainemo(naive sioniraigd | acDepmparableeto wounds treated
63:1Al 1S fore conpared to

%Mt v;‘}lelg\itﬁ'ént Engsg%goﬁ??%ﬁ?glgﬁéﬁ[ﬁ% %on‘par able to

wounds treated with "wld-type' TG--Beta 3 i.e., did

t ippair healjn Treat nent with 50ng/ 100 nmi_or
? %Ongﬁ) 1e365¢ORi¢ Asiessent i pPound: X‘Htiﬂaé‘e'f dayed Eneisignal Wounds

ARG HOMuEEART t trol) and are
fg%&pggbl e ti(g-%lv\%gands t?%gt]g%pvﬁegﬂgﬁﬁoﬁégﬂtype TGF- Bet a

Bxdisienal \Wluildnmdth maalasseh@dlmro;gnscemwm atast dpyscAll wounds treated
A%ﬁ %‘%anE 11\30’[%9 a\é\{lqrtnﬂant protem¥ showe éosfrllp%?z&)le Wouncgi width to the

placebo and no treatment (naive) controls, confirming that TGF-Beta 3 mutant proteins

have no adverse effect on healing (Figure 6).

34  The Effect of ‘Wild-type’ and Mutant TGF-Beta 3 Proteins on Wound
Scarring (Day 70 Wounding).

Male rats (Sprague Dawley) are anaesthetized with Halothane and their backs shaved.
Wounding positions were marked using a standard template with skin marking ink as
shown in Figure 7. Samples were diluted in sterile vehicle buffer containing 0.25M
Maltose (Sigma), 0.002% (v/v) acetic acid and 0.33% (v/v) Isopropyl Alcohol to
concentrations outlined in Table 5. All samples were sterile, endotoxin free, and pyrogen

free. Four rats were used for each treatment group.100uL of sample from each treatment



Treated with wild-type and Mutant TG--Beta 3 proteins

Exci si onal wound wi dth was assessed mi croscopically
wa@taenoP4zlays Al wounds treated with TG Bet aPGI/GB2007/000833

"wild-type' and nutant proteins showed conparable

wound width to the placebo ang no treatnment (na ve)

controls, confirmng that TG--Beta 3 nutant proteins

have no adverse effect on heallng

ure 6
gERfupeTable o) Wi umeqtgcb@traaiﬁan o BOURI Bosigsch ARTB (except

Wound Scar r 7 1
LA By P i g, o
iddigbrs Wee ksads RetkedNo Vﬂwrcd]pabblpdrs iAll mrimalwevese pageld separately. After

zgﬁ}'m%%s ﬁﬁ%&gﬁ&;&%ﬁhﬁs&o%ﬁ?@%g& aqqg@le(l %%tﬂ n}lb ?%ys scars were
pﬁgtggl%’/ﬁe(‘(p% eﬁn Haﬁéﬁﬁ &%M%@& 1 ¢38al( AnGIoBYe Scoring system

VIV c aC| Y (v/v) |sopropyl
(Abgidiea frono Bemamg;tﬁ attald@QS)o UFhe wewhdsweTabkases, andjplaced into 10%

sanpl es_were_steril e, endtoxmfr a

g A S
}_L of sSABRL Guld" ggb&?% Lk Rat MpBt gides Pvértaithided) witSMassons
nj ected Intra- l'y into marked wound positions A

Taietrothe exnd anhlysat sStatesrtlealvarm@fsntﬁo of tecaddptenyag pavfeyyed pging Mann

d t d B ful hi ck
R ORE i B R VoS DR R
ani mal s were caged separately. After 24 hours the

animal s recei ved a secaond dose of sanple. After 70
days scars were photographed and anal ysed using a

oA uny bR 7RG s WA SRRV AEC

Iﬁ’diﬁioﬁ)ell ag&thds rwe:re Jd&%m&mﬂf ftee CFOSd’dyls nesutgeza maen@eomg VAS system. A

processed_into ck. Th

s¢ote O 4 vndigaiest gg%B s 8?1 a&?ﬂieﬁ é%&"%lha §Fmo(e ferﬁ)u VAS analysis
of ki 27‘%&1&%%6th th Massons Trichi O Tie and

anal ySed. Statistical analysis of the data was

per f or med usi ng Mann V\hltney U Student T tests. A

%@Ld:e o H%‘FO B %b%ﬁ Q(? gLﬁgapall\gLHn 16@@? doded) reduced scarring

cM%al%a%pth% plAsEbo | isaterll @[mahalwumdﬁldwem bocthrddsend tld$ retuction is
O days using a macroscopi ¢, VAS Sérsztem A score of 10

staﬁndnlcﬁélb’éagnaﬁ@aﬂ(%@éﬁ) aerapared toihe Pleeely freatadoyoRdsski n
(Figure 8). VAS analysis of the day 70 wounds shows
t hat:

Gly63-Ala mutant (at 50ng/100uL and 100ng/100pL doses) reduced scarring compared to

the placebo treated and naive wounds. For the 50ng/100pL dose this reduction 1is

statistically significant (p<0.05) compared to the placebo treated wounds.

Gly63-Pro mutant (at 50ng/100uL and 100ng/100uL doses) reduced scarring compared to

the placebo treated and naive wounds.

Glul2-Ser mutant (at 50ng/100puL and 100ng/100uL doses) reduced scarring compared to
the placebo treated and naive wounds. For the 50ng/100uL dose this reduction is
statistically significant (p<0.05) compared to the placebo treated wounds.



"Wl d-type' TGF-Beta 3 (at 50ng/ 100 nL and | OOng/ | OO
doses) reduced scarring conpared to the pl acebo

wo e@atied4mind nave wounds. For both doses this PEHGBRI0GH00833
is statistically significant (p<0.05) conpared to the
pl acebo treated wounds. G y63-¢Al a nutant (at 50ng/ 100
nmL and | OOng/ | OOn. doses) reduced scarring conpared to

Rl b T U2 TP 6 ALEE S oL 499 W] SOQHET 0L doses

R e R T SR S e

doses) reduced scarring conpared to the placebo
reat ed and nave wounds 2- Ser tant, (at 50ng/ 100
6 anBﬂF%@‘Féﬁﬁ‘?ﬁS%é’i)"aygﬁ&&%%O PR conpared to

tThe 1941@85%@31& Efale doftad ufiAY Bh¥OURES scdrly  §Reend OR&e 1@ firmed by
mL dose this reduction is Statistically si'gnificant

tqstccbogﬁ@)l apdpgiar Bapresentdiive pkamelboof histetazicahslides srodigpingn Figures
|
R B dh? st sl Sl BBRESIRR e ladifapLe Bt proseins in

.@&o@ﬁﬂb@e twiathe dnPéhi o M &uceD urﬁﬂxﬁﬂar&lﬁ)rM/@ﬁaﬁd@ het seen with “wild-
assessnent of da§¥70 i nci si onal_ wounds

ned
YRer 6SEOH- cThas prokains ofdhemvariqngngpee haeoliagsp .ﬁﬂ?ge%%ltl@ e scar to
Aol ol bl Bl Bchupoging sl

shown in Figures 12 and 13. The hi stol ogi cal
hoton1crographs show that addition of TGF-/3 3
gr ot ef-ARCIIHOBY cor dance with the invention induces a

t Y;
?hénﬂ%ﬁ[)ﬂitgﬁ)gq}{? g[r-?ﬁta Heflx (Béﬁzveéx? Shid¥ b8d ekilieds 58367) impacts on the

p erns of the i nvention induce t
foohhtgye mff fubc‘retmaw tdniaotly hre-folsled, donéray & GH- BﬁﬂaaB durmg re-folding.

hol t t th
SaP Rt oTa HRlR B0 RS ralSine, gty jmproves the
&ffoldﬂ@ff@ieabﬁ wWiRkd ¥s (Seinmedy B ﬂ%aaﬁélﬁc bE siskiasing85HEéhne63 with

acts on the formation of functional, correctly
PIQ inehatelic oppesieicfedfGF- Bet a 3 during re-fol di ng.
Stabilising the al pha helix by substituting G ycine63
with Alanine greatly inproves the re-fold efficiency
wistietiag theBlgdné i6Siwigh tAigniat phPréiéld dodaynas uilist iteutvoogd healing
A ycine63_ wth Proline has the opposite effect.
eompergd oy Wild-bive” B d3¢ie363 with Al anine or Proline
does not alter the wound healing

Gly63-Ala and Gly63-Pro reduce scarring compared placebo treated and untreated

wounds.

The formation of the ‘Salt-Bridge’ (between Arg52 and Glul2) does not alter the re-fold
efficiency of TGF-Beta 3.

Glul2-Ser and double Serine Mutant reduces scarring compared placebo treated and

untreated wounds.



conpared to 'WId-type' TG-—-Beta 3. dy63-Aa and
A y63-Pro reduce scarring conpared placebo treated and
warioraetoesl wounds. The formati on of the ' Salt-Bri/dget07/000833
(between Arg52 and G ul 2) does not alter the re-fold
efficiency of TGF-Beta 3. d ut82-Ser and doubl e Serine
Mut ant reduces scarring conpared placebo treated and
Sunt r daefesrabprudecdls fdrrthe §irb@EtNSORBhEMEAE ok MBmeric TGF-3s in
production of nmononeric or dineric TGF-j83s in
ageerdlageswith the prespat igvertion. i nvention. Preferred
conditions for the generation of correctly refol ded
nononeric TG--Beta 3s in accordance with the present
Brefennd comlidors fas tHeodehemon Of Zddradtlfayfutdddenyh@ie®OTGF-Beta 3s in
et hanesul.f oni c_aci d\gCHES%, 2 reduced gl ut at hi one
ERES QCG&IE{HE;?BS?F%H%%&H SRR S GSSG), 0. 12nmg/ ni
TG--Beta 3, pH 9.5 at 2-80C. 3QrM Taur odeoxychol at e,
0. 7M CHES, 2nM GSH, 0.4mM GSSG, 0. 12ng/ nL TGFBet a 3,
Opi¥l92gcdeotrx glomind) MethpSBuliadic &ndv (GHIES)e RrgMitraditied nglutathione

(Gl OB afiost BoRsOh S dppralnt TGRS ot 25°C

gl ut at hi one (GSH), 2nmM oxi di sed 4 ut at hi one (GSSG,
0.12ng/ M. TG~-Beta 3, pH 9.5 at 2-8C. 30rM
39aM dderodyetishelate, 0170 CHENBEVRASH, 20avhVed886d 0.12mg/mL TGE-

athi on H), 2mM oxi di sed @ ut at hi one (GSSG),
B%ta%ma%% eta 3, pH 9.5 at 2-8C. 30r1M
Taur odeoxychol ate plus 0.7M CHES, 2mM r educed

| ut at hi one (GSH), 2nM oxi di sed 4 ut at hi one (GSSG ,
131 NOfip-201, T22-MBestlnced, glptdttforte @FSI2), @M 3Qidiked Glutathione (GSSG),

ur od olate. 0,7M CHES, 2nM GSH, 2nM GSSG
Oéi?%@ﬁg{gﬁ'gﬂ%epg %> ab@%%SHQS at 2-8C. In general a
TGF-j) 83 in accordance with the present invention may
be folded into a dimeric, biologically active form by

O MretHiBs, coiprediced gudihioet (GSK)|2thM bridiked Glutathione (GSSG),
0.12mg/mL TGF-Beta 3, pH 9.5 at 2-8°C.

30mM Taurodeoxycholate plus 1M NDSB-221, 2mM reduced glutathione (GSH), 2mM
oxidised Glutathione (GSSG), 0.12mg/mL TGF-Beta 3, pH 9.5 at 2-8°C.

30mM Taurodeoxycholate plus 0.7M CHES, 2mM reduced glutathione (GSH), 2mM
oxidised Glutathione (GSSG), 0.12mg/mL TGF-Beta 3, pH 9.5 at 2-8°C.

30mM Taurodeoxycholate, 0.7M CHES, 2mM GSH, 2mM GSSG, 0.12mg/mL TGF-Beta
3,pH 9.5 at 2-8°C.

In general a TGF-B3 in accordance with the present invention may be folded into a
dimeric, biologically active form by a method comprising adding the solubilized,

unfolded monomeric TGF-83 to a solution containing:



unf ol ded nononeric TGF-/S3 to a sol ution

containing: (i) 2-(cylcohexylam no)-etlianesulfonic
w@eiod/1048HES) or a functional anal ogue thereof ; PEIGBLI0TN00833

a | ow nol ecul ar wei ght sul fhydryl/disul fide redox

system and incubating the gr®sh factor in the

solution until dinmeric biologically active TG--/7?3 is

f or med. 2Redbarexpidmins)etithdnenafohis aéitle(QHEPSY 8f ia0uRfional analogue

corretﬁtlg/_re ol ded dinmeric TGF-Beta 3s in accordance

wi t h "tHE %P“é ent invention are as follows: 0.7M

2- (cyliy® ' | | L TV

r edu%:_(é}él %?ﬁgf?ﬁh %ﬁgve%h%aglﬁg}gkﬂ%%ﬁ%g%%s 98%32’ 3?‘% one
inqubem)g the. growt]l FrctoFGR-tBe salution pidilAimetit b2l 8kical BQMve TGF-63 is
f odeoxychol ate, 0.7M CHES, 2nM GSH, 0.4nM GSSG

. 12img/ mL TGFBeta 3, pH 9.5 at 2-8C. 30nM
Taur odeoxychol ate, 0.7M CHES, 2mM GSH, 2nmM GSSG

PPefd80 cBhdifiShe Bt i . ErERRED )
EXPERI Ng%d%ﬁﬁ%cg%ﬁ%wléﬁ P ety rs AR R G Beta 3 in
agrdanTRASRORMETeOihveTition pieBs Zeltbwsect or i s deri ved

from pBR322 vector and contains a T7 pronoter under

LacUVS control and a kanamycin resistant marker gene.

ODNA 2ieAeiliegy hidnd) 336 | DY@ NI T OF (JhBEST i
o PRepeay i), (ﬁféév%“‘éﬁ%f’a%‘% S %6 1EABER | Aathione
(@3 0.4 p>eidigeetht Bhivne KS$ S G), OH 2 g¥mBarGH-BBu 5, oH ¢.5len2-8°C.
Engl and Bi ol abs) in a 15nL reaction (Nucl ease Free

Wat er, Novagen) at 370C for 4 hours. One mcroliter of
3@EN 246ogbRs/thélateNo\ SEBCGHHIBAM GsET :
manner. The “di ges%\lg\émg%laa’nd t ggpg?ge plgg%éﬂgﬁﬁl%r“ TGF
Betagy irbl-S at 2-88Gar ose gel purified and recovered using

the SpinPrep Gel DNA extraction kit (Novagen).The

purified cDNA and plasm d fragnents are |igated using

30iAM T@aseedslythdiNeM® j @afre id i S
transfor msdlyi nto ’Hl\/%plrlk;}iE%r’rD%%V ?%vgﬁgﬁﬂﬁﬁg?ﬁ%ﬂ%%ﬂz?@ Beta
3inthASfaderRC. on kit). The transformants were sel ected

by plating on Luria broth (LB) agar plates contai ning
50 g/ nmL kananycin (lnvitrogen). Suitable clones are

PREFERRED EXPERIMENTAL CONDITIONS:

5.1  VECTOR CLONING AND HOST CELL TRANSFORMATION.
The pET-24d vector is derived from pBR322 vector and contains a T7 promoter under

LacUV5 control and a kanamycin resistant marker gene.

DNA encoding TGF-f3s of the invention may be digested with 0.75uL of Ncol (New
England Biolabs) and 0.75uL of BamH1 (New England Biolabs) with 1 X BamH]1 Buffer
(New England Biolabs) in a 15uL reaction (Nuclease Free Water, Novagen) at 37°C for 4
hours. One microliter of pET-24d plasmid (Novagen) may be digested in the same manner.
The digested cDNA and the large plasmid fragment are agarose gel purified and recovered
using the SpinPrep Gel DNA extraction kit (Novagen).



restriction digest and/or expression. 5.2 C one

Screening for Product Expression Clones are grown in
wa@b@kaofohask cultures of half strength ' Terri fPCT/BB0G0R/000833

(6g/ L phytone peptone (Becton Dickinson), 12g/L yeast

extract (Becton Dickinson), 28/L glycerol (JT Baker),

1.16g/L potassi um phosphate nonobasic (JT Baker),

Tﬁe Rfidd mﬁﬁ%ﬂlﬂiﬁsﬁh@%ﬁgﬁéﬁs qfeb@g?atéa &sﬁl ’@@!fi%ﬁge’ kifdNdvagen). The

itre with distilled water) i nd uc in
llw@b BN Atlagpridsie tmnsm&)nbetﬂwéih% (BEShl(ﬂNomgSS WISH74 (DE3)

a t hi, ogal ac rano
iR, B e S Pbots SRt SRy R RRUOE phorpyfroth (LB) agar
plaséﬁh éon@inifg  307EmBNRandidtiis CElvitsg égdlsm&m@l@dasﬂéss dief 8dl6cted for
acryl am de gel el ectrophoresis (SDS-PAGE) f
repm@émdlgﬁsﬁmb,‘@n%nreamn .expression. Sanples from
suitabl e clones run on NuP AGE(r) Novex 12% Bis-Tris
Gel, 1.0mm (I nvitrogen) for approximtely 40-50

5.0 nuCﬁﬁae@créeﬁﬂi”g'fokil)ﬂmsctmﬂr&ﬁGnVol ts and then st ai ned
with Coonmssi e Blue. Expression of TG--/3

Clowgs) ﬁ@aﬁe‘@nmqhalf%ﬂasknvﬂwcﬂf halfystrengtdh ‘Eéﬂ?ﬁf‘dﬁgé]a (6g/L phytone
PR RE RS DR 20 P SR en YR PRRERaf, 2 ol 0T

Bas)0. 1@@/Lapqﬁassnimrph®phat& momntiasm @ dBbkar), R§g/krmitassium phosphate

t t.h ddi | .to.209
i Fgao g ‘;ﬁhtitréﬁu%h@% 5 yisyang r‘V&P‘iFL%ﬂRﬁ%@ phase at
om@t%twb%ﬁ Pe33a1kd Bf359k¥E %M)ls %{ 'B%ﬁ-ﬁlﬂ%gﬂa&&pyranwﬁe (PTG).
5 Sequence Confirmation of TG--Beta 3 Gene. Sanple

Pest—indiiction smuplexate faken B houns raﬁclehb additokef BI& atndlamlysed by sodium

he .add | |
el byt &) eeXrfioprisy SR AGR HrBpdidifution and
e;;yr@gslﬂhdsmﬁ 186 G681 GBEhbRN BloN & hinl 6 NHPATE® NdveR! PIVREIE-Tris Gel,
pri mer - TAA TAC GAC TCA CTA TAG GG-3') and a T7

lp@,nh{ln Qgeq) Hpirapprosmaetyr4GT mripmstes @l 20oalldgaps and 200 Volts and
o e -

mayp s ba indgc&Diotheso tultdr&0y nedi um (12g/ L Hy- Soy (Quest
International), 24g/L yeast extract(Becton D ckinson),

10g/L Nad (Sigma) and 10g/L glycerol (Sigma) and
5300k e CelidPRIY C1 N-

Clones are grown in shake flasks in half strength Terrific Broth to an ODggg of approximately
1. and stored as glycerol stocks by the addition of glycerol to 20%(v/v). 1.2mL of broth was

aliquoted into 12 x 2mL cryovials (which contained 0.3mL of glycerol) and then stored at -
70°C.

54 Sequence Confirmation of TGF-Beta 3 Gene. ‘

Samples of cultures used for frozen cell stocks are taken before the addition of glycerol and
used for plasmid isolation using a Qiagen MiniPrep Kit. The isolated plasmid is sequenced
and verified using a T7 promoter primer (5’~TAA TAC GAC TCA CTA TAG GG-3’) and a
T7 terminator primer (5’-GCT AGT TAT TGC TCA GCG G-3°).



The flask is incubated with shaking at 37C and 200r pm

and sanpled periodically to neasure OD550 Wen the OD
wotoorhetssul t ure reaches 3.21 LVnl (after 7 hourGl/GBe007/000833

cell broth is used to seed a 150L fermenter (100 L

wor ki ng vol une). 5.6 Fernentatli on Ni ne hundred

millilitres of cell broth (from Section 3.6) is used

5% i rseedicalliaréa 150 L fernenter (VWHE) containing 90 L

of Batch Culture Media (0.6g/L K2ZHPO4, O.4g/L KH2ZHPO4,

4 sdegpd suijalslonesis gnaculaieddalp, a 244ire bytdad tErisnmeyertflaskdcontaining

Sbégﬂ'ofgi})sg)f Fﬂgg}lgn Iﬁg{[{ %5(—5%9:(@1&? ﬂltolﬁ%%rboant g? ) E{?%%F Ll ,%t(Becton

are contro S nmper a
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Theyidask is Dmyubptetl twith shaking abdERdnd @0APEYend sempled sriodically to

SSyne S i, and th [ tati ng._airflow

e DI Bl Mo o B0 armbfor b O/mE el aisbine Con broty
im&wrszee@awmmeﬁtwném Lstdkihg vélgsepctively. DO is

mai nt ai ned above 20% by adjusting the fernentation set

poi nt parameters in the following priority: Agitation

X .. aeration (max 1.5 win), oxygen

SgﬂgpﬁéﬁgﬁﬁgP?on (max 33.3 Ipm, and backpressure (max
Nife handred mahititieg ofi@sll daathr @ohe $ettiohB.6) W asddCtolimbdulate a 150 L
(25% v/\/)a]11 Wien the OD of the culture reaches 10LVnL a
fgmyrisr SWVHE. gontaiome, P4 )L jof Bafrh iGrlare Media (0.68laKetB0s, 0.4g/L

SRR ISR e s BB 4B L. oo,

faowniation aferaing parahetddy ate sbntdllee bs BN tEmperature set point, 37°C; pH
S%)tost-i nduction, the fernmenter is chilled to 10C and

o /| Byirdaipedagiing N ommerundydeatior andofS phogpharic acid), and;
oL SRRTLESPERS) Ul TRATMA R, A0 E9U0 0 e 7 i
theudgitatien arsl didflove wered200y4000mi withans voRinid bff Algpér Wlué bhmedium

a Westfalia CS conti nuous centrjfuge at 10C. The .
PRGNS Y 8 S5y SBcPtarya B BomrpsiHage Ve (250 Pataiusting the
bRl it P I00E B8 SOLEFL B Ay, s
(e b Seot pxyged . supplemendationt @thx 1333 Wint)h ahd backpRishifre(max 12 psi).

POt o RS a B Bl O R sk A s e R thagere reaches
1601 O glykerdl feb® (50% /s iRiaBd 8 a AG\ralcSorSI4SNSRANE Skl OB reaches

a_hand hel d honogeni zer. The resuspended
40 U/mL, the cells are induced with the addition of IPTG to 0.2mM final concentration.

5.7 Harvest

After 4 hours post-induction, the fermenter is chilled to 10°C and the airflow and
agitation are reduced to 0.3vvm and 100rpm respectively. Foam and pH controls are
terminated and backpressure is adjusted to 3psi. The culture is harvested by continuous
centrifugation with a Westfalia CSA 8 continuous centrifuge at 10°C. The centrifuge is

operated at 15,000 rpm and a flow rate of 3 litres per min and cell slurries collected.



cell paste is passed tw ce through a hi gh-pressure
honogeni zer (paraneters: pressure, 10,000 psig; flow
WO 2008/104989n1/ mi n; and tenperature, 150C). The PCT/GB2007/000833
honogeni sed cell lysate is then centrifuged (bucket
centrifuge, fixed-angle rotor} at 5,000xg- for
20m nutes at 4C. The supernatant is discarded | eaving
Sissolddbl Bysis and IB Redoweyli es) TG-- b 3. The inclusion -

odi;é IB).pellet is re-suspended in Wash Buffer

111@16. r@ée@t jopscelinst (fngn Segtionad.7pis Glwigd b with L ywisriButfer (6.1g/L
TEPhAPARTDAe] 2L A SRR DUOB(T 001 O A ot na
18gdli Traton X+16M) FHE.0)omdSreSubsended usitg alliah@ heid Komogenizer. The re-

Sol ilization, Buff 6.1g/L_Tris, 15.4qg/L )
R B S s TS s 2 bpespon gt

S LS h : ' Y .
o PAEe08 rs SRyt BRTBRRARRG 15067 Ao homogenised
cell dysates js titenr @atrifugetdp Gueketr eentrifugq)| fikid-arkte thtér) at  5,000xg for

ncl usion bodies and reduce TG--/3 3 to its nononelic
ZP’ES‘FWCWQ Gk supgrnatagt s discaried degying iasolile fiiclusioa botiss) TGE-

s - Wi |C [ [ &, ACHDAL | for. .

o R bty OB P8, | CrsRgfhollEd 3 SWhATHOAL B B v ana
3QPgfli EDTA pHirg.0) tsime 4 hirdatidl@horaogenBteabid témdifu@sd (5,000 x g for 20

Sol ubi | jzed material from Section 5.9 is clarified,
ety Sed and dia-filtered in a Tangential Flow

Filtration (TFF) system (MIlipore). Initial

clarification and concentration is achieved with a

58r e- borlasion Bodd Solubilifatioat i on TFF nenbrane (M I 1ipore
screen V)

el | j.con OOO§Da,, reé;;ene_rat ed cel | ul ose, scree : _
T ée‘%ingm PRSten, 38 35 dduted | I Kb wath $qlubilizationr Brffard(6.1g/L Tris,
b CH : : i1t ad | af 1Lt cadi / .
DA 0 00 Bl b v
hayel held bemogenizaeeThaYuspersiriliSieorGed and lefhaitring §re0-7Nmbnutes, at

SoL e S NI S ——
fodnt Taé it 6Rxhé %éusﬁ@xﬂi’eﬁ@%ﬁ@ﬂ i€ alifibRl @&EH@M-% with NaOH/acetic acid
Chr omat ogr aphy. The selected refolding solution Is
b‘?f@’i?éé‘?ﬁhag%ﬁﬂ@ seendl thye firt6OafS5 thinutesi on (t he nenbr ane
may be a flat-sheet MIIlipore Pellicon 5kDa, 0.1n2,
Regenerat ed Cel | ul ose, screen). The pH of the
5.t0ncehirifddation/TEtfafilehaieh 8hd Piafilgratioan adj usted to a pH

f 2.5-2.8 usin | aci al
S(?lub1ﬁzed material frgmgSectlon 5.9 is clarified, concentrated and dia-filtered in a

Tangential Flow Filtration (TFF) system (Millipore). Initial clarification and
concentration is achieved with a pre-conditioned clarification TFF membrane (Millipore
Pellicon 1000kDa, regenerated cellulose, screen V). The clarified TGF-8 3 is collected in
the permeate. Switching to a Ultrafiltration/Diafiltration (UF/DF) membrane (Millipore
Pellicon 5kDa, regenerated cellulose, screen C), the TGF-8 3 is then washed in 6
diavolumes of Solubilisation Buffer (6.1g/L Tris, 15.4g/L DTT and 360.4g/L urea, pH
9.5).



acetic acid before being diluted 1:1 in Dlution
Buffer (2.72g/L sodium acetate, 264.28g/L amoni um
W@ 07a0445 100g/ L acetic acid, and 210. 7g/ L ar gpeii/682007/000833
hydrochl ori de pH 3.3). A Butyl Sepharose 4 Fast Fl ow
Col um (Anmersham 16cm Bed HeBght) is equilibrated
with four colum volunes of Buffer A (2.72g/L sodium

5adet PiRafilition HydrPRSBR THiBrfttion A BrodiiflodipRY acetic
acid pH_ 3. 31. The refold material is filtered through

The zolesiedapdording solntion iipeencemrated Jafold by twiryfilretion &he membrane
bei.n ade nto t But y] __Se e colu t.a flow
g 8t b Alictes BELCeR Shpadl Bosakeaston! utcreen). The

PR 86 @b Rentr A0 r&01H Fatbial i ARVRSREY foM PTIreS 5.8 & Ring glacial
four-colum volunmes. The TG--Beta 3 proteins are

aedtigtagid bofre bhiagslditedr : Lisi RjutBuf Buiifer®2 (72g/T 2xpdiuns ackitaten 264.28g/L
oG PSR B, o 20h AR e b arm 3. A

Bufyl ISepiurédenorat Flowa g hahd @rhérshadi, e BedPHeighe) is BidiRbrated with
to separation of the nononelic and dineric

foyr splmmsvadugeepicBuiien A (AdLg/brotiom atae, (188ddefic ammpnium sulfate
R SRR AT A B SAEg gmbrane

(MAllipore Millipak filter) before being loaded onto the Butyl Sepharose column at a flow
THBngﬁELY NPE%SASPCCVPQDL EPLTI LYYVGRTPKVEQL SNMAKSCKC |

T l qm}}:l&thms oy (aks Was psed Sugpghont prasefiye)-3hhe column is then

@@@%%%EWP&M%W%%WE%%&B%& off the

cotiin NRBASASIRECY PLIR &/PL Shid iy W GRAT B MG IShbNKSCKCandVBO@L. ethanol

1S3 "4 y63-Pro" (Seque No.. 5 . L
| Pﬁ%@%ﬁmémsﬁ%%ﬁ%@%%ﬁ%mwwmﬁdlmenc
fddths, is pooled, prior to separation of the monomeric and dimeric proteins.
THSTVLPL YNTLNPEAS SPCCVPQDLEPLTI LYYVGRTPKVEQL SNMAKSCKC
S Mutant TGF-/3 3 "Q ul 2-Ser" (Sequence 1D No. 7)
ALDTNYCFRNLSENCCVRPLYI DFRQDL GAKW/HEPKGYYANFCSGPCPYLRSA
DT
THSTVLGELYNTLNPEASASPCCVPQDLEPLTI LYYVGRTPKVEQLSNMAKSCKC
S Mutant TG-/3 3 "Arg52-Ser" (Sequence ID No. 9 )
ALDTNYCFRNLEENCCVRPLY! DFRQDL GAKWHEPKGYYANFCSGPCPYLSSA
DT
THSTVLGELYNTLNPEASASPCCVPQDLEPLTI LYYVGRTPKVEQL SNMAKSCKC
S



Mutant TGF- 3 "G ul 2- Ser/ Arg52- Ser" (Sequence | D No.
11)

WARLOTAVEFERNL SENCCVRPLY! DFRQDL GAKW/HEPKGYYANFCSBPIZRBRHF00833
DT _ }
THSTVLGLYNTLNPEASASPCCVPQDLEPIATI LYYVGRTPKVEQL SNMAKSCKC
S Sequence I D No. 2 - DNA encoding wild-type human

Stirericd Infdratibes GAC ACC AAT TAC TGC TTC CGC AAC TTG
GAG GAG AAC TGC TGI GIG CGC CCC CTC TAC ATT GAC TTC
CGA CAG GAT CTG GCC TGG AAG TGG GIC CAT GAA CCT AAG

Tg‘ﬁ: TTC TGC TCA GEC CCT TGC CCA TAC

C—B%ei%cgﬁ 1%g)AC‘A ACC CAC ACC ACG GIG CTG GA
ACDGNYACRNAE FACT VEPG YAAECROCL CBAN VEEAKEE T AGECSECEPRCRSADT

RV RF T G AaS RO B8 AL R GBARK BRGT ERE T EECRCS

AAC ATG GTG GIG AAG TCT TGT AAA TGT AGC Sequence | D
No. 4 - DNA encoding Gy63-Ala nutant GCT TTG GAC ACC
Mutant AGFr63 “GIgo AT ASCquIHgeERGNGS} AAC TGC TGT GIG

TGl b it G R R o

ACC CAC AGC ACG GIG CTG GCA CTG TAC AAC ACT CTG AAC
CCT GAA GCA TCT GCC TCG CCT TGC TGC GIG CCC CAG GAC

ViR SR TR e NI, i 376 ang ToT

ATGTNXAARNGEENGCVBEGENERODDNIKWE HE PRNAYANEOS GRGPYLRSADT

LTl e e e e i s
GAC TTC CGA CAG GAT CTG GGC TGG AAG TGG GTC CAT GAA

CCT AAG GGC TAC TAT GCC AAC TTC TGC TCA GGC CCT TGC
Mutanty RGFef 8 “Ciml 288 a8aq@ge ADANAE CAC AGC ACG GIG

A R A A B B e o
TATCVCEGY NACNTAASET PCCEEOAGEPACCL OOCCANAK GG, GG GRECKCS
CTC TCC AAC ATG GTG GTG AAG TCT TGT AAA TGT AGC

Mutant TGF-8 3 “Arg52-Ser” (Sequence ID No. 9)
ALDTNYCFRNLEENCCVRPLYIDFRQDLGWKWVHEPKGYYANFCSGPCPYL§SADT
THSTVLGLYNTLNPEASASPCCVPQDLEPLTILYYVGRTPKVEQLSNMVVKSCKCS

Mutant TGF-8 3 “Glul2-Ser/Arg52-Ser” (Sequence ID No. 11)
ALDTNYCFRNLgENCCVRPLYIDFRQDLGWKWVHEPKGYYANFCSGPCPYL§SADT
THSTVLGLYNTLNPEASASPCCVPQDLEPLTILYYVGRTPKVEQLSNMVVKSCKCS

Sequence ID No. 2 — DNA encoding wild-type human TGF-33

GCT TTG GAC ACC AAT TAC TGC TTC CGC AAC TTG GAG GAG AAC TGC TGT GTG CGC
CCC CTC TAC ATT GAC TTC CGA CAG GAT CTG GGC TGG AAG TGG GTC CAT GAA CCT
AAG GGC TAC TAT GCC AAC TTC TGC TCA GGC CCT TGC CCA TAC CTC CGC AGT GCA
GAC ACA ACC CAC AGC ACG GTG CTG GGA CTG TAC AAC ACT CTG AAC CCT GAA GCA
TCT GCC TCG CCT TGC TGC GTG CCC CAG GAC CTG GAG CCC CTG ACC ATC CTG TAC
TAT GTT GGG AGG ACC CCC AARA GTG GAG CAG CTC TCC AAC ATG GTG GTG AAG TCT
TGT AAA TGT AGC

Sequence ID No. 4 — DNA encoding Gly63-Ala mutant



Sequence ID No. 8 - DNA encoding G ul 2-Ser nutant CGCT
TTG GAC ACC AAT TAC TGC TTC CGC AAC TTG TCG GAG AAC

waan7/m@b455TG CGC CCC CTC TAC ATT GAC TTC CGA (A@/GBT007/000833

CTG GGC TGG AAG TGG GTC CAT GAA CCT AAG GGC TAC TAT
GCC AAC TTC TGC TCA GGC CCT 75GC CCA TAC CTC CGC AGT
GCA GAC ACA ACC CAC AGC ACG GTG CTG GGA CTG TAC AAC
QL TG AAC GETr A EFATEL SRE ThHEGKCTAd GacTEE &S cTG
ccecGifo M REGrfACRERcTa ATE AECIEST Gad AGGTAIC GAT GAA
265 @3CAEGE AGE dCCCRAAATGTIGCGAR GAG ICTCriCCCAMRCATE GFG AGT
CAGEGAAKG TOT ARGTAGAATT GTCARD SEQUBRCRA] BCNGSTGIBAC CORGAR
TCR rRSSdTery CAF g&2- Bet GBIt GaSt CATCFAT TGCEARS ACC ARTAGABT &E6
TATTITCERS ARE ALFCCEAGAEAECANS T&E CRETTEST EREAECCEES ETE ARG
TCT AARATST BRE TTC CGA CAG GAT CTG GGC TGG AAG TGG GTC
CAT GAA CCT AAG GGC TAC TAT GCC AAC TTC , TGC TCA GGC
CCT TGC CCA TAC CTC AGC AGT GCA GAC ACA ACC CAC AGC
Seq@EndeID NG -CON Aot GIO3AR0 BUGMAC CCT GAA GCA

gﬁg ! JS%A% TGO G
GC G T GC TC A GTG
CC%% é%g ?@G%&G%% % Abfc GLB can
& JCrAAG ATt CGl&a GES MGTJ@'ECICEI'AOAééC TGT AcT
cnAGenSeatiencendDadp .cTi2crc BMA crncdi ARC ACT CTG AAC CCT GAA
rc@ el rGe ocAr IE2 e reTeut @ tAGCEC TIIG GAE ACC TRARCT ACC TEG
TAT T TCEE: AC ACTGCTCBAGAT GARES TBE JIGT TGT GACEET CCEEE CFE ARG
TCTARRATAT BGAC TTC CGA CAG GAT CTG GGC TGG AAG TGG GIC
CATGAACCT/—\AGGGCT/—.\CTATGCCAACTTCTGCTCAGGC
SegaymcpdD Wy T RN Arucoding Sdirl 225er mptanicA ACC CAC AGC
cchCla Gz GES oA TEd GEAALE: AGT CTGTeAGAECCARCGAAC GEA GTG
cct ArCeke Boe GCT 176CRGRACES: CTC CAGTEGACGACTEGAG: CBC GAA
anCTEEACE ARE €IGATACQ TTATGIGTTA (EG ABGTACCWBCRARAC GEG AGT
CAGAGICAG: CEC ATCAAAGTATE GEGR GIG PGAFCTACTGITAAAC IS GAA
TCAGETABLE CETATGRITEX gﬁog@n§ﬁ‘€>@§c‘é’f% GhAsE§ BFf ACC ATC CIG
gfé%x =g Eg%%@ AGR GEF T§HFBE iATsCHnd “pepti OES GHeIGX AAC
r -t

Sequence ID No. 10 — DNA encoding Arg52-Ser mutant

GCT TTGC GAC ACC AAT TAC TGC TTC CGC BAAC TTG GAG GAG AAC TGC TGT GTG
CCC CTC TAC ATT GAC TTC CGA CAG GAT CTG GGC TGG AAG TGG GIC CAT GAA
AAG GGC TAC TAT GCC AAC TTC TGC TCA GGC CCT TGC CCA TAC CTC AGC AGT
GAC ACA ACC CAC AGC ACG GTG CTG GGA CIG TAC AAC ACT CTG AAC CCT GAA
TCT GCC TCG CCT TGC TGC GTG CCC CAG GAC CTG GAG CCC CTG ACC ATC CIG
TAT GTT GGG AGG ACC CCC ABRA GTG GAG CAG CTC TCC AAC ATG GIG GTG AAG
TGT AAA TGT AGC

Sequence ID No. 12 — DNA encoding Glul2-Ser/Arg52-Ser mutant

CGC
CCT
GCA
GCA
TAC
TCT

CGC
CCT
GCA
GCA
TAC
TCT

CGC
CCT
GCA
GCA
TAC
TCT

CGC
CCT
GCA
GCA
TAC
TCT

GCT TTG GAC ACC AAT TAC TGC TTC CGC AAC TTG TCG GAG AAC TGC TGT GTG CGC
CCC CTC TAC ATT GAC TTC CGA CAG GAT CTG GGC TGG AAG TGG GTC CAT GAA CCT
AAG GGC TAC TAT GCC AAC TTC TGC TCA GGC CCT TGC CCA TAC CTC AGC AGT GCA
GAC ACA ACC CAC AGC ACG GTG CTG GGA CTG TAC AAC ACT CTG AAC CCT GARA GCA
TCT GCC TCG CCT TGC TGC GTG CCC CAG GAC CTG GAG CCC CTG ACC ATC CTG TAC
TAT GTT GGG AGG ACC CCC AAA GTG GAG CAG CTC TCC AAC ATG GIG GTG ARG TCT

TGT ARA TGT AGC



WOS0/101943 Ser

TABLE [ A helix propensity scale based on experimental

studies of proteins and peptides

Ami no acid (kcal/nol) Ala 0.00 GQu0 0.16 Leu 0.21 Met
0.24 Arg ( 0.21 Lys 0.26 Gn 0.39 Gu 0.40 lie 0.41

0.50 Trp 0.49 Tyr

0. 53 Phe 0. 54r/EGBR00G00833

Tlir 0.66 HisO 0.56 Hs + 0666 Cys 0.68 Asn 0.65 Asp
0.69 Gy 1.00 Pro 3.16Table 2 Table 3 Re-fol ding

Efficiency of wwld-type TG-/33 and TG~ /?3s of the
i nvention. Table 4

Helix propensity

(kcal/mol)

Amino acid

0.00
0.16

Ala

Gly”

NN TG
DS ODOCO OO
4_‘++ H OQ.
o B Ww g £t
a T Py = = ) M1
JdE2 € 200 = <wm

0.49
0.53
0.54
0.61
0.66
0.56
0.66
0.68
0.65
0.69
1.00
3.16

Trp
Tyr
Phe
Val
Thr
His®
His™
Cys
Asn
Asp
Gly
Pro




Bi ol ogi cal Activity of WId-Type TGF-/?3 and d y63-Al a
(a TG 3 Protein of the invention) Assessed by Cell
W@@rtimouhhi bi ti on Assay Table 5. Wund site tPERGBRIV/000833
Table 6. Wund site treatnment.19 CLAIMS 1. A TG~/ 33,
or a fragnment or derivative tHereof, wherein the
al pha- hel i x-form ng donai n between am no aci d resi dues
Tablend 67 of full-length wild type TGF-/33 conpri ses
at | east one al pha-helix-stabilising substitution. 2.
Avitiatrt Nodencl@tarefl 1 ag(re dmiad Atl@ Klnéadutide T[her eBffect on Structure
Glysgaadi ng to clal m Glycidmi@labedtvig gl Y i Jidilie dlpiiRelRt
position 63 of ful|Aksémgth wild type TG--/33 is

| jx-_stabilisilng amno acid
Glyﬁ""§§?due 3. A TGF- §13°‘neoq3 r?PPﬁed‘r%th or Jd@ﬁ‘?@lgfﬁ}@a Helix
Gl oo hel | x ot abi | gfntﬁﬁ“’sa‘”% FTRGET S DGl brdes Formaron

Argrge[()uuulun of —a c—froft he
Czon3| Sti ng of Al an T gg%lﬂﬁlhcg&%ghreom Pré‘velv %hgﬁ'&reFormatmn

Glul28¢E A rgd25R2 €UCT NEDoME LI @R, vHitd 1%k AVBA%. Formation

A TG--/33, or a fragmﬁmcaaal;ﬁlgfebm@gl veg t hereof,

accordi ng to cl ai m Bith Sakieraed Arginhhe 583sydi ne resi due at
position 63 of ful]aldoespipicdd withlSelintype TGE-/33 i S

replaced with alanine. 5. A TG-/33 according to claim

4 conprising Sequence ID No. 3, or a fragnent or
derivative thereof. 6. A TGF-b3, or a fragnment or
derivative thereof, according to any preceding claim

whi ch done not conprise a substitution of the Valine
Tabkillue at position 6 1 of full-length wild type

TG--b3. 7. A TGF-/33, or a fragnment or derivative
Riekolde:gf Effisienee bNwilheyfd DGRB8 ane JiGIug3Héf th@Fivkatm, 63 of
full-lTength wild type TGF-/33 is replaced with

Proline. 8. A TG--/33 according to claim7 conprising
Sequence | XG¥Befa,3 Mutant f r a@Perhtags ofi€btratalyl ve
thereof.9| A TGF-/33, or a|fragnent or derivative
t hereof, c¢onprising a substf®lded BHOSF t he

Gly63-Ala 50
‘Wild-Type’ 20
TGF-Beta 3

Gly63-Pro 1
Glul2-Ser 20

Glul2-Ser &Args52- |20

Ser




G utamc acid residue at position 12 of full-length

wldtype TG--/33 and/or the Arginine residue at
w@omiid4ms 52 of full-length wild type TGF-/ 33. PADGB2007/000833

TGF-b3, or a fragnent or derivative thereof, according

to claim9, wherein the substT8ution, or

substitutions, is wwth an am no acid residue sel ected

Tabdédt he group consisting of: Serine; Al anine;

Threoni ne; Valine; |sol euci ne; Methionine;

o8 bbbﬁAeﬁ\hf@f VIELTYBUCHBE-p3Ldna GBS (a3§’ &F-£3 Protgin of the
R A e LR Sty TER P

or clal m 10, whereéern e utani c resi due at
position 12 of full-length wild type TG--/33 is

subst by Serine 127 A TGF-/33;,jor a fragnent or
deriva?ly(gltgﬁt her eof , accod@ﬂg to any {one of clains 9

to 11} wherein the Arginine residue gt position 52 of
full- Wﬁhr)%e"‘i"dﬂ’- tal —251%’2; S Substituted by

Sering. 13. TG--/ 33 se| ected from tlhe group

consi 83i ng of Sequence ID. No. 7, Seduence ID. No. 9

and Segtencet+b—No—1i—+ot—a—fragrent or derivative

t her epPIYOpzAla "o o e 1 o| Hpeln , or |a fragnent or
derivative thereof, according to any one of clains 1

to 13. 15. A dineric TG~/33, or a fragnent or

derivative thereof, according to any one of clainms 1
thle33: 16. ThewusfaQie fediFend. 33 O TGH-/53 fragnment,

or a TG~ b3 derivative, according to any preceding

¢l ai Ma3gu? | TrdlkealGHple 17 T ECHREnt i tioRmy/MupLy 3 ©OF

f r agmant o Wil YT GV Beth BET €0[ 50 y of

clai g 1 oWty TOEBRREPAr af igpn of a nedi camgnt for

use ilm t he] aseelARrati on of wousd heali ng and/or the
prevem i on] Gtyegtaat | on or 1 nhi pigbi on of scarring. 18.

The uge of | alyd¥Pro/ 33, or fraghmnt or derivati vd
theredf, acGbordPwg to any of clogins 1 to 15 in|the
pr epardat i on0-8f MMatedi®a&atent fON/Ause in the pronotion
of epithel|&tntipBgeneration. 19. The use accordilng to
cl ai mt17_or Ne frepipgnt@aivegeared] nl ¥he nedicament i s for

use in

Table 6. Wound site treatment.
Group | Treatment/sample Concentration (ng/100pL)
A ‘Wild-type® TGF-Beta 3 50
B ‘Wild-type’ TGF-Beta 3 100
C Gly63-Ala 50
D Gly63-Ala 100
E Gly63-Pro 50
F Gly63-Pro 100
G Glul2-Ser 50
H Glui2-Ser 100
I Glul2-Ser& Arg52-Ser 50
J Glul2-Ser& Arg52-Ser 100
K 0.25 M Maltose (Placebo) N/A
L Naive N/A




the skin. 20. The use according to claim 17 or claim

18, wherein the nedicanent is for use in the eye. 2 1.
wab@7ue®4df a TG--/33, or fragment or deri vat i RE/GB2007/000833

thereof, according to any of clains 1 to 15 in the

preparation of a nmedicanent f@r use in the prevention

and/or treatnment of fibrotic disorders. 22. The use

cAacgmidi ng to claim 22, wherein the fibrotic disorder

is selected fromthe group consisting of |ung

fibrosis, liver fibrosis, scleroderma, skin fibrosis,
I ib .S, iati Ji.b ' ki.dr fi ' .
VS U SO 3 bR bl e SRt off BpBehie oming

dadainTbetwess @find I -rkSduesObS danldr 8PNENFulPlenSBI WL tye TGF-A3
t her.eof , accordjng to any_one of clains 1 to 15 in the
copRiises 2t eatt ope alphadeliesithilisingsubstietian: eat ment  of
angi ogeni ¢ di sorders, restenosis, adhesions,
endonetriosis, ischem c disease, oral nucositis and
2r enalA AGFeEls er fi2gmelher datvatife thefédf; AR3rdimg tachindd®vierein the

SR e R 0l R0 0 BB ATC Sl LI L

hélhestBdsaE aMfinPRIErRidecar tilage, or ininvitro
fertilisation. 25. A nucleic acid encoding a TG~/ 33,

or fragnent or derivative thereof, according to any

one o [ 1.to 15.26.. A nethod of accel erati.n .
3‘yvou_nd; Hl;%l?—pg,g?r gﬁ%?t B g%‘{ﬁtli\fﬁ 38?1‘8 &0%31618 to c.:lal.% or claim 2,
whefeiDithe Ndptecialikisbilisiae sOBdtH@RhC QHRPHSdsNHhtRIAMIFA B A residue

therapeutically effective amount of a TG-- b3, or a
sqlecterheipm dhe dmspupy gonsistinghef dddnina sSetiec rihbehinen alinepfleucine,

LB, t ient in need thereof. 27. A
kﬁg%hg%’%?h%?éégﬁpﬁﬁ%ngﬁgng'treating a fibrotic
di sorder, the nethod conprising providing a

therapeutically effective ampunt of a TG--b3, or

1 r aghehtI'dP, gt fipgmenicon desivatare, thergotl agearfipgdo ch¥im dy Wferein the
GH R Bsitud & fr’?gi;ioh 332 RALIADH Jilh 558 545 placed with alanine.

preventi on or treatnent.
5. A TGF-#3 according to claim 4 comprising Sequence ID No. 3, or a fragment or

derivative thereof.

6. A TGF-B3, or a fragment or derivative thereof, according to any preceding claim,
which done not comprise a substitution of the Valine residue at position 61 of full-length

wild type TGF-f3.

7. A TGF-#3, or a fragment or derivative thereof, wherein the Glycine residue at
position 63 of full-length wild type TGF-@3 is replaced with Proline.

8. A TGF-$3 according to claim 7 comprising Sequence ID No. 5, or a fragment or

derivative thereof.
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according to claim26 or claim27, wherein the TG b3,
or fragment or derivative thet®of, is provided to the
eye of the patient.
9. A TGF-(3, or a fragment or derivative thereof, comprising a substitution of the

Glutamic acid residue at position 12 of full-length wild type TGF-B3 and/or the Arginine
residue at position 52 of full-length wild type TGF-33.

10. A TGF-B3, or a fragment or derivative thereof, according to claim 9, wherein the
substitution, or substitutions, is with an amino acid residue selected from the group
consisting of: Serine; Alanine; Threonine; Valine; Isoleucine; Methionine; Phenylalanine;

and Leucine.

11. A TGF-£3, or a fragment or derivative thereof, according to claim 9 or claim 10,
wherein the Glutamic acid residue at position 12 of full-length wild type TGF-B3 is
substituted by Serine

12. A TGF-B3, or a fragment or derivative thereof, according to any one of claims 9 to
11, wherein the Arginine residue at position 52 of full-length wild type TGF-G3 is
substituted by Serine.

13. A TGF-83 selected from the group consisting of Sequence ID. No. 7, Sequence
ID. No. 9 and Sequence ID. No. 11, or a fragment or derivative thereof,

14. A monomeric TGF-33, or a fragment or derivative thereof, according to any one

of claims 1 to 13.

15. A dimeric TGF-83, or a fragment or derivative thereof, according to any one of

claims 1 to 13.

16. The use of a TGF-33, or TGF-33 fragment, or a TGF-B3 derivative, according to

any preceding claim as a medicament.

17. The use of a TGF-43, or fragment or derivative thereof, according to any of claims
1 to 15 in the preparation of a medicament for use in the acceleration of wound healing

and/or the prevention, reduction or inhibition of scarring.
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18.  The use of a TGF-@3, or fragment or derivative thereof, according to any of claims
1 to 15 in the preparation of a medicament for use in the promotion of epithelial

regeneration.

19.  The use according to claim 17 or claim 18, wherein the medicament is for use in
the skin.

20.  The use according to claim 17 or claim 18, wherein the medicament is for use in

the eye.

21.  The use of a TGF-B3, or fragment or derivative thereof, according to any of claims
1 to 15 in the preparation of a medicament for use in the prevention and/or treatment of

fibrotic disorders.

22.  The use according to claim 22, wherein the fibrotic disorder is selected from the
group consisting of lung fibrosis, liver fibrosis, scleroderma, skin fibrosis, muscle
fibrosis, radiation fibrosis, kidney fibrosis, proliferative vitreoretinopathy and uterine

fibrosis.

23.  The use of a TGF-33, or a fragment or derivative thereof, according to any one of
claims 1 to 15 in the preparation of a medicament for the treatment of angiogenic
disorders, restenosis, adhesions, endometriosis, ischemic disease, oral mucositis and renal

disease.

24.  The use of a TGF-#3, or a fragment or derivative thereof, according to any one of
claims 1 to 15 in the preparation of a medicament for use in the induction bone and

cartilage, or in in vitro fertilisation.

25. A nucleic acid encoding a TGF-33, or fragment or derivative thereof, according to

any one of claims 1 to 15.
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26. A method of accelerating wound healing, and/or preventing reducing or inhibiting
scarring, the method comprising providing a therapeutically effective amount of a TGF-
B3, or a fragment or derivative thereof, as described in any of claims 1 to 13, to a patient

in need thereof.

27. A method of preventing and/or treating a fibrotic disorder, the method comprising
providing a therapeutically effective amount of a TGF-B3, or a fragment or derivative
thereof, as described in any of claims 1 to 13, to a patient in need of such prevention

and/or treatment..

28. A method according to claim 26 or claim 27, wherein the TGF-3, or fragment or

derivative thereof, is provided to the skin of the patient.

29. A method according to claim 26 or claim 27, wherein the TGF-B3, or fragment or

derivative thereof, is provided to the eye of the patient.



