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WO 2008/063424PCMIS2007/023527 Methods of Promoting Cardiac
Repair Using Growth Factors Fused to Heparin Binding Sequences Cross
- Reference to Related Applications 5The present application claims priority
e benefit of, United States provisional application
Wéi%ggg())&ng%évember 13, 2006, the contehts of which is hereblséi)ﬁ%%?gﬁ%g%és 7
by refer, iNsits enti | Ig the: Inventio invention
R G e R B AT
and/or survital¢tbes!Buisddses HephdatBmdbidiBegdemeaparin. These
proteins may be bound to cardiomyocytes and administered to damaged
cardiac tissue to help promote repair. Background of the Invention
Crod§Relig-bkeeaondh teg iappiidstiords is a protein that promotes the growth
and_survival of cardiomyocytes. Mice deficient in IGF-1 exhibit increased
ap%ﬁ?oﬁ%esff)’ﬁb\ﬁﬂ?é“fﬁg’/ ar i P B @’aﬁ?\@n, &t Bgn érafoxﬁ%.ekéé?tes
proviihdiCapplic 4800 1))/ 35 B ER SiRa diadiopantie G200z ehe)duaemions which is
h rotects a ai{?t m¥o%te ?.$t0§is and ventricular 20 dilation following
e ISR AT S AT R AR MY 1091-1999 (1997); Torella, et al.,
Circ. Res. 94:514-524 (2004)). IGF-1 overexpression also increases
Fiel &%thaecuﬁg%g %%jl n_um_ber and growth, leading toan incregse in myocyte
turnover and function in the aging heart. Following infarction, IGF-I
prorhoerssengrateneen, idiffarsiedatooprotaies finvduehakinglyoeriide ibafpromotes
the SIRVARIR SIS GallstaneRaNed O BYRE AR lEnh el Boteins
5 Cells 22:1239-1245 (2004)). In addition, serum levels of IGF-1
may cbrbpyrediioeraetiomindriesridrdordBiyenedl Fosamagedecidiasubsweoto help
pronfifadyanatients (Vasan, et at, Ann. Intern. Med. 139:642-648 (2003)). The
characteristics described above make IGF-1 an attractive therapeutic
agent for 30 patients that have experienced damage to cardiac tissue,

BaclkezBeuRdtifmise thalneva undergone a myocardial infarction. However,

s AT R EEET,  BancLRTShor of (YRt P RSt oo and
survidamAgartiivayrofangddqeediditiohtin dGOecahibio anitetiiad haspussid fidlaving
myog:%rmglinﬁ%@r&ion (Palmen, et al., Cardiovasc. Res. 50:516-524 (2001)), whereas
cardiac-specific IGF-1 overexpression protects against myocyte apoptosis and ventricular
dilation following infarction (Li, et al., J. Clin. Invest. 100:1991-1999 (1997); Torella, et

~al., Circ. Res. 94:514-524 (2004)). IGF-1 overexpression also increases cardiac stem cell

number and growth, leading to an increase in myocyte turnover and function in the aging
heart. Following infarction, IGF-1 promotes engraftment, differentiation, and functional
improvement of embryonic stem cells transplanted into myocardium (Kofidis, et al., Stem
Cells 22:1239-1245 (2004)). In addition, serum levels of IGF-1 correlate inversely with the
risk of congenital heart failure in a subset of elderly patients (Vasan, et al., Ann. Intern.
Med. 139:642-648 (2003)).

The characteristics described aiiove make IGF-1 an attractive therapeutic agent for
patients that have experienced damage to cardiac tissue, e.g., patients that have undergone a
myocardial infarction. However, IGF-1 is a small protein that diffuses readily through
tissues. As a result, it is difficult to keep a high concentration of this factor at a site of tissue

damage for a prolonged period of time. One approach that has been taken to maintain a
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WO 2008/063424PCT/US2007/023527 2 high local concentration is to
attach IGF-1 to a self-assembling biological membrane (see
WQR980613288510). Using a rat model of myocardial infarction PEWHS2f9{§33527
that when this membrane is implante@ along with neonatal
cardiomyocytes, the survival and growth of the implanted cells is improved
highRIgdivEoi &abiaipn ia péesttat N IETNOUEth ! Sif-hssEblidb & foRBIkA aidi®rane (see

cells to colonize the damaged heart and improye function is increased.

US2090088 31 hh dfsing aoratHnpdelipfamuecard ineinfarrtipppit vatifound, thay évpen this
menfbSROQGAPOB kI MM B mEsRsel RarItS MR RE) B SuAlieAN Ak Growth of the

procedures that avoid the necessity of constructing and implantin

implanted relks ds igameered elptivsetor Gedls nimplaptse ivath wakqund 1 Thus, the
abilify BFERY HAYBREQBISEASHE HRARINLIAMEIARMYToVE FunkerRRAYdRlased. Using a

binding IGF-1 to cardiomyocytes prior to their implantation into dama

ed

sioni g GRRIQAPISHES JEew i Merehalsh i9hiaasth e oiRDGF- _&0&0148703)-
AlthBSaR IR RNHiGg R RIS SRR M SRR THRRIO IR R AIRIARR Rty of

beneficial effect on the survival of cultured cells. The fusion 15 protein
consgRpiingRed implaptingiesmhenssweildde drsitabltce heparin) better than

IGF-1 alone. Since many different cell types have cell surface heparin, it is

not expected that simply injecting the IGF-1/HBP protein systemically
Summmnfénm Inventisgnefit to cardiac patients. However, targeting may be

ACHiRY G U RIS GEEHRERY BERC Y/ ERVGIpER P AChiSkedure for binding

implantation. To a lesser extent, localization may also be achieved by 20

IGF-hjecenidiemaypesterpaios tojheiimplaniatiossinto damnged spidiaetissughbihias been
founﬁetl&h'iqftuié"kﬁg%ifégt@ 9@ i95% (ReparfCHidtid NHPERP PRBE 9HA"EbBtain a

~ factors (with or without the transplantation of cells). Tn'its first aspect, the

fusion pspiiedm thatimadataing abevafisdalritel angthesysyivdl of Bulpged cells) d g fusion
protdin) Bk 13- YURGEHY 5. B MEREQIIT ol Cefl AR RYSHTES Belter @Jﬁ IGF-1

a peptide that promotes the growth and/or survival of cardiomyocytes (as

alonejeﬁém'rmmegiffg@ng@hmeprmG @Ege?wffﬂ}iaﬁlf@@a fheapantt bkneited that
simp! %qut heTHR-DARSP %RJ&@H‘%B@BHQQWW ﬁbtg? Iﬁ{Icﬂlﬂrgﬁeﬁ)egardiac

_including all of the peptides described herein. J is either a proteinogenic.
patieatsirdayesyes; tgaiimgnmay e aghiserth/byidieubatingysdrdigmyesytes yoth IGF-

1/HJ§§§ SS9 gﬁtftﬁ)rnth?&:)%:@s%%? oldhe ?%{{%ﬁ?%@ aflh F‘r?é)ti%%?ved by

uences are written from the N terminug terminus

injectigit thenproteins disehdywite inardiae dissuep Smiles approashiesughotld be useful in

" : " amina.acids. i, ¥ & af- alanine (A)-
e RS B RS AR S I Mithout e
transpligteEyngiicelishe (Q); glycine (G); histidine (II); isoleucine (1); leucine (L);
lysine (K); methionine (M); phenylaianine (F); proline (P); serine (5);
threonine (11; tryptophan (W); tyrosine (Y); or valine (V).
In its first aspect, the invention is directed to a compound having the formula: B-

(Nn-(Z)q » or (Z)q-()a-B, where n is an integer from 0-10; q is an integer from 1-5; B is a
peptide that promotes the growth and/or survival of cardiomyocytes (as determined, e.g.,
using cells deprived of serum) and Z is a heparin binding peptide. Any of the heparin
binding peptides known in the art may be used including all of the peptides described
herein. J is either a proteinogenic amino acid or compounds such as biotin/avidin that can be
used to join peptides together. For the purposes of the present invention, all peptide
sequences are written from the N terminus (far left) to the C terminus (far right) and unless
otherwise indicated, all peptides are made up of “proteinogenic” amino acids, i.e., they are

the L-isomers of: alanine (A); arginine (R); asparagine (N); aspartic acid (D); cysteine (C);
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In preferred embodiments, the compound of the formulas shown above is
a fusion protein in which J is a proteinogenic amino acid and B is either
insulin like growth factor-1 (IGF-I) or platelet derived growth factor
(PDGF). The full length sequence for human IGF-1 (GenBank Accession
No. NM 00618) is as follows: 3
glM&hKLS%&RT@;gFéﬁﬁﬁﬁi@ RISV IGMIHREMER LB AKS; ibolEubme AT Aucine (L);
PETL 1 . . . . .
lyprsaltl iR DR G RYaENIRIBTIAS Eds Brip BYcivive dEk Rigegyine (T);
trygtdpldm (W); tyrosine (Y); or valine (V).
MYCAPLKPAKSARSVRAQRHTDMPKTQKEVHLKNASRGSAGNKNYRM
(SEQ ID NO: 1). However, the underlined sequence is sufficient for the
promptigrefreal dipydadetgrawtiornshanavsaiie ancardandwithitbee is a
procedures described herein. Thus, for the purposes of the present

fUSOR AEBIT AR WhCh ettt RO RIRARE A TENCorE S etfifeRcls: either insulin like

grBihl faGEL VIOAL QY GlaRRE FH K BrbGGRGHR RAIBGH) GIVP full length
ECCERSCDER YCAPEKPTKSA (SEQ ID NO:2) and maéjoptionally

SeOHSTitR I Sh ) R RSHa! fSHITRPBK tRECSEHORALE DPSEE 1B Nds oljeyrs:
MEXQIBSIeR TE EXECHUIFIRY RegTiksSHABY TACCEIC TSty At NI L

R R o R A R e A R S RS PR

Mrmgmmﬁmamwm@at&m@@wﬁﬂmgmgm&mm%
0 , Proc. Nat'l Acad. Set USA 83:2392-2396 (1986)) and may be
SEEE t&?ﬁéﬂ&%@&&@&%&ﬁ@f&&&& ETRREHBET PoTas7 At RmauRn of
capiesentestabovevtt isndrefierdbly Gnanecartapeeferablyhk. hRediagedescribed
heparin binding peptides, i.e. Z in the farmulas, are; . . . .
KRR OK AR R K RE SR I Ry dp - i defined as having he
cot QdukKddNERTKEVKHSEQA DOYO E40; MRXPYRGIVD
B R RS B S SED N
arfg KBHBE{sRHEIItARDES R DEMENCK (SEHQ IDNIB); For example, the C terminus
YSSWYVA T GPKTGPGOKAILELP (SEQ | :9);
LR VoA S SRE Y EARRL A OR (SE T R} A NO:2 may be
X2 GB4bRGR S2OHQPBIX0: 1. Thus, the peptide may terminate in R, RS,
RSV etc. The full length amino acid sequence of PDGF is also well known in the art
(see, Rao, et al., Proc. Nat’l Acad. Sci. USA 83:2392-2396 (1986)) and may be found,

inter alia, as GenBank accession number P01127. In the formulas presented above, n

is preferably 0 and q is preferably 1.

Preferred heparin binding peptides, i.e. Z in the formulas, are:
KKKRKGKGLGKKRDPCLKKYKG (SEQ ID NO:3);
RIQNLLKITNLRIKFVK (SEQ ID NO:4);
PYVVLPRPVCFEKGMNYTVR (SEQ ID NO:5);
KQNCLSSRASFRGCVRNLRLSR (SEQ ID NO:6);
KDGRKICLDLQAPLYKKIKKLLES (SEQ ID NO:7);
CKNGGFFLRIAPDGRVDGVREK (SEQ ID NO:8);
YSSWYVALKRTGQYKLGPKTGPGQKAILFLP (SEQ ID NO:9);
AKLNCRLYRKANKSSKLVSANRLFGDK (SEQ ID NO:10);
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4 LRKLRICRLLRDADDLQKRLAVYQ (SEQ ID NO:11);
PLQERAQAAWQERLRARMEEMGSRTRDRLDEVICEQVAERAICL (SEQ
WORBEs3424 KGICMHKTCYY (SEQ ID NO:13); MGICMHKTCROI(ER2¢97/023527
NO:14); 5 PPTHWICHKGRDVILICKDVRFTVLSNNY (SEQ ID NO:15);
ICICHEAKNWFVGLKKNGSCICRGP (SEQ ID NO:16);
LRKKGRROTASAPSRBGORORTGRBERGRRAMNESK (SEQ ID NO:17);
GEFYDLRLKGDK (SEQ 1D NO:18): HRIIHPREMKKRVEDL (SEQ ID
PLQE%@@MW@ER‘&M%@%W@&% RENSHRY ARRAKL (SEQ ID NO:12);
KGRNIAREBETFARBOAR ROA3HR (SEQ ID NO:21). The invention also

includes DNA molecules encoding any of the fusion proteins described
M T r ‘tifdse DNA molecules and host cells

PPTHWRIIRGROVID KR RGN oSN e (SEQQ@N@?DS e used to produce
the fusion rg{roteins for use in the theraEeutic methods described herein.

GIRGE ¢ N@i6kat secrete the fusion
KG@(@W@@(WPR@W@K?@E@QBWI?}?i”S should

bind to other cells in the vicinity, thereby maintaining a relatively high

GEF¥PUBEK AN cMERJR DO 18)The invention also includes methods of
HRUIPAR R REERNR T ¥ q[yjﬁigglgs;sponsive to IGF-1 or PDGF using one

or more of the fusion proteins or compounds. In one embodiment, the

EKTESKINUKMIERRI A EOIPD NQi2Ox @hdinistered directly to the treatment
ARARIOARRIIGOR IoDDKR el 1y Repsig! endogenous cels. More

preferably, 25 they are used in treating conditions where tissue growth or
repair is needed and there are cells available that can be used to aid this

pr%%@r@@&%ﬁsﬁﬁlﬁﬁ&cﬁmﬁoﬂm&ﬁf&é%&%% WHARE fusion proteins

pitincubated with the cells to allow them to bind prior to implantation. In a

descibedcaharss yesterseepniaiming thesadaNA medesulesond hogtpetic tramsfermed with
the V34K (SrHle HU& teeﬂmgg?%gi%@ﬁ%&t'ggﬁpﬁé’eiﬁﬁy%ﬁm GHALRYRIYIRR in the

with the compounds or fuSion proteins or a period of time and under

therapsntiimeshagsidessribe g dierginh dhe tDNiddman alse ke disethtn tiapsfsmaells that

secréfl R}?é‘fﬁgi&ﬁtjmsiﬁaiﬁ{ﬁ& tssus akine H&Hﬁ@é Ohe: secreted, the proteins should
20081063424PCT/US2007/023527

bind to other cells in the vicinity, thereby maintaining a relatively high localized

concentration.

The invention also includes methods of treating patients for any condition
responsive to IGF-1 or PDGF using one or more of the fusion proteins or compounds. In
one embodiment, the compounds or fusion proteins are administered directly to the
treatment site to allow them to bind to the surfaces of endogenous cells. More preferably,
they are used in treating conditions where tissue growth or repair is needed and there are
cells available that can be used to aid this process. In these cases, the compounds or fusion
proteins will be preincubated with the cells to allow them to bind prior to implantation. In a
particularly preferred method, a patient is treated for damaged cardiac tissue (e.g., due to a
myocardial infarction) by incubating cardiomyocytes with the compounds or fusion proteins
for a period of time and under conditions sufficient to permit them to bind. The cells are

then injected or implanted into the cardiac tissue of the patient.
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5 The compounds and fusion proteins may also be used to repair

damaged cartilage. Normally, IGF-1 diffuses out of cartilage and its effect
WQAMRHSHPInted chondrocytes is therefore reduced or lost. ByPRERBaARE023527

the chondrocytes with heparin-binding IGF-1 prior to implantation, the

local concentration of the growth factor will be increased and, as a 5

resmb Henpbandsaadeasioh maksiny enayCalsdagCused forfiphir fagiRiged cartilage.
neered to ind heparln particularly IGF-1._may also be bound to cells

SePiirod fifridlgen adeliseeilorls o ransplanied chppgrocytes is
therdf@fér%iﬁﬂ@ﬂ%aIGéﬁ Qﬁmﬁﬂgmﬂ%ﬁé&rm@ebmh@%@tmt 1G0T prior

have lost nerve 10 function as the result of an m* IGF 1 is a candidate

to implantation.thslacal .cgnesatration of ths gra vty ewﬂﬁnd as a

result MRICORMARN PRI EHARSErediRIETagd. at, Nature Neurosa 9 1371-1381
(2006)). By binding the IGF-1 to the neurons before implantation, their

growth in vivo will be enhanced. 15 Description of the Invention The

PrRSRIWIR YRAHA eiSpRRRPEI B Wind B ARG BARE RS IG?IF%X? N be bound to

tissue after injury is promoted by maintaining high local concentrations of
cellsgrb%ms fEppiandeth Qs Repai oRNsh CFEeRsEsts i nsHieMfes&Bedifh tRatigats  with

eurbEUR MBROEALEIR 2 RRR ASHAISY GVAIE RANE IO RAMD IS A HARERH P nerve

retain therapeutic agents at the site of administration (see 20

ﬁmcuwmﬁmsli@%ﬁa wiswnoKeR4sisom papdidae &or slinicalistalsddlhand has
beenFANH A FRIMERN RSAUSRSIARB AR LRICHLDERERINASS ARRRRYBLBnler, ef al.,

cardiomyocytes grlor to their implantation into the heart tissue. The fused

Natupgo fleyrongintdids Tk bifily (20 Hm e M%Wa?@l:s&r\iﬂla‘lh&néqgom before
im lmg@nﬁg@ggmt&%mrggwgg@ut the need to make and use a

blolog|cally compatible membrane. 25 Making of Peptides One way of

joining the heparin binding peptide to the therapeutic agent is through the
B%@Mﬂﬁnﬂﬂker For example, the use of biotin and avidin for

linking molecules is well known in the art and standard methodology can

beﬂyem@matta&mﬁv@rw Iheprsdivpom the genesntithatdhgt dheerotors ellidssue after
injurfSs' &%x&oﬂéhwﬁ{aﬁﬁtﬁﬁ%}ﬁﬁ%éﬁ&dﬂ%ﬁ%ﬁﬁl&ﬁo%ww1’8&%‘&'§M&‘ﬂ'Qs IGF-1

groups and peptides, a spacer may be included
or PDGF. Experiments described in the art have supported this approach using biologically

compatible membranes to retain therapeutic agents at the site of administration (see
US20060088510 and US20060148703). It has now been discovered that growth factors can
be fused to heparin binding peptides and bound to cardiomyocytes prior to their
implantation into the heart tissue. The fused protein maintains its ability to promote cell
growth and survival and is maintained at the site of implantation without the need to make

and use a biologically compatible membrane.

Making of Peptides

One way of joining the heparin binding peptide to the therapeutic agent is through
the use of a nonpeptide linker. For example, the use of biotin and avidin for linking
molecules is well known in the art and standard methodology can be used for attaching
heparin binding peptides to growth factors such as IGF-1. In order to prevent steric
interference between the biotin/avidin groups and peptides, a spacer may be included
between the two. The spacer can take the form of 1-15 (preferably 1-10) fatty acids or 1-15
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between the two. The spacer can take the form of 1-15 (preferably 1-10)
fatty acids or 1-15 WO 2008/063424PCT/US2007/023527 6 (preferably
WQ 20084631 acids. Methodology for incorporating spacers of tR{sT{¥j5&0/023527
well known in the art. Preferably, hepgrin binding peptides and growth
factors such as IGF-1 and PDGF 5 are joined together in the form of a
(prefétaisly IP1OYE iininb Sk MRS AR DL iR AIveaiea by SerN6SdRd §pe is well
made_using recombinant DNA techniques. Chemical methods include
knovgp ia thE A% peptide synthesis using standard N-tert-butyoxycarbonyl
(t-Boc) chemistry and cycles using n-methylpyrolidone chemistry. Once
peptides have been synthesized, they can be purified using procedures

sudleferabln broasidinding esrlidencytigrareh facterssyaade -1 and PDGF
are j6RILANBeMEF Y IRAToRRJLF MSRASRARY, FiRidn PRSI RIBSEINS 8E hemically

correct composition can be determined by amino acid analysis. Binding to

synthegiredor M3ds BeipR LespmbinaridiNA dgchrigues: (demisab aetheds include solid-
phasBRGRR S ARG R nE S RN BB ERHO N EBHERHERR ST Izlmd cycles

proteins for a period sufficient to allow the fusion proteins to bind to ce

using; pmedhy lpprolidansashsimisty | L3nee prplidestiiyveabesn synthasizedsihesrgan be
purifiey 24Rg pRUSLRAS RAREE MEH IO iR éﬂﬁiﬁi&%@&{?ﬁy% reverse-phase

survival, e.g. at about 37 C, neutral pH, andin a culture medium that

colupas, rBurity| may\alsel berrssessed byorBldteand the nessmee of fepriray ¢aaposition
can &n@&%&p@&,mﬁiﬁglgg%m%%act amount is not critical. 20 The cells
may be administered by syringe or catheter to cardiac tissue. The exact
amount of cells used is not critical but, in general, between 1 X 105 and 1
X ]@ME Recssd. Pharmaceutical Compositions and Dosages Fusion
proteins may be incorporated into a pharmaceutical composition

co ﬁi@nﬁi@@)@g@@aﬁié\ﬂm&e&% Baynee Wamaeda naﬁjwmda%rpmm iand may
then RIS BEEX WRIE MR ARG/ MNP SMAIRLARSTIR Jadr W MEdIR 19 allow the

maintain viability. Preparations will generally be designed for implantation,

fusion pretsine ki tjmetiorcoblsadarasy Theonsabntentimay dastanypheretframmabans an hour
to seVilkf! .anﬁsaw&lg& A8 g&aaﬂa%pwﬁgigs t dﬁaﬂmw%&f}n ; Ahval, .. at

compositions may be prepared using met at are stan
aboutskE & gneutral pH, and in a culture medium that insures cell survival. The amount of

protein present should generally be enough to coat the cells but the exact amount is not critical.
The cells may be administered by syringe or catheter to cardiac tissue. The exact amount of
cells used is not critical but, in general, between 1 X 10° and 1 X 10’ will be used.

Pharmaceutical Compositions and Dosages

Fusion proteins may be incorporated into a pharmaceutical composition containing a
carrier such as saline, water, Ringer’s solution and other agents or excipients and cells may
be maintained in standard media to maintain viability. Preparations will generally be
designed for implantation, infusion or injection, particularly into cardiac tissue but topical
treatments will also be useful, e.g., in the treatment of wounds. All pharmaceutical
compositions may be prepared using methods that are standard in the art (see e.g.,
Remington’s Pharmaceutical Sciences, 16th ed. A. Oslo. ed., Easfon, PA (1980)).

It is expected that the skilled practitioner will adjust dosages on a case by case basis

using methods well established in clinical medicine. The optimal dosage will be determined
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30 Remington's Pharmaceutical Sciences, 16th ed. A. Oslo. ed., Easton,
PA (1980)). WO 2008/063424PCT/US2007/023527 7 by methods known
WO teAtdhd will be influenced by factors such as the age of Rkd/pagéi(023527

disease state and other clinically relegant factors. Examples 5SExample 1:
Survival of Cardlomyeeytes The present example demonstrates that

by Iﬂ@Eyd dl.simjal’mﬁﬁf ﬁiérui’t/alhﬁf\ﬁﬁ_ﬁ&ﬁh‘fﬁﬁb_' R @ﬁ%@@fﬁﬁ&@ﬂ&d@@g@beﬂk@mﬁem

. development of a nove| heparin binding -IGF-1 fusion protein

dlseaéﬁgm@e%%%lﬁwmv@%rslsmﬁ?ﬁ&fﬁed cells. 10Methods and Results
To minimize teratoma formation, we studied ES cells committed to the
cardiomyocyte lineage. Mouse ES cells, stably transfected with a-cardiac
myosin heavy chain promoter-drii&g@plg&sced green fluorescent protein
(EGEP). were differentiated into cardiomyocytes by the hanging drop
me%%ﬁﬂ gvﬁ,nediE EE"‘B’c?Eiﬂtﬂfg %“éﬁ%ﬁsowgf’gyg%ﬁed by 15 fluorescent cell
soffing presérs example rd@moratdites thaty H3F G kalpredescsdredthl efitlES-derived
induced by serum deprivation, (13,6 +/- 1.9 % vs 25.9. +/- 2.5 % in co

card g e SRR SRR Py B eh HERFA RO (HE)-IGF-1

fusiofil htbiEin-pogitearabttsithProve hibrvivabof. yject@l s éldsce spectively, p<0.05).
Furthermore, IGF-1 decreased Doxorubicin (1pM, 241u) or chelerythrin
(3pM, 1110-induced apoptosis (p<0.01). The phosphoinositide-3 20
KinkfeghodsiondrRestP94002 (10pM), inhibited the protective effect of IGF-1

on.Doxotubicin-induced apaptosis (p<0.05). Since IGF-1 diffuses rapid
R A R L R e
cardikengacyinaitdage - MossenES otells witibhyn traiefectad| with dpoaadiacl beyosin heavy

B S i e e
cardidmguciaes bordrediopiisd disy thathdd faridaPGFBpésitiveagdivatweré\ipuified by
oSSR BRSNS TR IS S SO o e
induest 9ty tdspiivdtion (13.66m 1.9 % vs 25.9 +/- 2.5 % in control, p<0.05) and
decreased apoptosis induced by serum deprivation (TUNEL-positive cells 8.0 +/- 1.5 % to
4.3 +/- 0.5 % respectively, p<0.05). Furthermore, IGF-1 decreased Doxorubicin (1M,
24hr) or chelerythrin (3uM, lhr)-induced apoptosis (p<0.01). The phosphoinositide-3
kinase inhibitor, LY294002 (10pM), inhibited the protective effect of IGF-1 on
Doxorubicin-induced apoptosis (p<0.05). Since IGF-1 diffuses rapidly away from injected

sites, we then designed and expressed a novel recombinant IGF-1 fusion protein with an N-
terminal HB domain. The protein was purified by Nickel-affinity chromatography and then
subjected to oxidative refolding to restore biological activity. HB-IGF-1 bound to cell
surfaces dramatically better than IGF-1 and HB-IGF-1 activated Akt in neonatal cardiac
myocytes and 3T3 fibroblasts as potently as native IGF-1.

Conclusions

Because IGF-1 improves survival of ES-derived cardiomyocytes in vitro, this new
Heparin-binding IGF-1 should improve cell therapy by binding to the surfaces of injected
cells. This demonstrates the potential for changing the cellular microenvironment through

locally-delivered therapeutic proteins.
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30 Heparin-binding IGF-1 should improve cell therapy by binding to the
surfaces of injected cells. This demonstrates the potential for changing the
W@ anids#droenvironment through locally-delivered therapeutR€brosen§s/023527
WO 2008/063424PCT/US2007/02352%7 8 Example 2: Cartilage Repair
In this example, we designed and purified a novel protein, Heparin-binding
IGiEyafhiifle! Fdariithisd R alision protein of native IGF-1 with the
heparin-binding domain of Heparin-binding epidermal growth factor-like
grc?ﬁtfﬁ’ﬁa‘i?iﬁ?.‘ W Hepignrthanddnapiicdg poxchepRipi-ddepaninakindingdoF-1
(HBIGREEWHich'3 SFelia PotdiaUTalah ¢RI IR0 YRS Acpart HlbiatRA abRthin of
embryonic stem cells. HB-IGF-1 activated the IGF-1 recbe&%(‘)tr and Akt with

Heparip-Riadinssridemal srrvdb fectaepssommedtofagtor. Hinifdnd hpned selectively to
hepafRARRENISS BERICHTRLACHT Y T BB AsbIRas) REGHIMAPEAISL 37DRes and

Because cartilage is a proteoglycan- rich environment and IGF-1 is a

diffegensiptingipinnsoric stesmarbisy B rhaetrateddhr dGHJ segepier and Akt with
the @SR RIRS RO hhtFub-at jenaR 8L 1611 Ghuik iag AelestiprdriRiayred

by cartilage explants and led to sustained chondrocyte proteoglycan

biolegisal Aghivaty demnip dhe heparEbinding dermain: Besonsp sertilagerisagyasgoglycan-
rich EREIIRRIENG d P8-TiRiaNGR Wi Mt iac 18t EKSA@E@M%#&?M@M S then

may be useful for tissue repair and minimizing systemic effécts.

studied therefestivanose el diB-UaEtd in sartilageidAB-IGRd: varselegbivgyvatained by
cam% gg@%mﬁa YORREARR IR Jﬁ&f&i%%?‘g@ék%@gg%%@g?e& Sompared to

GAGGACCCTTTGCG (forward, S
IGF-Adbese dag show tinthestpasd erginesang g (Jangrdotametgeowsb dactor like

IGF-TRSH 1SRRG A fidy @mm&qiesqg%pwpm SRR Qe R Wrdcts.
Hameed, et al., .1 PhysioL 547:247-254 (2003); Shavlakadze, et al.,

Growth Horm IGF Res 15:4-18 (2005); Musaro, et aL, Exp GerontoL

A2RR R0 Mdis g oduct was subeloned into the pTrcHis-TOPO
vector (Invitrogen, Carlsbad, CA, USA) with the addition of a stop codon

(T Kexter eapsiruetiatinus of IGF-1, thus encoding an Xpress-tagged IGF-1
X LT ) : - e _
(XS TN @Q&gﬂegfﬁgﬁggol epﬁg%ﬂ%%ﬁ}%ﬂgg%%’%gﬁ% primers

(AA 93-113) of rat HB-EG AAGAGGAAAGGCAA
(’ trTACCALLBRACKALCATEEAGE Comard REQRMNO AAGHS BOMTGACTTT

A Bl W R e Bep RIS i
acidPohehrgncoSesatxgons and 4 ( Hameed, et al., J. Physiol. 547:247-254 (2003);
Shavlakadze, et al., Growth Horm IGF Res 15:4-18 (2005); Musaro, et al., Exp Gerontol.
42:76-80 (2007)). The product was subcloned into the pTrcHis-TOPO vector (Invitrogen,
Carlsbad, CA, USA) with the addition of a stop codon (TAG) at the C-terminus of IGF-1,
thus encoding an Xpress-tagged IGF-1 (Xpress-IGF-1). To encode HB-IGF-1, the heparin
binding sequence (AA 93-113) of rat HB-EGF(AAAAAGAAGAGGAAAGGCAAGGGG
TTAGGAAAGAAGAGAGATCCATGCCT TAAGAAATACAAG (SEQ ID NO:24)) was
inserted between the X-press tag and the IGF-1 sequence through mutagenesis.

Amplification was performed with PfuUltra HF DNA Polymerase (Stratagene,
Cedar Creek, TX, USA) and the template plasmid was digested with Dpnl (New England
Biolabs, Beverly, MA, USA) before transformation in E. coli. All sequences were
confirmed by DNA sequencing.
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30 Cedar Creek, TX, USA) and the template plasmid was digested with

Dpnl (New England Biolabs, Beverly, MA, USA) before transformation in
WE2W8IN0AtP4equences were confirmed by DNA sequencing. \RECX/US2007/023527

2008/063424PCT/US2007/023527 9 Burification of protein

Xpress-IGF-1 and FIB-IGF-1 were expressed in E. coli BL21 cells and

grorrifickRomeirpidin 4 | batches. Protein synthesis was induced with 1

mN) isopr P-Dth| oside for 4 hours and cells were then .
oS BESIDY LRG0 S PSS i CBAP Lo eIR@nd grown in LB
medfivr@ehiprid@aiRBdsiMProginnsphaesis aiead GRS\ AR, PHIN) ﬁﬂﬁro%yl B-D-
. homogenized. The first purification step consisted of affinity purification by .
thiogplacienstatifcheRs S ARdssHS ot iR hARyRRiad Y A B BgURR N ised In lysis

bufféR$8 MasuuRahrthydd dkistideL ford@VssdRAn PHOsphai, Nob lmdd NAEL, pH 7.8)
phosphate, pH 6.2), and bound protein was eluted at pH 4. Eluted proteins

and \hamogsaizedyThee diret uifisptionsslem s ensistad ref affinilygrunifieatiog by the

| polymﬁaﬁetagwﬁfﬁdﬂcgméﬁﬂ QMEINGIN R G sefg A aNrAfeer0vAV washed

.. Tris, 75 mM NacCl, 100 LIM oxidized-glutathione and 100 uM )
with Wagh BTG (S NOES2p P BVANAC FcrOan RbrsebifpiBH deandhbowd protein

was QielatpilH A 0pRRLS _%&%M@@dﬁféﬁglﬁ@&f QYRR folding to restore
high-performance liquid chromatography (RP-HPLC) column (Delta-Pak

biolgical petivary. Thegwetsins, wesaincubated-oyupiahtptf Sepithiefolding buffer (50
mM &S, FEsHNeRtadi(Q @ol'hm@ﬁsﬂfﬁﬁéargntr@mjgéé’/aﬁa 106438 EA0LEERAhidne, pH

trifluoroacetic acid. Cell culture anax cultures of cardiac myocytes

7.8){dter peéplding thssamplos Nerraadivsteddn -dfysb'iagta@mm@kh@éﬁ@ded ona
C18 GelbredpR R BRCR:PIRAIR IRREE ShFORMIYE-ARHY ENP 2PN 086 (Delta-

with 7% fetal bovine serum (Invitrogen); medium was replaced after 24

Pak (ol fs WﬁF%erf?é‘é r%ﬂiuH.SéT?ﬁb‘Poﬁ_%t EEI@W@@CEH@B@EIQ column was
subjeQMEEN WitheAPYPaQRAPRIMCH4DEFEUDH NAAENL 200, 105 MABBANAS acid.
replaced with serum-free medium 24 hours before experiments. Mouse
embryonic stem (ES) cells were grown on gelatin-coated dishes without
feedg egllgp Glasgow Minimum Essential Medium (Invitrogen)
supplemented 25 with 15% KNOCKOUT SR (Invitrogen) and leukemia
mf’%ﬁ“@%&éﬂ&ﬂ?@ﬁ@ﬁ%ﬁ@ﬁ BiNeras Mare psRpraskiomdhe werisigdesof neonatal
Spra @%HWE? 43S -ah@ I0EHGRAIHE DRUIIBLY CBRE] fERLRACHIIGA X DMEM,

iIssociated and cultured as hanging drops for embryoid body formation as

Invitgpeesmpaithyy&eifrialyborine rervm, dnvitragpe)i mestiunn wao1eplrged e}ﬂer 24 hours
mm@m@%émﬁiwmmmﬂs%ﬁmwﬂ{imwﬂdmgﬁﬁo newborn
r was added.

serum (Invitrogen) without 30 leukemia inhibitory facto These

calf EEuge (dydizeene) rad iiupredivan tyaotemaG e Mifosaverdfrsy medium 24 hours
beford IQIRAIALIAS, 'mwer&m@mm@a@%s%ﬂs ey %Wnséﬁgﬂnmaﬁn-coate dishes

transfected with an alpha-Myosin heavy ‘chain promoter-driven enhance

withemt Ffe_oéeto?.el):snér EiasepavaM st rmnfasential Vs dinme(lovitspgenhmpplamented
with9E5HNERBEKBENESR (Invitrogen) and leukemia inhibitory factor (Chemicon,

Billerica, MA, USA). Cells were passaged every three days. To induce differentiation, cells

were first enzymatically dissociated and cultured as hanging drops for embryoid body
formation as described previously (Takahashi, et al., Circulation 107:1912-1916 (2003)).
Differentiation medium with 10% ES cell-qualified fetal bovine serum (Invitrogen) without
leukemia inhibitory factor was added. These ES cells become green fluorescent protein
(GFP) positive after differentiation into cardiac myocytes, because they were stably
transfected with an alpha-Myosin heavy chain promoter-driven enhanced GFP vector. After
embryoid body formation (days 7), cells were plated on gelatin-coated dishes.
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WO 2008/063424PCT/US2007/023527 10 Harvest and culture of cartilage

Bovine articular cartilage explants (3-mm-diameter, 1-mme-thick disks)
WoRNB/AeiAsted from the femoropatellar grooves of 1-2- weekliﬂ&/élél&ﬂ@§/023527

and cultured in low-glucose DMEM wijgh 10 mM HEPES, 0.1 tnM

nonessential amino acids, 0.4 inM L-proline, 5 20 jig/m1 ascorbate, 100

U/rBlpessiciin s 200 earkeireptomycin at 37C in a 5% CO2

atmosphere. Protein analysis Neonatal cardiag myocytes and 3T3

fibriBYAREs WU erTiAgS pRoRBR e (BumErdipms ehink msr by ckitdicks) were

harvé'sﬂéﬁnf?&nﬁ) ﬁx'éo/feNf&@P QsBvdsmal rthweaediandlfele irdcalitRdAn low-
DTA), 1 mM phe eth sulfonyl fluoride (PMSF), 1 mM NaF, 1 mM
glucws Mt 10 0V HIEEES  Arlsnt RORGISENYS| GRinastcids, s4 M L-proline,

20 hasecBi qabsisw EnRAINRTFRC 80/ RACHERIHIR M M BP€Lirmd 5% CO
u%/Il‘%ﬂlg 0. 5ﬁ§o Triton- X% tnM EDTA, 1 mqlr\%PMSFignd 1:1000 protellnase o

atmqsphsior cocktail (Sigma). Protein concentration was 15 measured by
Bradford assay and 10 pg protein was loaded in each well for Western
bIot analysis. Similar GAG content was observed in all samples as
B dye binding. Anti-Xpress antibody (Invitrogen),

anWQ&%’EAP Bl rlyabiRe dyd AR B SHREIRHAGE 1A ﬁéﬁ@pho?hate-buﬁ’ered

anti-phospho-IGF-1 recéptor antibody (Cell Signaling, Danvers, M

Salln@%ShmtbHS{SEmoAanQ@éo/dV@G’&@’S@h@lﬁﬁﬂg)ldﬁmymma%eﬁc
acid (BHTR) ZP Hélgfltnl&ﬁ s shPHRRRD BRIBSIIMARE RO RIM Na;vOo,

protein. he fusion protelns by ehzymeé-linked

and mm@mmm ceckail)(SgmaciitplopuisMid, dd8 b (amtilgge disks were
pulvEHed BERSH KRR bGhRhlc Vs Hat TISE 59| REYBHINS S’W‘EETA 1 mM

from cartildge extracts were added to each wéll. Polyclonal I[GF-1 2

PM &ty WA9Q seretginase pnmmtyrammbwl digma)- réb@tmr@mmgntwn was

) r
s R S ol SR 5 G st i

analysgthSimbardOMD cogent waseebsrsreddaclltseomlem aBmémnraésiayé)lVﬂ\'lB dye

bindfiig CRAA! Snfth @Nﬁ B‘%% W G2 Paflibody (AL

mdtz%_-{IGF-lo Xpér)ess- Ig%?l or 2 Xu@ dﬂ(ﬁ ﬁ)dmftlmesw . oS.y (Abcam,
Cambuadgel MdorliSrddeintinphosphoaiGF-1 receptor antibody (Cell Slgnahng, Danvers,
MA, USA), anti-phospho-Akt antibody (Cell Signaling) and anti-Actin antibody (Sigma)

were used. IGF-1 was purchased from Sigma as a control protein.

To detect the fusion proteins by enzyme-linked immunosorbent assays (ELISA), 96-
well plates were coated with an anti-Xpress antibody (10pg/ml) overnight. Identical
amounts of protein from cartilage extracts were added to each well. Polyclonal IGF-1
antibody was used as the primary antibody, and anti-rabbit-horseradish peroxidase (Bio-
Rad, Hercules, CA, USA) was used as the secondary antibody. After addition of ABTS
Peroxidase Substrate (KPL, Gaithersburg, MD, USA), plates were read at 405 nm.

Binding assays
Heparin agarose beads (Sigma) were incubated with 300 pmol HB-IGF-1 or Xpress-

IGF-1 for 2 hours and washed 3 times with PBS. Bound fusion proteins with Heparin
agarose beads were extracted by boiling with SDS-PAGE sample buffer (Invitrogen). 3T3
fibroblast cells or neonatal rat cardiomyocytes were incubated with 100 nM HB-IGF-1 or
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agarose beads were extracted by boiling with SDS-PAGE sample buffer

(Invitrogen). 3T3 fibroblast cells or neonatal rat cardiomyocytes were
WeHBAseddvith 100 nM HB-IGF-1 or WO - PCT/US2007/023527

2008/063424PCT/1JS2007/023527 114 control IGF-1 (Sigma) for 2 hours

and then washed with PBS 3 times. The cells were lysed with lysis buffer

cont@IPIGFED SiBiss T6rte N¥aaIar MiRhanalswithEssan tifes - TrRMERAVere lysed

Embryoid bodies (10 days after induction of differentiation) were incubated

with, fysisrbuiSer srsddhenrepbientsdr fo Westerm ket poalysisiwiths an atislEH vligntibody.
Emb%fa‘qma?églqwd&%fmrﬁﬂmmammﬁteﬁteewﬁ%mtw@ JHLERERSWith fusion

antlbodr% Cartilage disks were cultured in serum-free DME

proteins, Spsrdcheursitashad vt FBM 3 Bomey- and fixsd mﬂxp%ferreq&dfhyde before
imm M A8 RHREI AR Gh %%ﬁf‘e@ WARBSHyS ERRHANENERS w&"@l cultured in

incubated in DMEM with no IGF-1. Disks weré collected on days 0

serumnizies. IpvIEdMh sunplempnicd withivither 00 a0 FHE-Kake breu 590 \VIMsI@mss-IGF -1.
AftePi¥ ﬁ&&lé{%kﬁmac{b@ 5}'%&@&@%@%@&%%& ¥ Yhen ifdiBRPHY BMEM

prote lycan synthesis was measured by mcorporatlon of [35S]sulfate

with (e IHEl Riska svene el pgted amlaxs heldiduand e Jotrin reminiagan, qartilage
extradtdRRR: BRRtel Bl WAAGAL BRD ankd f&iﬂ%ﬂa fistgavere equilibrated in

serum-free medium for 1 day and 15 incubated in medium containing 100
11M HB-IGF-1, Xpress-IGF-1 or control IGF-1 (Sigma) for 2 days. The

diskgms %getbf_i&%ﬂ%ﬁdaﬁsﬁn' es with PBS and changed to IGF-1 free

medium. Culiured disks were radiolabeled with 5 mCi/m1 [35S]sulfate for

theCheadpacyisupsotsiagliieae spmtbesiowsgneastined; by incotpariion Dfilsdsulfate
(Perl%%i?ng}l Q{’ﬂﬁ&lﬂv M 8(f§ #Wd rious é’ Hy&ﬁ@%%%ﬁt &% ;o Je 'Bptyz%p Res.

free radiolabel. Disks were d|ges 20 ml of proteinase K’(125

7 '61%9316111&8@)1 Maﬁdamhsss rereedpilibrated inneryardine megdiye. fyr 1 day and

ples t r sjs b
incu re?aégtléiril o I of gl%@’j Réﬂyé\s%ﬂg 0 Hchfiﬁgt%%%%{g 2/ & ntml 1GF-1
(Slglﬁw§wa1@eoﬁmmheemgém waghelch timssswitdRBS, mmm to IGF-1

free RN EJ\’H?J@%Q-&T ﬁ’éié‘c‘l' Qﬁiﬂ‘@r}@&ﬁbﬁ Viratd 360 tH¥ Binat 24

corrections for spillover an quen Ing. 25 Stat SIS

homsw&mhmearfsﬂlpséehnhne pradbrditl wis Svasteadt é tamss with.@aobpfaPB8 with 0.8
mM Fr%‘filn% iy ASPAS905 & 40¢ ?8&%%%’?1% aﬁ?ﬁ&%?@@i%ﬁzted in 1.0

ere a0 = 0.05 and n = tot er of comparisons
ml oﬁmt&mxeek'p(é%ﬁmgml eyl BENaSO,, 5 mM EDTA and 5 mM cysteine at pH
6.0). Samples were analyzed for DNA content by fluorometric analysis by reaction of 20 pl
of digest with 180 pl of Hoechst dye 33258(24). The [>°S]sulfate content of the digests was

then measured in a scintillation counter (Wallac MicroBeta TriLux, PerkinElmer, Waltham,

MA, USA), with corrections for spillover and quenching.

Statistical analysis

Statistical analyses were performed by Student’s t-test with acceptance level a =

I/n

0.05. t-tests were corrected for multiple comparisons using a = 1-(1-a¢) ", where oo = 0.05

and n = total number of comparisons. All data were expressed as mean + SE.
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WO 2008/063424PCT/US2007/023527 12 Remelts Purification of

HB-IGF-1 IGF-1 has 3 disulfide bonds and includes 70 amino acids.
WOrp§ee424usion proteins both contain poly-histidine tags for @ tEN007/023527

purification and Xpress tags for proteip 5 detection. Molecular weights of

HB-IGF-1 and Xpress-IGF-1 are 14,018 Da and 11,548 Da, respectively.

HBrR&sidk has the HB domain on the N-terminus of IGF-1. The HB domain

has 21 gmino aiids and.includes 12 positively charged amino acids. Final

PUF ! SAHSton proteins after refolding was performed with

RPGH 1 Raddeaidlishde Bafdd enaaieltidesl a6l apipd iRIdS VIR PRGIUNTRS &S proteins
prewously descrlbed (Milner, et al., Biochem, 10, 308( Pt 3):865-871

both cogtap-palydisidiag Jags HRm R R Eortion and;Xpress stagsinr protein

dete@ftth VNRSIQI Il RSt W HRDI T H i@ SpARyteny phibe 4 @imdes dfef 11,548 Da,
protelns after RPHPLC, revealed a single band. HB-IGF-1 binds to

respersiyehn BRI L hscdbe Hhdomainieaidhe Mriarmioug of & 11 Fhe HB domain
has PERRIHEAE R IuAItCr2phsivel @Hﬁ?%&f‘a?&ﬁ@ RRIH3. 39RAPPEIRAEDN of the

with 300 pmol HB-IGF-1 or Xpress- I ound proteins were extracted

new ff3HiPBRIGECHY w&nﬁg‘e@&%wé pesformesinthf RBUHRLS: ofdentifieation of the
corrd R AHNRIPRRE P G DHeBM Rl Rep PRy Jd&&%eaedﬁﬁﬁ\{&'yewaheﬂ%&em J

compared W|th Xpress-IGF-1. Next we tested the ability of HB-IGF-1 to
308(Fn kS8 TLEILY) ardcerniimmeswitlh hinaclinibt assaye Seppmeassie bl staining

and Wre'itgh{ ARATLSSIRIARE HRR ?ﬁ%@%%%?%ﬂﬁ@%i%ﬁieﬁfi@lip[%Y@?Jﬂi&e%er RP-

- 100°'nM of HB-IGF-1 for 2 hours, Cells were washed with PBS 3
mlﬁn@é@ﬂ@ﬂtﬁé‘é’é]@%ﬁments commercial IGF-1 was used as control.
HB-IGF-1 bound to 3T3 fibroblast cells when treated with 10 nM and 100
nM concentratlons HBIGF 1 blndlng to neonatal cardiac myocytes
) I FRI elhsurfages] at 25 10 TIM and 100 nM

anha vy Wk AL LR 0 s TR BRI HEEAISIARE 2 hours

with binding of this BB domain to heparin in the submlcromo ar range. W

incubatienstofieeparia Agtgssf berdrcwith 1306 remel erHbehit sreXpsessiE-1, bound
prot&fﬁ%@&%@édvﬁmﬁmféﬁﬁgaﬁ}' rﬂbﬂﬂﬁée eSS bige! %m&a&rmty protein

detected on the surfaces of cells in the’embryoid bodies

withihepasiofgaressbeeds fshawedxihassHRddhé 1agd$rmbatmglmm hipadrcompared
withRPrEL REF- 10 \ULERIE GSthl BRSability of HB-IGF-1 to bind to cell surfaces, which

have heparin sulfate proteoglycans, using 3T3 fibroblast cells and neonatal rat cardiac

myocytes. After pretreatment with 0 - 100 nM of HB-IGF-1 for 2 hours, cells were washed
with PBS 3 times. For these experiments, commercial IGF-1 was used as control. HB-IGF-1
bound to 3T3 fibroblast cells when treated with 10 nM and 100 nM concentrations. HB-
IGF-1 binding to neonatal cardiac myocytes showed clear selective binding of HB-IGF-1 at
10 nM and 100 nM and a very weak band of IGF-1 at 100 nM. These results are consistent
with binding of this HB domain to heparin in the submicromolar range. We also studied the
ability of HB-IGF-1 to bind to embryonic stem cells in embryoid bodies, which contain
multiple cell types. HB-IGF-1 was readily detected on the surfaces of cells in the embryoid
bodies by immunofluorescence for the Xpress epitope tag, indicating that HB-IGF-1 can
bind to multiple cell types.
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WO 2008/063424PCT/US2007/023527 13 HB-1GF-1 bioactiyity To
determine whether the HB domain interferes with bioactivity, bioassays for
WOocmB/pedEdtor phosphorylation and Akt activation were perfoeddUMiBRS27
IGF-1, HB-IGF-1 and Xpress-IGF-1 ajBactivated the IGF-1 receptor of
neonatal cardiac myocytes dose 5 dependently and induced Alct
phegpigwlatipsdspagcally. Control IGF-1, HB-IGF-1 and Xpress-IGF-1 alll
activated Alct within a similar time course. These data demonstrate that
addisitererreruheher SR dRsminisEETRY Wit bieRs ity thioassays for IGF-

1 re®ipRe PSP Tadot BrdG ki dEa0aROR! %F@B@ﬁgﬁné@c@éﬂl?&e[?ﬁl, HB-IGF-1

proteogiécan-rlch tissue, and chondrocytes respond to IGF-1 wit

and iXpresssiakskiall cartixaterhihe GFhbsrecepien efcnspomialycardiaq myocytes dose

depeRUBHIFiGA Qhlfabed K'Eﬁgﬂﬂ%ﬁel?lﬁaﬁaﬂsiﬁﬁlﬁ‘éﬂ ICEYAHOFIHRYE HRRAGF-1 and
we studied the ability of HB-IGF-1 to bind to cartilage. ldentically sized
XoregesJE-Aral A ER bl NS BITHIBS RS CANTS OEPRAR A morsiate that

additfol SFIHCHeph it Hislitg A6IAYH Yob s InRPR IO ARWR DA ey eraesFin
15 the amount of IGF-1 protein that diffused into cartilage over this time
period. After pre-incubation with HB-IGF-1 or Xpress-IGF-1 for 48 hours,
canjinge Figkpanessrriaieamath PBS at day 0 and similar amounts of

IGE-1 were detected. However, on days 1, 2, and 4 after removal of the

IGEArtHaskiits 2 pnyteoslyean-Tichntisived andnehendansytessirsgendnig tHaF-1 with
incr%‘s@@‘&gﬁgehﬁlﬂ?drﬁ%ﬁ%? YRIRAGY Bk %ﬁ%‘é&d%&ﬂ%ﬂmr@ﬁ IGF-1

press-IGF- 20 1 was undetectable even 1 day after washing. We also

signflmgondd) thus be heneficisl fomepeilaseirsprira e Hudird ghecbitibroGHB-IGF-1 to
bind & RS SIGIGHES 1738 B0 G5 Lol Baggdl é‘td'féﬁg'@’greliliﬁ:ubated with 500

selectively retained by cartilage, while Xpress-IGF-1 is rapidly lost.

nM H&L@&llqn&m%é%n@bbwmmﬁdwmd@mtwim diiererices in
the eﬂ%ﬂ&‘l%ﬁl 1‘8_1%‘"3&98& Yagesibal EH&% %ﬁ@g@r%ﬁp t‘l}%’ @n&’eek';‘é%& Aﬁcfr pre-

sustained stimulus for chondrocyte biosy erefore, we'measure

incubgtistivaty Bilsyintssiporse-dattd|fomd Slaenss prattitagly désks ere washed with
PBS BEAHSAUIRD ehifi JIRIAIE (P A0HRD AR oNleiE YURR, W ud99 1Y) and 4

OP-1, control IGF-1 or
after removal of the IGF-1 proteins, only HB-IGF-1 remained in the cartilage, suggesting

that HB-IGF-1 bound to the proteoglycan-rich extracellular matrix. In contrast Xpress-IGF-

1 was undetectable even 1 day after washing. We also performed this selective binding
experiment with cartilage extracts and ELISA measurements. These results confirmed that
HB-IGF-1 is selectively retained by cartilage, while Xpress-IGF-1 is rapidly lost.

HB-IGF-1 increases chondrocyte biosynthesis

The selective retention of HB-IGF-1 to cartilage suggests that this fusion protein
could deliver a sustained stimulus for chondrocyte biosynthesis. Therefore, we measured
chondrocyte biosynthesis of extracellular matrix proteoglycans by incorporation of
[*’S)sulfate. Cartilage disks were incubated with 100 nM HB-IGF-1, control IGF-1 or
Xpress-IGF-1 for 2 days and washed 3 times with PBS, followed by culture in medium with
no IGF-1. [**S]sulfate incorporation was measured for 24 hours beginning on day 0 (before
wash-out), day 2 (just after wash-out), day 4, day 6 and day 8. During incubation with the
IGF-1 constructs on day 0, control IGF-1, Xpress-IGF-1 and HB-IGF-1 groups all

stimulated proteoglycan synthesis as expected. However, after washing, neither control
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Xpress-IGF-1 for 2 days and washed 3 times with PBS, followed by
culture in medium with 30 no IGF-1. [35S]sulfate incorporation was

W88 0e¢24or 24 hours beginning on day 0 (before wash-out)PE&{I32(j0iE823527
after wash-out), day 4, day 6 and day|8. During incubation with the IGF-1
constructs on day 0, control IGF-1, Xpress-IGF-1 and HB-TOP-1 groups

IGFA! i XpAaed ot e6iGRIfed)protes i Rt ¥PRtiath &l QWEVP6r Bébnd. In contrast,
washing. neither control WO 200&063424PCT/U82007/023527 14 IGF-1

HB-Jk % Jrdsto) austaingsh Smalatnn RbBroleas yyam Seihesig dgradotaysy Sretepglycan
synthéiragk 5ignfafantiieHifhatniadinetapinmdabae MM ERIGRN S¥NKBRIE-IGF-1
for 6 days. Proteoglycan synthesis was sjiﬁgl_lficantly higher in cartjla

on days keand B These atp demansteate that HESI(k 1, svhich oy SG!"FH@%?; delpined in
the cdfiRsHintulhRs dRnElock e Biisdyithesis eVeel iRRisedahad haiedrtilage,

stimulates chondrocyte biosynthesis over a more sustained period.
Discussion Local delivery of IGF-1 has the potential for improving
tisgyRdERnand regeneration while minimizing systemic adverse effects.
In this example, we describe a 10 novel IGF-1 protein, HB-IGF-1, that

binkiec) ekysBry@in Kk lisbae dhel Ratensishcfy bimprayipe: dissve repair and
rege PRI WHER | AitniAHE CalRdRat RIS a0 AClBIE, (AR describe a
IGF-1 receptor and Akt and thus that the heparin-binding domain does not

novehlekeletoieinn HB6EnL dhatiindsiomreteeeliswiricrtissHe gad gell surfaces but
has HEBRRSHBABNANLLAGE-290 6 dADHAIEAR Rt IBAGPTRUh Q4925 e IGF-1

and D domain (AA63-70), with the C domain 15 playing the most )
recepiapofishtAsle and iHaIRgthetba drparackisdiperdpraenfiarsondieiaterfere with
interacHARAR FOFSPARSHs AR CRSE-N RLETOMA UGS BL d6RRRIOTAA1-29), C
Thus, the addition of the heparin-binding domain to the N terminus o

domag-(AAAH0: dndemaiadAtitiebDrandit? iﬂ‘?@i&@tiéﬁé@tﬁq}ae_“l@@@ domain
play i3 QBRI RAHERAU IR bIRANE B H RIS Y TeGER 1 RESAPment of the entire

proteoglycans and can serve as reservoirs for proteoglycan-binding

C dograinensetors) Oafold deeressrimrifiniticfon e 153i-4 ressenthacibiue, (he pddjtion of
the mw&xﬁmmqﬁimwmmm9!msmaug%@a%mm with

_ serves as a reservoir of FGF-2 for its high affinity receptor.
interasgiemimatitshe lsHEdt €hdemmnGF-1 could function in some circumstances

in a similar manner, since

Both extracellular matrix and cell surfaces are rich in proteoglycans and can serve as
reservoirs for proteoglycan-binding growth factors. A classic example is the fibroblast
growth factor-2 (FGF-2) system, where a low affinity, high capacity pool of proteoglycan
receptors serves as a reservoir of FGF-2 for its high affinity receptor. Our experiments
suggest that HB-IGF-1 could function in some circumstances in a similar manner, since
HB-IGF-1 is selectively retained on cell surfaces. IGF-1 can also bind with extracellular
matrix via IGF binding proteins (IGFBP); in the circulation, at least 99% of IGF-1 is bound
to IGFBPs (IGFBP-1 to -6).

IGF-1 can promote the synthesis of cartilage extracellular matrix and inhibit
cartilage degradation (Bonassar, et al., Arch. Biochem. Biophys. 379:57-63 (2000));
however, a practical mode of IGF-1 delivery to cartilage has yet to be developed (Schmidt,
et al., Osteoarthritis Cartilage 14:403-412 (2006)). Heparan sulfate proteoglycans are
prevalent in the pericellular matrix of cartilage, particularly as chains on perlecan and
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25 HB-IGF-1 is selectively retained on cell surfaces. IGF-1 can also bind

with extracellular matrix via IGF binding proteins (IGFBP); in the
WeRHWAid4at least 99% of IGF-1 is bound to IGFBPs (IGFBPELT3/3907/023527

IGF-1 can promote the synthesis of cpgtilage extracellular matrix and

inhibit 30 cartilage degradation (Bonassar, et al., Arch Bloc/tern. Biophys.

synd8dahiD! -8 (ZRONdWPedRd BthReRHiEMISsh b IEGEF120eiesx periments suggest
car;i{léa};e has yet to be developed (Schmidt, et al., Osteoarthritis Qarw

lage
that FBAGY 1 proseipspn hingyaih smatiis #edsHRER ecdldeeemrbipasability to
cho,ﬁ%[ggggy@{drﬂﬁ{gi rg@gﬁagga%@fgﬁa;@rly as chains on perlecan and WO
2008/063424PCT/US2007/023527 15 syndecan-2, and are known to bind
other ligands such as FGF-2. Our experiments suggest that HB-IGF-1
PripiadeioRiNg WARTHBY ARG e 358 |perntRN ISR IADIBR\RHRP RS, For
chondroci/tes and thus improve cartilage reg;g. 5In addition to cartilage,

example,) K1 ipdusesche arest oerpvoinet REddesslissind qomtisrspiaat motor neurons,
and {REYFGR- 1 nay BeuorIEr AbRon! depHerafohCBSiasP PHEMEA wound healing,

neurons, and thus IGF-1 m:a/ benefit motor neuron degeneration .
IGF-dids Al offegtivg esansadGEalirtimulatasisollagearramibesifoand gaitegenicity of

ﬁbroﬂ@glﬁfﬂs@gﬁﬂ@&@én%%ﬁg%HﬁWWH & BRi@klPalS aifhces of cells may

keratinocytes. The ability of HB-IGF-1 to bind to the surfaces of cells may
enhangeelthewapien mdroiisregrperaiiie dgtagiestive strategies. Al
references cited herein are fully incorporated by reference. Having now

fully 15 described.the invention, it will be understood by those of skill in

the art that the invention may be practiced within a wide and equivalent
ranggs of F%%Qéo&ie&)%?gﬂ?‘a%res %ﬂ% .ti%olll':[()%ta{/t\@t 18%‘%‘{{3?839@ BERL W fully
scope of the' invention or any embodiment thereof.
described the invention, it will be understood by those of skill in the art that the invention
may be practiced within a wide and equivalent range of conditions, parameters and the like,

without affecting the spirit or scope of the invention or any embodiment thereof.



16TO GSLLP Claims: 1. Use of a compound for the preparation of a
medicament For repairing damaged cartilage, wherein the compound is a
fusion protein haying the formula: B-(J),1-(2),1, or (2)g-(J)"-B, wherein: B is
insulin like growth factor-1 (IGF-1); J is a proteinogenic amino agjgi«f jisa
heparin binding peptide comprising thel@mino acid sequence
KICKRICGKGEGKIKRDPCLKKYKG (SEQ ID NO:3); n is an integer from
0lamusind q is an integer from 1-5. 2. The use of claim 1, wherein the
compound has the formula B-(J),-(Z),I. 3. The use of claim 1, wherein the

compound has the formula (2)4-(J)0-B. 4. The use of any one of claims
1-3)s@/pépctampund for the preparation of a medicament for repairing damaged

cartilage,

wherein the compound is a fusion protein having the formula:
B-(Da-(Z)q > o1 (Z)q-(Dn-B,

wherein:

B is insulin like growth factor-1 (IGF-1);

J is a proteinogenic amino acid;

Z is a heparin binding peptide comprising the amino acid sequence

KKKRKGKGLGKKRDPCLKKYKG (SEQ ID NO:3);

n is an integer from 0-10; and

q is an integer from 1-5.

2. The use of claim 1, wherein the compound has the formula B-(J),-(Z)q.

3. The use of claim 1, wherein the compound has the formula (Z)q-(J)s-B.

4. The use of any one of claims 1-3, wherein n=0.

5. The use of any one of claims 1-3, wherein n=1-10.

6. The use of any one of claims 1-5, wherein g= 1.

7. The use of any one of claims 1-6, wherein said compound is bound to a cell.

8. The use of any one of claims 1-7, wherein said medicament is administered to the

treatment site to allow the compound to bind to the surfaces of endogenous cells.

9. The use of any one of claims 1-7, wherein the compound is bound to chondrocytes.



5. The use of any one of claims 1-3, wherein n=1-10. 6. The use of any
one of claims 1-5, wherein q= 1. 7. The use of any one of claims 1-6,
wherein said compound is bound to a cell. 8. The use of any one of .
claims 1-7, wherein said medicament is administered to the treatM@ﬁf%‘i?e
to allow the compound to bind to the suffaces of endogenous cells. 9.
The use of anY one of claims 1-7, wherein the compound is bound to

Ehothergey pislaietser B vhemin teenpdicameniiig adgpoisiird e geatment

Mmedicampntduadnypisiarsecin e ligplinambosite of cartilage damage by
injection or implantation. 11. The use of any one of claims 1-10, wherein
the medicament further comprises a carrier and other agents or

EXCIRENES of any one of claims 1-10, wherein the medicament further comprises a

carrier and other agents or excipients.
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