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Field of the Invention _
The invention is in the fields of cell and molecular biology, polypeptidés, drug
discovery, and therapentic methods of use.

Summary. .

The present disclosure provides a polypeptide comprising or
consisting 6f a sequence according to general formula It

Z1-X1-X2-X3-X4 X5-X6-X7-X8-X9-X10-Z2

wherein Z1 and Z2 are independently absent or are fransduction domains;

X1 s selected from the group consisting of KA, KK A, and KXKA, or is gbsent;

X2 is selected from the group consisting of G, L, A, V, I, M, Y, W, and F,oris an
aﬁphaﬁc amino acid; | '

X3 is selected from the group consisting of V, L, I, A, G, Q, N, §, T, and C, or is an
aliphatic amino acid;

X4 is selected from the group consisting of Q, N, H, R and K:

X5 is selected from the group consisting of Q and N;

X6 is selected from the group consisting of C, A, G, L, V, [, M, Y, W, and For is an
aliphatic amino acid;

X7 is selected from the group consisting of 8, A, C, T, and G or is an aliphatic
amine acid] .'

X8 is selected from the group consistiixg of ¥V, L, L and M;



X9 is absent or is any amino acid; and X10 is absent or is any amino acid; wherein at least one of
the following is true: (a) X.3is N and X6 is not O; (b) X6 is G and X3 is not N; (c) X2 is not L; (d)
3C4 is not R.;7(e) X5 is not Q; (f) X6 is not L; (g) X8 is not V; (h) X10 is absent; or (i) 3(9 and X10
are absent; and wherein when X1 is absent, then Z1 is a transduction domain ending in KA. In a first
aspect, there is provided an isolated polypeptide comprising a sequence according to general formula
| Z1-X1-X2-X3-X4 X5-X6-X7-X8-X9-X1 0-Z2 wherein Z1 is a transduction domain and Z2 is absent or
is a transduction domain; X1 is selected from the group consisting of KA, KKA, and KICKA, or is
absent; X2 is selected from the group consisting of G, L, A, V, I, M, Y, W, and F;

X9 is absent or is any amino acid; and

X10 is absent or is any amino acid;
wherein at least orie of the following is true;

(@7 X3isNand X6ispot G;

3)] X6 is G and X3 is not M

(e} - X2ismotl;

({dy X4isnotR;

() X5 isnot Q;

5 X6 isnotL;

{fg) -~ XBisnot'V;

() X10 is absent; or

{ X9 and X10 are absent; and
wherein when X1 is zbsent, then Z1 is & transduction domain ending in KA.

In a first aspect, there is provided an isolated polypeptide comprising a sequence according to general formula I
H Z1-X1-X2-X3-X4 X5-X6-X7-X8-X9-X10-Z2 wherein Z1 is a transduction domain and
72 is absent or is a transduction domain;

| X1 is selected from the group consisting of KA, KXA, and KKKA, or is absent;
X2 is selected from the group consisting of G, L, A, V,L M, Y, W, and F;
X3 is selected from the group consisting of V,L, L A, G, Q, N, 5, T and C;
X4 is selected from the group consisting of Q, N, H, R and K;
X5 is selected from the group consisting of Q and N;
X6 is selected from the group consisting of C, A, G, L, V,L M, Y, W, and F;
X7 is selected from the group consisting of §, A, C, T, and G;
X8 is selected from the group consisting of V, L 1, and M
X9 is absent or is any amino acid; and
X10 is absent or is any amino acid; wherein at least one of the following is true:
(a) X3 is N and X6 isnot G;
(b) X6 is G and X3 isnot N;



X3 is selected from the group consisting of V, L, I, A, G, Q, N, S, T and C; X4 is selected from the
group consisting of Q, N, H, R and K; X5 is selected from the group consisting of Q and N; X6 is
selected from the group consisting of C, A, G, L, V, I, M, Y, W, and F; X7 is selected from the group
consisting of S, A, C, 'Iic)aﬂgi@ﬁg@js selected from the group consisting of V, L, I, and M; X9 is absent
“or is any amino acid; and X10 is absent or is any amino acid; wherein at least one of the following is

true: (a) X3 is N and XBls{Ade e8t@®) X6 is Cl and X3 is not N; (c) X2 is not L; (d) X4 is not R.; (e) X5 is
not Q; (f) X6 is not L; (@))j{@ {8 ARty (h) X10 is absent; or

(f) X6 is not L;

(g) X8 is not V,

(k) X10 is absent; or

(1) X9 and X10 are absent; and

wherein when X1 is absent, then Z1 is a transduction domain ending in KA, wherein
Formula [ comprises an amino acid selected frorn the group consisting of at least one of X315 A,
X7 is A, and X10 is absent, and wherein the amino acids are natural amino acids.

In a second aspect, there is provided an isolated polypeptide com@rising a transduction domain
and z peptide of the sequence KALARQLGVAA.

In 2 third aspect, there is provided an isolated polypeptide comprising a transduction domain and
a peptide of the sequence KALNRQLGVA.

In a fourth aspect, there is provided an isolated polypeptide comprising & transduction domain
- and z peptide of the sequence KAILNRQLAVAA,

In a fifth aspect, there is provided an isolated polypeptide comprising 2 transduction domain and a
peptide of the sequence KALNRQLAV A,

In various further embodiments, X4 is R; X5 is Q, and/or X8 is V. In various further
" ermbodiments, X3 is selected from the group consisting of A, G, Q, and N.
In & preferred embodiment, at least one of Z1 and Z2 is a transduction domain.

In another embodiment, the present disclosure provides compositions, comprising one or

more polypeptides of the present disclosure and a pharmaceutically acceptable carrier.

In another embodiment, the present disclosure provides isolated nucleic acid sequences
encoding 2 polypeptide of the present disclosure. In further embodiment, the present disclosure provides
recombinant expression vectors comprising the nucleic acid sequence of the
present disclosure, and host cells transfected with the recombinant expression vectors of the present
disclosure. _ 7 o

In another embodiment, the- disclc;sure provides biomedical devices, wherein the
biomedical devices comprises 6ne or more polypeptides of the present disclosure disposed on
or in the biomedical device. In various embodinents, such biomedical devices include
stents, grafts, shunts, stent grefts, angioplasty devices, belloon catheters, fismias, wound
dressings, and any implantable drug delivery device,

2a



(i) X9 and X10 are absent; and wherein when X1 is absent, then Z| is a transduction domain

ending in KA, wherein Formula | comprises an amino acid selected from the goup consisting of at least

one of X3 is A, X7 is A, and X10 is absent, and wherein the amino acids are natural amino acids.

In a second aspect, there is provided an isolated polypeptide comprising a transduction domain and a

peptide of the sequence KALARQLGVAA" In a third aspect, there is provided an isolated

~ polypeptide comprising a transduction domain and a peptide of the sequence KALNRQLGVA. In a

fourth aspect, there is provided an isolated polypeptide comprising a transduction domain and a

peptide of the sequence KAL,NRQLAVAA. In a fifth aspect, there is provided an isolated

polypeptide compyisi transduction domain and a peptide of the sequence KALNRQLAVA. In
A em%&%ll%eﬁ?» Psfeé%“éa%&fi%%ﬁ R Bihits fihe PERBEdHENLS, X3 is

various further embodiments,
selected frofalttieing dharapewsisting of A, G, Q, and N. In a preferred embodiment, at least one of Z1.

and 22 i a ransclsiondRg allon, L AN G ERAGUINEN e present disclosire provides
- | J ) be)

compositions, com rlsqr%ﬁ(ine or more polypeptides of the present disch and a-pharmaceutically

RS R AR U THTERE RS S-S crse ind o taddcineeaasioiic acid

acceptable Carrier."Tn"a
sequences tentdeig e olypeptideaidng g esentidigclosnde.kifigl ie nensbodiment, the present

disclosure peavideg serRambinaLexRIGEslaBCAEY S AT BINGEYEIels dcid sedugnce of the
present discl&c,etégg ar@ 1hosfI %ells '%ansfectgid with the re_cgmt%%fant aéti(‘bﬂr’gél %r? V t(l:? <0t the present
disclosure. fi anofli"fé( miodimeAt, TR s radiHL EBirE Ca AP de s merpERnthe
biomedical BeHeELESHBEEbY onison Moregoseptidesatidbedresenhaistlosureidismosed on or in

thebiomedica-deviee fa-vasRrmebadime tha-suehHiamerlical deyiges inglude stents, grafts, shunts,

stent grafis %Qgigmg ty devices, halloon catheters, fistulas, wound dressings anﬁjany implantable
) ¥ f X s fr , DT ) 1] - ]
drug delivery deV|Ce,)S cherrng, § gce o yoardia, nypertension, cardiac hypertrophy and other

end-organ damage associated with hypertension (including but not Hmited fo renal failure
and stroke), pulmonary (lung) hypertension, asthma (bronchospasm), toxemia of Pregnancy,
pre-term labor, pre-sclampsia/ eclampsia, Raynand's disease or phenomenon, hemolytic-
uremia, non-occlusive mesenteric ischemia, anal fissure, achalasia, impotence, migraine,
ischemic muscle injury associated with stnooth muscle spasm, vasculopathy, such as
transplant vascnlopathy; bradyesrrythmia, bradycardia, congestive heart failure, stunned
myocardium, pulmonary hypertension, diastolic dysfunction, gliosis; chronic obstructive
pulmonary digease, osteopenis, endothelial dysfunction, and inflammation; wherein the
method comprisss administering to 2 subject in need thereof an effectve amnount to carry

out the one or more therapeutic uses of one or more polypeptides or compositions according
to the present disclosure, or functional equivalents thereof. '

" DETAILED DESCRIPTION OF TEE INVENTION

Within this application, unless otherwise stated, the technigques utilized may be
found in any of several well-known references such as: Molecular Clening: A Laboratory
Manual (Sambrook, et al., 1989, Cold Spring Harbor Laboratory Press), Gene Expression
Technology (Methods in Enzymology, Vol. 185, edited by D. Goeddel, 1991. Academic
Press, San Diego, CA), “Guide to Protein Purification” in Methods in Enzymology (WLP.
Deutsheer, ed., (1990) Academic Press, Inc.); PCR Pratocols: A Guide fo Methods and



In a further embodiment, the present disclosure provides methods for one or more of the following
therapeutic uses ga%reducing smooth muscle cell proliferation and/or migration‘iG(zb% promoting
smooth musci® Fefa¥atdnt (c) increasing the contractile rate in heart muPs%Té,s(%i’jrilf?cre%sing the rate of
heart muscle relaxation; (e) promoting wound healing; (1) treating and/or reducing fibrotic disorders
and/or keloids.; (g) reducing scar formation; (h) disrupting focal adhesions; (i) regulating actin
polymnrization; and (j) treating or reducing incidence of one or more of intimal hyperplasia, stenosis,
restentosis, atherosclerosis, smooth muscle cell tumors and metastasis, smooth muscle spasm,
angina, Prinzmetal's angina (coronary vasospasm), ischemia, stroke, bradycardia, hypertension,
cardiac hy%ert{pgm/ and ather ;Qd-organ dama%e associated with g;s/‘ﬁﬁ?rtension (including but not
limited to réRBIFATIFE SRS FORE) BAASHRF AUREF ny I RS At R 8 SHERGE 654) , toxemia of
pregnancy/ glereshefdissic Beckaidaendbifte CRinpeishiRayIRTd' Sidis bas dow phakoNicn and
hemolytic-wamigndnerroslUsivRmMes eBse IS ChHE . BRkSEW avarhalastia HiRIe RR] Migraine,
ischemic ")ﬁfsc'(?ﬂgl)%r ociated with smooth muscle spasm, vasculopathy, such as transplant

C., SNLEY . . . .
vasculopathy; bradyarrytfimia, bradycardia, congestive heart failure, stunned myocardium, pulmonary

hyperténsion, diaSh5IRirgieftRsegRBenior Brae asisktisuseenedavomaishdisesise Asdteopenia,
endotheliabejituoeticry, ardmiammaten; sbreaigidlenaelboghesmpesas aslpinistering to a subject in
need thereof an e{feclive AMOYNLIQGALI b?&&éﬁ‘&?&‘&i@!,ﬁ‘%@&&%{%pe%’&f%‘%ﬁeé‘%f Rhgiae.more

polypeptides. or compaositions according to the present disclosure, orafcur]ctlo [ equivalerits thereof.
DETAILED DS H SHHERe: L HOGRNPrdNG lysiogihils iRvciapicameriioniessthinerwise stated,
the techniqEepragitizdtlinmaylive: fQundintaminef Révergihine!ISkiscwineeeteheamiisc &s: Molecular

Cloning: AJsaheratastMansah{aaiabiegiostlal., 1989, Cold Spring Harbor Laboratory Press), Gene
Expression TechRoIo Methods in Enzﬁytmologx, Yol, 185, edjted bgﬁD. Goeddel, 1991. Academic

Press, San Diego, CA), "Guide to r%l_n PRt fPMdSodETR RATANSFS R e utsheer,
ed., (1990 &caakiclFEbs dictatey ofhgmife it olemnlG atffaearct/to th tptd yarptids/Oneans one
2008/0851&kRé&zd fdisgeiner] 6246 Applications (Innis, et al. 1990. Academic Press, San Diego, CA),
Culture ofAnimaIIge‘JiIstzétl\/LgnLégl f B rsélg Teci:hnique, td Ed, (R.l. Freshney. 1987. Ljss, Inc. New York,
NY), and Gene Transfér andplfxf)resesi. n I:e>rr!f)tojrz:vc53 s,l%np.pﬁ)‘&iéf &d S@?%%ur?g??’f’ A& lmana Press
Inc., CliftofORFITHPE PAR WafRcRItsPUIgN SFoR Abioamiitdiacids is used predominately herein. As is
well known by one of skl K 1#E2ax3-SUcK SgHE TexesteXipmatons are as follows: Ais alanine; C is
cysteine; D is aspaidieidgidakai SlianiGacentTyisRbany alaninesGdsahygiag,H is histidine; Iis
isoleucine; K is I)san{e; Iélést!:%%;inei':hM IS methionine; I¥ is. asparagine; P is proline; Q is gluatamine; R is
arginine; S is serlnegalsls feonine, |§“E’Oc?/réﬂﬁ%‘? ig?ymg?\? W’igﬁﬁ&?ﬁﬁtﬁ As used
herein, the singuaf fofflected frem thangrothevisisineasiGrdl rafefehisluil Ssaimb K onfextclearly dictates
other¥ise. diph@icaniie, deficrence to a "polypeptide” means one or more polypeptides. Ina
first aspect, the praseLIBYENAGR RIowdES A P9IKERIde LOmRIi onsisting,of a sequence
according ;g? %eneral formula I: ZI-X1§%§<3-X4 X5§-X6-X7-’>(8-X§-’§%’(§{-{Z%5\'}\Cih?r§e§f Eglsaannd Z2 are
independehthy AHsBRIE 41 transduction domains;

X4 is selected from the group consisting of Q, N, H, R and K;

X5 is selected from the group consisting of Q and N;

25 X6 is selected from the group consistingof C, A, G,L, V,L M, Y, W, and For is an
aliphatic amino acid;
X7 is selected from the group consisting of 8, A, C, T, and G or is an aliphatic
amino acid;’

X8 1s selected from the group consisting of V, L, I, and M;



X1 is selected from the group consisting of KA, KKA, and KKKA, or is absent; X2 is selected
from the group consisting of G, L, A, V, I, M, Y, W, and F, or is an 20a|i§h%ti%?migpﬁgid; X3_ IS
selected from“fﬂezﬁ%ﬁﬁl nsistingof V, L, I, A,G,Q,N,S. T,and C, o N iphatic’amino acid; X4
is selected from the group consisting of Q, N, H, R and K; X5 is selected from the group consisting of
Q and N; 25X6 is selected from the group consisting of C, A, G, L, V. I, M, Y, W, and F or is an _ _
aliphatic amino acid; X7 is selected from the group consisting of S, A, C, T, and G or is an aliphatic
amino acid;" X8 is selected from the group consisting of V, L, I, and M; WO
20081085191PCT111S20071016246 X9 is absent or is any amino acid; and X10 is absent or is any
amino acid; Whecr,% .at least one of the following is true: (a)X3 is N and X6 is not G; 5(b)X6 is G and

X3 is not N; (c)) A ()= R EWEE R e %5 is not Q;

X10 is absent or is any amino acid;
wherein at least one of the following is true:

(a) X3 is N and X6 is not G;

5 b) X6is G and X3 is not N;

(c) X2isnotL;

(- X4is not R;

{) X5isnot Q;

{H X6isnotL;

10 {g) XBis notV;

(h) X10 is absent; or

(i) X% and X10 are absent; and
wherein when X1 is absent, then Z1 is a transduction domain ending in KA.

In addition to the recited amino acids, X2, X3, X6 and X7 can be any aliphatic

15 amino acid (whether naturally occurring or not), including but not limited to beta-alanine
and Z-minocyclohexane-l-ca:boxylic acid.

In various further embodiments, X4 is R; X5 is Q, and/or X8 is V. In various further
embodiments, X3 is selected from the group consisting of V. L. L A, G, Q, and N. In
further embodiments, X6 is selected from the group consisting of C, A, G, L, V, I, M, Y, W,

20 andF. In'various further embodiments, X7 is selected from the group consisting of S,A,C,
T, and G.

In a preferred embodiment, at least one of Z1 and Z2 are a transduction domain,

Thus, according to these various aspects, polypeptides according to general formula
25 Iinclude, but are not limited to the following:

Z1-X1-X2-X3-K-X5-X6-X7-X8-X9-X10-Z2
Z1-X1-X2-X3-X4-N-X6-X7-X8-X9-X10-Z2
£1-X1-X2-X3-R-N-X6-X7-X8-X9-X10-Z2



(f) X6 is not L; 10(g)X8 is not V; (h) X10 is absent; or (i) )C9 and X10 are absent; and wherein when

X1 is absent, then ZI is a transduction domain ending in KA.. In additiorg)(t:o,r th%g%i}:[%dgmino acids, X2,
X3, X6 and XW%&PP%%S%§/ aliphatic 15 amino acid (whether naturally OCCUI[IIIJﬁg or noﬂ, including but

not limited to beta-alanine and 2-aminocyclohexane-I-carboxylic acid. In various further
embodiments, X4 is R; X5 is Q, and/or X8 is V. In various further embodiments, X3 is selected from
the group consisting of V. L. I. A, G, Q, and N. In further embodiments, X6 is selected from the group
consisting of C, A, O0,.L, V, I, M, Y, W, 20 and F. In various further embodiments, X7 is selected from
the group consisting of 8, A, C, T, and G. In a preferred embodiment, at least one of ZI and Z2 are a
transduction domain, Thus, according to these various aspects, polypeptides according to

h
general formula %F?ﬁ%’ﬁ%‘@,{%& gr“g(%ﬂi?ﬁ“ %9@following: zZ1
-X1-X2-X3-K-X5-XK6 X FX28LR I KB XK ZH-KA HKB2X4-N-X6-X7-X8-X9-X10-22

Z1-X1-X2-X3-R-M1X01 %72 %85 %2 KL eZ R W 3 2903/985191 Z1-XI -X2-X3-R-N-X6-X7-V-X9-X10-12
11-X1-X2-X3-R-N-X6-X7-V-X9-X10-Z2 11-X1-X2-X3-X4-N-X6-X7-V-X9-X10-Z2

511-X1-X2-X3-K-Q-X6-X7-X8-X9-X10-22
3 Z1-X1-X2-X3-K-Q-X6-X7-XB-X9-X10-Z.2

Z1-X1-X2-X3-K-X5-X6-X7-V-X9-X10-Z2
Z1-X1-X2-X3-K-Q-X6-X7-V-X9-X10-Z2
Z1-X1-X2-X3-K-N-X6-X7-X8-X9-X10-22
Z1-X1-X2-X3-K-N-X6-X7-V-X0-X10-72

10
Z1-X1-X2-A-R-X5-X6-X7-X8-X9-X10-22
Z1-X1-X2-A-K-X5-X6-X7-X8-X9-X10-Z2
Z1-X1-X2-A-X4-Q-X6-X7-X8-X9-X10-Z2
Z1-X1-X2-A-X4-N-X6-X7-X8-X9-X10-Z2

15 Z1-X1-X2-A-X4 X5-X6-X7-V-X9-X10-Z2
Z1-X1-X2-A-R-Q-X6-X7-X8-X9-X10-Z2
Z1-X1-X2-A-R-X5-X6-X7-V-X9-X10-Z2
Z1-X1-X2-A-R-Q-X6-X7-V-X9-X10-Z2
Z1-X1-X2-A-R-N-X6-X7-X8-X9-X10-Z2

20 Z1-X1-X2-A-R-N-X6-X7-V-X9-X10-Z2
Z1-X1-X2-A-R-N-X6-X7-V-X9-X10-Z2
Z1-X1-X2-A-X4-N-X6-X7-V-X9-X10-Z2
Z1-X1-X2-A-X4-Q-X6-X7-V-X9-X10-Z2
Z1-X1-X2-A-K-Q-X6-X7-X8-X9-X10-Z2

25 Z1-X1-X2-A-K-X5-X6-X7-V-X9-X10-Z2
21-X1-X2-A-K-Q-X6-X7-V-X9-X10-Z2
Z1-X1-X2-A-K-N-X6-X7-X8-X9-X10-22
Z1-X1-X2-A-K-N-X6-X7-V-X9-X10-Z2



Z1-XI -X2-X3-K-X5-X6-X7-V-X9-X10-Z2 11-3(1-X2-X3-K-Q-X6-X7-V-X9-X10-12
Z1-X1-X2-X3-K-N-X6-X7-X8-X9-X10-Z2 Z1-X1-X2-X3-1C-N-X6-X7-V-X9-X10-Z2 10
Z1-X1-X2-A-REQBIBE8RIPE 8 X9-X10-22 41-X1-X2-A-K-X5-X6-X7-X8-X8X GV V42881
X2-A-X4-Q-X6-XT-X8-X9-X10-22 Z1-X1-X2-A-X4-N-X6-X7-X8-X9-X10-22 15 Z1-X1-X2-A-X4
X5-X6-X7-V--X9-X1 0-Z2 Z1-X1-X2-A-R-Q-X6-X7-X8-X9-X10-Z2
Z1-X1-X2-A-R-X5-X6-X7-V-X9-X10-Z2 21-X| -X2-A-R-Q-X6-X7-V-X9-X10-12
Z1-X1-X2-A-R-N-X6-X7-X8-X9-X10-Z2 20 Z1-X1-X2-A-R-N-X6-X7-V-X9-X10-Z2 Z1
X1-X2-A-R-N-X6-X7-V-X9-X10-22 Z1-X1-X2-A-X4-N-X6-X7-V-X9-X10-Z2 Z |
X1-X2-A-X4-Q-X6-X7-V-X9-X10-Z2 Z1-X1-X2-A-K-Q-X6-X7-X8-X9-X10-12 25
Z1-X1-X2-A-K-X%-X %ﬁiﬁﬁi’ﬁf‘&wlﬂt Q-X6-X7-V-X9-X10-79
11-3(1-X2-A-K-NZX KX KX SHO K BEZ X T KK KKLIA-KIN-X6-X7-V-X9-X10-12 WO 2008/085191 Z |
-X1-X2-G-R-X5-%-X1-¥B-E WA 9R8. 14 XRG Kz X5-X6-XT-X8-X9-X10-Z2 Z 1
XlXZGX4Qé§O§;Z§§§?]§)§%%)§%§ “N-X6-X7-X8-X9-X10-22 5 Z1-X1-X2-G-X4
X5-X6-X7-V-X9-X10e23 21X 1-K2-C RO X6 57 X E-%8-X10-22
Z1-X13X2-G-R-XBIXEIRRAG A RPoXpoX T WANBLBFR-Q-X6-X7-V-X9-X10-Z2
Z1-X1-X2-G-R-NZXSOX-HXE A0 ME-22 HB B0 X226 -R-N-X6-X7-V-X9-X10-Z2

Z1-X1-X2-G-R-NpX BeX %Y X Q%0522 £ X L 2G4 A-N-X6-X7-V-X9-X10-22
21-X|-xz-G-x4-%-xa-x7-v-x9-x1o-zz Z1-X1-%2-G-K-Q-X6-X7-X8-X9-X10-Z2 15

Z1-X1-X2-G-K-XFXEXFRRB-RES 7Y -%¥2-¥ W EXK -Q-X6-X7-V-X9-X10-Z2
Z1-X1-X2-G-K-NZUEKX KK G HONKG-Z2-EB-KY-X20GK-N-X6-X7-y-X9-X10-Z2 20Z1
-X1-%3-Q-R-X5-X%6:XT-X¥B A RN KX LY K X3 7K -X5-X6-X7-X8-X9-X10-22
Z|-x1-x2-Q-x4-%-£<%x -ﬁ%mg-zz ZLXLXI-0-X4-N-X6-XT7-X8-X9-X10-Z2 Z | -X1-X2-Q-X4
X5-X6-X7-V-X9-K1T-27 9571 XTI KOV ROXEIE?-X8-X9-X10-22
Z1-X1-X2-Q-R-X S KERR G KA POIR N K HHIQFL Q-X6-XT7-V-X9-X10-Z2
Z1-X1-X2-Q-R-NZXGK B X B A QLA R Z =X - X 26QxR-N-X6-X7-y-X9-X10-Z2 WO 2008/085191

Z1-X1-X2-G-K-Q-X6-X7-X8-X9-X10-Z2

15 Z1-X1-2-G-K-X5-X6-X7-V-X9-X10-Z2

Z1-X1-X2-G-K-(Q3-X6-X7-V-X9-X10-72

21 -—XI‘ -X2-G-K-N-X6-X7-X8-X9-X10-72

Z1-X1-X2-G-K-N-X6-X7-V-X9-X10-Z2

20 Z1-X1-X2-Q-R-X5-X6-X7-X8-X9-X10-22
Z1-X1-X2-Q-K-X5-X6-X7-XB-X9-X10-Z2
Z1-X1-X2-Q-X4-Q-X6-X7-X8-X9-X10-72
Z1-X1-X2-Q-X4-N-X6-X7-X8-X9-X10-Z2
Z1-X1-X2-Q-X4 X5-X6-X7-V-X9-X10-Z2

25 Z1-X1-X2-Q-R-Q-X6-X7-X8-X9-X10-22
Z1-X1-X2-Q-R-X5-X6-X7-V-X0-X10-Z2
Z1-X1-X2-Q-R-Q-X6-X7-V-X9-X10-22
Z1-X1-X2-Q-R-N-X6-X7-X8-X9-X10-Z2
Z1-X1-X2-Q-R-N-X6-X7-V-X9-X10-72



Z1-X1-X2-Q-R-N-X6-X7-V-X9-X10-Z2 ZI-X1,-X2-Q-X4-N-X6-X7-V-X9-X10-Z2 Z |
X1-X2-Q-X4-Q-X6-X7-V-X9-X10-Z2 Z | -X1-X2-Q-K-Q-X6-X7-X8-X9-X10-Z2 5 Z1-XI|
-x2-Q-K-x5->{‘§%€'99§/‘!§?é9-3<10-22 Z1-X1-X2-Q-K-Q-X6-X7-'%7-X9-X 10-29TA P20 7/016246
X1-X2-Q-K-N-X6-X7-X8-X9-X10-Z2 Z1-X1-X2-Q-K-N-X6-X7-V-X9-X10-Z2 10
Z1-X1-X2-N-K-X5-X6-X7-X8-X9-X10-22 ZI -X1-X2-N-X4-N-X6-X7-X8-X9-X10-Z2
Z1-X1-X2-N-R-N-X6-X7-X8-X9-X10-Z2 ZI-X1-X2-N-R-N-X6-X7-V-X9-X10-77 15ZI
~X1-X2-N-R-N-X6-X7-y-X9-X10-Z2 Z1-X1-X2-N-X4-N-X6-X7-V-X9-X10-Z2 Z1
X1-X2-N-K-Q-X6-X7-X8-X9-X10-Z2 ZI -X1-X2-N-K-X5-X6-X7-V-X9-X | 0-z2 20
Z1-X1-X2-N-K-Q-X6-X7-V-X9-X10-Z2 Z1-X1-X2-N-K-N-X6-X7-X8-X9-X10-Z2
71-X1-X2-N-K-N-5d635%¢723-RoBA 059 7G58 R UK B - X 3-K-X5-X6-X7-X8-X9-X10-Z2
Z1-KKIKA-X2-X 32X 4XN-XB- QKK BRP-XTOVZR R IRIALA-X 2-X3-R-N-X6-X7-X8-X9-X10-Z2 Z |
-KKKA-X2-X3-R-br X8 %8 g ¥ Q0L R 2 V- KACHK A %63-X3-R-N-X6-X7-17-X9-X10-Z2 WO
2008/085191 Z | %?;,@%29 X4-N- 6-%%5{9%9%10-22 Z1 -KKKA-X2-X3-K-Q-X6-X7-X8-X9-X10-Z2
Z1-KKKA-X2-X3 KRG KE-RT/K : FLREKA-X2-X3-K-Q-X6-X7-V-X9-X10-Z2
Z1-KKRA-X2-X 3-KINEE K R-K8H89%564K770- X PRI BE2X 2-X 3-K-N-X6-X7-V-X9-X10-Z2 11
-KKKA-X2-A-R-X51 X6 XBXBRK XU IS K A2 -A-K-X5-X6-X7-X8-X9-X10-7,

L1-X1-X2-Q-K-N-X6-X7-X8-X9-X10-7Z2

Z1-X1-X2-Q-K-N-X6-X7-V-X0-X10-Z2

10
Z1-X1-X2-N-K-X5-X6-X7-X8-X9-X10-Z2
Z£1-X1-X2-N-X4-N-X6-X7-X8-X9-X10-7Z2
L1-X1-X2-N-R-N-X6-X7-X8-X9-X10-Z2
Z1-X1-X2-N-R-N-X6-X7-V-X9-X10-Z2
15 Z1-X1-X2-N-R-N-X6-X7-V-X9-X10-Z2
Z1-X1-X2-N-X4-N-X6-X7-V-X9-X10-Z2

Z1-X1-X2-N-K-Q-X6-X7-X8-X9-X10-Z2
Z1-X1-X2-N-K-X5-X6-X7-V-X9-X10-72
20 Z1-X1-X2-N-EK-Q-X6-X7-V-X9-X10-Z2
Z1-X1-X2-N-K-N-X6-X7-X8-X9-X10-72
Z1-X1-X2-N-K-N-X6-X7-V-X9-X10-Z2

25 L1-KKKA-X2-X3-K-X5-X6-X7-X8-X9-X10-22
Z1-KKKA-X2-X3-X4-N-X6-X7-X8-X9-X10-22
Z1-KKKA-X2-X3-R-N-X6-X7-X8-X9-X10-Z22
Z1-KKKA-X2-X3-R-N-X6-X7-V-X9-X10-Z2
Z1-KKKA-X2-X3-R-N-X6-X7-V-X9-X10-Z2



10 ZI-KKKA-X2-A-X4-Q-X6-X7-X8-X9-X10-Z2 Z1-KKKA-X2-A-X4-N-.X6-X7-X8-X9-X10-Z2
Z1-KKKA-X2-A-X4 X5-X6-X7-V-X9-X10-Z2 Z1-KKKA-X2-A-R-Q-X6-X7-X8-X9-X10-Z2
11-KKKA-X2-XPRRREOR% 7 \/-X9-X 0-72 15 Z1-KKKA-X2-A-R-Q-X6-X NI 2%
11-KKKA-X2-A-R-N-X6-X7-X8-X9-X10-Z2 ZI-KK.KA-X2-A-R-N-X6-X7-V-X9-X10-12
Z1-KKKA-X2-A-R-N-X6-X7-V-X9-X10-Z2 Z1-KKKA-X2-A-X4-N-X6-X7-y-X9-X10-22 20
Z1-KKKA-X2-A-X4-Q-X6-X7-V-X9-X10-Z2 Z1-KKIKA-X2-A-K-Q-X6-X7-X8-X9-X10-Z2
21-KKKA-X2-A-K-X5-X6-X7-V-X9-X10-Z2 Z1-KKXA-X2-A-K-Q-X6-X7-V-X9-X10-Z2
11-KKKA-X2-A-K-N-X6-X7-X8-X9-X10-12 2511 -KKKA-X2-A-K-N-X6-X7-V-X9-X10-Z2
Z1-ICKKA-X2-G-R-X5-X6-X7-X8-X9-X10-Z2 21-KKKA-X2-G-K-X5-X6-X7-X8-X9-X10-Z2
21-ICKKA-X2-G- A -BXEAF 2R3 X R FT X T V-RR A KD2G-X4-N-X6-X7-X8-X9-X10-Z2 WO
2008/085191 Z1-KKKA-X2-G-X4 X5-X6-X7-V-X9-X10-22 Z1-KKKA-X2-G-R-Q-X6-X7-X8-X9-X10-Z2

L KKKA X R T X OXTVoXOK10-22
Zl-KKKA-XZ-G-%%@%ﬁé—)@%%%%k%@%%&4-N-X6-X7-V-X9-X10-ZZ
ZI-KKKRA-X2-G-X £ICHETERATQ-KO-KAD-Z - KO VEKIKIALX 2-G-K-Q -X6-X7-X8-X9-X10-Z2
Z1-KKKA-X2-G-KZX e K@ X BN O N2 5L ko 8-y K-Q-X6-X7-V-X9-X10-Z2
Z1-KKKA-X2-G-K N X837 KB A9 X 10572 Z 1 KKK A-X2-G-K-N-X6-X7-V-X9-X10-Z2 15
21-KKKA-xz-Q-;Z-x&xa-xgiﬁg-(S@g% iﬁ-%%&- -Q-K-X5-X6-X7-X8-X9-X10-Z2 Z |
“KKKA-X2-Q-X4-6! FESHAKL g BAA§-F5- KX T-HEERA DD - X 4-N-X6-X7-X8-X9-X10-Z2
Z1-KKKA-X2-Q- Xl XA XTI ARG KL OB2X 2KE X HKHOZX 2-Q-R-Q-X6-X7-X8-X9-X10-22

ZL-KKAX2-Q R R T XG0 LIS GRIR QA6 XT-V-XO X 1 0-22
Z1-KKKA-X2-Q-R:N-X6-X7-X8-X9-X10-Z22 ZI-KKKA-X2-0Q-R-N-X6-X7-V-X9-X10-Z2 25

71-KKKA-X2-Q-RENIREB X ARo2 PH 39 /- RRKRFBIFX 4-N-X6-XT7-V-X9-X10-Z2 Z1-ICKKA-X2-Q
X 4-Q-X6-X7-V-XOLAKIIKAIXZ ACK KK KR FEIN P-XB-X9-X10-Z2
Z1-KKKA-X2-Q-Kz Kb A B A oL gl 27N QL RO0E/055191 Z1
KKKA-X2-Q-K-Q; W%ﬁpﬁ%ﬁ _ é}% _N-X6-X7-X8-X9-X10-22 Z 1
KKKA-X2-Q-K-N-X6-X7-V-XGXT 0- . A -K-X5-X6-X7-X8-X9-X1 0-22
15 Z1-KEKA-X2-A-R-Q-X6-XT7-V-X9-X10-Z2
Z1-KKKA-X2-A-R-N-X6-X7-X8-X0-X10-Z2
Z1-KKKA-X2-A-R-N-X6-X7-V-X9-X10-22
Z1-KKKA-X2-A-R-N-X6-X7-V-X0-X10-22
Z1-KKKA-X2-A-X4-N-X6-X7-V-X9-X10-72
20 ZI-KIKA-X2-A-X4-Q-X6-X7-V-X9-X10-Z2
Z1-KKKA-X2-A-K-Q-X6-X7-X8-X9-X10-Z2
Z1-KKKA-X2-A-K-X5-X6-X7-V-X9-X10-7Z2
Z1I-KKKA-X2-A-K-Q-X6-X7-V-X9-X10-72
Z1-KKKA-X2-A-K-N-X6-X7-X8-X9-X10-72
25 Z1-KKEKA-X2-A-K-N-X6-X7-V-X9-X10-72
Z1-KKKA-X2-G-R-X5-X6-X7-X8-X0-X10-Z2
Z1-KKKA-X2-G-K-X5-X6-X7-X8-X9-X10-72
Z1-KKKA-X2-G-X4-Q-X6-X7-X8-X9-X10-Z2
Z1-KKKA-X2-G-X4-N-X6-X7-X8-X9-X10-Z2



Z 1 -KKKA-X2-N-X4-N-X6-X7-X8-X9-X1 0-22 ZI -KKKA-X2-N-R-N-X6-X7-X8-X9-X1 0-22
Z1-KKKA-X2-N-R-N-X6-X7-V-X9-X1 0-Z2 Z | -KKKA-X2-N-R-N-X6-X7-V-X9-X1 0-Z2 10
Z1-KKKA-X2- RS 2K 7-V-X9-X10-72 Z1-KKKA-X2-N-K-Q-X6-X7- KU 013549 1
-KKKA-X2-N-K-X5-X6-X7-V-X9-X1 0-22 21 -KKKA-X2-N-K-Q-X6-X7-V-X9-X1 0-Z2 Z1
-KKKA-X2-N-K-N-X6-X7-X8-X9-X10-Z2 15Z1-KKKA-X2-N-K-N-X6-X7-V-X9-X10-Z2 Z
1-KA-X2-X3-K-X5-X6-X7-X8-X9-X1 0-22 Z1 -1KA-X2-X3 -X4-N-X6-X7-X8-X9-X1 0-Z2 20 21
-KA-X2-X3 -R-N-X6-X7-X8-X9-X1 0-Z2 Z 1-KA-X2-X3 -R-N-X6-X7-V-X9-X| 0-Z2 Z1-KA-X2-X3
-R-N-X6-X7-V-X9-X10-Z2 25Z | -KA-X2-X3 -X4-N-X6-X7-V-X9-X1 0-22 Z1 -KA-X2-X3 -K-Q-X6-X7-X 8
-X9-X 1 0-Z2 ZI -KA-X2-X3 -K-X5 -X6-X7-V-X9-X1 0-Z2 Z 1 -KA-X2-X3 -K-Q-X6-X7- V-X9-X | 0-Z2
WO 2008/085191% 7THEERXR ALKy K 67508 VB AZE 21 -| CA-X2-X3-K-N-X6-X7-V-X9-X10-22
21-ICA-X2-A-R-XBIXBRRAXRXG-KHQ-RB- T -KARGAAKZX5-X6-X7-X8-X9-X10-22 5

21-KA-X2-A-XA-Qr K dic A& XU RL Y2 % 21 KRy %4 8184 N-X6-X7-X8-X9-X10-22 21-KA-X2-A-X4
X5-X6-X7-V-X9- g%%%]&lCA-XZ-A-R- “X6-X1-X8-X9%10-22
21-KA-X2-A-R-XEXC XY XSG K9 KX bV RRFHBIER -Q-X6-XT7-V-X9-X10-22
21-KA-X2-A-R-N-XGBEIE- KD S FON-X 0K KRS B R-REX6-X 7-V-X9-X10-22
21-ICA-X2-A-R-NZXGOKTIM- KO- 8 1R ABIXHAKBATYIN-X6-XT-V-X9-X10-22 15
ZI-KA-X2-A-X4-Q W%@%WAH( “X6-X7-X8-X9-X10-22
21-ICA-X2-A-K-XBXB-X T VoXE R 1072 0T 1 E AKX FRK20Q-X6-X7-y-X9-X10-22
Z1-ICA-X2-A-K-N-Xe BI85 XD O AT TCK ORI B-KEN-X6-X7-V-X9-X10-22
21-KA-X2-G-R-XZXEBKRABXE-XHOQ 2B Ar X2 G- X 6-X7-X8-X9-X10-22 Z |
-KA-X2y G-X4-Q-XEKAKE IR RAALAD oGl Y- X6-XT-X8-X9-X10-22
LZ1-KKKA-X2-G-K-X5-X6-X7-V-X0.X10-Z2
Z1-KKKA-X2-G-K-Q-X6-X7-V-X9-X10-22
Z1-KKKA-X2-G-K-N-X6-X7-X8-X9.X10-Z2
Z1-KKKA-X2-G-K-N-X6-X7-V-X09-X10-72
i5 Z1-KKKA-X2-Q-R-X5-X6-XT7-X8-XG-K10-Z2
Z1-KKKA-X2-Q-K-X5-X6-X7-X8-X9-X10-72
Z1-KKKA-X2-Q-X4-Q-X6-X7-X8-X9-X10-Z2
Z1-KEKKA-X2-Q-X4-N-K6-XT7-X8-X0-K10-Z2
Z1-KKKA-X2-Q-X4 X5-X6-X7-V-X9.X10-Z2
20 Z1-KEKKA-X2-Q-R-Q-X6-X7-38-X0-X10-Z2
ZI-KKKA-X2-Q-R-X5-X6-X7-V-X0.X10-7Z2
Z1-KKKA-X2-Q-R-Q-X6-X7-V-X0.X10-22
Z1-KKKA-X2-Q-R-N-X6-X7-X8-X9-X10-72
Z1-KKKA-X2-Q-R-N-X6-X7-V-X0.X10-Z2
25 Z1-KKKA-X2-Q-R-N-X6-X7-V-X0-X10-72
Z1-KKKA-X2-Q-X4-MN-X6-X7-V-X9-X10-7Z2
Z1-KKKA-X2-Q-X4-Q-X6-X7-V-X9-X10-72
ZI-KKKA-X2-Q-K-Q-X6-X7-X8-X9-X10-Z2
Z1-KKKA-X2-Q-K-X5-X6-X7-V-X9-X10-Z2
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25 21-KA-X2-G-X4 X5-X6-X7-V-X9-X10-22 21-KA-X2-G-R-Q-X6-X7-X8-X9-X10-22
21-1CA-X2-G-R-X5-X6-X7-V-X9-X10-72 ZI-KA-X2-G-R-Q-X6-X7-V-X9-X10-Z2
ZI-ICA-X2-G-RRZXBIRFR8-X9-X10-22 WO 2008/085191 ZI-KA-X2-G-ENRENF18#4X9-x10-22
Z1-KA-X2-G-R-N-X6-X7-V-X9-X10-Z2 Z 1 -KA-X2-G-X4-N-X6-X7-V-X9-X10-Z2
Z1-KA-X2-G-X4-Q-X6-X7-y-X9-X | 0-Z2 5 Z1-KA-X2-G-K-Q-X6-X7-X8-X9-X10-22 Z1
-KA-X2-G-K-X5-X6-X7-V-X9-X10-Z2 Z1-KA-X2-G-K-Q-X6-X7-V-X9-X10-Z2
Z1-KA-X2-G-K-N-X6-X7-X8-X9-X10-Z2 21-KA-X2-G-K-N-X6-X7-V-X9-X10-22 10
Z1-KA-X2-Q-R-X5-X6-X7-X8-X9-X10-Z2 Z1-KA-X2-Q-K-X5-X6-X7-X8-X9-X10-Z2
m-m-xz-qmggg-ggg&gg %]7 - 2-Q9—<X4-N-X6-X7-X8-X9-X10-ZZ Z1-KA-X2-Q-X4
X5-X6-X7-V-X9-X16- ZERAS % VKB KEX9-X10-22
Z1-KA-X2-Q-R-XZKEBIK A= XD-QIOIF K G K KA EIFKROIK6-X7-V-X9-X10-22 71
-KA-X2-Q-R-N-X G X EKBX I K IP A L6 16A-X2xQ-Re N 2$6-X7-y-X9-X | 0-22 20
ZI-KA-X2-Q-R-N-X6-X7-V-X9-X10-Z2 Z1-KA-X2-Q-X4-N-X6-X7-y-X9-X10-Z2
Z1-KA-X2-Q-X4-Q-X6-X7-V-X9-X10-Z2 Z | -IZA-X2-Q-K-Q-X6-X7-X8-X9-X10-Z2 Z1
KA-X2-Q-K-X5-XB- EHAFAFR I3 XSS K KSR FKI-B2X6-XT7-V-X9-X10-Z2
Z1-KA-X2-Q-K-N-ZI6 BITKEE KON X0-K KB KARE2KQK N6 -X 7-V-X9-X10-22 Z1 -KA-X2-N
-K-X5-X6-X7-X8-%9: 4k £ 3 IMNR2QOROR9 1L k6 1/ 52007/016246
Z1-KA-X2-N-X4-N-X6:X7-X8-X9-X10-22 Z1-KA-X2-N-R-N-X6-X7-X8-X9-X10-Z2
21-KA-x2-N-R-N%%?ﬁﬁ%%%%ﬁkb@:ﬁ3&'—?«?—X6-x7-y-x9-x1o-zz
5Z1-KA-X2-N-X4- KL BEAYKL RN 26~ X LRAKRZNCKERD - X 6-X 7-X8-X9-X10-Z2
Z1-KASK2-N-K-XEX G KRy =X 9N bR i A AV RN g QX 6-X7-V-X9-X10-22
10Z1KAX2 NGB AN A N XOXT- VXX 1022
Z1-KKKA-X2-N-K-X5-X6-X7-V-X9-X10-72
Z1-KKKA-X2-N-K-Q-X6-X7-V-X0-X10-72
Z1-KKKA-X2-N-K-N-X6-X7-X8-X9-X10-Z2
15 Z1-KKKA-X2-N-K-N-X6-X7-V-X9-X10-72

Z1-KA-X2-X3-K-X5-X6-X7-X8-X9-X10-22
Z1-KA-X2-X3-X4-N-X6-X7-X8-X9-X10-22

20
Z1-KA-X2-X3-R-N-X6-X7-X8-X9.X10-Z2
Z1-KA-X2-33-R-N-X6-X7-V-X9-X10-Z2
Z1-KA-X2-X3-R-N-X6-X7-V-X9-X10-Z2
25 Z1-KA-X2-X3-X4-N-X6-X7-V-X9-X10-Z2

Z1-KA-X2-X3-K-Q-X6-X7-X8-X9-X10-Z2
Z1-KA-X2-X3-K-X5-X6-X7-V-X9-X10-Z2
Z1-KA-X2-X3-K-Q-X6-X7-V-X9-X10-Z2
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The polypeptides of the present invention are useful, for example, as HSP27 kinase inhibitors, which
can be used as therapeutic agents for a variety of disorders, as disclosed in 15more detail-below.

The term "polYRHI#E8ELised in its broadest sense to refer to a sequehte’BF U amino acids,
amino acid analogs, or peptidomimetics. The subunits are linked by peptide bonds, except where
noted. The polypeptides described herein may be chemically synthesized or recombinantly expressed.
20Preferably, the polypeptides of the present invention are chemically synthesized. Synthetic
polypeptides, prepared using the well known techniques of solid phase, liquid phase, or peptide
condensation techniques, or any combination thereof, can include natural and unnatural amino acids.

Amino acids used for e%t.j%ﬁle synthesis may be standard Boc (Na-amino protected
Nee-t-butyloxyca@dﬁ%’ i g&‘ oresit whithtRe*d@dard 25 deprotecting, neutralization, coupling
and wash protocdld €A LEGHeNsHl phasEpronedare of Merrifield (1963, J. Am. Chem. Soc.

85:2149-2154), opihg Rage-jakile Nk amne geieiesh 9-fluorenylmethoxycarbonyl (Fmoc) amino
acids first describ, Wi ping.and-Han (1972, J. Org. Chem. 37:3403-3409). Both Fmoe and Boc
Na-amino protectgg’gr%%h%%éggﬁ%é%ﬁgﬁgd&m' ?Sigma, Cambridge Research Biochemical, or

WO 2008/08519 K A- 122807026246 88 réh&hiea? companies familiar to those skilled in the art.
In addition, the patypeatesacan kessynthegized with.@ther NaLprotecting groups that are familiar to

those skilled in this, %%%i%ga?%_%&%%%?é@%?ay be accomplished by techniques familiar to

those 5 in the art anré or example, in and Young, 1984, Solid Phase Synthesis,
Second Edition, Pt ChatBaREH RotRSAX4H0-E2elds and Noble, 1990, Int. J. Pept. Protein
Reg.-35:161-214 Z0r BisH KPR aAHBrXAtatb syniesizrn-The polypeptides of the invention may comprise

fl-aming acids (whicharecealstept i k2@ agjg-gpecific proteases in vivo), a combination of D- and
L-amino acids, a%ﬁv ri% ;'{:I%si r)léer" aminao 10 acids (e.g., IS-methyl amino acids, Col-methyl amino
acids, and Nai-methyl'amino acids;, 8f§3'€685’6ﬁ<?éb°§%%cia| properties. Synthetic amina acids include
omithine for lysinéldf&AeHatBMeXér ¥eukiRe ot lisslducine. In addition, the polypeptides can have

peptidomimetic bpndeAasKehhar sstes ondsyéoxpigpare peptides with novel properties. For example, a
peptide may be ggﬂg&(g%}ﬁ&%&[gg&;@g@%&f&%iced peptide bond, i.e., R1-CH2-NH-R2, where
cl

R1 and R.2 are amino acid residues or sequences. Areduced peptide bond may be introduced as a
dipeplitle subunit“SEA A3y PaRkSRINEE¥d8tant to protease activity, and would possess an
extended half-livein NiveiInap@isdedt7essogisneniat least one of Z1 and Z2 is a transduction

domain. As Z1-KA-X2-A-K-X5-X6-X7-V-X9-X10-Z2
Z1-KA-X2-A-K-Q-X6-X7-V-X9-X10-Z2
Z1-KA-X2-A-K-N-X6-X7-X8-X9-X10-Z2
20 Z1-KA-X2-A-K-N-X6-X7-V-X9-X10-Z2
Z1-KA-X2-G-R-X5-X6-X7-X8-X9-X10-Z2
Z1-KA-X2-G-K-X5-X6-X7-X8-X9-X10-Z2
Z1-KA-X2-G-X4-Q-X6-X7-X8-X9-X10-Z2
Z1-KA-X2-G-X4-N-X6-X7-X8-X0-X10-Z2
25 Z1-KA-X2-G-X4 X5-X6-X7-V-X9-X10-22
Z1-KA-X2-G-R-Q-X6-X7-X8-X9-X10-Z2
Z1-KA-X2-G-R-X5-X6-X7-V-X9-X10-72
Z1-KA-X2-G-R-Q-X6-X7-V-X9-X10-Z2
Z1-KA-X2-G-R-N-X6-X7-X8-X9-X10-Z2
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20 used hereiCthe term "transduction domain” means one or more amino acid sequence or any other
molecule that can carry the active domain across cell membranes. These domains can be linked to
other polypepmg’?ﬁ‘/‘gﬁ’éﬁt movement of the linked polypeptide across BENHYEMBIYAES. In some
cases the transducing molecules do not need to be covalently linked to the active polypeptide. In a
preferred embodiment, the transduction domain is linked to the 25 rest of the polypeptide via peptide
bonding. (See, for example, Cell 55: 1179-1188, 1988; Cell 55: 1189-1193, 1988; Proc Natl Aced Sci
USA 91: 664-668, 1994; Science 285: 1569- 1572, 1999; J Biol Chem 276: 3254-3261, 2001; and
Cancer Res 61: 474-477, 2001) In a further embodiment, both X1 and X3 are transduction domains. In
a further preferred embodiment, the transduction domain(s) is/are selected from the group consisting
of (R)4.9; WO 2008758538188 N1%0307)038 2% #RICKRRORRRPPQ: RORRICKRG:
GR1CKRRQR; AYARMAAR GARN: BANTATRGRSAASRPIERPRAPARSASRPRRPVE;
GWTLNSAGYLLGY I & AR SPLO SIESRIGRHP; AAVALLPAVLLALLAP; AAVLLPVLLAAP;
VTVLALGALAG\&&%I@%GAAGSTMGAWSQP 5 GWTLNSAGYLLGLINLKALAALAKKIL;
KLALICLALKAL KICRKV KAFAKLAARLYRICA;
ICAFARLAARLY RAACAKE /G- ELRAME X RKAXRARAZRAARLYRKA; KAFAKLAARLYRKAGC:
KAFAKLAARLYWMXMW@Q;MEAALAARLYRKAGC; KAFAKLAAQLYRKAGC,
AGGGGYGRKKFERQB&R;%2 %@g&é&ﬁ YGRKKRRQRRR WLRRIKAWLRRIKA; and
WLRRIKAWLRRIKAWLRRIKA Further exemplary polypeptides according to the invention include,
but are not limited {55 G FIESHE R BB WHEE one or both of Z1 and Z2 are selected from the
group consisting &1YKARRIKGRIIRRE-KA: \XAWRRJMWLRRIKAWLRRTlCA YGRKKRRQRRR;

Y ARARARQARAZRQRRIVERE @GR yell as 15 YARAAARQARAICALNRQLGVA,
YGRICICRRQR%}S%AIP\%& LGVA GRICKR RKALNRQLGVA RQRRKKRGKALNRQLGVA
20WLRRIKAWL KRR - F 1AL RRIKAWLRRIKAICALNRQLGVA.

YARAAARQARA@@IEKWEM@ KORBICRRORRRKICICALNRQLGVA;
Z1-KA-X2-Q-X4-N-X6-X7-X8-X9-X10-Z2
Z1-KA-X2-Q-X4 X5-X6-X7-V-X9-X10-72

15 Z1-KA-X2-Q-R-Q-X6-X7-X8-X9-X10-Z2
Z1-KA-X2-Q-R-X5-X6-X7-V-X9-X10-72
Z1-KA-X2-Q-R-Q-X6-X7-V-X9-X10-Z2
Z1-KA-X2-Q-R-N-X6-X7-X8-X9-X10-Z2
Z1-KA-X2-Q-R-N-X6-X7-V-X9-X10-Z2

20 Z1-KA-X2-Q-R-N-X6-X7-V-X9-X10-Z2
Z1-KA-X2-Q-X4-N-X6-X7-V-X0-X10-Z2
Z1-KA-X2-Q-X4-Q-X6-X7-V-X9-X10-Z2
Z1-KA-X2-Q-K-Q-X6-X7-X8-X9-X10-Z2
Z1-KA-X2-Q-K-X5-X6-X7-V-X9-X10-Z2

25 Z1-KA-X2-Q-K-Q-X6-X7-V-X9-X10-Z2
Z1-KA-X2-Q-K-N-X6-X7-X8-X9-X10-Z2
Z1-KA-X2-Q-K-N-X6-X7-V-X9-X10-Z2

Z1-KA-X2-N-K-X5-X6-X7-X8-X9-X10-Z2
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25RQRRKKRGKKKALNRQLGVA; GRKKRRQRKICKALNRQLGVA;
WLRRIKAWLRRIKAKKKALNRQLGVA; WLRRIKAWLRRI1ICAWLRRIKAKKKALNRQLGVA; WO
2008/085191 YARAAARB ARAKKKALNRGLGVA; YGRICKRRQRRRKEKEFRPEIE A
RQRRICICRGICKICALNRGLGVA; GRICKARQRKICICALNRGLGVA;
5WLRRIKAWLRRIICAKKKALNRGLGVA; WLRRIKAWLRRIICAWLRRIICAICICKALNRGLGVA
YARAAARQARAICKICALN RQ LAVA:; YGRICICRRQRRRKICICALNRQLAVA;
RQRRKKRGKKKALNRQLAVA; 10GRICICRRQRKICICALNRQLAVA;
WLRRIKAWLRRIKAKKICALNRQLAVA; WLRRIKAWLRRIKAW LRRECAKICKALNRQLAVA; YARAAA
RQ A RAKICKA VA YGRICKRR RRRICKICALARQLGVA;
15QRQRR1CKRGL£<%%L RORRREALARQLGVA;
WLRerCAWLRQKMMMH@%@WAXM%MMWLRR|KAWLRR|KAKKKALARQLGVA

20YARAAARQARAKAL NR&IHEN R Yo RKIKRREQBRRKALNRGLGVA; RQRRICICRGICALNRGLGVA;

ZOWLRRICAWL AR N RMANRGLB VR .

Z1-BA-X2-N-X4-N-X6-X7-V-X9-X10-Z2

Z1-KA-X2-N-K-Q-X6-X7-X8-X9-X10-Z2
Z1-KA-X2-N-K-X5-X6-X7-V-X9-X10-Z2
Z1-KA-X2-N-K-Q-X6-X7-V-X9-X10-Z2
10 Z1I-KA-X2-N-K-N-X6-X7-X8-X9-X10-Z2
Z1-KA-X2-N-K-N-X6-X7-V-X9-X10-Z2

The polypeptides of the present invention are useful, for example, as HSP27 kinase
inhibitors, which can be used as therapeutic agents for a variety of disorders, as disclosed in

15  more detail below.

The term "polypeptide" is used in its broadest sense to refer to a sequence of subunit
amino acids, amino acid analogs, or peptidomimetics. The subunits are linked by peptide
bonds, except where noted. The polypeptides described herein may be chemically
synthesized or recombinantly expressed.

20 Preferably, the polypeptides of the present invention are chernically synthesized.
Synthetic polypeptides, prepared using the well known technigues of solid phase, liguid
phase, or peptide condensation techniques, or any combination thereof, can include natural
and unnatural amino acids. Amino acids used for peptide synthesis may be standard Boc
(Noramino protected Nest-butyloxycarbonyl) amino acid resin with the standard

25  deprotecting, neutralization, coupling and wash protocols of the original solid phase
procedure of Merrifield (1963, J. Am. Chem. Soc. 85:2149-2154), or the base-labile No-
amino protected 9-fluorenylmethoxycarbony! (Fmoc) amino acids first described by
Carpino.and-Han (1972, J. Org. Chem. 37:3403-3409). Both Fmoc and Boc No-amino

protected amino acids can be obtained from Sigma, Cambridge Research Biochemical, or
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YARAAARQARAKALNRQLAVA; YGItKKRRQRRRICALNRQLA VA; RQRRKKRGKALNRQLAVA;
GRKlCRRQRKALNRﬁ%LAVA; WO 2008/085191 WLRRIKAWLRRI1LCAKALNROLAVA

WLRRLICAWY REFINTRRIKAKALNRQLAVA: YARAAARQARAKALARGEER/ATEHS

YGRKKRRQRRRKALARQLGVA; SRQRRICKRGKALARQLGVA; GRKKRRQRKALARQLGVA
VVLRRIICAWLRRIKAICALARQLGVA: WLRRIKAWLRRIKAWLRRIKAICALARQLGVA: 10
YARAAARQARAK1CKALNRGLGVAA; YGRKKRRQRRRICKKALNRGLGVAA;
RQRRICKRGICICKALNRGLGVAA; GRICICRRQRKICKALNROLGVAA;
15WLRRIKAWLRRIKAICKICALNRGLGVAA; WLRRIKAWLRRIKAWLRRIKAICKICALNRGLGVAA:
YARAAARQARAKICKALNRQLAVAA: YGRKKRR! RARKKICALNRE‘%L.AVAA; _

RORR1UCHE E15 5 RpzpacrAamiiseie risalekjaiha Rir 3t Addiian, the polypeptides
WLRRIKA W RRIF0ERICA AR Qh AN OoRR ik R IK0A M RRY 0AKGE IS LIMROIAVAA,
YARAAARQARALICKKALARQLGVAA; YGRKKRRQRRR1CKKALARQLGVAA;

RN oI e s SR VR —
YARAA AR’Q R ﬂk@@m@@ﬂ@v@;\gxample, in Stewart and Young, 1984, Solid Phase Synthesis,
Second Edition, Pierce Chemical Co., Rockford, I11.; Fields and Noble, 1990, Int. J. Pept.
Protein Re§"35:161-214, or using automated synthesizers. The polypeptides of the
invention may comprise D-amino acids (which are resistant to L-amino acid-specific
proteases in vive), a combination of D- and L-amino acids, and various "designer" amino
10 acids (e.g., f-methyl amino acids, Co~methyl amino acids, and Noemethyl amino acids, etc.)
to convey special properties. Synthetic amino acids include ornithine for lysine, and
norleucine for leucine or isoleucine.
In addition, the polypeptides can have peptidomimetic bonds, such as ester bonds,
to prepare peptides with novel properties, For example, a peptide may be generated that
15  incorporates a reduced peptide bond, i.e., R\-CH;-NH-R;, where R and R, are amino acid
residues or sequences. A reduced peptide bond may be introduced as a dipeptide subunit.
Such a polypeptide would be resistant to protease activity, and would possess an extended
half-Hve in vivo.
In a preferred embodiment, at least one of Z1 and Z2 is a transduction domain. As
20  used hereiri, the term “transduction domain” means one or more amino acid SGHUENCE OF any
other molecule that can carry the active domain across cell membranes. These domains can
be linked to other polypeptides to direct movement of the linked polypeptide across cell
membranes. In some cases the transducing molecules do not need to be covalently linked to
the active polypeptide. In a preferred embodiment, the transduction domain is linked to the
25 rest of the polypeptide via peptide bonding. {See, for example, Ce#l 55: 11791188, 1988;
Cell 55: 1189-1193, 1988; Proc Nat! Acad Sci U S 4 91: 664-668, 1994; Science 285: 1560-
1572, 1999, J Biol Chem 276: 3254-3261, 2001; and Cancer Res 61: 474-477,2001) In a
further embodiment, both X1 and X3 are transduction domains. In a further preferred

embodiment, the transduction domain(s) is/are selected from the group consisting of (R)q.o;
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WO 2008/085191PCT/US2007/016246 YGRKICRRQRRRICALNRGLGVAA;
RQRRICKRGICALNRGLGVAA; GRKKRRQRKALNRGLGVAA: |
WLRRIKAWLERAEHKIBERINRGLGVAA: SWLRRIICAWLRRIKAWLRRIICATCAIRIRET S vAA:
YARAAARQARAKALNRQLAVAA: YGRICICRRQRRRICALNRQLAVAA:
RQRRIC1CRGKALNRQLAVAA: GRICLCRRQRXALNRQLAVAA;
10WLRRIICAWLRRIICAKALNRQLAVAA WLRRIICAWLRRIKA. WLRRIICAICALNRQLAVAA:
YARAAARQARAKALARQLGVAA; YGRICKRRQRRRKALARQLGVAA:
RORRICKRGKALARQLGVAA; 15GRICICRRQRICALARQLGVAA:
WLRRIICA %%_%A ?%%%ﬁdWLRRIICA_\NLRRIICAWLRRIICAICALARQLGVAA. In
[, the prese \';

another aspec R EE B OnEA B RSHe or 20 more of the
polypeptide3MHsERER G RRA A RETERIFR MR BSSRERBPAGEE ptable carrier. Such pharmaceutical

cgmpositiommsnmmmgﬁmﬁarmwﬁ*ﬂ%s!ﬁ@ﬁ?@ﬁﬂfmﬁsﬁﬂ!i@g@@&%ﬂﬂ?? below. For
administratipn p!eﬂgi_ e ordinari ined with one or more adjuvants appropriate for
the indicate%‘}gl%%ﬂc}?%i mlnids?r%aﬁgr)‘r% %ﬁ%&n‘é@%? ‘ngﬁﬁx“e‘&%}&hﬁqa&’&é? 'sucrose, starch
powder cefiNoEENERAGY bk OB kil Adidd KIbake ABKL&IK MIGhodikibvstearate, magnesium
oxide, sodilrBEWaVERIMT SRt kER00) ik AnssuiokrTiy aeids kacekiar A/lRRmsedium alginate,
polyvinylpyaligirg, dextram sulf KnN- Tﬁ'giﬂgcg? < itions or coatings, and/or
polyvinyl alcohol, and tableted o’?%g%f[%%ﬁlgfeﬁg or cohvent%%gm%%% Alternatively, the

com pound%ﬁﬁ%ﬁﬁ%%ﬁxmgwmwaC; KAFAALAARLYRKAGC;

KAFAKLAAQLYRKAGC, AGGGGYGRKKRRQRRR, and YARAAARQARA,
10 YGRKKRRQRRR, WLRRIKAWLRRIKA; and WLRRIKAWLRRIKAWLRRIKA.
Further exemplary polypeptides according to the invention include, but are not
limited to any of those listed above, wherein one or both of Z1 and Z2 are selected from the
group consisting of WLRRIKAWLRRIKA; WLRRIKAWLRRIKAWLRRIKA;
YGRKKRRQRRR; YARAAARQARA; RQRRKKRG; and GRKKRROR as well as

15
YARAAARQARAKALNRQLGVA;
YGRKKRRQRRRKALNRQLGVA;
GRKKRRQRKALNRQLGVA;
RQRRKKRGKALNRQLGVA;

20 WLRRIKAWLRRIKAKALNRQLGVA;

WLRRIKAWLRRIKAWLRRIKAKALNRQLGVA.

YARAAARQARAKKKALNRQLGVA:
YGRKKRRQRRRKKKALNRQLGVA;

25 RQRREKKRGKKKALNROLGVA;
GRKKRRQRKKKALNROLGVA;
WLRRIKAWLRRIKAKKKALNRQLGVA;
WLRRIKAWLRRIKAWLRRIKAKKKALNRQLGVA,;

r
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WO 2008/085191PCT/US2007/0162416 water, polyethylene glycol, propylene glycol, carboxymethyl
cellulose colloidal solutions, ethanol, corn oil, peanut oil, cottonseed oil, sesame oil, tragacanth gum,

and/or variouM e 8 Bther adjuvants and modes of administration aré WEHRHSMSHT the

pharmaceutical art. The carrier or diluent may include time delay material, such as glyceryl
monostearate 5 or glyceryl distearate alone or with a wax, or other materials well known in the art. The
polypeptides may be linked to other compounds to promote an increased half-life in vivo, such as
polyethylene glycol. Such linkage can be covalent or non-covalent as is understood by those of skill in
the art. The polypeptides may be made up in a solid form (including granules, powders or

10suppositories) or in a liquid form (e.g., solutions, suspensions, or emulsions). The polypeptides of
the invention may f'?ﬂlxa‘*s'/éﬁgt%lﬁ' BBy, Suitable solutions for use in accordance with the

invention are sterif&RISSBRORREKIEHIANNSGLESYAhe polypeptides, and are not harmful for the

proposed applicaiik dik *RQERGNBRPRELGNGWAESeNt invention provides an isolated nucleic acid
encoding a 15 DO%B%%R{EE of the present invention. Appropriate nucleic acids according to this aspect
eap

of the invention wi p%re L&EN4N the art based on the disclosure provided herein and
the gerferal level SYBRATIRARE. KRIKANKKAGINRGSPEAL the present invention provides an expression

vector comprisingvlA goatial sruusRoesraRe &y inkedde dheaisolated nucleic acids of the present

20 invention, 'as dj 1o ral uenges" operably linked ta the nucleic acids of the
ST

invention are nuclel sequences cap gcting the expression of the nucleic acids of the
invention. The cort HledMfiguous with the nucleic acids, so long as they
function to direct th@RERERGKI eI GIANsAfor example, intervening untranslated yet transcribed
sequeprces can be;RIGSRRINEMEGEN JROMAJE(.sequence and the 25 nucleic acid and the promoter
sequence can still be considered "gperably linked" to the coding sequence. Other such control
sequences includglﬁﬁ?% , Wl‘é dn signals, termination signals, and ribosome
binding sites. Sucl eRBIESWhRRABIGVERRBEOLERARNNBRhANA N the art, including but not limited to

plasmid and viral-pAsethaRoRIORIFRAIPER WNVEVA08/085191PCTLUS2007/016246 In a further
aspect, the prese HY&E\}?Q g%rﬁ{/@gﬁfg neti ngineered host cells comprising the expression
vectors of the invgr%%lon. uc%u ost ce s%ﬂésr‘ldgcggs(r/&aryotic cells or eukaryotic cells, and can be either
transiénitly or stadhRFEAFEKGENKSAEARBEFNMsduced with viral vectors. 5In another aspect, the
invention provide SRKKRRIQRKIGVICES ROMPHIIAG One or
WLRRIKAWLRRIKAKKEKALARQLGVA;
WLRRIKAWLRRIKAWLRRIKAKKKALARQLGVA;

20 YARAAARQARAKALNRGLGVA:
YGRKKRRQRRRKALNRGLGVA;
RQRRKKRGKALNRGLGVA;
GRKKRRQRKALNRGLGVA:
WLRRIKAWLRRIKAKAINRGLGVA;

25 WLRRIKAWLRRIKAWLRRIKAKALNRGLGVA:
YARAAARQARAKALNRQLAVA;
YGRKKRRQRRRKALNRQLAVA;
RQRRKKRGKALNRQLAVA;
GRKKRRQRKALNROLAVA;
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more of the polypeptides of the present invention disposed on or in the biomedical device. As used
herein, a "biomedical device" refers to a device to be implanted into a subject, for example, a human
being, in ordveE’)zﬂPﬁ"ﬂf%?J’out a desired result. Particularly preferred bio feaP Ha feds according to
this aspect of the invention include, but are not limited to, 10stents (including but not limited to
coronary stents), grafts (including but not limited to vascular grafts), shunts, stent grafts, fistulas,
angioplasty devices, balloon catheters, venous catheters, implantable drug delivery devices, adhesion
barriers (including but not limited to carboxymethylcellulose, hyaharonic acid, and PTFE sheets) to
separate tissue, wound dressings such as films (e.g., polyurethane films), hydrocolloids (hydrophilic
colloidal 15 partick%&{%%ﬁ?%‘g lyurethane foam), hydrogels (cross-linked polymers containing about
at least 60% water), other vi %@W &iel-like species (including but not limited to, those
disclosed in US 280B0REOSBARRIGASBSBISHIs ONRQEMBHebIC), calcium alginates (nonwoven
composites of fibers kamArisium rlgineie)r eallaphane, pluronics (ie: poly(ethylene

glycol)-block-poly (%{ﬁ&@%ni’l%@ﬂ@fﬂ&al polymers. 20 As used herein, the term "grafts"
refers to both natural and prosthetic graftsand implants. In a preferred embodiment, the graft is a
vasculdr graft.  RAK i MRk stent” includes the stent itself, as well as any sleeve or
other component GREKKRGrIusEA kayfaGlirgte stent placement. 25As used herein, "disposed on or in"

means that the owﬁwgﬁgﬁ@éi%eﬁﬁh%%?@%per directly or indirectly in contact with an outer
within the bi

surface, an inner surface, or embedde e bibmedical device. "Direct" contact refers to
disposition of the WMW&%W%&%QW&@&W but not limited to soaking a

biomedical device in a solution containing the one or more polypeptides, spin coating or spraying a
solutié® WO 2008/085191PCT/1:52007/016246 containing the one or more polypeptides onto the

device, implantin@m@gyﬁ@mmgﬁgﬁ@mmypeptide, and administering the polypeptide
through a cathete{/ ﬁﬁﬁ?{ﬁ to the surface or into any organ. "Indirect” contact means that the one or
more polypeptides do not di %ﬁ%} Biritdical device. For example, the one or more

polypeptides mayRSERREFFCHI KD MR S¥ekras a gel matrix (such as a heparin coating) or a
viscous fluid, whictrIE &irsposadamineringdigal device. Such matrices can be prepared to, for
exampge,'.mpfzﬁfy %Qmﬂ%q&%ﬁggﬁgﬁ%&iﬁg the one or more _polypeptides as required. In
one non-limiting %%QRI%WE %ﬁ&%mg IS |sposé:(1i:§?}£he blomedlcal device (such as a
RRIKAKKKA GVAA;
YARAAARQARAKKKALNRQLAVAA;
YGRKKRRQRRREKKKALNRQLAVAA;
RQRRKKRGKKKALNRQLAVAA;

20 GREKRRQRKKKALNRQLAVAA;
WLRRIKAWLRRIKAKKKAINRQLAVAA;
WLRRIKAWLRRIKAWLRRIKAKKKALNRQLAVAA;
YARAAARQARAKKKALARQLGVAA:
YGRKKRRQRRRKKKALARQLGVAA:

25 ROQRRKKRGKXKKALARQLGVAA,;
GRKKRRQRKKKALARQLGVAA;
WLRRIKAWLRRIKAKKKALARQLGVAA;
WLRRIKAWLRRIKAWLRRIKAKKKALARQLGVAA;
YARAAARQARAKALNRGLGVAA,;
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10 poly(tetrafluoroethylene) (PTFE) vascular device or sheet) and the one or more polypeptides are
disposed on or in a heparin coating; in this example, the one or more polypeptides can be delivered to
a subject in ng@ﬁlzﬂ‘i’ﬁlpé)ﬂf’?n a controlled manner. In one non-limiting exé’rﬁ%%ﬁé’%ﬁse of the one or
more polypeptides from interstitial surfaces of poly(tetrafluoro ethylene) (PTFE) vascular devices or
sheets can be controlled by first 15 adsorbing or bonding heparin to the surface and/or interstices of
the PTFE device followed by adsorption of polypeptide. Alternating layers of heparin and the
polypeptide can also be used to increase the polypeptide dose and/or time of release. Under
physiological conditions within the body, the kinetics of the association and dissociation of
polypeptides disc rein to_.and from heparin will lead to a delayed release profile as compared to
20 release of the Eé%gmbgﬁ%vice. In addition, the release profile can he further
altered through cHREARERRIGEAEBRBE@,: pH or ionic strength. Such controlled release is of great
value for use in thepvakipug)tberanertie roatments for which the biomedical devices can be used, as
discussed below. i t] r jcal devices are known in the art. Applications in 25
ERRR SRAOERAN NSRRI PP

humans include central venous ca S, coronary stents, ventricular assist devices, extracorporeal
blood dircuits, bloBd-8&HphNGLERIEAVERBISKMNEIGIERETGU8h coatings can be in a gel or non-gel
form. As used hereRR hepR@LoOaHRI NRGuAsseparin adsorbed to the surface, heparin bonded to
the surface, and Wﬂk@?‘%@gﬁﬂm‘&%@g olymer surface. An example of a method for bonding
the heparin would be to use "WO 2008/0 "T/US2007/016246 ammonia plasma to treat, for
example, a PTFE%WW&%UH&N amines with oxidized heparin. Layer-by-layer
buildup of the hefaRKIERBORESLNRDEPBIBeptides could then be used to increase polypeptide on
the surdace and W;Wgﬁy@%@%ﬁ@bi@{@m; the heparin coating can include, but are not
limited to, any hy inj heparin either_cavalently or physically bound to the gel. The
heparin coating .%%%%%ﬁﬁ%&%ﬁmﬁ fiudes direct contact with an outer
surface or an innerSBiffadREARAKib RIRBGYWise, or embedded within the biomedical device.
"Direct” contact refasRe RisQRIEREMAIKeciy w4 in the device, including but not limited to soaking a
biomedical devicqz@mﬁﬁgg%&w_n (wherein the polypeptides may be added 10 as part of
theleparin coating solution, or may be subsequently disposed on or in the heparin coating after it is
contatied with th M ¥ E@W@ﬁiaying a heparin coating solution onto the device
(wherein the polyp8RiBsAMA R RAHad AR QG URIAeshdparin coating solution, or may be
subsequently dispeBERERILAYIR R ASPOERIROAUIAY Aflef Iy £antacted with the device), and
administering the heparin coating solution containing the 15 polypeptides through a catheter directly
on to the surface or into any organ. The physical characteristics and specific composition of the
heparin layer cant®érgffiptaerastobitiemssins teshtier prioades projijesiide @mepdsimorespolypeptides.
See, for exaoiplet ibepbiBpepRanittiuBigrmasiamales ylan2R3(dM kPR3 682 (2993):sH3R0030190364,
incorporalef hiEIRRICR ARESINdRL IR ARNleh AN AATeda RIoAGNe SUFBge (GRASTM) the

product of Carmeda 20 AB in Stockholm, Sweden. "Tndirect’ Coftact Means nat eeheparin coating is

not directly T EEATLtsbrs st Eorafenmnsr 15 R tanmskopomtices areiendinssiirembindg is placed
between theitievieesurfacdianththephapaite éoatindndivaatrar-dhaiinsiekanspleThie one or
morepolypeptigesaouisyhe initialbaadacrhes(diteri aringiteciv. apghibanadsarping a heparin
coating; thﬁ_lé:aQiQQé‘%Qasltl 'bg J%Ao%ﬁd b subsec%uent tgol %?gétl_de’layers, heparin 25 layers, or
combinations thereot, as desired " AS Wi BB THaeTSs8 6§/ RS RodiE A hny sulfated
polysacch&Rtf&wr kg afivkayrbracysd ponmee eeifsbecesadtiativesmbinmelgimdteparin as described
above, to pralyideyiiesitdidirrlensechalastoHeboss-HRidB08/0RG AR LRE UMSRORIGIR1$246

coatings, and/or polyvinyl alcohol, and tableted or encapsulated for conventional

administration. Alternatively, the compounds of this invention may be dissolved in saline,
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In a further aspect, the present invention provides methods for one or more of the following therapeutic

uses (a) reducing smooth muscle cell proliferation and/or migration; (b) romoti{r)l_gesmooth muscle

relaxation; (C)Wﬁ’c?@ﬁg'ﬁ?égfhe contractile rate in heart muscle; (d) increa iﬁ&%s%ﬂe PA88*8¢ heart muscle
relaxation; (e) promoting wound healing; (f) treating and/or reducing fibrotic disorders and/or keloids.;
(9) reducing scar formation; (It) disrupting focal adhesions; (i) regulating actin polymerization; and (j)
treating or reducing incidence of one or more of intimal hyperplasia, stenosts, restenosis,
atherosclerosis, smooth muscle cell tumors and metastasis, smooth muscle spasm, angina,
Prinzmetal's angina (coronary 10 vasospasm), ischemia, stroke, bradycardia, hypertension, cardiac
hypertrophy and other end-orggm damage associated with k?(ﬂtﬁ;rtension (including but not limited to

renal failure 2% SROKEY I50R B PIRRIFR bk sarbrr waaRrheidp relioidahyplsieamia of
pregnancy, gthentér wiabir ppreseclimpsindesi amhpsiante ayl) augisaidense, aidhensimanon,

nemolylic-GGHRIA, MHePEEPlYe MRSRNENIGASERRRIA LIS S BRI AR TIRRIRGE, Migrane, 15
ischemid musc |en£ur / 2SSO 1{ated with ssggoth méjgide spasm, vasculgpat x such as transplant
' C

vasculopatiy® bradyarytimia. Braie APaIae ¢ B et T Hisrr kiRl RS, pulmonary
hypertehsioh, fiyastolidizioaminaling, oy lioighs (wesliferetionaf et oy smmmo: inalye aclutieedeposition of
extracellulapongtpsdeachiding Mulaab bnieehiapsusts R Pitaratiomand ELMhaengsitiony, damaged
areas of th | systein; 20.chronic obstructiv Imonary disease. (COPD) (ie, respiratory
tract diseas%(;,%(?1 (:?ga%gﬁc}%ﬁ%ﬁeb% é:i?ﬁo%%}b%&?ocﬁn z{?ﬁi‘fﬁﬁa %ﬁ?’iﬁlg Jﬁ\ée‘éa%ﬁ (S hd?‘ﬁ?ﬁﬁ%’é‘?o chronic
bronchitis a%“é‘?f’f’p?ﬁfg%prfé’)%@ﬁfe resorption (osteopenia) associated with aging or immobilization
(which leads to borre fralgtuereiislimitibg eadtotpetial dysfonet gacaash inflaramaiendeberein the method
compriges JEBIRIRAUNGIGA Spiachin kegd dharert angestye @&m%gégt%%”y out the one or

more theragefjtic u_%}es %f one or more polypeptides or compositions according to the present invention,
or function °e’é_i’d"R/% ShtL Ppiepaisiion Rk g RRUSE M YBURY B aMfepe Sritable srbriers e inventors
believe that#sdnrspdptiges bfthedpaationtematsrtiendprolideuffsicthenapatticfeffect as a result of

inhibiting HdRdéridesphandationnbvip B2 hkiprse M ARIARA). although alternative mechanisms,
WO 2008/085191PCT 4%82007/9%@246 including but noie limited. to ighibiti_on of HSP27

phosphorylation by MAPRAPS, and VAP APE are Bik6 SR BBV eingention. Since
MAPKAP2 R uBHEs e car st X Pliema PRy toraplsisreids ascadingiotthisspaRK inhibitors
are useful ahe ivitintidhe SCbpeppirtie prasost skiaRtBOASHARM on the disclosure provided

herein and the general level of skill in the art.
In another aspect, the present invention provides an expression vector comprising
DNA control sequences operably linked to the isolated nucleic acids of the present
20  invention, as disclosed above. “Control sequences” operably linked to the nucleic acids of
the invention are nucleic acid sequences capable of effecting the expression of the nucleic
acids of the invention. The control sequences need not be contiguouns with the nucleic acids,
so long as they function to direct the expression thereof. Thus, for example, intervening
untranslated yet transcribed sequences can be present between a promoter sequence and the
25  mucleic acid and the promoter sequence can still be considered "operably linked" to the
coding sequence. Other such control sequences include, but are not limited to,
polyadenylation signals, termination signals, and ribosome binding sites. Such expression
vectors can be of any type known in the art, including but not limited to plasmid and viral-

based expression vectors,
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5In a preferred embodiment, the individual is a mammal; in a more preferred embodiment, the
individual is a human. As used herein, "treat" or "treating" means accomplishing one or more of the
following: (a) P&B&%‘?W&B?ﬁ%l severity of the disorder; (b) limiting developrrﬁe(r‘ﬁ ?@W? tbths characteristic
of the disorder(s) being treated; (c) limiting worsening of symptoms 10 characteristic of the disorder(s)
being treated; (d) limiting recurrence of the disorder(s) in patients that have previously had the
disorder(s); and (e) limiting recurrence of symptoms in patients that were previously symptomatic for
the disorder(s). As used herein, the term "reduce” or "reducing” means to limit occurrence of the
disorder in individuals at risk of developing the disorder. 15As used herein, "administering" includes in
vivo administratio g?u\%elzll as admjnistration directly to tissue ex vivg, such as vein grafts Intimal
hyperplasia is a complex procRee: thS PTESTHE 1 A AR vEc srrd Rl FrEpessAdheRt ©ellise of failure of
arterial byp&@smizifg ey kierissiomysetatyof Hosrsridninfnealtvppesibti asiatis prodaligteid balla sequence
of events thatemelida codrthalidealt niney and Qs ubsausiressuan SRRl INgSle proliferation

and migrati%r&grgngltgg media to the intima. This process is associated with a phenotypic modulation of

{013, ) : :
the smooth muscle cells ffom a contractile to a synthetic- phenotype. The "synthetic" smooth muscle

cells seécrete extrdBEMIRETERAK RS iBIRRLRMRIAVisgsbicmpdiend Keyiiserarmmisinabtivovessel lumen
leading to grafesttnesesypasivlirpielpaaft aitkaoSiishoeatethrliakeelinieiang-22subsequent
smooth Muaglesce natal's atloR ARG Mgkl RANS NSNS RS GIARGENZS Lasienass, Mos!

] 0 blood Ve iy B

commonly after angigplasty to clear an obstructed SS some em &hts of the

methods of THERIGehBRaE b adinals e hingrhoreudesigidesttre Rerierlalyanateriscle cell
proliferatiorvienabeahilgratisscorrgicgnoting ssprootii thuiscimtielaxadiark, te admiris@dag.may be direct,
by contactisgasitiaer sagsek nbaWRa208085) ARG TALS2EAZ/QAE246 sUbisskheing treated with
one or mor%aggdyg?giﬁjassﬁ{ﬁmseé eventi n. gorlexam le, a liquid pregaration of one or more
polypeptides according tb the n’weﬁ%i%f‘r? G T 45, oA, H SOt n FRRE e STiR¥ wise injected
through a cEARetREgRaniFehdradelien deriseyismuivtidamios (ashidighetawe lonikdte polypeptides
according teatbexipeninRnassbehbanrand amthed Huredsigs) b iigaanembedineaiof direct delivery, it
is most prefeUedd0aicn as fitms (e.g., polyurethane films), hydrocotloids (hydrophilic colloidal
15 particles bound to polyurethane foamy), hydrogels (cross-linked polymers containing about

at least 60% water), other viscous liquids and hydrogel-like species (including but not

limited to, those disclosed in US 20030190364), foams (hydrophilic or hydrophobic),

calcium alginates (nonwoven composites of fibers from calcium alginate), cellophane,

pluronics (ie: pbiy(ethyiene giycol)-block-poty(propylene glycol), and biological polymers,

20
As used herein, the term “grafis” refers to both natural and prosthetic grafis and
implants. In a preferred embodiment, the graft is a vascular graft. '
As used herein, the term “stent” includes the stent itself, as well as any sleeve or
other component that may be used to facilitate stent placement.
25 As used herein, “disposed on or in” means that the one or more polypeptides can be

either directly or indirectly in contact with an outer surface, an inner surface, or embedded
within the biomedical device. “Direct” contact refers to disposition of the polypeptides
directly on or in the device, including but not limited to soaking a biomedical device in a

solution containing the one or more polypeptides, spin coating or spraying a solution
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the one or more polypeptides according to the invention be delivered into smooth muscle cells at the
site of injury or intervention. This can be accomplished, for example, by delivering the recombinant
expression vetdre 5t breferably a viral vector, such as an adenovirma{}‘)%ﬁﬁ‘@ invention to the
site. More preferably, delivery into smooth 10 muscle cells is accomplished by using the one or more
polypeptides according to the invention that include at least one transduction domain to facilitate entry
into the smooth muscle cells. In various other preferred embodiments of this methods of the
invention, particularly those that involve reducing occurrence of smooth muscle cell proliferation and/or
migration, 15 the method is performed on a subject who has undergone, is undergoing, or will undergo
a procedure selected from the group consisting of angioplasty, vascular stent placement,

endarterecfSIH A &S QY PIS 28l RERtidss YuigdheLle Boroan A Rg v At dongwepideripheral

vascular bygrissrsbegeligeptides eatbadgrafiitgingrie pdrarepnidnipuost hettheeyiedmplantng,

microvascmggﬁ%g;m% tic surgical flap construction, and catheter 20 emplacement. In

another embodim‘erpl&h;g&,,rgetho S comﬁ‘lgltsé?ltreating or reducing qccurrence of one or more disorder
I

I B PRSI MATER HyBErfieside apt duertemtashsis, and

selected from the group cor_?snltsat?ﬁﬁl%ﬁn
atherosclerb&isinitispsisyieontas thgmrsubje entrrhoets thelpeblidt mayadmdisbetiaotive to treat or
reduce intimakor, ﬁﬂiIaﬂmgélhﬁ@@fﬂ@ﬁ&i,ag5%@1&‘3§0£ﬁ§§§'&9§i$isﬂﬂl§g%uﬁib@f9§ﬁ§@§§s% one or more
polypeptidqﬁlm{mgltgﬁ(@v%ign. . In a further emhodiment of this aspect of the invention,
the method is used to nleat tUmors an o&rmrﬁgsté:g?aseig fhe g%?ﬁg ﬂ?’ﬁ%ﬁlr%if%@% ooth muscle

tumors. In SHEBRBEIHREE AREiF i JBrAhisEa ROBYRED IR FEtitrdednenanvmiignant neoplasm
that WO 2008/0851abFie, &/ bkpa00 ¢ it #Ginfsed tnmJdbisaldiQinkeilRiomosaicomas can arise

from the wall,pthoitcaualland) peel 00 MESIRIRe HEWLEAN AGGHE BRYWNSIE N the body, but

peritoneal, u astro-integfinal (particularly esophageal) leiomyosarcomas are more

rine, and gas
common. Aﬁfﬁﬁ%@ﬁf&/ﬁ SMRESATHIC L ERRATO VR 17 DRI é‘f}%‘?ﬁﬁf&ﬂ@‘ﬁam smooth 5
muscle nedplasprtifssecfurbsaiebnebudivrenbjtebinTettioticerf beccamibilied mithvat raneatments for

smooth mussiaiatidpBem A0 dR-MQRIAHS oaeRAS-E REMNPEiaP K FRHIAIGR NS IADY.:aNd surgery
to remove g]%{gg oL, Mvgyge 0 e%g&n@,ﬁlgﬁﬁ%g%ﬁ any égqsc(iﬂc rgecb:an'sm, the inyentors believe t_hat
administration of the polypeptides bt the VERTiGn CAr D LEAT oo &F fYRTETLeA bl BFtetastasis by
any OIISdII O?WWWW@EW the surface and/or interstices of the PTFE device followed
by adsorption of polypeptide. Alternating layers of heparin and the polypeptide can also bg
used to increase the polypeptide dose and/or time of release. Under physiological
conditions within the body, the kinetics of the association and dissociation of polypeptides
disclosed herein to and from heparin will lead to a delayed release profile as compared to
20 release of the polypeptide from a bare PTFE device. In add;'tion, the release profile can be
further altered through changes in local temperature, pH or ionic strength. Such controlled
release is of great value for use in the various therapeutic treatinents for which the
biomedical devices can be used, as discussed below.
Heparin coatings on various medical devices are known in the art. Applications in
25  bumans include central venous catheters, coronary stents, ventricular assist devices,
extracorporeal blood circuits, blood sampling devices, and vascular grafis, Such coatings
can be in a gel or non-gel form. As used herein “heparin coating” includes heparin
adsorbed to the surface, heparin bonded to the surface, and heparin imbedded in the PTFE
polymer surface. An example of a method for bonding the heparin would be to use
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10 preventing drug resistance to anticancer drugs or promoting susceptibility to anti cancer drugs,
promoting apoptosis of cancer cells, decreasing cell invasion through decreased matrix
metalloprotein¥8e@P¥&édion and decreased migration of cancer cells, BT ¥R &ppressing viral
oncogenesis. In a further embodiment, the methods of the invention are used for treating or 15
reducing occurrence of smooth muscle spasm, comprising contacting a subject or graft in need
thdreOeWith an amount effective to reduce smooth muscle spasm of one or more polypeptides
according to the invention. Smooth muscles are found in the walls of blood vessels, airways, the
gastrointestinal tract, and the genitourinary tract. Pathologic tonic contraction of smooth muscle
constitutes 20 spasm. Many pathglogical conditions are associated with spasm of vascular smooth
muscle ("véigggé;é‘grﬂlE)?”?ﬁé“s’ﬁ?ﬁbfﬁrrﬁﬁ%i@etﬁawiﬁ%§“6fﬁ%a%§§@I§Pﬂ“ Hie eapliant mBisgAMptoms such as
angina andwisbhendiactifferhcart bayerybislinyeo vatiyros o kepasdinit @waaenals woRkpudeid

hemorrhagendukervaseseasindla piapesesEehiININEC . RRIensiondudn plgod prpssure) is

caused by j[exces.s# e yasoconstriction, as w Il as thickening, of the 25vessel wall, pa_lrtlcusiarly in the

smaller vesSels of the SPEHRERITE <2 PRANGS 24t AR &P B ReAPOfresTctPRIEEBE the invention,
the mudcleheeirspeisirr compsritesaniasssprbmndnd tivesphefiedspithedmientiotispsesdsad to treat or
reduce ocomyBRee:OkMBSOsRASHIReianRd arahedimenisaking.methedingludenyt are not limited
to, method r nhibit.angina, coronar. spspasm, Prinzmetal's angina (episodic WO
2008/08518%%%%’ U%%%@??ﬁ%&%ge%%eélogB?g%ggﬁ“r&%ﬁ&? |§11%eodﬂ§%!a SV 5Rery) i€hemia, stroke,
bradyeardiSPHAt P8R AR itipndimwibr anep uihacisvistircrbnsdus wit timited dmtiorkimzcurrence of
smooth mustienspisthdstedincehsy-reaiment sfaighafhepsh @s fovaispanariasipbgraffeqvith the one 5
or Mofp PORRAIBRAAAIAINGS G100 008 ALIIE,I60) fonduls (oL erpleral ascular and

coronary reconstrlégtlon is the greater saphenous’vein. However, the surgical manipu %%n during

harvest of fR6 GorHUt Hiter TEAHE B VR L5JFYasm: iR SeBeanorsay s ¢ BSerimesAiascomplex and
most likely sitfiffa adheodcsivastigationechmeptaley gestbd dtidsd/aspspebtieisapitier due to

enhanced eaitaigebRinG, RRRAIYAR KaIRKHOMPLIRR AASHHALLASTAG MHSEIE. RN nedia of the

vein. Numerous vasoconstricting,agents such as endothelin-1 and thromboxane are increased during
surger% an%"%ﬁi‘ﬁﬁ?%’%ﬁ%%i’ﬁg“,%?ggﬁ?ﬁ‘&é%ﬂ%‘*gg ﬁt%%%%?ﬁ%ﬁ?@?%ggggﬂgﬁﬂﬂ%%%ﬁf as

norepinepith@cstidss tsapeh artinter diserichokntefitaosine iningivtersin. |Timhyptebylephtine have
been implicatettierivein gratpspdsooRapaiat ives Repmaciyarsisake ¥asediaterhathas been used. In
15 circumsiageeswhete,sRas TrAGCLLS sSvannthe presence of papaverine, siurgeons.use intraluminal
mechanica) distension teg break the s asm.gl'rhig Ijggggg%ﬁh?ﬁ??/tfgrt %a\]}lglir?’zgr% av%g . %subsequent

intimal hy;‘%ﬁ?ﬂ’ ASATRN ﬁ‘f&’ﬁ%%é#ﬁﬂa‘g A5d 3R (R Y E 2P0 b Giesk: Tagrsperated by reference

herein in its entirety; and Carmeda BioActive Surface (CBAS™) the product of Carmeda
20 AB in Stockholm, Sweden. “Indirect” contact means that the heparin coating is not directly
in contact with the device such as, for example, when an intervening coating is placed
between the device surface and the heparin coating. In one nop-limiting example, the one
or more-polypeptides could be initially adsorbed (directly or indirectly), and then adsorbing
a heparin coating; this can optionally be followed by subsequent polypeptide Iayers, heparin
25  layers, or combinations thereof, as desired. As will be understood by those of skill in the
art, any sulfated polysaccharide or negatively charged polymer can be used in like manner

to heparin as described above, to provide desired release characteristics.
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Thus, in this embodiment, the graft can be contacted with the one or more 20 polypeptides according
to the invention, during harvest from the graft donor, subsequent to harvestgbefore imglantation),
and/or duringWﬁﬁﬁfﬁ B4 into the graft recipient (ie: ex vitro or in vivo).P?ﬁ‘f S@%‘H’%@%ccomplished, for
example, by delivering the recombinant expression vectors (most preferably a viral vector, such as an
adenoviral vector) of the invention to the site, and transfecting the smooth muscle cells. More
preferably, delivery 25 into smooth muscle is accomplished by using the one or more polypeptides
according to the invention that include at least one transduction domain to facilitate entry into the
smooth muscle cells. During graft implantation, it is preferred that the subject receiving the graft be
treated systemically with heparin, as heparin has_been shown to bind to protein transduction domains
and prevent thent M PSR SRS TRETEEh veniion BprddenmniPads dorPrscenete tithe
2008108510 PG YSROeTIOIB246 protein transduction of the graft alone, and not into peripheral

tissues. The methgpsdidhissemhadimen QiBRITERIRRISHHERPARM 8GR HEIR graft spasm
during har\éergéoqu/or 5 ant§|tion f the ?raft nd thus jmprove both shorf and long term graft

musle feiax W P ERBERC iR R O e aE EeiPEpasm 5 is

success. In Vanous Sther ermbodmants's
associdtedthftriia efidsreenyrdintiagation tomimicdhnyuirdralingl (Aol tatpereedsion, asthma
(bronchospeameindareeiadddpiegnaan RIeHe T )abaliRL-ae Rmptaie g mpsigufiaveauds disease
or phenomggon, lviics 1a..n0n:0cclusive mesenteric.ischemia (ischemia of the intestines that
is caused by inagggﬁggé%ﬁ%%% %]g%\%}%op ﬂ%ﬁﬁ?e%ﬁﬂ%’s?‘?%@aﬁﬁg%ﬁeo r(\li.v chrg'uni% Hc’ggggrel%et?y Cﬁ)ﬁeﬁrsistent
spasm of ti& ‘F?ﬂ'é‘r?%’ Insnal EYRTARIASS: SteesisistiRmrei. At msslssesipysihimressiapribm of the lower
esophagedispinircid feinspsite needthihichde epusse didiyna, Pxikzafdalaxatinn eotbrargssels in the penis,
erection requiess.yasadiatian, ofUie, GIRIR-FRYCMNRALRERIE) BICOR YESRSIR) Midsaine (which is

caused by sg‘?sm ofdthe intracranial blood vessels), ischemic muscle injur assomatg—:-drwith smooth
muscle spasm. sna v%%%ﬁ%fe&%ﬁ%m%g‘%}ggmﬁB&fl%?t(ﬁuf‘étﬁ%ﬁ%ﬁﬂﬁﬂtlf?élﬁnsplanted
vessels 15 shakesipilmosatienes dpotissitinsshres (bonshichuens tosceingt pnckndticyately

obliterationngé-thentransphanirthhioadsessels, Risiaihedeasios: GavssalBaattiianselant failure).

In other engp&%% ents, the methods of the invention are used for ane, or more of t%ro,moting wound
u

healiri%, reducing scar orurﬁlgﬁé?fsﬁ%tgﬂﬁésgﬁ%?gf PaA T RERERESY IBSTeasE TEfI%ting and/or
reduc

g k&IEha@qpRekapRY senncied v smari mesde seeTnierseionsth vdiviual that has
suffered onwilkgufieratial peame;dsiaa migicahdyesany con gniod heathalimaysteswdliin scar formation,
or has resuyliod.nsscar formatian, A3 usebhetRR. e aimeiueuAd Jefersbroadly fo injuries to the
skin and sub%utaneougg tissue?%u%%wou_ndé incI?Jde )Lut gr% n’g%f ﬁ)r%sféflgr %%‘%%g%?éﬁs; burns;

punctures; BrES¥lfftg /may By dgpaution o srEaslliisr smainiss freduding m ot lisiedisions caused
by infectiorfacherodideratian wid el dardsitiontic drougesariser nif jeeenithl senenanagstiagarotomy wounds;
surgiosl wanRsise syeisienat watRes: FeRMAS (BB Ies N lissusfMRSIS, Baluding byt not limited to
idiopathic p) Im%g%fi%g) IS, hepatic fibrosis, renal fibrosis, retroperitonegl fibrosis, and cystic fibrosis
; SRILR0s 5 e RAHE IDIOSIS, IR % ’ itis | ’
but excludln%aﬁood vesse ﬁgrorsf:sg%ra \eArt tissue TBroS: %nﬁl b Chronie bronehitis and
emphysema}, bone resorption (osteopenia) associated with aging or immobilization (which
leads to bone fractures); limiting endothelial dysfunction, and inflammation;
wherein the method comprises administering to a subj ect in need thereof an effective
25  amount to carry out the one or more therapeutic uses of one or more polypeptides or
compositions according to the present invention, or functional equivalents thereof,
’Whil.e not being bound by any specific mechanism, the inventors believe that the
polypeptides of the present invention provide their therapeutic effect as a result of inhibiting

HSP27 phosphorylation by HSP27 kinase (MAPKAP2), although alternative mechanisms,
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WO 2008/085191PCT/US2007/016246 wounds resulting from cosmetic surgical procedures. In these
embodiments, it is preferred that the one or more polypeptides or compaositions are disPosed on or in a
wound dressih@&f”l?fﬁ*é?%pical administration. Such wound dressings é‘&E’BEZ?W 1¥&€4 in the art,
including but not limited to films (e.g., polyurethane films), hydrocolloids (hydrophilic colloidal particles
5 bound to polyurethane foam), hydrogels (cross-linked polymers containing about at least 60%
water), foams (hydrophilic or hydrophobic), calcium alginates (honwoven composites of fibers from
calcium alginate), cellophane, and biological polymers such as those described in US patent
application publication number 20030190364, published October 9, 2003. 10As used herein, the

phrase "reducing scar formation' means.an crease in scar formation that provides a therapeutic or
cosmetic bglng(ia'ff?{lg(}ﬂlé xboa{g EHP@JS H%lﬁﬁ‘é?gﬁgﬁt%}g? BBeTRRe pRAR Y MAHAICh Rk d, for example,
by decreasiié¢-PieSi7 erantitorrdepirektd nctherpletimbitoedamformation in the absence of treatment
with the methods SihteeiRyeniion; QidnheuaipEH NS BhAR SXistRg.SCak. AsLagdagsein, such
scars incIudggsﬁﬁ{?%fiﬁﬂbllg%g%sbisggydiélg{%lnjt nﬁ)t Iimitedftt?l keloids;,hy%ertrophic scars; and
adhesion férmation between organ sur aces. |ﬁ%fuaigr?§p§ucf not firmited 1o tb%'éaﬁ&‘f]hing as a result of

surgery.  The MatRsdeorirpseddntbdhn tniidrel dnimmymaety koo teaatifeged types of wounds to
reduce scagrfdniiation, the thdsided iuciigafial scar formation, and for therapeutic treatment of existing

scars (i Ut QU Ae SGAY ek SaRRIRNEN iEAING.Jh 201 (he Gompouads of the invention.
0]

and letting the scar heal more slowly). In a preferred embodiment, individuals'in need of treatment or
limiting of SEARTBELaLFPdeciafiasriyRthsstiterdes @ driteafigreprertefermnomeiuals,
including beharetttirisiiedfohindisomiige(s béiAsiaced Al tantieseonkithatcdssmyerptible to keloids, and
thus can bengftfsasadae methodrQl)bedn vention donmanivasiche amyle:lpitgsyalopment of
keloids, 25 as wellas {l%‘r/treragggt%gl%gl%gg.var'oisppthgrérffe_rted embodiments, individuals in need
of therapy for treating 6r fimiting fiorotic disorc EPETETa TOER SUTHERR SCREFTSE 8T FIERRIPBRe or more
fibrotic disGRIAECAESHRIAtEH RN TSF PYRBigsiCiOealigmdssion, including but not limited to tissue
fibrosis (includingAuiiseatkirsite théaddipnadiie pofmenany ditkesis dapaticJlaasiss keral fibrosis,

retroperitorag%gggrgislﬁdﬂ@&ggsﬁl{)rlg)&i% I&% Ov%sgstglefglasr%gg WO 2008/085191PCT/US2007/016246
CNS fibrosis, and heart tissueﬁ rosis); diabétic’ne ropatFiy, glomerulosclerosis, and IgA

nephrbpathy (cauéSS 819G fadmissisanseindacerdn yixn iminierasionspreiips diabetic retinopathy
and maculaduegersietidneffibrotidseiseasescofihie myeiang:iading causes of blindness); cirrhosis and

biiary atresia (leadingeaysasialives thpais sndialieloarap e ¥mBRatiFl g unp florosis

scleroderma; abdominal0 qzrll%sion ; and igterstltial fibrosis, n various other preterre

embodimefits o1 R et he erbadhi IRl rEas WerelhDirdRrrmBlesty Haderteheiiyaor treating

and/or limithgefblrsirismetinad rirorueaisidd evenththobingthie rnratbelie veld iofropendr more of the
followdng biobsagkers vascular smooth muscle proliferation and migration from the media to the

intima. This process is associated with a phenotypic modulation of the smooth muscle cells
from a contractile to a synthetic phenotype. The “synthetic” smooth muscle cells secrete
extracellular matrix proteins, which leads to pathologic narrowing of the vessel lumen
leading to graft stenoses and ultimately graft failure. Such endothelial cell injury and

25  subsequent smooth muscle cell proliferation and migration into the intima also characterize
restenosis, most cornmontly after angioplasty to clear an obstructed blood vessel.

In some embodiments of the methods of the invention, such as those relating to

reducing occurrence of smooth muscle cell proliferation and/or migration, or promoting

smooth muscle relaxation, the administering may be direct, by contacting a blood vessel in a
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10TGFP | expression; Collagen I; CTGF expression; and alpha smooth muscle actin. Elevated
levels of such biomarkers can be detected using standard techniques, 15 includingj but not limited to

immunologica\v@éﬂﬁf&’ﬁ'&(ELISA, immunocytochemistry, etc.) using co?ﬁmg%?gﬁylgvgilable
antibodies against the one or more biomarkers. As disclosed below, the polypeptides of the
invention inhibit TGF131-induced CTGF and collagen expression in human keloid fibroblasts, which
are elevated in fibrotic conditions, indicating that individuals with elevated levels of one or more of
these 20 biomarkers can especially benefit from the methods of the present invention. As used herein,
an "elevated" level of the one or more biomarkers means any increase above normal for that individual
or similarly sguat%d individuals in a relevant target tissue. Such target tissues are those affected by

i

fibrotic condiftors. REUEIHGLNh SRR ATifReres Shosatidrs i dhesuteniom Reprpaps.wkishidrom tissues
affected byrfignasicimefisdimer buarnptlipemidts 26thdise ©itindseshdhove (skinrdadineyudting, liver,
peritoneumydae daaass o\ GBEFBURY.ALR VBN UBNE RN SR, Ayl dicual In need
thereof is o‘rfig é%atlpg%%clst\éel‘gf ne or more of the reﬁ}{[ed bior%,ar ers 5%, 10%, 15%, 20%, 25%,
50%, 75%, 10005, OF More above HormaT IB0SfR ERERIS T AL IRAmE R T Wi 5PHR6re biomarkers
can be’dor@ sty p fgresd site dr ibsecoPrdieat 6fiding drlivdardttscheitpreteiretiibart for
measuring theatedroansie pgBpeptpsessiania NG Wingvbst Aotdimiee:-ta these disslpseddelow. A
"normal” le I ersynay be established by any suitahle means, including
but not Iimi%é&é%%ie%t%eﬁrfﬁ%ﬁﬁ?r%??npéaﬁ{%\?ghn%t%%igﬁﬁm&?pZ‘ﬁﬁé\)ﬁ? sallflLf’aE?é%yindividuals in the

absence of iBYSHEE BiARTOAL RARY SFRatsieR Vertenyraerarelmaltieaisa ke toresushirstam standard for

reference. adenoviral vector) of the invention to the site. More preferably, delivery into smooth
10 muscle cells is accomplished by using the one or more polypeptides according to the
invention that include at least one transduction domain to facilitate entry into the smooth
muscle cells,

In various other preferred embodiments of this methods of the invention, particularly
those that involve reducing occurrence of smooth muscle cell proliferation and/or migration,

15  the method is performed on a subject who has undergone, is undergoing, or will undergo a
procedure selected from the group consisting of angioplasty, vascular stent placement,
endarterectomy, atherectomy, bypass surgery (such as coronary artery bypass surgery;
peripheral vascular bypass surgeries), vascular grafting, organ transplant, prosthetic device
implanting, microvascular reconstructions, plastic surgical flap construction, and catheter

20 emplacement.

In another embodiment, the methods comprise treating or reducing oceurrence of
one or more disorder selected from the group consisting of intimal or neointimal
hyperplasia, stenosis, restenosis, and atherosclerosis, comprising contacting a subject in
need thereof with an amount effective to treat or reduce intimal or neointimal hyperplasia,

25  stenosis, restenosis, and/or atherosclerosis of one or more polypeptides according to the
invention.

In a further embodiment of this aspect of the invention, the method is used to treat
tumors and/or metastasis, including but not limited to smooth muscle tumors. In one

embodirment, the tumor is a leiomyosarcoma, which is defined as a malignant neoplasm that
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Preferred routes of delivery for these various indications of the different embodiments of the methods
of the invention vary. Topical administration is prefiaied for 10 methods involving treatment or reducing
the incidence BfAA K it lspasm, intimal hyperplasia, restenosis, prostHé&tiétgrati Hitie due to intimal
hyperplasia, stent, stent graft failure due to intimal hyperplasia/constrictive remodeling, microvascular
graft failure due to vasospasm, transplant vasculopathy, scarring, fibrosis, keloid formation, male and
female sexual dysfunction, and for promoting wound healing. As used herein, "topical 15
administration” refers to delivering the polypeptide onto the surface of the organ. Intrathecal
administration, defined as delivering the polypeptide into the cerebrospinal fluid is the preferred route
of delivery for treating or reducing incidence of stroke and subarachnoid hemorrhage induced

vasospasm™ [Rtfap e tEHEAR-a iRt psatRsmheT 43 FishvErm St ualis pbepshaaienthe peritoneal
cavity, is theggedflrpd detsate hE20adaliveryfpwireatinthobodguningeneickanereahaaicclusive

mesenteric égﬁk@m{géfggp{ﬁg{gmgggqgm%gm ;Q{&_{%%@QJ&H&@ Jol & g_ﬁﬂg%%‘%%reating or reducing
of deli

incidence o‘&ggrrﬁ%{%se' : hqttaravent us agministration is the preferred route ( very for treating or
reducing incidence FRYPeTTEHaIOR SR DI a2 KRS a b mLenrymaots preferred for
treating or fEBRFARFIRtGBNEe ofumhal fivbatinsdrsohddivdemniboreftired farSdeeating or reducing
incidence ofasiiuig {ie shioachasprYa whisaldriioe AsBRIR alaisRLalsigd for treating or
reducing ingj -t labor and pre-eclampsia/ sia.. .In angther embodiment of the
methods of%ﬁle% E{rg\?e%%%%%t e methods é?glﬂvsee%?ggﬁlgféggé?ﬁ%%%‘ﬁﬁgaﬁgdrg%am’ AR fuscle.
Individuals TSP ERRb PRIt AR SbRiTtrehthdminiematiennbte molupertillsi of feelinvedtiveart rate relative
to either a norbabitdart tate AME20ARMORBENLROTHIS2AQTY 01 B2461few thedidividuak; or relative to a

"normgy" h%‘:ﬁiﬁ:&t@%@%@ﬂ&%%ﬁ%@ﬂ@i&lﬁg@hﬁoﬁ?ﬂ gg‘{séecin Jhe Hgl‘tlcl;as%. "increasing the

. . anil. Cancer .
contractile ‘riate in heart muscle" means any increase In contractile rate that prowaes a therapeutlc

benefit to the BEEAT SUERPRNEYS SE e Bl dssremnganlbigsitt Benspiscrpsereasing the
contractile FgETomPRgKenIkiRase txerSionnaal derrasteriateifor theuneivielsahnd fiosmal contractile
rate for a skmisEsBituatetbindddesd, or some other desired target contractile rate. In apreferred
embodiment, the ethods result jn an increase of af least 5% in the contractile rate of the patient in
need of such trea{}r}h%eﬁgglﬁrfﬁrﬁ %%I%lﬁgfég?ggl em 83 |1£nﬂzen RVIROR S BF R Tion result in an
incredse oF%\‘H‘é‘%t"fB“?)@,%?@B,f SoBHTLYECIS §pESTBEoRMATYNEABY acting o sBTs4tior threfl B contractile rate
of the patientihthéredf ofisushatreatmenicineadqrefacsashesabaminaeRhaRs Easine tascontractile rate in

heart muscﬂ,glﬁ,@%g_@mg&b‘gqg% Wmeteasingthe heart muscle relaxation rate (ie: if the muscles relax

faster, they beat faster). In a more preferred embhodiment, the methods of the invention result in an

increase of at lea3t596 TATHE et IS TR PEISRHASH Hard SrindspuAYSHifcet tEratseirgleatment. In
further preféttbanadbianssniminty, thet. nRethddsiotehis mwentidonrefamtivistamingraaseifias least 10%,

15%, 20%skdh, 308y 3oeiAR04 dalbiendhr2RaRdRAHSBILMUBHSIRIR AR AR 4f the patient
in need of %Q&Qogga%%ﬂhe smooth muscle that lines blood vessels. This can cause symptoms such
as angina and ischemia (if a heart artery is involved), or stroke as in the case of
subarachnoid hemorrhage induced vasospasm if a brain vessel is involved. Hypertension
(high blood pressure) is caused by excessive vasoconstriction, as well as thickening, of the
25  vessel wall, particularly in the smaller vessels of the circulation.
Thus, in a further embodiment of the methods of the invention, the muscle cell
spasm comprises a vasospasm, and the methods of the invention are used to treat or reduce
occurrence of vasospasm. Preferred embodiments of the method include, but are not limited

to, methods to treat or inhibit angina, coronary vasospasm, Prinzmetal's angina {episodic
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In a further embodiment of the methods of the invention, the methods are performed to treat one or
more cardiac disorders that can benefit from increasing the contractile rate in 20 heart muscle. Such
cardiac disord®fiE ¥ bradyarrythmias, bradycardias congestive hedit Taifi&” Hdfifonary
hypertension, stunned myocardium, and diastolic dysfunction. As used herein, "bradyarrythmia"
means an abnormal decrease of the rate of the heartbeat to less than 60 beats per minute, generally
cased by a disturbance in the electrical impulses to the heart. A common cause of bradyarrythmias is
coronary heart disease, which leads to 25 the formation of atherornas that limit the flow of blood to the
cardiac tissue, and thus the cardiac tissue becomes damaged. Bradyarrytlunias due to coronary artery
disease oc&ur E\r%ore frequently after myocardial infarction. Symptoms include, but are not limited to,

loss of enetf Rhsd iR safResy soerkitstigs ke iiyedin étdve heart failure”

means an ingsifigpaéthe heart to pump adequate supplies of blood throughout the WO
2008/085191P CTHUSZARZ (62546 e dy S ushiiaarialure Sanhe dusda.a dasighye! conditions or

disorders, mclwﬂé%%but.not |m|tgg ttroea%&rg%nsm , anemia, hyperthyroidism, heart valve defects

GrlMited 10 aoric Stenoae. fORE s it i%%ﬁ?’?%?ﬁ‘fﬁg’pﬁ%ﬁﬁ‘cﬁﬁewcongenital

including bt ho
heart défects EREMPERiidse riitaidite s tonietairroCire ddrttidsdpeidéietespaigheoiiary 5stenosis,

and tetralogysehiediol;careyisiasnstReanrdinie iasaiip taandiorsanatiwuimanaisdypertension,
and lung diggase.includin tnotlimited to chronic bronchitis and emphysema. Symptoms of
congestive h%éga%t failure I‘ljrxl%l%ﬁ‘efvt?uét%%rgfen(aﬁ??%ﬁg%%?e%%g%g, or?&ﬁﬁ?h%fﬁ%ﬁ%ﬁ?éﬂﬁ&%ry edema,

and swelling ST R AHIFEREIY 18g st lieherprafdhstotit Mest inyestigainnmbareaaemtsit muscle that
is not functioaingsé@{punspitigibéatiwgnbiare¢d caniatimoheamiaitiaiclatdiondiitnuwagen to the

vessels) SURRINHLHISNEAMUREIR) of imARHSREDGIRID Lol slinsion;means an inability of
the heart toeﬂH \{ﬁéﬂnt_)hogf%f urin%‘(%jiastole the resting phase of heart contraction). This condition usually
e

SBHTNG OFFSHVERTRICARR HEITHESRS, e ARRs AT Bbrrsih sPgett and stiff

occurs in the se
15such thafieEaherathitinte dobs|ya Diasstlicely shshctioeroninepluters hedrofaitvptarik,

acetylcholine, histamine, angiotensin I, and phenylephrine have been implicated in vein
graft spasm. Papaverine is a smooth muscle vasodilator that has been used. In

15  circumstances where spasm occurs even in the presence of papaverine, surgeons use
intraluminal mechanical distension to break the spasm. This leads to injury to the vein graft
wall and subsequent intimal hyperplasia. Intimal hyperplasia is the leading cause of graft
failure.

Thus, in this embodiment, the graft can be contacted with the one or more

20 polypeptides according to the invention, during harvest from the graft donar, subsequent to
harvest (before implantation), and/or during implantation into the graft recipient (ie: ex vitro
or in vivo). This can be accomplished, for example, by delivering the recombinant
expression vectors (most preferably a viral vector, such as an adenoviral vector) of the
invention to the site, and transfecting the smooth muscle cells. More preferably, delivery

25  into smooth muscle is accomplished by using the one or more polypeptides according to the
invention that include at least one transduction domain to facilitate entry into the smooth
muscle cells. During graft implantation, it is preferred that the subject receiving the grafi be
treated systemically with heparin, as heparin has been shown to bind to protein transduction

domains and prevent them from transducing into cells. This approach will lead to localized
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inadequate heart function. As used herein, "Pulmonary hypertension” means a disorder in which
the blood pressure in the arteries supplying the lungs is abnormally high. Causes include, but are not
limited to, inad&Qd4f4EUBbly of oxygen to the lungs, such as in chronic BréAchsUME20 emphysema;
pulmonary embolism, and intestinal pulmonary fibrosis. Symptoms and signs of pulmonary
hypertension are often subtle and nonspecific. In the later stages, pulmonary hypertension leads to
right heart failure that is associated with liver enlargement, enlargement of veins in the neck and
generalized edema. In a further embodiment of the methods of the invention, the methods are used for
25 treating a heart muscle disorder comprising administering to an individual suffering from one or
more of bradyarrythmia, bradycardia, congestive heart failure, stunned myocardium, pulmonary
hypertensidhoSHtraRdtsHe gt thnemihaaneammo art Besrebmakiiseesche methrisctttebntractile rate
of one or manéqidlype pfitesiaceoid ngitedbecpresenbiveamititt sp¥éh during harvest and/or

200810851 HRGRMSAIUUNER YR s iEARORIREITU NaRE5SPRR QLmOre of the following

(a) improving the yate of the heart e%t to closer to ngrmal levels al, closer to a desired

rate, or increasing (PSP SR AT BT HERR Permrihesofihs dusatinpihe srsalF &t aRss®ne or more
of loss df eHeatppcinted kritiss dispnduprcladidd ppoiehBioikihtppibntesyfiergpyperdboadyarrytiunia; (c)

reducing WeRRiTB:O4 A0S SN ShIDEB L ERRLSY eI B3%r SHACARERNFBMAQIGRSION in patients
suffering frcg{n brg Y ]r%hmia nd its s%/mﬁ)ton'%ééd& reducing recurrence of bradyarrythrnia in patients

that previously SUHered Trom BradyairyIimia: aho (o) FeadU RN FEt e RS BPBIfSPHIRe of loss of

energy, weBRsEYa &fitaintestines iasoteassen iy badereiabings 8o ie s itstagskemrbradyarrythmia.
10Similarlyfiteatinghanrigesise beperdpiieiachopsoneaimace Hhthadsllningadmasoving the
heart'%ab"@&&HW&%@&H@&%&Bﬁe%@@%&{ﬂﬁ%@%@%ﬁ}a}c & #zgdé o %Igrﬁg{’%% normal levels for

d d ) Te en

the individual, or closer to a desired pumping capacity; (b) reducing \(}el?)p of one or more of
fatigue, breXirDAiATAGHY T peiftsingroidbRrsscliia Gk ammy sretiontepirahirrediavopafents suffering
from conge®thasenctfeaitose] (pirik)rbibadingssio)saigranef(ehibisnaredbiatgun dimathing difficulty,
pulmonary gdasa anbswelisd. pidhearkiesandiagsiodaiants sulferinofian.conggstive heart

failure and Lt&ds%rsncg}om&' (%ng%agicin recurrence of con%ggftiye heart failure in patients that previously

3 Fliplan 1o ettt GHERIMHTE et Bitigue, breathing

suffered from congestiveneart il rarand (&) rediNd?
difficuly, pithighisietricatherassivetiisgiohtetvantdasitetiv tagmpdslippatibnténhtedpreviously suffered
from congestiliterinearbfalleitfansplanied blood vessels, this is the leading cause of heart transplant
failure).
In other embodiments, the methods of the invention are used for one or more of
promoting wound healing, reducing scar formation, treating and/or reducing fibrotic
20 disorders and treating and/or reducing keloids. In these embodiments, an "individual in
need thereof"” is an individual that has suffered or will suffer (for example, via a surgical
procedure) a wound that may result in scar formation, or has resulted in scar formation. As
used herein, the term "wound" refers broadly to injuries to the skin and subcutaneous tissue.
Such wounds include, but are not limited to lacerations; burns; punctures; pressure sores;
25  bed sores; canker sores; trauma, bites; fistulas; ulcers; lesions caused by infections;
periodontal wounds; endodontic wounds; buming mouth syndrome; laparctomy wounds;
surgical wounds; incisional wounds; contractures after burns; tissue fibrosis, inchading but
not limited to idiopathic pulmonary fibrosis, hepatic fibrosis, renal fibrosis, refroperitoneal

fibrosis, and cystic fibrosis, but excluding blood vessel fibrosis or heart tissue fibrosis; and

20



Treating stunned myocardium means one or more of (a) improving the ability of the heart muscle to
pump by improving the oxygenation of the ischemic muscle, or by decreasing the need of the
myocardial ceff® ?gp%%&én and (b) reducing recurrence of stunned mySSJfH%&W{%‘%’éﬂents that
previously suffered from stunned myocardium. 25Similarly, treating diastolic dysfunction includes one
or more of (a) reducing occurrence of heart failure and/or inadequate heart function by allowing the
heart to relax and fill more completely; (b) reducing recurrence of diastolic dysfunction in patients that
previously suffered from diastolic dysfunction; and (e) reducing recurrence of heart failure WO
2008/085191PCMJS2007/016246 and/or inadequate heart function in patients that previously suffered
from diastolie duafvalian, ssAg RTonRL IXPERNSI AR RGeS e gl AL, Al following (2)
decreasing blood pressure in the arteries Supplying the Tungs to closer to hormal Pevéﬁg%r 5 the
individual, ShEIHES R R Hes RUVBratdeT e mmrAgiiartEIseiseetst encs ipromeed dRerngPenlargement
of veins in thibeneglica nlangemetivro Sk Wvendane genermaliveangdesdan thpaticatiuguifaring from
pulmonary ByPEIRRNDRiAS) LN URLRE AL LLORS L TIBLAFRIRCINENRANBIRIN the neck,

enlargement of the liver, and generalized edema |nrﬁatlents suffering from pulmonary hypertension
and its SympTBRTL® RAPERRIAART Fernh Brie s (Bt Ry e SnEishiRE sRa AL I$Rsk previously
suffered frofA%putatehdpphy fardersioiv, arddephetisdingiceon Highveco{mmmer oramaspfséiatargement of
veins in theopgskssarial egmentahitheliven ARthaenaraiisd SH o iB-PalignisHal previously suffered
from pulmonary.hypertension..In a further ect, the pres nyention prqvides methods for reducing
occurrencegfg%gﬁpﬁ%z?g é%esnéla g}ls%P é‘rpé‘omcﬁﬁ‘é‘?n%“%ﬁ%i%@%‘?ﬁé@aﬁ’fﬁﬁ‘ﬁ&L%‘i‘% Fisk of
developing %ﬂ%yarrythmia, bradycardia, congestive heart failure, stunned myocardium, pulmonary
hypertension, andidiasio kierdiysfusglinnananaty defestivisanuasse)eatcnseiRcontractile rate of
one or mor@ombfmnﬂ&%wﬁa%@@9&?%95@9%9%9£94@@c@e£%%ﬂ5$&%'yah%¥£n 88 £Qkapgxample,

methods to reduce occurrence of congestive heart failure involve )
or cosmetic benefit can be achieved, for example, by decreasing the size and/or depth of a

scar relative to scar formation in the absence of treatment with the methods of the invention,
or by reducing the size of an existing scar. As used herein, such scars inchude scars of all

15 types, including but not limited to keloids; hypertrophic scars; and adhesion formation
between organ surfaces, including but not limited to those occurring as a result of surgery.

The methods of these embodiments are clinically useful for treating all types of

wounds to reduce scar formation, both for reducing initial scar formation, and for
therapeutic treatment of existing scars (i.e.: cutting out the scar after its formation, treating it

20 with the compounds of the invention, and letting the scar heal more slowly). In a preferred
embodiment, individuals in need of treatment or limiting of scarring (such as keloids or
hypertrophic scarring) are highly pigmented individuals, including but not limited to
individuals of Asian or African descent, that are susceptible to keloids, and thus can benefit
from the methods of the invention for prophylactic therapy to limit development of keloids,

25 aswell as for treating keloids. In various other preferred embodiments, individuals in need
of therapy for treating or limiting fibrotic disorders are those suffering from or at risk of one
or more fibrotic disorders associated with TGFB-induced CTGF expression, including but
not limited to tissue fibrosis (including but not limited to idiopathic pulmonary fibrosis,

hepatic fibrosis, renal fibrosis, retroperitoneal fibrosis, cystic fibrosis, blood vessel fibrosis,
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administration of one or more polypeptides or compositions according to the present invention to a
subject that suffers from one or more of hypertension, anemia, hyperthyroidism, heart valve defects
including but N #ifitEa aortic stenosis, aortic insufficiency, and tricué’ﬁﬂff‘fﬁ%‘ﬂﬁf’éf@ﬁ%y; congenital
heart defects including but not limited 25 to coarctation of the aorta, septal defects, pulmonary
stenosis, and tetralogy of Fallot; arrythmias, myocardial infarction, cardiomyopathy, pulmonary
hypertension, and lung disease including but not limited to chronic bronchitis and emphysema.
Similarly, methods to reduce occurrence of bradyarrythmia involve administration of the one or more
polypeptides or compositions according to the present invention to a WO

2008/0851 US2007/016246 subject that suffer from one or more of coronary heart disease and
atheroma %ﬁ%%ﬂ?’%ﬁ’l’éﬁ?fé@ﬁ?ﬂ% Eomeiel AiRRsEs rneRtARaie AR aspiasrlewsit b fadr .

Similarly, rephegsthy (etitsce wfdddrroriodwé pudrtionaryd Fypiistesisiont invahwplaskpinisization of the one

Or more PolyRRRHERSAE GAMPASIIENRANCAIGIIGER FSRLS P LIVERNR.A SWbleg that suffers
from one of, rplgégs% chronic brg?jcr itis, emp }{Ssa§ma, pulmg'{.}lggée&nﬁ%%%rg@iand intestinal pulmonary
S

. . s C .
fibrosis. Reducing Gecurrence of stannad iy oEarariFhes &HBrdhe one or more

polypebtid &8neFEbin pessttisieradusedivepsis e sspdsmn; inhdamion! tolhesiobje endhiatestifiets from cardiac
ischemia. Hdresucing occurrence of or treating diastolic dysfunction involves administration of the one

or more polypeptides, Q4 &OMmRe L%?Q-? ccarding tq the present invention to a subject that suffers from
left ventricular hypertrophy In other em 60ler%'!lelrr%(;%g‘,9 OeFr@; §§%%eo ﬁe%e\?(%srlﬁﬁgﬁ&l%greéi thlgée(ﬁ"to treat or

limit the indR§EARRRE M AsTRf taray g drratiagomdisr dintiaeftnmisslispsdern anilierdkelnidused 15
herein, "newrcthreg evitbreltontdiciuliestbatvregenerfatingAlanpagestiaresal connection, as well as
promeging an incpggpgiing@%ml{ynction (including but not limited to treatment of
Collagen I; '
CTGF expression; and
alpha smooth muscle actin.
Elevated levels of such biomarkers can be detected using standard techniques,
15 including but not limited to immunological techniques (ELISA, immunocytochemistry, etc.)
using commercially available antibodies against the one or more biomarkers.
As disclosed below, the polypeptides of the invention inhibit TGFB1-induced CTGF
and collagen expression in human keloid fibroblasts, which are elevated in fibrotic
conditions, indicating that individuals with elevated levels of one or more of these
20 biomarkers can especially benefit from the methods of the present invention. As used
herein, an “elevated” level of the one or more biomarkers means any increase above normal
for that individual or similarly situated individuals in a relevant target tissue. Such target
tissues are those affected by fibrotic conditions, including but not limited to blood, wound
exudate, and biopsies taken from tissues affected by ﬁbfosis including but not limited to
25  thosedisclosed above (skin, kidney, lung, liver, peritoneum, blood vessel, heart, retina, etc.)
In various further embodiments, an individual in need thereof is one that has a level of one
or more of the recited biomarkers 5%, 10%, 15%, 20%, 25%, 50%, 75%, 100%, or more

above normal levels. Determining the level of the one or more biomarkers can be done
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Alzheimer's and peripheral neuropathy); such neural regeneration can be in peripheral nervous system
or the central nervous system.. While not being limited by any specific mechanism of action, the
inventors belidR A& Ministration of the peptides to a patient in 20 né’ga’ﬁf’é?%?lﬁ%ﬁ/ents or limits
activity of the protein rho, which is known to cause growth cone collapse; thus, minimizing rho activity
enhances neurite outgrowth In other embodiments, the methods of the invention are used to treat or
limit the incidence of gliosis (proliferation of astrocytes in damaged areas of the central nervous 25
system). Astrocytes are the connective tissue cells of the CNS, and have functions including
accumulating in areas with damaged neurons neurons. Gliosis occurs during any traumatic brain
injury, insertion of neural electrodes and during spinal cord injury, as well as in various
neurodege‘ﬁsél?gtls\%g%%af THEvdaiks shissrsrmTne etd S RIRRTE i B&iementia
complex. ViHileok bty theitedissjoas/bspeeific mechanism of action, the WO
2008/085191PCTAUS2RMAQd6:2 41 6 ey eptassthsiaventhabadaupiniation alihs naptides to a patient in

need thereQ‘I. ents or.limits the fibrotjc response of astrocytes and possibly microg,lia to inhibit
it g imeding but no(%ﬁlén geoft?hdzetﬁ]n\?élﬁlﬁgﬁ ﬁ? & TO LA RHKAAIETS incidence of

fibrosis. In o_ther embodiments, the me
chronic ob$iFMNE Hurissiadl shedainthe tysmye whifdndtcoepditionsfarstpidetloidsractaliseases
characterizetiep yudistimwnelst o ciablish lisilatied. iQHRea38 be caused by a variety of factors,
including but not limited to tobacco smoking (chronic smokers at risk), exposure to coal dust (ceal
minining industry workers particularly at risk), congenital defects (including but not limited to alpha

1-antitrypsin defidiEAETFIIPRTRA] 5B vefms Tt Hiese S rindivations s€ yhe dibaemiciudes, but is not
limited to ctrdaiditbrotoHitis ardheds piisemenSympiomI ghaicatelisicaibe © BRiGeskich the

metheds ofiheday eripnGARRGbSeR FlIGAL AleSHESIDGIERACE 2P dnaludg, hu are not limited to

recurrent rgségir o%infections, sevire cough, constant wheezing, shortness of breath with minimal
|

exertion or NpoXIa, And SR tm“b‘?gﬂﬁﬁﬁimnl%i‘meﬁﬂﬁ?ﬁebﬁ‘fﬂ%?ﬁ%ﬁ@%vention can

est, " hypadxia, an “RCES
be used al&HB S deietiriwith omenticaoniiins ora8oR)inackidingsorbnehattifsitors daatibiotics, and
oral or intraxMespasstesaigtant vastilofask spbadinenisiihemathessafiheRveatian e used to treat

o B g e e
the béay. administration” refers to delivering the polypeptide onto the surface of the organ.
Intrathecal administration, defined as delivering the polypeptide into the
cerebrospinal fluid is the preferred route of delivery for treating or reducing incidence of
stroke and subarachnoid hemorrhage induced vasospasm. Intraperitoneal administration,
defined as delivering the polypeptide into the peritoneal cavity, is the preferred route of
20 delivery for treating or reducing incidence of non-occlusive mesenteric ischemia. Oral
administration is the preferred route of delivery for treating or reducing incidence of
achalasia. Intravenous administration is the preferred route of delivery for treating or
reducing incidence of hypertension and bradycardia. Administration via suppository is
preferred for treating or reducing incidence of anal fissure, Aerosol delivery is preferred for
25  ftreating or reducing incidence of asthma (ie: bronchospasm). Intrauterine administration is

preferred for treating or reducing incidence of pre-term labor and pre-eclampsia/eclampsia.

In another embodiment of the methods of the invention, the methods are wsed to

increase-the

treatment include those who exhibit a reduced heart rate relative to either a normal heart rate
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Symptoms characteristic of inflammation (for which the methods of the invention can be used to treat

or reduce incidence %%include, but are not limited to redness, heat, swellin Sgain 92'19 dysfunction of

the organs inVoR &Y E3titic inflammatory disorders 25 that can be treeﬁeT, or "v’\;llld(%se Incidence can

be reduced, by the methods of the invention include, but are not limited to, asthma, arthritis
(rheumatoid or degenerative), sepsis, endotoxemic shock, psoriasis, radiation enteritis, scleroderma,
cirrhosis, interstitial fibrosis, Chrohn's disease, appendicitis, gastritis, laryngitis, meningitis,
pancreatitis, and otitsis. WO 2008/085191PCT/1JS2007/016246 While not being bound by any
specific mechanism of action, the inventors believe that administration of the polypeptides of the

invention tq a patient in need of anti-inflammatqry treatment syppresses the response to inflammator
cytokines i%%lil.%? r%%ﬂ?%acﬁ Fn%?gédvteot?&qﬁﬁfﬁogﬁaﬁl%tf t%’é aaﬁﬁ&?‘&ﬁ%ﬁﬁ?ﬂéﬁg'ﬁf’?ﬁe@ﬁerapeutic ’
methods off§é hetrintisa pitiesp Siypepice ho tehtasilemionndmat rusdel awtheasplinaetive agent, or
Cﬁn be combingetamitty m@tﬁﬁltﬁi@i&cﬁﬂfﬂh&@ﬁéﬁiﬁg&fafﬁ EBQI_JQQ&%HQ“S%Q%@%E&%@ by an aftt?]nding

sician. S n.for all of the methods .of the inventjgn, an "amount effective” of the one
gr >r/nore pﬁfﬁéﬁ%iﬁ%%ﬁ@lﬁ%ﬁﬁ that Eeé%ig}gﬁ??gl%%%%F é‘tfﬁ%{l?ﬁtré‘ﬁedtgﬁrbeﬁletfﬁq%ﬁe’i&? ffeatment. An
effective amITHl SPRHaHiyREftbe indtdnalperemmibsrirratilgaste Ener siyilsdwsitertesbout 0.01 jig/kg
body weightdintiedpot stenghien destiyaneigihopraiairblyd aneipgheiweabatiaehf) H2 jig/kg and about
> mafko boduNRBLHANEVRLAIRAGEI VRIS S RAs e BN AatE W Al AGions iclisia the type of

injury, the age, weight, sex, medical condition of t , the severlty of the con_al ion, the route
of administTaTIbR Y thd™ B hstRIAG 28 STpbeHiE atispias arteda s ! the imuentise regiltiertinay vary
widely, butiogitdse efetdasnEl so et Ty 23 Phitlei 3 %usiiyss ttiblantdimeshtids. the  The present

invention naaythethetias sndersioad withdeirarsetaiths AesaRaRIRg-AGRReS that are intended
for purposes c?ef iIgtﬂst{gletig{pnonlxlangesp%uld noltlst(): econstrueg r}(l)eﬁ%it_the sqoge of the invention, as
defined by the claims appetfﬁzrfe. ﬁere o.ﬁ;f(r)‘r E‘xamp IR AR sRE Gefifo acid scanning
mutagenesrSTTRAs RIS S5 sdl Brtonvaslastiian fetricthenbanidapieve optintied to maximize MY.2

preferred embodiment, the methods of the invention result in an increase of at least 5% in
the heart muscle relaxation rate of the patient in need of such treatment. In further preferred
15 embodiments, the methods of the invention result in an increase of at least 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, and/or 50% in the heart muscle relaxation rate of the patient in
need of such treatinent.
In a further embodiment of the methods of the invention, the methods are performed
to treat ane or more cardiac disorders that can benefit from increasing the contragtilé rate in
20 heart muscle. Such cardiac disorders include bradyarrythmias, bradycardias congestive
heart failure, pulmonary hypertension, stunned myocardium, and diastolic dysfunction. As
used herein, "bradyarrythmia” means an abnormal decrease of the rate of the heartbeat to
less than 60 beats per minute, generally cased by a disturbance in the electrical impulses to
the heart. A common cause of bradyarrythmias is coronary heart disease, which leads to
25 the formation of atheromas that limit the flow of blood to the cardiac tissue, and thus the
cardiac tissue becomes damaged. Bradyarrythmias due to coronary artery disease ocour
more frequently after myocardial infarction. Symptoms include, but are not limited to, loss
of energy, weakness, syncope, and hypotension.  As used herein, "Congestive heart
failure” means an inability of the heart to pump adequate supplies of blood throughout the
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specificity and inhibition. First, to further understand the importance of each amino acid in MK2

inhibition, al anine and d-amino acid scans of the therapeutic sequence of the MK2 inhibitor were

performed. Uéyr?gz?ﬂ’gﬂﬁllﬁﬁlaTM Lysate Assay for MAPKAP-K2 kit from Tt ?82903H0{ﬁ256reactlon velocity

for MK,2 was determined in the presence and absence of WO 2008/085191PCT/US2007/016246
each of the peptides listed in Table 1. Briefly, inhibitor peptide concentrations at 12.5, 25, 50 and 100
mnol were evaluated. The kit contains a proprietary reaction buffer to which the following are added
(final concentrations are given): 1 mM ATP, 0.2 mM DTT, 10 nM MAPKAP-K2 Sox-modified peptide
substrate, 5 ng MK2, and the peptide inhibitor of 5 interest (final volume of 50 121:). The reactions

were performed in the well fa low roteln binding 96-w late prQV| d with the kit, and
fluorescené’g‘? a m%%l\efvagrg falﬁeca’elvgéaryu%osec i 5??\5& ‘?Hﬁl%&'ﬁﬁ’ Mof@&hﬂ%@‘é%&@& M5
Spectrophdtetittés Ivheregisto angalise Riws by RINIKD, iralt ivetve debsstrtiadoding BOOnaM are shown in

Table 2 antaied epreseniaivebierdssatidilfeseirconcaniiatinusadohtyepsulisAhthis study show
several po%%iglc%(?g&%;@t@lg gﬂd e u&:tdate tllae‘n%nmg%gﬁamd thatrgf ost crucial for function of this
l, the in

peptide. First of a terminal alanine does not enhance M %Ibﬁ ema%ng an alanine will

result in a SHRAFE0RES fRiHIoRYBHE ﬁ?ﬁﬁéﬁﬁ%?é‘sb‘%}ﬂ?fh@élé#ﬁ%‘%lmmscans show that
the asparagiaerery tygiakéosidd GRdihhipitionsd mdlabisg buvieP linkibiter Geaicheadhualuation - The

Imnortance,gf é@gﬂyem ;59@ @éw{g&m&%mmg e R ANRRERYA-
KALNRQL?VAA KdALN A KICICALNRQLGVAA#
atigue, breat mg y, pulmonary edema, and swelling of the ankles and legs.

As used herein, "Stunned myocardivm" means heart muscle that is not functioning
10 (pumping/beating) due to cardiac ischemia (lack of blood flow/oxygen to the vessels
sepplying the heat muscle).

As used herein, "Diastolic dysfunction" means an inability of the heart to fill with
blood during diastole (the resting phase of heart contraction). This condition usually occurs
in the setting of left ventricular hypertrophy. The heart muscle becomes enlarged and stiff

15  such that it cannot fill adeguately. Diastolic dysfunction can result in heart failure and
inadequate heart function.

As used herein, "Pulmenary hypertension" means a disorder in which the blood
pressure in the arteries supplying the lungs is abnormally high. Causes include, but are not
limited to, inadequate supply of oxygen to the lungs, such as in chronic bronchitis and

20  emphysema; pulmonary embolism, and infestinal pulmonary fibrosis. Symptoms and signs
of pulmonary hypertension are often subtle and nonspecific. In the later stages, pulmonary
hypertension leads to right heart failure that is associated with liver enlargement,
enlargement of veins in the neck and generalized edema.

In a further embodiment of the methods of the invention, the methods are used for

25  treating a heart muscle disorder comprising administering to an individual suffering from
one or more of bradyarrythmisa, bradycardia, congestive heart failure, stunned myocardinm,
pulmonary hypertension, and diastolic dysfunction, an amount effeciive to increase heart

muscle contractiie rate of one or more polypeptides according to the present invention.
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KAANRQLGVAA KAdLNRQLGVAA ICASLOVAA (WLRRIKA)2LNRQLGVAA KALARQLGVAA
ICALNAQLGVAA ICALNARQLGVAA ICALNRALGVAA ICALNRAOLGVAA 1CA}6NR AGVAA

fUS2007/01624
ICALNRQAL VAR RATRIROLAVAA FCL -

Treating bradyarrythmia includes one or more of the following (a) improving the
rate of the heartheat to closer to normal levels for the individual, closer to a desired rate, or
increasing to at least above 60 beats per minute; (b) reducing the oceurrence of one or more
of loss of energy, weakness, syncope, and hypotension in patients suffering from

5  bradyarrythmia; (c) reducing worsening of one or more of loss of energy, weakness,
syncope, and hypotension in patients suffering from bradyarrythmia and its symptoms; (d)
reducing recurrence of bradyarrythmia in patients that previously suffered from
bradyarrythmia; and (e) reducing recurrenc;e of one or more of loss of energy, weakness,
syncope, and hypotension in patients that previously suffered from bradyarrythmia.

10 Similarly, treating congestive heart failure includes one or more of the following (a)
improving the heart's ability to pump adequate supplies of blood throughout the body to
closer to normal levels for the individual, or closer to a desired pumping capacity; (b)
reducing development of one or more of fatigue, breathing difficulty, pulmonary edema,
and swelling of the ankies and legs in patients suffering from congestive heart failure; (c)

15  reducing worsening of one or more of fatigue, breathing difficulty, pulmonary edema, and
swelling of the ankles and legs in patients suffering from congestive heart failure and its
symptoms; (d) redixcing recurrence of congestive heart failure in patients that previously
suffered from congestive heart failure; and (e) reducing recurrence of one or more of
fatigue, breathing difficulty, pulmonary edema, and swelling of the ankles and legs in

20  patients that previously suffered from congestive heart failure.

Treating stunned myocardium means one or more of (a) improving the ability of the
heart muscle to pump by improving the oxygenation of the ischemic muscle, or by
decreasing the need of the myocardial cells for oxygen and (b) reducing recurrence of
stunned myocardium in patients that previously suffered from stunned myocardium.

25 Similarly, treating diastnlic dysfunction includes one or more of (a) reducing
occurrence of heart failure and/or inadequate heart function by allowing the heart to relax
and fill more completely; (b) reducing recurrence of diastolic dysfunction in patients that

previously suffered from diastolic dysfunction; and (c) reducing recurrence of heart failure
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ICALNRQLGAAA KALNRQLGAdVAA -to cletenume the requirement o the final A; it=Control to _
determine the importance of initial Ks 20 WO 2008/085191PCT/US2007/016246 Table 2: Reaction
Velocities for Wﬁ’(?%’fﬁ’ﬁ%?l’or Variants (m=3) Pe tide Sc uence eYo of Kﬂfﬁﬁ%\?@%ﬁ Reaction
Velocity at an Inhibitor Concentration of 100gM +/- SEM*) KALNRQLGVAA 100% (+/- 3%) |

KALNRQLGVA 100%

and/or inadequate heart function in patients that previously suffered from diastolic
dysfunction.

Treating pulmonary hypertension includes one or more of the following (a)
decreasing blood pressure in the arteries supplying the lungs to closer to nommal levels for

5  theindividual, or closer to a desired pressure; (b) reducing the occurrence of one or more of

enlargement of veins in the neck, enlargement of the liver, and generalized edema in
patients suffering from pulmonary hypertension; (c) reducing worsening of one or more of
enlargement of veins in the neck, enlargement of the liver, and generalized edema in
patients suffering from pulmonary hypertension and its symptoms; (d)reduéing reCUrTence

10 of pulmonary hypertension in patients that previously suffered from pulmonary
hypertension; and () reducing recurrence of one or more of enlargement of veins in the
neck, enlargement of the liver, and generalized edema in patients that previously suffered
from pulmonary hypertension.

In a further aspect, the present inv;antion provides methods for reducing occurrence

15 of'a heart muscle disorder comprising administering to an individual at risk of developing
bradyarrythmia, bradycardia, congestive heart failure, stunned myocardium, pulmonary
hypertension, and diastolic dysfunction an amount effective to increase heart muscle
contractile rate of one or more polypeptides or compositions according to the present
invention. '

20 For example, methods to reduce occurrence of congestive heart failure involve
administration of one or more polypeptides or compositions according to the present
invention to a subject that suffers from one or more of hypertension, anemia,
hyperthyroidism, heart valve defects including but not limited to aortic stenosis, aortic
insufficiency, and tricuspid insufficiency; congenital heart defects including but not limited

25  to coarctation of the aorta, septal defects, pulmonary stenosis, and tetralogy of Fallot;
arrythmias, myocardial infarction, cardiomyopathy, pulmonary hypertension, and lung
disease including but not limited to chronic bronchitis and emphysema,

Similarly, methods to reduce occurrence of bradyarrythmia involve administration

of the one or more polypeptides or compositions according to the present invention to a
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(+/- 3%) KAANRQLGVAA 152% (+/- 3%) ICALARQLGVAA 39% (+1- 1%) KALNAQLGVAA 358% (+/-
8%) KALNR_ALGVAA 358% (+/-

10

15

20

25

WO 2008485191 PCT/USZ007/016246

subject that suffer from one or more of coronary heart disease and atheroma formation, or
that previously had a myocardial infarction or conduction disorder.

Similatly, methods to reduce occurrence of pulmonary hypertension involve
administration of the one or more polypeptides or compositions according to the present
invention to a subject that suffers from one or more of chronic bronchitis, emphysema,
pulmonary embolism, and intestinal pulmonary fibrosis.

Reducing occurrence of stunned myocardium involves administration of the one or
more polypeptides or compositions according to the present invention to a subject that
suffers from cardiac ischemia.

Reducing occurrence of or treating diastolic dysfunction involves administration of
the one or more polypeptides or compositions according to the present invention to a subject
that suffers from left ventricnlar hypertrophy

In other embodiments, the methods of the invention are used to treat or limit the
incidence of inducing neural regeneration for central nervous system injuries. As used
herein, “neural regeneration” includes both regenerating a damaged neural connection, as
well as promoting an increase in neural function (including but not limited to treatment of
Alzheimer’s and peripheral neuropathy); such neural regeneration can be in peripheral
nervous system or the central nervous system.. While not being limited by any specific
mechanism of action, the inventors believe that administration of the peptides to a patient in
need thereof prevents or limits activity of the protein rho, which is known to cause growth

cone collapse; thus, minimizing rho activity enhances neurite outgrowth

In other embodiments, the methods of the invention are used to treat or limit the
incidence of gliosis (proliferation of astrocytes in damaged areas of the central nervous
system). Astrocytes are the connective tissue cells of the CNS, and have functions including
accumulating in areas with damaged neurons neurons, Gliosis occurs during any traumatic
brain injury, insertion of neural electrodes and during spinal cord injury, as well as in
various neurodegenerative disorders including but not Hinited to Korsakoff's syndrome and

AIDS dementia complex. While not being limited by any specific mechanism of action, the
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15%) KALNRQAGVAA 118% (+/- 4%) ICALNRQLAVAA 72% (+/- 3%) KALNRQLGAAA 373% (+/-

0, - A0
13%) KAdLNI;{/ IioGas}{é%\és%%m (+-4%) PCT/US2007/616246

inventors believe that administration of the peptides to a patient in need thereof prevents or

limnits the fibrotic response of astrocytes and possibly microglia to inhibit fibrosis.

In ot}?gr embodiments, the methods of the invention are used to treat or limit the
5 incidence of chronic obstructive pulmonary disease (COPD), which is a group of respiratory
tract diseases characterized by airflow obstruction or limitation. COPD can be caused by a
variety of factors, including but not limited to tobacco smoking (chronic smokers at risk),
exposure to coal dust {coal minining industry workers particularly at risk), congenital
defects (including but not limited to alpha 1-antitrypsin deficiency), or it may be idiopathic

10 (no known cause). COPD includes, but is not limited to chronic bronchitis and
emphysema. Symptoms characteristic of COPD (for which the methods of the invention
can bhe used to treat or reduce incidence of) include, but are not limited io recurrent
respiratory infections, severe cough, constant wheezing, shortness of breath with minimal
exertion or rest, hypoxia, and excessive sputum production.

15 The polypeptides of the invention can be used alone or together with other
treatments for COPD, including, bronchodilators, antibiotics, and oral or infravenous
steroids. |

In other embodimenté, the methods of the invention are used to treat or limit the
incidence of inflammation. As used herein, inflammation means the response of the

20  immune system to infection, irritation, or associated with foreign bodies (introduction of
biomaterials) in the body.

Symptoms characteristic of inflammation (for which the methods of the invention
can be used to treat or reduce incidence of) include, but are not limited to redness, heat,
swelling, pain, and dysfunction of the organs involved. Specific inflammatory disorders

25  that can be treated, or whose incidence can be reduced, by the methods of the invention
include, but are not limited to, asthma, arthritis (theumatoid or degenerative), sepsis,
endotoxemic shock, psoriasis, radiation enteritis, scleroderma, cirrhosis, interstitial fibrosis,

Chrohn’s disease, appendicitis, gastritis, laryngitis, meningitis, pancreatitis, and otitsis.
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KALANRQLGVAA 95% (+/- 6%) ICALNARQLGVAA 306% (+/- 4%) KALNRdQLGVAA 276% (+/- 3%)

KALNRQALGVAA 357% g+/- 10%) KALNRQLGdVAA

WO 2008/08519 PCTUS2007/616246

While not being bound by any specific mechanism of action, the inventors believe
that administration of the polypeptides of the invention to a patient in need of anti-
inflammatory treatment suppresses the response to inflarnmatory cytokines inclﬁding but
not limited to TGF B1.

5 in all of the above embodiments of the therapeutic methods of the invention, the
polypeptides of the invention can be used as the sole active agent, or can be combined with
one or more other treatments for the indication, as determined by an attending physician.

As used herein for all of the methods of the invention, an "amount effective" of the
one or more polypeptides is an amount that is sufficient to provide the intended benefit of

10 treatment. An effective amount of the polypeptides that can be employed ranges generally
between about 0.01 pg/kg body weight and about 10 mg/kg body weight, preferably ranging
between about 0.05 pg/kg and about 5 mg/kg body weight, However dosage levels are
based on a variety of factors, including the type of injury, the age, weight, sex, medical
condition of the individual, the severity of the condition, the route of administration, and the

15 particular compound employed. Thus, the dosage regimen may vary widely, but can be
determined routinely by a physician using standard methods.

The present invention may be better understood with reference to the accompanying
examples that are intended for purposes of illustration only and should not be construed to

limit the scope of the invention, as defined by the claims appended hereto.

20
Example -
Example 1 Alanine and d-aumino acid scanning mutagenesis
25 The peptide transduction and therapeutic domains were optimized to maximize MK2

specificity and inhibition. First, to further understand the importance of each amino acid in
MK2 inhibition, alanine and d-amino acid scans of the therapeutic sequence of the MK2
inhibitor were performed. Using the OmniaTM Lysate Assay for MAPKAP-K2 kit from

Invitrogen, the reaction velocity for MK2 was determined in the presence and absence of
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260% (+/- 14%) KKKALNRQLGVAA 91% (+/- 4%) *SEM = Standard Error of the (I;/Iea”n for tlhree valuel'ls
In fact, replacing the asparagine with an alanine may enhance MIC2 inhibition and will result in a sma
cost savinpgs. Wg)o}geyq ditates that substitution of alanine for the glycing(fﬁgﬁé%'fggglﬁ%f‘ﬁbition'slightly.
Additionally, these results show that stereochemistry 5 is important for inhibitor peptide function. No
d-amino acid substitution significantly enhanced MK2 inhibition, and most substitutions greatly
decreased the efficacy of the MK2 inhibitor peptide. The alanine scan also shows the importance of
several amino acids. According to this alanine scan, arginine, glutamine, and value are absolutely
necessary for MIC2 inhibition. While the two leucines are less important amino acids, their removal still

1S L3R P condontt et 150 0"
50 and 100 umol were evaluated. The kit contains a proprietary reaction buffer to which
the following are added (final concentrations are given): 1 mM ATP, 0.2 mM DTT, 10 KM
MAPKAP-K2 Sox-modified peptide substrate, 5 ng MK2, and the peptide inhibitor of

5  interest (final volume of 50 pL). The reactions were performed in the wells of 2 low-
protein-binding 96-well plate provided with the kit, and fluorescence readings were taken
every 30 seconds for 20 minutes in 4 Molecular Devices M5 Specirophotometer. The
reaction velocities for a MK2 inhibitor concentration of 100 uM are shown in Table 2 and
are representative of trends at different concentrations.

10 The results of this study show several possible optimizations and elucidate the
amino acids that are most crucial for fimetion of this peptide. First of all, the C-terminal
alanine does not enhance MK2 inhibition, Removing an alanine will result in a small cost
optimization. Furthermore, both the d-amino acid and alanine scans show that the

asparagine is not crucial for MK2 inhibition.

15

Table 1: MK?2 Inhibitor Sequence Evaluation — The Importance of Each Amino Acid
Controls Alanine Scan d-Amine Acid Scan
KALNRQLGVA® KALNRQLGVAA KJATNRQLGVAA
KKKALNRQLGVAA® KAANRQLGVAA KAdELNRQLGVAA
(WLRRIKALNRQLGVAA | KALARQLGVAA KALINRQLGVAA,
KALNAQLGVAA KALNARQLGVAA
KALNRALGVAA KAINRAQGLGVAA
KALNRQAGVAA KALNRQALGVAA

KALNRQLAVAA
KALNRQLGAAA KALNRQLGAVAA

*= Contvol to determine the requirement of the final A; ¥ =Control to determine the importance of initial Ks

20
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Z1-X1-X2-X3-X4 X5-X6-X7-X8-X9-X10-Z2 wherein Z1 is a transduction domain and Z2 is absent or is
a transduction domain; X1 is selected from the group consisting of ICA, ICKA, and KKICA, or is
absent; X2 is SSIEMEE*H3M the group consisting of G, L, A, V, I, M, Y, V@Fgﬁgzﬁ?ygéﬁ%ﬁselected from
the group consisting of V, L, I, A, G, Q, N, S, T and C; X4 is selected from the group consisting of Q,
N, H, R and K; X5 is selected from the group consisting of Q and N; X6 is selected from the group
consistingof C, A, G, L, V, I, M, Y, W, and F; X7 is selected from the group consisting of S, A, C, T,
and G; X8 is selected from the group consisting of V, L, |, and M; X9 is absent or is any amino acid;
and X10 is absent or is any amino acid; wherein at least one of the following is true: (a) X3 is N and
X6 is not G; ?Béﬁ is G and X3 is not N; (c) X2 is not L; (d) X4 is not R; (e) XSis not Q; (0 X6 is notL;

(g) X8isn Shction Velocities for MK2 Inhibitor Variants (n=3)

% of KALNRQLGVAA Reaction Velocity

at an Inhibitor Cencentration of 190uM
Peptide Sequence (+/- SEM*)
KALKRQILGVAA 100% (/- 3%)
KALNRQLGVA 100% (+/- 3%)
KAANRQLGVAA 152% (/- 3%)
KALARQLGVAA ' 39% (+/- 1%)
KAINAQLGVAA 358% (+/- 8%)
KAINRALGVAA 358% (+/- 15%)
KALNRQAGVAA 118% (+/- 4%)
KAILNRQLAVAA T2% (/- 3%)
KALNRQLGAAA 373% (+-13%)
KAJLNRQLGVAA 146% (+/- 4%)
KALINRQLGVAA 059%% (+/- 6%)
KAINARQLGVAA 306% (+/- 4%)
KALNRIQLGVAA 276% (+/- 3%)
KAILNRQALGVAA 35794 (+/- 10%)
KALNRQLGAVAA ' 260% {+/- 14%)
KKKALNRQLGVAA 91% {+/- 4%)

*SEM = Standard Exror of the Mean for thres values
In fact, replacing the asparagine with an alanine may enhance MK2 inhibition and
will result i1_'x a smatl cost savings. Table 2 indicates that substitution of alanine for the
glycine 'increases inhibition slightly. Additionally, these results show that sfereochemistry
5 is important for inhibitor peptide function. No d-amino acid substitution significantly
enhanced MK2 inhibition, and most substitutions greatly decreased the efficacy of the MK2
inhibitor peptide. The alanine scan also shows the importance of several amino acids.
According to this alanine scan, arginine, ghitamine, and valine are absolutely necessary for
MK2 inhibition. While the two leucines are less Important amino acids, their removal still

10 diminishes the efficacy of the inhibitor peptide
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(h) X10 is absent; or (i) X9 and X10 are absent; and wherein when X1 is absent, then Z1 is a
transduction domain ending in KA, wherein Formula | comprises an amino acid selected from the
group consisting of at least one of X3 is A, X7 is A, and X10 is absent, and wherein the amino acids
are natur. agﬂno acids. 2.The isolated polypeptide according to claim 1, wherein the polypepide has

an amino'acid¥8guence of YARAAARQARAKALNRQLGVA. 3. The isolated polypeptide

according to clalm 1, wheieihthieppbliygejiidehpsanantgreactthseainnes @neral formula

YARAAARQARAKKKAL NR A A dh8 isol olypepfide according to claim 1, wherein the
polypeptide has%f?ﬁ(n%o&g% ggé(%{gn%%%g ﬁ&ﬁﬁ&gﬁﬁg&ﬁa&w@&\%ﬂn omgingpd isolated
polypeptide iasbeming itk ttaimidstivhdremithe polypeptide has an amino acid sequence of

YARAAARQARAKALN&%}Q&M By %Q%{a%%g&e%%%%i%%%nw&m %n iZSLI_ #\é@%{ein the

polypeptide has an amino acid sequence of Y AR e isOlated
polypeptide according Y& étditsatedbinrethetEepolppeistios ¢s, dn AnVnb AEid SBgaehfe of

YARAAARQARAKALNRQLANMAG fronBnLIsastong:ehing ipolated palxpentiges gfaims 2-6 and 7,

wherein the at least one of the isolated polypeptides is disposed on or in a biomedical device. 9. At

least one of the isolated 8 ISPEFHH LB RRFALLLRISIENE AR rlift 2dast one of the isolated
polypeptides is formulaedsaslecampasitioRriushensempréziotadarmaceutically acceptable carrier.

e e e S SR LB A ST P a1 T
X7 is selected from the group consisting of S, A, C, T, and G;
X8 is selected from the group consisting of V, L 1, and M;
X9 is absent or is any amino acid; and
X10 1is absent or is any amino acid; wherein at least one of the following is true:
(a) X3 is N and X6 is not G;
(b) X6 is G and X3 is not N;
(c) X2 is not L;
{(d) X4 isnot R;
(e) X5 isnot (;
(f) X6 isnot L;
(g) X8 isnot V;
(h) X10 is absent; or
(1) X9 and X10 are absent; and
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12. The isolated polypeptide according to any one of claims 1-6 or 10 wherein X10 is absent. 13.
An isolated polypeptide comprising a transduction domain and a peptide of the sequence
KALARQLGVAA. 14. The isolated polypeptide of claim 13 selected from the group consisting of
YARAAARQARAKKKALARQLGVAA, YARAAAROARAKALAROLGVAA, . .
YGRKICRRQRRER(E %ﬁ%%%i@?f&kf%b%ﬁ?& Mﬁﬁﬁ?&%ﬁt@ﬁﬁﬁ%{“ KA, wherein
GRKKRRGRHKKAPR QL &VAnnye R R ECANIORRb AR Kons AR QoG feast one of X3 is A,
WLRRIKALRRIGAWE RRIKAKKIGAL AROLGYAA. YGRKKRRORRRKALAROLGVAA,
RQRRKKRGKALARQLGVAA, GRKKRRQRKALARQLGVAA, WLRRIKAWLRRIICAKALARQLGVAA,
and WLRRIKAWLRRIKAWLRRI1LICAKALARQLGVAA. 15. An isolated polypeptide comprising a
transduction dogain angkaBRESiHSALEE ReAUSRSEHALNRQL GYAvin he JarEBRIROIAEH Polypeptide
of claim 15 selected from the group consisting of YARAAARQARAKALNRQLGVA,
YGRKK@@@?&%@F@&%LW@%WM&N&@&E&@A, RORRKKRGKALNRQLGVA,
WLRRIKAWLRRIKAKALNRQLGVA, WLRRIKAWLRRIKAWLRRIKAKALNRQLGVA,
YARAAARQARAKKKALNRQLGVA, YGRK3CRRQ NRQLGVA, RQRRKKRGKKKALNRQLGVA,
GRKKRRQRKKKALNRQLGVA, WLRRIICAWLRRIKAKKKALNRQLGVA,
WLRRIKAWLRRIKAWLRRIKAKKKALNRQLGVA. 17. An isolated polypeptide comprising a
transduction domain and a peptide of the sequence KALNRQLAVAA. 18. The isolated polypeptide
of claim 17 selected from the group consisting of YARAAARQARAKKKALNRQLAVAA,
YGRKKRRQRRRKKKALNRQLAVAA, RQRRKKRGKKKALNRQLAVAA,
GRKKRRQRKKKALNRQLAVAA, WLRRIKAWLRRIKAKKKALNRQLAVAA,
WLRRIKAWLRRIKAWLRRILCAKKKALNRQLAVAA YARAAARQARAKALNRQLAVAA,
YGRKKRRQRRRKALNRQLAVAA, RQRRKKRGKALNRQLAVAA, GRKKRRQRKALNRQLAVAA,
WLRRIKAWLRR1KAKALNRQLAVAA, WLRRIICAWLRRIKAWLRRIKAKALNRQLAVAA. 19. An
isolated polypeptide comprising a transduction domain and a peptide of the sequence KALNRQLAVA.
20. The isolated polypeptide of claim 19 selected from the group consisting of
YARAAARQARAKKKALNRQLAVA, YGRKKRRQRRRKKKALNRQLAVA,
RQRRKKRGKKKALNRQLAVA, GRKICRRQRKICKALNRQLAVA, WLRRIKAWLRRIKAKKKALNRQ
LAVA, WLRRIKAWLRRIKAWLRRIKAKKKALNRQLAVA, YARAAARQARAKALNRQLAVA,
YGRKKRRQRRRKALNRQLAVA, RQRRKKRGKALNRQLAVA, GRKKRRQRKALNRQLAVA,
WLRRIKAWLRR1KAKALNRQLAVA, WLRRIKAWLRRIKAWLRRIKAKALNRQLAVA.
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3. The isolated polypeptide according to claim 1, wherein the polypeptide has an
amino acid sequence of YARAAARQARAKKKALNRQLGVA.

4, The isolated polypeptlde accordmg to claam 1 wherein the poiypeptzde has an
amino acid sequence of YARAAARQARAKKKALARQLGVA

5. The isolated polypeptide according to claim 1, wherein the polypeptide has an
amino acid sequence of YARAAARQARAKALNRQLAVA.

6. The 1solated polypeptide according to claim 1, wherein the polypeptide has an
- amino acid sequence of YARAAARQARAKALARQLGVA.

7. The isolated polypeptide according to claim 1, wherein the polypeptide has an
amino acid sequence of YARAAARQARAKALNRQLAVAA,

8. At least one of the isolated polypeptides of claims 2-6 and 7, wherein the at least
one of the isolated polypeptides is disposed on or in a biomedical device.

9, At least one of the isolated polypeptides of claims 2-6 and 7, wherein the at least
one of the isolated polypeptides is formulated as a composition further comprising a

pharmaceutically acceptable carrier.

10. The isolated polypeptide according to any one of claims 1, 4 or 6 wherein X3 is

Al

11. The isolated polypeptide according to any one of claims 1, 5, or 7 wherein X7 is
A.

12. The isolated polypeptide according to any one of claims 1-6 or 10 wherein X10
is absent.

13 An 1solated polypeptide comprising a transduction domain and a peptide of the
sequence KALARQLGVAA.

14, The isolated polypeptide of claim 13 selected from the group consisting of
YARAAARQARAKKKALARQLGVAA, YARAAARQARAKALARQLGVAA,
YGRKKRRQRRRKKKALARQLGVAA, RQRRKKRGKKKALARQLGVAA,
GRKKRRQRKKKALARQLGVAA, WLRRIKAWLRRIKAKKKATLARQLGVAA,
WLRRIKAWLRRIKAWLRRIKAKKKAT ARQLGVAA,
YGRKKRRQRRRKALARQLGVAA, RQRRKKRGKALARQLGVAA,
GRKKRRQRKALARQLGVAA, WLRRIKAWLRRIKAKALARQLGVAA, and
WLRRIKAWLRRIKAWLRRIKAKALARQLGVAA.
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i5. An isolated polypeptide comprising a transduction domain and a peptide of the
sequence KAINRQLGVA.

16.  The isolated polypeptide of claim 15 selected from the group consisting of
YARAAARQARAKALNRQLGVA, YGRKKRRQRRRKALNRQLGVA,
GRKKRRQRKALNRQLGVA, RQRRKKRGKALNRQLGVA,
WLRRIKAWLRRIKAKALNRQLGVA, WLRRIKAWLRRIKAWLRRIKAKALNRQLGVA.
YARAAARQARAKKKALNRQLGVA, YGRK3CRRQRRRKKKALNRQLGVA,
RORRKKRGKKKALNRQLGVA, GRKKRRQRKKKALNRQLGVA,
WLRRIKAWLRRIKAKKKALNRQLGVA,
WLRRIKAWLRRIKAWLRRIKAKKKALNRQLGVA.

el

17. An isolated polypeptide comprising a transduction domain and a peptide of the
sequence KATNRQLAVAA.

18. The isolated polypeptide of claim 17 selected from the group consisting of
YARAAARQARAKKKALNRQLAVAA, YGRKKRRQRRRKKKAILNRQLAVAA,
ROQRRKKRGKKKALNRQLAVAA, GRKKRRQRKKKALNRQLAVAA,
WLRRIKAWLRRIKAKKKATNRQLAVAA,
WLRRIKAWLRRIKAWLRRIKAKKKAILNRQLAVAA
YARAAARQARAKALNRQLAVAA, YGRKKRROQRRRKALNRQLAVAA,
RORRKKRGKALNRQLAVAA, GRKKRRQRKALNRQLAVAA,
WERRIKAWLRRIKAKALNRQLAVAA,
WLRRIKAWLRRIKAWLRRIKAKALNRQLAVAA.

19. An isolated polypeptide comprising a transduction domain and a peptide of the
sequence KALNRQLAVA.

20. The isolated polypeptide of claim 19 selected from the group consisting of
YARAAARQARAKKKALNRQLAVA, YGRKKRRQRRRKKKALNRQLAVA,
RORRKKRGKKKAINRQLAVA, GRKKRROQRKKKAILNRQLAVA,
WLRRIKAWLRRIKAKKKALNRQLAVA,
WLRRIKAWLRRIKAWLRRIKAKKKAINRQLAVA, YARAAARQARAKATLNRQLAVA,
YGREKKRRQRRREKALNRQLAVA, RQRRKKRGKALNRQLAVA,
GRKKRRQRKALNRQLAVA, WLRRIK_AWLRRIKAKALNRQLAVA
WLRRIKAWLRRIKAWLRRIKAKAINRQLAVA,
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