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Met hods of f Pronmotiii pig Ca p Mac Repair Uspng G ow

Factors Fansed to Hepar pnBindiing Seq ieipices Cross
wRedosedsce to Rel ated Applications The presentPCT/US2007/023527

application clains priority to, and the benefit of,

Uni t edyiithiods ¢ff Promiotli Caidliaé Reﬁirmﬁﬁgﬁaﬁ%«m

filed on Novenber 13, 2006, the contents of which is

her eby i nRacers Feded o Heparic Bihding Seqiientes V-

Field of the Invention The present invention is

directed to proteins in which a pol ypeptide that

r tes th rowmt h and/or survival of cells is fused
Cm@cﬁ‘%‘f@ﬁ?f“ﬂ@"MBp EI0BS hepar i n. These proteins may

beThe UteeehP BhictfoRY AC HridRty 30 SheMRACAO AATRARH States
cardiac tissue to help pronoté€ repair. Background of
provisienal applichtiom 601858406, filed @ngNanenibef 431 2006, the( ¢odfents of which is

rotein at .promates the grow h and survival of

herefs ap iyl Poteripeean GR EPERBRL i n | GBI exhi bi

i ncreased apoptosis follow ng nyocardial infarction

(Pal nen, et al., Cardiovasc. Res. 50:516-524 (2001)),
FieldwEthedavemtioh ac- specific | G--1 overexpressi on protects

F b iR SRR RBRR PRl BT ol hat promores
the gf&Wihlahdlor kaRPval 4P Qe?ﬂsiis fRe@td Apeptidedhat birdsto h&Sin. Pfese proteins

14-524 (2004)). 1G-1 overexpression also increases
may cher Hperl 1 eandeashyocytesband admiinistesed Ho dapmged gardiacatissue to help

i ncrease in nyocyte turnover and function in the aging
PrompIS [P L | | o ng infarction, |1G--1 pronotes

engraftnent, differentiation, and functional

i nprovenent of enbryonic stemcells transplanted into
Background of the luwentiet s, et al, Stem Cells 22:1239-1245

2004).) .1:1) ddi td l.evel f - | at
| R ke B ot LIRS SChiedh thelpronSs) e abrbrth and
survivab 8P&R8ioflyofYte€ NViite RIRTitIRAL T 102 s *RhibRtinérkasedAPoptosis following
Intern. Med. /59:642-648 (2003)). The characteristics

myoggsdiat iipfarctiono(Ralmemeen et ICandiovascr fesi VO:S1HS24pE0GO1Y, whereas

cardBES 82 L AR URRE] OGS ARG ynviue

dilationofotloWirR infaréteerc (ILipe: ajUNESIBL Inmbest-100i1199B-1999(1997); Torella, et
rotein tha i ffuses readily through

t diff
~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 ai)ove 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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tissues. As a result, it is difficult to keep a high

concentration of this factor at a site of tissue
waelawages4tor a prol onged period of tine. One apPCDHE¥07/023527

that has been taken to mai ntz’:ll n ahi gh | ocal

concentration is to attach I'G--1 to a self-assenbling

highJoghl coBFeben oA G szogggeg meling B ae mapkrAne (sce
US266% 83?16?655% iaSraf FOUAINS iy @éaﬁﬁﬂ Mzﬁ&xdﬁeﬁr’v@&sa%)und that when this

car cyte the survi va and growt h of th
memibngreds tmpllamed Iah)ngwthmmnaebl cardioatylovﬂes d¢he snrwtval and growth of the

implpB G205 . b od A< gt AR i PRbpLIGE-1. Thus, the

abili ¢ 8d1s'18 cbﬁﬁfz@%@&’améé%ﬂ MBarfasd Fhibréle ﬁﬂ@ﬁ&?‘ﬁhncreased Using a
ositive results were also obtained using PDGF

similatSPPEROoNA BIhEYe reduithovere albe Obtaimslubsing PRGHr AA$20066]148703).
Alma@gﬁcg%{r%ﬁﬁ glgeg%gq%g%ﬁ: pﬁﬁn%\é\%bgng}:‘gﬁu ﬁ’ﬂeg%k(télﬁ t?uf: necessity of
consfBeinPgldSmpRH AR Ménfirarded Svoulty 6 ddsible.The present

invention i's based upon the devel opnent of a procedure
for binding G-I to cardionyocytes prior to their

i npl a t on i.nto damaged cardiac tissue. It has been
Sumgm%rﬁd) ﬁﬁ%#mefmf’@ possible to join IGF-1 to a heparin

bi 17 %Ges@ﬁpﬁl'v&ﬂl&ﬁ@mas&ﬂ ?&bt@ devalopkith? Bf Br;%&!dﬂré fottbinding

mai ntai ns a benefici al ect on the survival
IGF-d up candininynslytes privhte theis umplaptaw@ into darnwdtqardlac tlssue It has been

founfihel Y RSB0 JOTICEEY o gl i REPG OB8k[ dna obtain o

fusion)R6RilYEmaRdtdinsSa bérrEitial efedt ol thd §urvisamftq1ﬁ&&acaeﬂ§i The fusion
that sinply injecting the |G- /HBP protein

proteiy hinds afardiomygryted épresumabiy, t el fsurfaee hmimb detter than IGF-1

alon? a%lheé:tn}saﬁlg@g Vﬁ%ﬁg}%%gg{an cnﬁy acelﬁhI eve Ilgrno[t expected that

simply Rijédtingth® IGF-IPHBP| protehy sy@tehﬁemy W@nﬂd'ﬂe&iﬂmﬁ&h baRkfit to cardiac
al so_be achieved by injecting the protein directly

patient: diqvegver, dareeting gaay be gchigyedy bb ribeubatng §n@mrayqsates with IGF-

1/[-[]%’!?%1% éé, po&i’i‘m : noﬁ?g‘é; {jl%sg%?%gé t( ?\n&?xh;a%og m dﬁ% gchleved by

injecting k@ lpesttiat dmﬂsafmweédrdmc tissuel. (Semflar spprmwshouﬂch ®e useful in
invention is directed to a conpound havi ng

treatmgrqﬂagr@ongno{nsg ferg-( woends) dhat(respend §9 grogyth \ﬁm%(?ré (Wlth o1 yythout the
angg ta‘&? F]a 010 gis an integer from1-5; Bis a
et

‘pronotes the growth and/or survival of
cardl onyocytes (as determ ned, e.g., using cells

S by ST e, Bk R BB 5
(- (zay, SEA5e,-BIWnefl % & Inter Hof 098! §4€8n FRSLT REH 1-5; Bis 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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herein. J is either a proteinogenic am no acid or
conpounds such as biotin/avidin that can be used to

WO 2008/0a3apt | des together. For the purposes of tPET/US2007/023527

present invention, all peptide sequences are witten
fromthe N term nus (far left) to the Ctermnus (far

glutagvgr%ﬁbdééi olgaming, G Eleiof misig abf epoidigie O Tugne (L
i T o M i 8 B s

t'éine (

tryptgbhma(w)ct)aosmb(ﬁalprgdlimmne (Q; glycine (G;
histidine (H; isoleucine (I); leucine (L); lysine
(K); nethionine (M; phenylalanine (F); proline (P);

3$])fﬂ Bx%fe(n%h erﬁﬁU&ﬁQﬁtQ eth@-a) fpt)ﬁﬁ/djbp e rihihs sBUW%bB‘\?e is a

or valine (V). In preferred enbodi nents,
fusionopnoteim dn ofhichd. ioamrbwmogbweramibo\asid and A is |e11her insulin

derivRy epfheletofa fICR et sBlet e vt ilcr pBRES, Fhg
length!s8§iRngé fo? HunuRIGI! pchéﬁB‘aale 1AREessIORM0. NM fmesisah& asl ﬁ'newe

sequence for hunan | nBank Accessi on )
MG lgjl“QId?I%@C]F@DFbKé’Km{TMSSSHLFYLALCLLTFTSSATAGPETL

EM\@MPW]@XW@M&?@V WWWEQ
wever, the underlined sequence is
(SEQG TP NQil gr{rﬁowemer,tth@ updeshinnd; ssquesice @%Mtgl@mytcfoyﬂ@ mgeweation of

crt B T P SR el PRSI decren

herei! TR&) forltﬁef b &8 of bsenBindBihtidhe [JGESI ib dvfird dsihavis Gg
sequence: TLCGAEL VD ﬂ&/CGPRGFYF NKPTGYGSSI RRAPQT

core mRsCBEﬁhQQMEIA\ﬁD@ @BEQFWWYQS&WQTGWD

ECCRRY R YPMIE SRR A B0 I QRTHA Rl Boboily fngduce

any ddditidpabpditivh bhthe, sed\iéncé' SBEQAD MOM. [Faf byanigle, the C terminus
term nus of S be extended in accordance

may Regip vathoGy équ@%G ety §§m14r{alveﬂls é}bfqr@@l%@f SEQ H NQ:@ may be

n [ e. 0
exest st 8B 18 NG 0Tl R PG UGSk,
RS, R8Vctc. Whe 'fhll Ragth anfiab abi&%e&&nﬂé% 82PD&FGs élke el knowa iffdlye

be found, .inter alia, as GenBank accessi on nupber PO

art (seo;7Raq.elqhe Prof fYArdA99deSEnUsd 23:8392-2396 d986)2 rad sy be
oun 309 e G5 3k AL BOFDEIPEE T Pl

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);
KDGRKICLDLQAPLYKKIIKKLLES (SEQ ID NO:7);
CKNGGFFLRIAPDGRVDGVREK (SEQ ID NO:8);
YSSWYVALKRTGQYKLGPKTGPGQKAILFLP (SEQ ID NO:9);
AKLNCRLYRKANKSSKLVSANRLFGDK (SEQ ID NO:10);
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KKKRKGKGL GKKRDPCLKKYKG (SEQ I D NO: 3) ;
RI ONLLKI TNLRI KFVK (SEQ | D NO 4); PYVLPRPVCFEKGWNYTVR
W@ 38Q06BNO. 5) ; KONCLSSRASFRGCVRNLRLSR ( SEQ | D MIX/6$2007/023527
KDGRKI CLDLQAPLYKKI | KKLLES (SEQ I D NG 7);
CKNGGFFLRI APDGRVDGVREK (SEQ 1D NO 8);

LRKLRR RIS AN T30 TH 0. 10)

PLQ‘%LE mQE'l gﬁ@“%‘é LI ot w‘iémwgsg%mm D?VKEQ\/E %)E%AP‘KI L ‘I(:Lsé%EPth N 12
KGKMHK TCKVHSEQED NEEB); D NO. 13) ; MEKMHKTCYN ( SEQ | D
- K LKKDVRFI VLSNNY ( SEQ | D NO 15) :
MGMM&M > (SEQ | D NO 16);( )
PPTWIIHRERIVIRKDURIVEERRY GEIROI HD NO 17
NO. 18) ; HRHHPRENK

CEFYDLRLKGDK (SEQ I D KRVEDL (SEQ I D
KKHEAKDWF EGTKENGROKRGP (SEQIDINGG620) ; and

kGGG ARG OB T ORAE R Rt A BN 7Tt on © °°

GEFYDLEL REDIEISEQPNOPRYe, vectors containing these DNA
mol ecul es and host cells transforned with the vectors.

HRHHEREMKKRE¥EDE. (SEQ e N3d48);t o produce the fusion

' fOr US&:- ] Shbher gpeutic nethods descri bed
EKMﬁﬁ‘ﬂ@k&ngﬁ@@E@nased to transformcells
AEAARR ARSI RA A RRICA ARSSEO I RDR2 ). at the site of tissue

damage. Once secreted, the proteins should bind to
other cells in the vicinity, thereby maintaining a

[ I inEnton o opRRt BRA FRIGERS Gicpfil obVros, B hioR roteins
descibétlatiovevdctsid eosthinithgl hedeIPNIA Rioldellek ahid hod cRIlS trafisformed with

nore of the fusion proteins or conmpounds. In )
the vectors. The host cells may be used to produce the fusion proteins for use in the

therapeutic methods described herein. The DNA may also be used to transform cells that
secrete the fusion protein at the site of tissue damage. Once secreted, the proteins should
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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one enbodi nent, the conpounds or fusion proteins are
adm nistered directly to the treatnent site to all ow

wo bh@sie32bi nd to the surfaces of endogenous cePCHUSNDT/E3527
preferably, they are used intreating conditions where
tissue growh or repair is needed and there are cells

£ h2he mBolndS onf ThoiRR atiicics sty bussep JERAT fmhesgerartiage.
NorBal§}, TOHAdeEuse tdut IR RafBAdeSardditdleied & @dhdpPadbld é%ondrocytes is

pri'or to inplantation. In a particularly preferre
therafettelrediyced op dast.dyt incsbatingahe chdndroaytesewjthoheparinibawding IGF-1 prior
.tissue (e, g. ue to a.myogardial jnfarcti .b
to impjiator ihe dosalicBnesBupiat of Rieiheh deromHEBE ncrpased and. o a
resulR/tR¢ ;Glhd]ﬂr&‘?{es%viﬁ%dk‘é%&é c&ﬁi‘l@g?nd under conditions
sufficient 'to permt themto bind. The cells are then
injected or inplanted into the cardiac tissue of the

pajJd ent . The conpoun nd .fusi.on progei al so be

(o GOV P PERaHR] BB PR oGl T e 150 B bound to
cellsditefngs Ssnphatitedf toC abpdit 28R a@erietdic €héi6hs, 0B g, in patients with

transpl anted chondrocytes is therefore reduced or
neurpdagener@jve diseases sunh ashALShwhedrhavg had avitnoke, or who have lost nerve

L G- | [ tQ i tat.ion . the. | I
foncIGR AL SfET o il SR 4 SR RipER) i BES and s
beenaftlind 36 pRotaéRUdxon duigroGitD Al cORXEbSHinaM thbtofRkero® (Ozdinler, ef al.,

cartilage. Gcowh factors engi neered to bind heparin,

NatuperNqugascar i 375t381 (3896)h By biediguthe 1G@F-deta hepapurgns before
implélggﬂ,@{@eq{,ér?}qﬁlﬁ&adi\‘o Rfnd eelglfeiﬁc\:e/er ate neurons, e.g., in

eur odegener “di seases such as ALS,
who have had a stroke, or who have | ost nerve function
as the result of an injury. I1G--1 is a candidate for

Deseriptisincef|the fpeendionn ALS and has been found to pronote

ax JN. GOr r. meurons .

38 A GREP TondBl o BB Ry of e e
injury 2OPOotedyy Muindiifigg hiph 1668 condedtrhtichsE gfowth fixed@saeh as IGF-1
I.npl antation, thejr growh in vivo wll be enhanced.. .
or P%&E:c Exparimsentydescrbed inthe artdaverpupperted s apnigashiysing biglogically

. e, C . C e .- .
compARSE HRTaSE MESP bekbBind ko BECQUOL) sifingaion (o
US2006088 8 £idnarel i/ $ 20060 148708). t hastriow beshaliscosered tias gitdwith Ifactors can

PDGF. Expeyi nents described in th h , .
be Giehap 1 bepath BndiR: BeRHEa TG PoME g EAFIAmASHISR PHATe o ther
impl FRASARRS ROhéARL lde! TRE AREY %ng%e%gﬁg%%u%tsg% 8@8@ t pRimote cell

adm ni stration (see US200600
growth 8id) SYrvivial arthis maintairedrat thessitevodrimplantaion grithouhthe need to make

factors c be fused to, heparin binding peptides and
and y5g rhiolpgieally SompaiblR PEZORRPor 10 ¢ hei r

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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i mpl antation into the heart tissue. The fused protein
mai ntains its ability to pronote cell growh and
W@ 08i0§3k4 and is mai ntained at the site of i NnPPERUSINTOR3S27
wi t hout the need to make and. use a biologically
conpati bl e nenbrane. Maki ng of Peptides One way of

| O ni_ng. the hepayi i ndin eptide to the therapeutic,
(prefatI“ T ihing st MehreBlass fF Resoss s o i gy is well
know ML Grt. t he use of biotin and avidin for Iinking

nol ecules is well known in the art and standard
nmet hodol ogy can be used for attaching heparin binding

epti.des t rowt.h.factors sugh as |G~ 1. In or to
o Bisirabiy, Borh bipaing arBlides Diwdum friormusth 8 (H-biagd PDGF
are jtSifrx]ng&‘ %ﬁﬁg PERYOHAESE a FasRArEtein FYsibE R}fogéihé‘lﬁﬁ%g eﬁﬁér‘ﬂ%%ﬁemically

he spacer can t g)lq(‘e the for
syntligsized er aidg using Gycdnatingnt IV A deddmiqued, Xthemaéad madshgdsindlode solid-

am no, aci ds.. Met hodol o or, i.ncor porat.in cer.s _of
phasg e Bgesgtied e SeRUAt -+ baiveardpn sy EBaff Hetisiy and cycles
usin%1 PR IpYrdloRe cREMIstrye OnRE HePlidudt Rhve HekR rs?nﬁnHﬁEecf,isthey can be
GF-1 and PDG- are joined together in the formof "a
purifieds ising prevedunes sichs ao highr pressurs liquig chirerhatogiaphy on reverse-phase

coluffS by sty S EssF e B T AT RSPt g A sarct Compositon
can RERrifinDBY difiib acidHnalsist andar d

N-tert-butyoxycarbonyl "(t-Boc) chem stry and cycl es
usi ng n-net hyl pyrol i done chem stry. Once peptides have

begn @éntt gél zed, they can be purified using

pr €&ch as hi gh pressure |iquid chromatography
ONChRNhyRyRb ¥% Sthed Icell fay el dbtaindiPisisg Standaed ?ﬁf‘cs&ﬁ@ﬂand may
by HPLC and the presence of a correct conposition can

then e ineubatedi widhy ﬁw;onamnzmsi;@nsj loamqtsiss for denglfﬁdétwetpl%low the
iS4 P08 o bt THE Rt S, R aBLVRGe et out n o

to sehveral @4ys @BdBRGIId be Barried ofif @idet B6nditiins #habAlldwdor cell survival, e.g. at
sufficient to allow the fusion proteins to bind to

aboug 8177 Cs neyteat kL, anghén p calirgtmesiumebat | instiresgell\gupdal f Flgyamount of
I carried ..
proteff Bt ShotR bons 3 B S len UG 5o s Bl e SR (RER not rical
The €sl3. may bébdniinistefed by Rptiligealr datete il cdrdiad tisdile! Theeexact amount of
medi um t hat insures cell survival. The anpunt of
cellsysedd is pt gsitisaldmt, 18 general, bebieend X&Osb@dér%dgﬁmlbbwa@- t he
cells but the exact anmpbunt is not critical. The cells
may be adm ni stered by syringe or catheter to cardi ac
t i Rhurenacéinécad CoeiposinionsindiDosages

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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cells used is not critical but, in general, between I
X100 and I X 107 wll be used. Pharmaceuti cal

w@wpoed4ed ons and Dosages Fusi on proteins nay BPET/US2007/023527
i ncorporated into a pharmaceutical composition
containing a carrier such as saline, water, Ringer's

by g S ST e bR i e TR e,

dised3t ‘é‘ﬁ%r Aldi G cHhichilPRIGVagt faktope desi gned for
i nplantation, infusion or injection, particularly into

cardiac tissue but topical treatnents will also be
useful, e.g., in the treagtnment of wounds. AU
phar maceut i cal conposi t i BX8MHRIeSpe prepared using

hods. t hat, _ar.e .s he art (see e.g.,
ﬁ‘? !?nfl g@W%’kM@W@ ®nces, 16th ed. A Oslo,
edThe EpAsse At exdiiplé 1RBfOnbtratkd tha I@WFQI’@%%B aurdit@ of ES-derived
skilled practitioner will adjust dosages on a case b

cardiomyecytss iand Ldgscrrg)emhh dQSCIQHhtnte@ﬁ afriovelhbeparin kinding o&iB)-IGF-1
nedi ci ne. . The et er m nedby
fusic Gl ginb e TR ipffve SRR hleeel el Flanceq by

factors such as the age of the patient, disease state
and ot her cl i nically relevant factors. Exanple 1:
di onyocytes The present exarrpl e

nst-r-al- r |
e?‘f‘é@%‘gez a‘?‘fgﬁo‘ﬂé %’ﬁﬂ {lg;gtngyde it djé% %@ ﬁéi s committed to the
cardtémyebyxp MaRbge TMBuROES | cells; nstdbily thinsfétted witlBh-dafdrad myosin heavy

fusion protein engineered to I nprove survival of
chain pyomaterddrven|eghanged 1giea fhiogesrend pretsini@&GHE); wereddifferentiated into

AL Sy 5 AR B b ST i uied

fluorescens telt sedingl Th tHesealESi-ldaﬁvdW e&tionty@aytes, CIGH-N reduced cell death
pronot er -driven enhance reen fluorescent prote

indugeddpyerumedepriyation: ( b6 +é~c Ea Yoritso2 et %ﬁyédpt@gtrgl,/ P<Ad5) and

decr%%%??ﬂ%é&jsgsoﬂfipgég'@g C%E]}? cfzéﬁ? g)gxf(t[‘(m %gélt ﬁe ¥81%8.0 +/- 1.5 % to

43 Hs-0if ro/a,wgepecaveiy,ogeymoy)t el%nrthbﬁ(Forb 1@1@!4/1 cdmbreaeéd Diﬁﬂfdblcm (1pM,
| nduce seru rivation (13.6 +/- vs 25

i) o Sheleryhrin G ShD s eg pPoRIRHs RO o TP poseBlgiaositide-
y d ti €e I

ik oL SN OO SR, BRI E) 3 1 o

Doxdtubicireindoeed, apo@esis (ge@. ﬂé)a:&mbel]@}fbt difificses raplidtiviawag tfr()m injected

stes e Sipp BT o Exmassesl & Powel EXOmERARE BOF- iySoh Bipséin Wiih an N-
termina O dorhdiR] Plid Hi8teil®aP pRERE by Ni&el-2GHnit9 fchliftder@phy 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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Doxor ubi ci n-i nduced apoptosis (p<0.05). Since | G-I

diffuses rapidly away frominjected sites, we then
waele®sgesaed and expressed a novel reconbi nant | GReT/US2007/023527

fusion protein with an Nterrg nal HB domain. The

protein was purified by N ckel-affinity chromatography

and t hen sugJ ected to oxidative refolding to restore

bi @PB‘@PM' artilage Repads. | G- 1 bound to cell surfaces

dr aP@id Sahple, Rt -
Akt 1 nd neonat gﬁ &egi diéd;%{ané/uog?f? ggﬁ) gﬁgﬁ % eﬁ,:%l—i eBQ‘EIE)I as J%qGF !
(HBd&Fph) whichyis aﬁusumt proteir dinakive (GF-d| with thehepaimbinding@eniain of

B T N NS ST .

hepaﬁ‘ﬁ: als \Jéﬂecfs Y cMsubfabdi JT3 T8 Fibkdtilasts) ‘hfe@&a‘?a? cBdidcth and

['s. This denpbnstrates the poténtial for changing
differéntiating Embeyonivi stanp eelisi HBkHM athvm;gﬂhe IGF-1 receptor and Akt with

o BT T TR b o
blol(%l_klde_l ?Jé:ﬁQtly?ug Y ﬁie Héf)&'il?—bﬁldlﬂée&?ﬂdlﬁ‘ Eﬂi'cﬂﬁge Rartildde i a P@E?(iglycan-

I's a fusion protein of natlive
rich w’n\timnm@et 'MEH&}E h asba htbwrgstljmd'as for chondzpeyté hlolsymhbsrsgwe then

st e b AL L gl SRS st edined vy

cartlfagé E%ﬂﬁﬁts @hd B30 St @vhdrochR E@él?'é@rﬁilél_'sgﬁtl;hgyzig Ie&tnﬁ&ed to

fferentiating enbryonic stem ce
IGF-dcThesatdatd shbw thatithe strategymfengiaeetinge “long- uistahee” growth factor like

n a] ..ki netics an enden
161 fosiRlel Vs Sty T B BR8P RS ikt puptepie offgs
t he hepar| n- bi ndi ng domai n. Because cartilage is a
pr ot eoggﬂy anrich environnent and IGF-1 is a known
st Magemial smek Methadldr ocyt e bi osynthesis, we then studied
th;ec%'fce t}rvceto%ss of HB-1GF-1 in cartllage HB-1 G- 1

s—s-erl-e&g-rv-&'y- retai ned by cartil age explants and | ed
t ORSUR}IaIl rwN& Iwa@ ffiﬁee b PRl aAREthseCehaimieastion (fPGR)Susmg primers
onpar ed se data show that the stra

5 o RAGARCAG G GACESRETGCE Goroears, SRR NG3rmd PAGETGACTTT
GTAGRCTTCRGE (eRkreb S HONEEA). W {RER Watle peblid HEE.1 (70 amino

acldsNBWhmﬁSeﬁéedésJéxmthnthq tlaniead, 4tG-, 1J. @%&om7 247-254 (2003);
nmplified bX; Pol ynerase _chai n reaction PCR) usin
T %gl_:@erontol

Véahad@ ¢t ab; Groyth Norea (oI Rean dEAK 20085/ psase.vad 9,
42:76%0 I\(%@%} ﬁ{%dpﬁ%%su;cloned 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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GITAGCCTTCAGC (reverse, SEQ ID NO 23). W used mature

peptide I1G--1 (70 am no acids), which encodes exons 3
wa@pasdeys2Haneed, et ah, J. Physiol. 547:247- 258CT/RSD8)/923527

Shavl akadze, et al, Gowth rml G- Res 75:4-18

(2005); Musaro, et al, Exp rontol. 42:76-80 (2007)).

The, pr.oduct s, subcl oned into the pTrcH s-TOPO vect or
(Im%%ﬂ—sbad CA, USA) with the addition of a

St Xpr&SIGR- (| IPBAGH D vefe &g&is&yﬁx Efcoli®L31 cdiif léﬁd grown in LB
encodi ng an Xpress-tagged | Xpress-1G--1).

mediamt dde4 HBbaches. , Proteen reypthesisn wan dnd'lgeé ewiflenk emMAAs@Bspyl B D-

i B B A S RS . e n s

buff«ll:\gg_zlléi) gual@find RPALEIAGHAS AN Sofunt ;ﬂfo@ﬁ?até 90anrn Nael, pH 7.8)

Sequence’ t hr ough nut agenesi s. fication was

and henfogemzetl. W fipstupinficatiolr mmcémllgmb rods&fﬁ(l@ rparifigatin, by the

ol 5 R FRE TP TP 53008, 455 s st

withWafth BagfeP (M GrRRSS0V MR Nal, Izro 1BM Sifsphaté) pH 6991%&%&«1 protein
were confirnmed by DNAsequen 8 urification of

was ghuseds ainpBpst. diluted @roteing rwereithanGrubjeciadr to exigative gefolding Ko restore

io 7 Pl P A4 0 lt Br bR 2. k sHIAS B

mM (Frisf 78 ﬁmm OR0deMf dxiididediglutathiamdlarie] dospm&ldeb%mtaﬂuone, pH
harvested by centrifugation, |lysed in lysis buffer Enad
7.8). M iigrapioling, the sameples weteddjusted torl 196 iflueronestipaeid end baded on a

€18 T bl Hidh BlrtHHan 00 FRRE" Uf SitpobBh| RPHIPLO), eplyn (et

Pak Y18, hWatesd, thlSdrddIMLQ USA) Bs faUfinlnpirifidation Sstép. t The column was
Ni - NTA (I nwtrogen) Ni - NTA resin was washed wi th wash

subjesited tera lirgangradisnt frem @SHaond%h acepenitailey ) Eftrifluoropeatic acid.
6.2), and bound protein was eluted at pH 4. El uted
proteins were then subjected to oxidative refolding to
r egelichirireol ogi cal activity. The proteins were
i ngcybat ed overn|ght at 40C with refol ding buffer
mvP gy cultures\afigardiac myocyied wereqroragedyfromathe .vemf@clsﬁ ef neonatal

I
ik O A R S e
Inviteopen) edhetdo (fetahb@mcﬁ serema(idtrpgend; emhdlgim-'{gg {e@lzﬁgﬂl &ﬁer 24 hours
h RP- HPLC a- Pa
with soRim-g¢ rearomns 1 Rrobigm. cllsAyors Solsires .aépwaM With §0%pewborn
calf gﬁ& &ﬁaﬁogali%a tﬁ@%neﬂﬁ'ﬂh %&seféﬁfage 3/%1 9{ @%&ﬁﬁm 24 hours

rom 25% 0% acetonitrile | uoroacet
befomcexperiments. Mouse embryonic stem (ES) cells were grown on gelatm—coated dishes

without feeder cells in Glasgow Minimum Essential Medium (Invitrogen) supplemented
with 15% KNOCKOUT SR (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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Cell culture Primary cultures of cardiac nyocytes were
prepared fromthe ventricles of neonatal Sprague

womBey34eat s and cultured in Dul becco' s nodi f i BAI/US2007/023527
Eagl e' s nmedi um ( DVEM Invitﬁ gen) with 7% fetal bovine*
serum (I nvitrogen); mediumwas replaced after 24 hours

Wi serumfree diu 3T3 fibroblast cells were

cu 869% newborn cal f serum

(1 8% eoqmma?néarmge naﬁamﬂﬁ V\f@smﬁlea%aeeﬂ Withfh-thick disks) were

hodrs be Mouse

serumfree medi um 2 ore experinments.

harvestéd Yiom thes fepmor¢peyllar edroovesanfel -3 rwoaek-add cgbies tand -onttateddin low-

di shes wi t.hoyt cells jn dasgqw M ni nym .
etuopsI3NEN ot i BERSY B gBM Ponsisgerhmien st -4 L-proline,
20 p E4fhateR160 Uythi %&E&ﬂ?n_ A d@hﬁ?ﬁﬂi“sﬁeﬁt@ﬁ?&h%@ BY°C in a 5% CO;

actor (Chemcon, Billerica, MA " USA). Cells were

atmgspbareged every three days. To induce differentiation,

cells were first enzymatically dissociated and

cul tured as hangi ng drops for enbryoid body formation

as pesiemidnaBeispr evi ously (Takahashi, et al, Circulation

707: -

: (2003)). Differentiation nediumwi th 10%
ESNeehdtalcpaediad myacyftest and Jd3viibreblasts were lysad wsingyphosphate-buffered

s B8y 395 Tk eSSt e e Bnace

acid FEDATA) 1 frh®f BRdnyfrhétRshIfdry1 (fﬁbﬂiiél@mspf,ﬁ &M NAC USRI NasVO,
they were stably transfectfed with an al pha- Mosin

and hd 80§ prdtedse iphibitert cocktail i(Sigmae Shdrmusl MPPUSA)t Cartilagetdisks were

pulvEERR R et ! BRI A BERMC R BC30h TSR Bl 1 m

PMS30\and € 13000 Cprofindsar inhibRee db‘éﬁiaﬂngﬁgﬁﬁ). NPrdiéiaNBdREntration was
1-mmthick disks) were harvested fromthe

meaguseth by Paadfordaassay end d9 gr protein weagloasied i gachewell far Western blot

| t d i | Mw th 10 HEPES, 0
anal{ifh, i GAC BHRGHSaF oBP i gl Folh] i eyt By VOB aye
bind&fpC OAR@rest Ontidody [8vitGRer)] ndinsblYdishallDIGE-1 antibody (Abcam,
streptonycin at 37C in a 5% CO2 atnosphere. Protein
Cambridgs; V14, b taati-phaspiiodShr deseptos odyr §Cell [Signglingt Banvers,

MA G880 R EhotBhOAAL ARTRT, O SR 3 8- ACE ol (Sigma)

wereRlisad | IGFellnagpirchaset fivac Signta 838G ddn(r6lPréein. 1 MM
phenyl met hyl sul fonyl fluoride (PMSF), 1 nM NaF, 1 nmM
Na3VO4 and 1: 1000 protease inhibitor cocktail (Signmg,

St 7o Rtk Sthe mio&ﬁ%}emscl?f éﬂ)yﬁxg-elirﬂ(iea KRmiGbSorbent 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



10

15

20

25

30

pul verized and |lysed with 100 M NaCl, 50 nM Tris,

0.5% Triton-X, 5 mM EDTA, 1mM PMSF and 1: 1000
w@e@Besase i nhi bitor cocktail (Sigma). ProteiPCT/US2007/023527

concentration was neasured hy Bradford assay and 10 ng

protein was | oaded in each well for Western bl ot

o eSS AT SRPAS Y T v
i e ST SO0 RN 0 B SO sy
Embrynie hodies hd idapsd aft¢rCaidiicttingofdiffegentiBaon)ewere ikybatédAwith fusion

M G Ol I S

. ) . .S S \ i d .
imm B OGRS Wil A X Sl A RyE Pirlefle dlfks) bR bultured in
serumasfseeyDMEM |sSpplemerited wath eithiern @G nMeHB-IGTaH ed 500 nM Xipress-IGF-1.
i - X i hady (1 Qm . | | denti.cal, .
Aftef 8 brwis GF 357 QLS R TEaed 5SSty BRS hefaPitatidea DMEM
with{fd RFED. PR wero Eé’ldféc&aadn 4455-0, 120tdnBofPriRf HafthiRS in cartilage

the primary anti body, and anti-rabbit-horseradis
extraots was ditected(1Bi WestBachlotmalysisend BIASAUSA) was used as

the secondary anti body. After addition of ABTS

Per oxi dase Substrate (KPL, Gaithersburg, MD, USA),

pl @bﬁ‘ﬁa%bzﬁg[n@l@gis%s#% run. Binding assays Heparin

agar ose beads I ghma) were incubated with 300 pnol

HBCh@irpcyde prfeagiycan|sgathesis avas ndasuned baridcorpetation 8f [*°S]sulfate

t.i pes Wit h, PBS.,  Bo fusion otein L t.h, Hepari
Perkip s WHlhAD. MeEeUSR A8 rSo Bl BENPst Srlbif S pRegiop. Res
7:619238| (8989}, [Girtilaé Misks WEed equifidratelli iRrseRInf Fee @idivin T6r 1 day and

. neonatal ‘rat cardionyocytes were incubated with 100 nM
incubited @F- medinmo gontainingGt00 di HalGE-bs XpresstGF-hrmdt cangrel IGF-1

. i t h-PB ti . Th I d w,th
iofES % b 7B HefF i VBS08E" Lty PGt to 101
free afedluns| Gulnirtd) dRRs ¥Rkd radidtabllcdMivith GAYCi/fI PP Yjgul¢atd @6t @S final 24

10 days after induction of differentiation

( : . Latr, ver e .
hours o€ gplire dAfiex lnbeling, gacthdisk svasswasbed 3 timesria, 1.Qual fPBS with 0.8
i th P ' offi | ' . af | dehyde .. :
M Bl e b TS Os G i Bl e BRI DI M digesd in 1.0
ml ofipkitbiaake. K €423 upageind). b ks NagS®,, SulMIEDTA and §rhilt Eystsne at pH
DMEM suppl emrented with either 500 nM HB-1G--| or 500
6.0).amplesewere applyzed far DAYA gonterfhysflyaspmetils agplysigibyeaciiep of 20 pl

of i ¥ith P BHUkchal S 33204y, ThE PR ey R b affss was
then Ricakwred i £ seihllani@ni counter (WhkgeMictoBeaa Tl sPetkinEihed Waltham,

bﬁ’ West ern bl ot agnal y?i S andd ELI SA.
MA, USA), with corrections for spillover and quenching.

Statistical analysis

Statistical analyses were performed by Student’s t-test with acceptance level a =
0.05. t-tests were corrected for multiple comparisons using a = 1-(1-a0)'™, where ag = 0.05

and n = total number of comparisons. All data were expressed as mean + SE.
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Cartil age biosynthesis assay Chondrocyte proteoglycan
synthesi s was neasured by incorporation of

w( 3BSp6edbs at e (Per ki nEl ner, Waltham MA, USA) BGI/US2007/023527
previously described ( Sah, ygt ah, J. Othop. Res.
7:619-636 (1989)). Cartil age disks were equilibrated
in serumfree medi um for 1 day and incubated in nedi um
coffesHity ng 100 nM HB-1 G~ 1, Xpress-1G--1 or control

IGﬁy;,fg@(g,r@r)ijpa days. The di sks were then washed 3
times wtih PBS and changed to 1G-1 free nedium

Cu I(ﬁEl-rleh;Ils di disudfidebends add aclugles @6 amiindmaddsi@he AGF-1 fusion proteins

both géf@éﬁ%f or ié}g v\gﬁn%lé?gﬂﬁé&po s,. of CH ¥3%§%é§ er protein
deteaﬁrﬁ M&&u&r%veﬁgﬂtpapimtl@faﬂ %&XM&E’@-I@@ 1aelre 4@@18 @araﬁﬁqwem Da,

free radiol ab sks were digested in
respgntivelyi %&Rl(lmﬁhwﬂ&ﬂommmmﬂlmmm <ﬁ' Iﬁﬂ E[ﬁ‘hb HBddomain

has 2} bing kR i it & mediiv Ty SResBs B B KR i foasion of the
new rﬁlSlQB ﬁbﬁﬁﬁtaﬂ%tr@fomg Was PerfoRREN With RS- I@ﬁ@éSfd%ﬂﬁﬁcaTﬁﬁ of the

S]sul fate content of the digests was then neasured
correqnlyefotdcd proteinawasoperfoomed es p(eVﬁiubbtaieMr(hed EMiet et alixBiochem. J.

30857 DioBa7T o9 Finspme v sttty B0 Gasiissic Blue saining
and Wedteh® hhipdis WitBlad 266-XRES aﬂﬁbédy @mle Pofofded Y61 Sroteins after RP-

t-test with acceptance |l evel a 0.05. t-tests were
HPL@omveeké@smiebmdtu pl e conparisons using a = |-(l- ao)

1/n, where oto = 0.05 and n = total nunber of

corrpari sons. AUdata were expressed as nmean SE.Results

PUHEL IGRY i io¥tsQb heParirdmd cellSarfacdyas 3 di sul fide bonds
and TnclTudes 70 ami no acids. The | GF-1 fusion proteins

boWﬁ cﬁéﬁt tgpigd pwhglhm BBl binds seloetiyplitieheparin. After 2 hours

inculffopf §Bl0oRl, ARSI WiAI50S BncP 18 T 115 SGH6F-1, bound

protéids Grki?e &ra%ﬂ:d ﬂtdmﬂﬂ:de:By bbﬂﬁl@erbMEési/e blldsstaﬁﬁn oh ®8und protein
the HB domain on the N-terminus of |G~1. The

withchepagim agaresebeads whowved: #iat 1B HaF il rkindsiealectivelydei hepm yompared
Mthc)Eu@%%eﬁ}PaW lqute\% ?e?ted 'ﬂlﬁp ?llnflgy M ﬁh%ﬁ-??? gﬁlgég Cell %Hrfaces which

I'on proterns a ng was

haveRRegdhGulfatte piotédglypahs nusﬁfg Bire ﬁ—bibblﬁﬁt d:e)ﬂsfzﬁiddﬂébnatal rat cardiac
protei n was perforned as reV| ously described (M.

myoate%wﬁesummwnj withog¢ BP0 oM efcHBaoE - | fargbhqurgycglls wers washed
mthg‘tﬁgf ?r,] Pﬁ}g:ég P s Eﬁ’ﬁé}frﬁe\ﬁ'tst, Xoxﬂﬁl%?c)facl IG?OPWQSQ‘ 8de8 allcbifftrol. 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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and Western analysis with an anti-Xpress anti body of

the refolded 1G--1 proteins after RPHPLC, reveal ed a
w@Revghes4band. HB-1G--1 binds to heparin and cebPdT/US2007/023527

surfaces W first tested whggher HB-1G-1 binds

sel ectively to heparin. After 2 hours incubation of

he ' arose, beads wth 300 pnol HB-1GF1 or

Xpm&w l9actipit¥ind proteins were extracted from beads

by T8 WetekBithe WIRAMERA ABU IS hﬁe&regﬁﬁﬁ b'ft%ﬁ\‘ége bRfeSial)s for IGF-
t HB-1 G-I Dbinds

wi th heparin agarose beads showed t
1 recptor gthiosphoyylatiorhamb Ak actomafien exérerpétfordede €ontr&FGE-1, HB-IGF-1

and Fptvssioe-T mhegﬁivﬁﬁeei‘&ﬁeiéﬁ 1 regfien, ob npostal cerdias, fayoeytes dose
depeﬁaérﬁsj i Pbé@mcﬁ }Rgan{{ﬁﬁ%daﬁ&gﬂ& a(‘i%%t?Jl 163 £l AB-1GF-1 and

myocytes. After nM of
XprasBIGER- all faclnvaZednAls[t sy;thmea Isenile rtemevacirse Miesd drBSemonstrate that

addifial 5 e Bty G ding dBiPese oo B G RIS Te it the sty S 1671
cells V\,hen treated with 10 nM and 100 nM

concentratl ons. HBI GF- | binding to neonatal cardiac
PSR ilage| ecti ve binding of HB-1GF1 at

M. and. 100, d |GE-1_at. 1 .
%a”elsr%gaﬁf%g Rt ifor SRR S tspout onftae-1 with
mcreldﬁ’edi exmdceIlbIar heRAK | fhnfhesit.NBesdubeN 19 arocalaaﬁﬁulamx of IGF-1
al so studied the ability of HB-I bi nd

SIgndmgrOpum thug;bebeneéiciab fqrmaémge;rcpa;r mt@bed tmabﬂltz oﬁﬁa IGF-1to
was r.eadi,l % det ect

bind T shfped fRnteV B S ipe HrECURERERES tiskh BB ot vin 500

nM HBUGPf bHRpRES-BOES foP1 dhﬂ/"e.’, adys 08 8 dapy, bR thetddere no differences in
indicating that HB-1G--1"can'bind to nultiple cell

the amquas oFIBGF ci-protein dhastdiffused imtp ehstilageriomer thisctimerpetind. After pre-

R o] BFEIGHET 58 BP0 ¢, B BE e Y8t v
PBSR@fdﬁy) T()"@ﬂ suﬁﬂai mﬁbuﬂtﬁﬁf [GF1Bwhiferdetecsdd HoWeR&S oh@ayd 1, 2, and 4
activated the recept or of neonatal cardiac

aﬂerﬁy@ey%lésf the GFdlewtfd@sa @FIYaH@ 1GEd c,r@aamml in the cartilage, suggesting

pr esgaq *&%ﬂi pg(ﬁgééag‘%hl egﬁﬁé{l trn‘J‘ amg%mﬁ%:?dpfeSS-IGF-

1 wdsl meteotabteeeve'ﬁhhsiey dtﬁbﬁ vﬁehﬁngSWeail@o tpbﬁ‘bnﬁ?ﬁdtlﬁs @dledﬁ‘ve bmdmg
t.he hepari n: bi ndi ng domai n does not interfere with th

expefmsat Mith cartilage ¢xgacts and IS Armpasuremento lhesanresulfs ¢qn§g@ed that
HB- @{)?} égr &%tl'vély%tgfnga §9t a 1?%, fvhf\?wg%(#ésw@ﬂlqg gapldly lost.

ocyt es’respon

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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i ncreased extracellular matri x synthesis. Because
prol onged | ocal stinmulation of IG~1 signaling could
wao baog/obsa2beneficial for cartilage repair, we spamiUsm07/023527
the ability of HB-1G~1 to hjnd to cartilage.
Identically sized bovine articular cartil age disks

' ' 00 nM HB- | G- | -1 GF-
Gr 5 ey T bRt B st B § 3 #8350 n conrs,
HB-IGE -1 Q€ 16 Sstdifed SEn@ARSHGE Botdoglychn E&&h@éié"f&rf@&a}&'& Proteoglycan
diffused into cartilage over thi's tinme period. After

synthesis wassipaificantlywhigherHB-dagilage mcubgtedewith |HB-IGFf lovs. Hpress-IGF-1

o AL, R I 5l it

the CARISEY Stithulates cﬁ&ﬁln?cg:é ?ﬁﬁyﬂtﬁé_EﬁV@er 2nord Sustdifed! period.

proteins, only HB- remai ned in the cartilage,
suggesting that HB-1GF-1 bound to the
pr@teogl.@an-ri ch extracellular matrix, hi contrast
Xpre¥USS¥E. 1 was undetectable even 1 day after

waphéd) gdel%rWoEUIGFflf HaSehe! Poened! st iiMEﬁrlogk@d tidhe repair and

experiment with cartilage extracts and
regenarasen svhile trainimizasg: systemic taslverse feffeatsdint Has ekiBnple-we describe a

noved 67 RS bR o S8 s B B et b

has 1Bk QaMB bistivityl ALIGRN eout YAta ifdiué b HE-1GR1 | @h-aktiVdle the IGF-1
cartil age suggests that this fusion protein could, )

recepfet japdr smgt thus etbiats thembeparinFbindipg odemainydees not interfere with

B BB HORS o L 6 AL AR PRRLI b, 129
domhiACABY-41), AN déerhain3AIA 4267)0dr. D Qviidin AAA6I 70N Switk ke C domain

incubated with 100 nM HB-1G~1I, control I1G--1I or )
playing the mosiGmppriapk roje inhinding tp thedG&dl sceptar Replachmpmf the entire

. |t ' | - i | G- .
C o RUR EO A Bad TR PRI epor g aiion of
the Hep@iindBindhgCdonitay tddthe DEfepriusas IGPUtwas b2 ¥nticipatet o interfere with
. after wash-out), day 4, day 6 and day 8. During
interpetions ¥ithdhe ¥l ¢ dempier- | constructs on day 0, control
| GF-1, Xpress-1G--1 and HB-1G~-1 groups all stinmnulated
prot eogl ycan synthesis as expected. However, after

waBbthgktraoelluldranateie ahd 6¢ll Sdrfaces\@re ri¥hlig protddglychns and can serve as
stimul ated proteqgl ycan synthesis at day 4 or beyond.
resenvAirg, 4o p&&%qglmmb@tﬁmg |eEIvthofagtess. of ndassict PXAMRIE 1§ the ffibroblast

Si t L
grovith BFG93 (A2 B> blererd oW By, KR BORIY SR of proteoglycan
receptorsuseatescaswa tréset¥dil FFGRV2 forXjss digh affinity receptiary Ou2, exferiments
and, 6. dat empnstrate that HB-1GE-1, which is .
suggest thak H&gﬁiﬁ 1 é’P g’é“’?‘ﬁ_’f‘ i1h gomg FFF‘I‘%ﬂé‘,‘ceé tip _r?u?‘ﬂ’l‘]éé rganner, sSince
HB'%F‘S;E ﬂi S‘é‘,IEl)gIr:nt?veW ARYRLDN 8R! RI1WFGcR. TOFA SMSAISS BRI WRA eRflacellular
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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Local delivery of 1G~1 has the potential for
i nproving tissue repair and regeneration while
WOorReBMas3eng system ¢ adverse effects. I n thi s PEIR1067/023527
we describe a novel 1GF1 pgetein, HB-1G-1, that
bi nds to proteoglycan-rich tissue and cell surfaces
but has .t he,  sane bjpactj vit s |G| r data |
SyndesRiy Hand o kPowR1q b othet iekndh aehes R3O CYRSEigIMbY suggest
that ARG REEint AHSDidd'Hith iR GRE increals T OZFth 'bi ili
not %t r elrne Wi tn% I nteractions cg?agl wg%%?&%ﬁabﬂuy o
chondemytes and thuSimprdvasaftibage refprimi ns: B domai n (AA1l-29), C
domai n (AA30-41), A domain (AA42-62) and D domain
(AA63-70), with the C domai n playing the nost
i Lha ral g.-4: | peR-REFHO0 effiall fdreeRPPk .
Rep aagglﬁ%%ttgogarthﬁép’ent [ FgFC %ﬁ?ﬁ é%lusc{erslg% O-o%hgf CPSSUCS. For
exantjge,I&kskiriducesfthe axdanyodtgrowth ef PGE2 kelissandpiogicosfinalsmotohaeurons,

ddi t.i.qn_of . t he. heparin-binding domgin to.the N .
and {5 JoFlomay bt Alaadhien dosendmich Biseases. 1 grmal pgound healing,
IGFM fshaldEFERRE | tedRusi IGF-1 Remufdtes! cdHag e RiithesBOhM mitogenicity of

extracellular matrix and cell surfaces are rich in
fibroblastsemd | kecatinocytes! Tharabiidy wé HB-1GEd eovbind t thersurfaces of cells may

r ot | ycan- bi ndi n rowth factors. A classic exanple
enhaee sk RS 5 e Rofterblive ABRERS F . 5) “syst em
where a low affinity, high capacity pool of

proteogl ycan _receptors serves as a reservojir of FG-2

for its high affinity receptor. Qur experinents

suqggest. that HB-| G| coul.d.function.in sone .

o Rlizremies sheh hereins ey ingamearated by tetergce cHaving now fully

I . fo . . .
e e enfoh. I Bia0t b 8- g gl s£Paftnvention
may be prasitioed (ithiaBPyvidei andtelqeivalentrange dHeonditions.grasdm&@eoand the like,
., 1 G-l i.s bound. to | G-B AG-BP-1 to -6)...1G=-] c

with{y s i 16 St R 8466 Of e B PP gb s RO thproot

matri x and inhibit cartilage degradati on (Bonassar, et

al, Arch. Biochem Biophys. 379:57-63 (2000));

however, a practical node of IG--1 delivery to

cartilage has yet to be devel oped (Schm dt, et ah,

Osteoarthritis Cartil age 74:403-412 (2006)). Heparan

sul fate proteoglycans are prevalent in the

pericellular matrix of cartilage, particularly as

chai ns on perl ecan andsyndecan-2, and are known to

bi nd ot her |igands such as FG--2. Qur experinents

suggest that HB-1G--1 protein can bind with matrix and

i ncrease |local, long-termbioavailability to

chondrocytes and thus inprove cartilage repair. In

addition to cartilage, HB-1G-1 has potential for use
in other tissues. For




exanpl e, 1GF-1 induces the axon outgrowh of PC12
cells and corticospinal notor neurons, and thus | G-I
woregosienaef i t not or neuron degeneration di seaseBCT/US2007/023527
dermal wound healing, IG-1 ks also effective because
| GF-1 stinmul ates coll agen synthesis and mtogenicity
of  fi obI sts and keratinocytes. The ability of
Whegis SBind to the surfaces of cells may enhance
cell therapi es and other regenerative strategies. All
r eAssoepoand bating thedornulaaB€1)i-(Z)qy of (p(PpBatvhereins
reference, ving now fully described the invention,
¢ B3 R pepide FRgronoss ﬂ}fﬁf??fﬁg@ £ SBRYAl Of nAHIOTYogyes;
th?iséﬁ% Hitcl g t| ced within a wi de and
equl va condi tions, paraneters and the
I|Zesahepdnmmm¢ﬁgpeptldeg the spirit or scope of the
i nventi on or any %:o gl ment thereof.Wat is d ained
,Snlsianygqgs @ fng the formula: B-(JV(Z) q or
rein: Bis a peptide that pronotes the
g%é]n] &%)r sﬁr& val of cardionyocytes; J is a
protel nogeni c anmino acid or a |inker; Z is a hepari n

bi an .integer fro and
Ilﬂj‘ g@ﬁ?‘gﬂr%ﬁi% 1,3 ereﬂ'aéal %ﬁﬁ’@ﬂ\’n‘&{n B éﬁlap profeirl wherein J is a
U BFcRifogeRlCarfiaBTRINUAA' I iiltié? 0P O Rl erRY Blofbr-l (I6F-1) or

a proteinogenic amno acid and Bis eith Insulin
deplatedet dgrived grofvdle fastor RDGFBF-1) or pl atel et deri ved
grow h factor (PDGF). 3. The fusion protein of claim
2, wherein Zis selected fromthe group consisting of:

KK o
RI Eﬁfﬁé T%EQIBKFVK (SEQVIQ%E%IIOZE)S g%%%%%‘&hc%%k’e%m“ SRR"e of:

( SREKRKOKSIL GKORDIPSIRSKREDVERQADSRO(BEQ | D NO. 6) ;

CREEERTNCRIESRE pBG ).

YSBYWWALIPNCIEK GRAN LIBN@%Q | D NG 9);
AKLNCRL YRKANKSSKL VSANRL F SEQ 1DNG - 10);
KQNCLSSRASFRGCVRNLRLSR (SEQ ID NO:6);

KDGRKICLDLQAPLYKKIIKKLLES (SEQ ID NO:7);
CKNGGFFLRIAPDGRVDGVREK (SEQ ID NO:8); |
YSSWYVALKRTGQYKLGPKTGPGQKAILFLP (SEQ ID NO:9);
AKLNCRLYRKANKSSKLVSANRLFGDK (SEQ ID NO:10);
LRKLRKRLLRDADDLQKRLAVYQ (SEQ ID NO:11);
PLQERAQAAWQERLRARMEEMGSRTRDRLDEVKEQVAERAKL (SEQ
ID NO:12);

KGKMHKTCYY (SEQ ID NO:13);

MGKMHKTCYN (SEQ ID NO:14);
PPTIIWKHKGRDVILKKDVRFIVLSNNY (SEQ ID NO:15);
KKHEAKNWFVGLKKNGSCKRGP (SEQ ID NO:16);
KGGRGTPGKPGPRGQRGPTGRGERGPRGITGK (SEQ ID NO:17);
GEFYDLRLKGDK (SEQ ID NO:18);

HRHHPREMKKRVEDL (SEQ ID NO:19);



L RKLRKRLLRDADDLQKRLAVYQ (SEQ I D NO. 11);
PL QERAQAAWQERL RARVEEMGSRTRDRL DEVKEQVAERAKL ( SEQ | D NO.

W 2008/06K@MVHKTCYY (SEQ | D NO 13); MEKVHKTCYN ( SECI/US20niG023527
14): PPTPWKHKGRDVI LKKDVRFG\/IT?NNY (SEQ ID NO-. 15);
KKHEAKNWEVGLKKNGSCKRGP (SEQ [D NO 16) ;

K P T K (SEQ I D NO 17);
PR ARIGRNERRR KO DO AMARRENKKRVEDL (SEQ | D
NOAEN A KRR KNRFGRA ARERECRDNR28)),  and
AEAAARAAARRAARRAAAR (SEC5¢¥¥%}3 21).)4. The fusion
protein of any one of clainms 1-3, wherein n=0. 5. The
fusion protejn of any one of clai 1-4, wherein g=1.
o The Brgorpist g o oF Sty EonnbFedi it Sequence
encodi ng the fusion protein of any one of clainms 2-5.
7. A nmethod of treating a patient with damaged cardiac
t i $he&usimpptesi efganya))leiOﬁclaEas 1-+4gwbereihi grlyocyt es wit h
the conpound of claiml1 for a period of tinme and under
conditions sufficient to permt said conpound to bind

t OASBNU frdleduiRIBoRipHsRE a Riclédtide Gbquiiic® enddiM At ifBdoh Bfotein of
I ncubat ed cardi omyocytes of step a) into the cardiac

t i swyuenegdf odaimd 2pati ent. 8. The method of claim 7,

wherein said conpound is a fusion protein wherein J is

a proteinogenic amno acid and Bis either insulin

deni petlod bﬂﬂézﬂing%ggﬁénthiiﬂ &dmdged @hardidcalsShedondiiisinge d
growth factor (PDG). 9. The nethod of claims8, )
wha) ei nimeubatinggardiemsecyiespwish giercompoynd of claim flrfora phxod

%Bog’;) e8f f'llmsetalm ur(l)cfe:r cgrr%(lggg SGlﬂ%éilén oCIﬁer%l\{ g;au(i Sc% p|01[1)nd to
bind to said cardiomyocytes;
b) injecting or implanting the incubated cardiomyocytes of step a) into

the cardiac tissue of said patient.

The method of claim 7, wherein said compound is a fusion protein wherein J is a
proteinogenic amino acid and B is either insulin derived growth factor-1 (IGF-1) or
platelet derived growth factor (PDGF).

The method of claim 8, wherein Z in said fusion protein is selected from the group
consisting of:

KKKRKGKGLGKKRDPCLKKYKG (SEQ ID NO:3);
RIQNLLKITNLRIKFVK (SEQ ID NO:4);
PYVVLPRPVCFEKGMNYTVR (SEQ ID NO:S);
KQNCLSSRASFRGCVRNLRLSR (SEQ ID NO:6);
KDGRKICLDLQAPLYKKIIKKLLES (SEQ ID NO:7);
CKNGGFFLRIAPDGRVDGVREK (SEQ ID NO:8);
YSSWYVALKRTGQYKLGPKTGPGQKAILFLP (SEQ ID NO:9);
AKILNCRLYRKANKSSKLVSANRLFGDK (SEQ ID NO:10);
LRKLRKRLLRDADDLQKRLAVYQ (SEQ ID NO:11);



Rl QNLLKI TNLRI KFVK (SEQ I D NO 4); PYWLPRPVCFEKGWNYTVR
(SEQ I DNO. 5); KQNCLSSRASFRGCVRNLRLSR (SEQ I D NO 6) ;
WKDBRIGB2DL QAPLYKKI | KKLLES (SEQ I D NO 7) ; PCT/US2007/023527
CKNGGFFLRI APDGRVDGVREK ( SEQ;£D NO.8) ;
YSSVWVALKRTC—IQYKLGDKTGDCEQ(AI LFLP (SEQ ID NO 9);

LA ASIERRRAREE s RBRBL D REC N ARAKL (520

RLRARVEEMGSRTRDRL DEVKEQVAERAKL ( SEQ | D
I\IQ 12); KGKMHKTCYY (SEQ ID NO 13); MGKMHKTCYN ( SEQ | D
NOKGEMHETC Y VK(SHROYNGHAB)RF| VLSNNY (SEQ | D NO. 15) ;

K@%@@&W@é@% '%TO(%EQ.D NC 17)
PHRHIRGIE0 KRN LN HSEEMS R, (5= 1D

NO 19) EKTLRKW.KMFKKR ( SEQ I D 2
AEWMMWGSE@R@ KSEQ]I)) N@QoL6);The net hod of

arPhErk QRGP GIRERGPRGTTGR. R T N0t og: o

fugmpﬁg@m( 8EQeNGrig)od of claim 7, wherein

sai d cardi omyocytes are derived from enbryoni c stem
ceH&HHHREM?HéRWEDIoéSEQ IDINOPY,, wherein said cardi ac

| PR AT AFR KK TobGaBNORDL R o pati ent 10

reMAA&RMRMMAAAR, SEQ N©J: a) incubating
chondrocytes with the con(pound of %Pal m1l for a period

of time and under conditions sufficient to permt said

10. O TR Hhoddf %ia?r% 9, wherein n=0 in said fusion protein.

11.  The method either claim 9 or claim 10, wherein q=1 in said fusion protein.

12. The method of claim 7, wherein said cardiomyocytes are derived from embryonic

stem cells.

13. The method of claim 7, wherein said cardiac tissue damage is the result of a

myocardial infarction.

14. A method of treating a patient to repair damaged cartilage, comprising:

a) incubating chondrocytes with the compound of claim 1 for a period of
time and under conditions sufficient to permit said compound to bind
to said chondrocytes; and

b) injecting or implanting the incubated chondrocytes of step a) at the site
of cartilage damage.

15.  The method of claim 14, wherein said compound is a fusion protein wherein J is a
proteinogenic amino acid and B is either insulin derived growth factor-1 (IGF-1) or
platelet derived growth factor (PDGF).
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16.

17.

18.

19.

to said chondrocytes; and b) injecting or inplanting
the i ncubated chondrocytes of step a) at the site of

said compound is a fusion prgtein wherein J is a
protei nogeni c amino acid ané Bis either insulin

ar Sh Fephdiohc T hein 11 sel e BIOVGR & seecisd fFom the group

Whg&%lislﬁn Fn said fusion protein is selected fromthe
gr oup CO%gI sting of: KKKRKGKALGKKRDPCLKKYKG (SEQ I D

G{FKKY([GE@EQI\]D ND;3);

NOKK)K RRGRIGLEKKRDR
(RUSTRSERERRRIA GER Dbt

SEGIND

DERALERIPEENKISMIETEVES it
CKNGGFFLRI APDGRVDGVREK ( SEQ I'D NO. 8Y
Yssmmwm@mml (SEQPID EE?QS] D NO 9);

s RBNGAY

ORRASHF HEREEEER RRYARRAKL (SEQ I D NO
12 KGKM—IKTC SEQ I D NO 13); MKVHKTCYN (SEQ I D NO
14YSSPPYV VKL KREK/EGPGAKMUFLPSEREQ D NG:95) -

Emmmw BADHNRAD:1 7). -
NG, WNFWE AR (STRRDRMERED. (S50

AERAQ me)zLDEVKEQVAERAKL (SEQ
ID NO:12);
KGKMHKTCYY (SEQ ID NO:13);
MGKMHKTCYN (SEQ ID NO:14);
PPTIIWKHKGRDVILKKDVRFIVLSNNY (SEQ ID NO:15);
KKHEAKNWFVGLKKNGSCKRGP (SEQ ID NO:16);
KGGRGTPGKPGPRGQRGPTGRGERGPRGITGK (SEQ ID NO:17);
GEFYDLRLKGDK (SEQ ID NO:18);
HRHHPREMKKRVEDL (SEQ ID NO:19);
EKTLRKWLKMFKKR (SEQ ID NO:20); and
AEAAARAAARRAARRAAAR (SEQ ID NO:221).

The method of claim 16, wherein n=0 in said fusion protein.
The method of either claim 16 or 17, wherein q=1 in said fusion protein.

A method of treating a patient to repair damaged nerve tissue, comprising:

a) incubating neurons with the compound of claim 1 for a period of time
and under conditions sufficient to permit said compound to bind to
said neurons; and

b) injecting or implanting the incubated neurons of step a) at the site of

nerve tissue damage.

15. The nethod of clai m 14, PeiTEsm®0T023527



17. The nmethod of claim 16, wherein n=0 in said fusion
protein. 18. The nethod of either claim16 or 17,
wob@see2g=l in said fusion protein. 19. A nmetphoduUsf007/023527
treating a patient to repai pgdamaged nerve tissue,
conpri si ng a) incubating neurons vvith t he conpound of
d of .ti and un ondi tions

[
2. ? el B hE ik’ g & TR Broleif yeherein J is a
ne oMifogeatthriiho aBidefid B $s Qthek fRUBR UEREEA! @gguwéﬁu&@11eaap-1) or

ne rons of step a) at the site of nerve t
daphktpdet derivethgrowth faothr PDGFRI m 19, wherein said
compound is a fusion protein wherein J is a

pr ot ei nogenic anmino acid and B is either insulin

21. demhy afdiidd Qyptcllhlf‘naﬁi Wheljeu( Y G shid ngloﬂPB oefﬁh 2{{ se‘ije%[édvﬁ&n the group

growm h factor . The netho al m 20,
wheomsisting of:n sal d fu3| on protel nis selected fromthe

"R ool G

X43)

K SSRASFRGDVRNLRLgﬁg?SEQ D'NO 6) ;
K DERNIVILERRYCFEK GMIXKITVRS ($BE@INZONQI 7);

VSRR @éﬁ%ﬁ%@%} D N0 9):

S @160 1D N67);10) |

LRKL RKRLLRDA%LQ(RLAVY& 5 % I'D NO 11

ESFURENSYRERAKL (SEQ I D I\IO
%&?ﬁﬁ%@éﬁ%@%@&@@%ﬁﬁ%ﬁ%ﬁ%@ 15).
KKARANOIE SRIKKIESOKIRER SASHL FEDRO(SIX) 1D NO:10);

LRKLRKRLLRDADDLQKRLAVYQ (SEQ ID NO:11);
PLQERAQAAWQERLRARMEEMGSRTRDRLDEVKEQVAERAKL (SEQ
ID NO:12);

KGKMHKTCYY (SEQ ID NO:13);

MGKMHKTCYN (SEQ ID NO:14);
PPTIWKHKGRDVILKKDVRFIVLSNNY (SEQ ID NO:15);
KKHEAKNWFVGLKKNGSCKRGP (SEQ ID NO:16);
KGGRGTPGKPGPRGQRGPTGRGERGPRGITGK (SEQ ID NO:17);
GEFYDLRLKGDK (SEQ ID NO:18);

HRHHPREMKKRVEDL (SEQ ID NO:19);

EKTLRKWLKMFKKR (SEQ ID NO:20); and
AEAAARAAARRAARRAAAR (SEQ ID NO:21).

22.  The method of claim 21wherein n=0 in said fusion protein.

23.  The method of either claim 21 or 22, wherein q=1 in said fusion protein.

24. The method of claim 19, wherein said damaged nerve tissue is the result of a

neurodegenerative disease, stroke or injury.



KGGRGTPGKPGPRGQRGPTGRGERGPRG TGK (SEQ I D NGO 17) ;

GEFYDLRLKGDK (SEQ I D NGO 18); HRHHPREMKKRVEDL (SE(Q D
W08 24 EKTLRKW.LKMFKKR ( SEQ | D NG 20); and PCT/US2007/023527

AEAAARAAARRAARRAAAR ( SEQ | D,NO 21). 22. The nethod of

clain12 1mherein n=0 in sai fusion protein. 23. The

either claim 22, wherejn gq= ai d
25. 7' IhE medhgkasiomad, whien gidtamaged d gerye tisus is htaPeiiipt ALS.
sald damaged nerve tissue is the result of a
neur odegener ati ve di sease, stroke or injury.25. The
26. nefThe thedfodaif adlannil B9, wieedir said nenrdnslargaitossinalandtosseions.
is the result of ALS. 26. The nethod of claim 19,
wherei n said neurons are corticospi nal notor neurons.



