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WD 2005/ 001023 PCT/ US2004/ 013772 METHOD AND CARRI ER
COVPLEXES FOR DELI VERI NG MOLECULES TO CELLS 5 This
wappbkioe®wes on asserts priority of U S. Provisi oPel/US2004/013772

Application Serial No: 60/467,516 filed on May 1,
2003. The specification of U S. Provisiona
Application Serial No: 60/467,516 is hereby
i ncorporated by reference in its entirety. This

| Ve B SR B AR HAVPLATEES rRHe BRI R e

----- o COoOTT =) N OS T UrTact I Aallt
PO1- DA- 08924 ThM(bLECI@ESW@ELL@S certain ri ghts
in 10 this inveniton. BACKGROUND OF THE | NVENTI ON

Bi ol ogi cal cells are_generally highly sel ectjve to
t Flais ﬁml@@um@swmm&ﬁ@ of U %\%Wlswaalp%wl%ﬁ?rb DRl ?\fﬁ’e

f S r
ooss 514 ATBRIANEL 5p P I HEh Y erd popicemotRuon
Serial Mo€60M67,516 BUkdby ihdompdrerdd by refeecnpb ysitcaltirdis.
properties of the conpound. The small nol ecul es and
bi ol ogi cal nnlecgles nax for exa
e

P REEER D3 T BT FEVeaRS0L HRbOT Hogt [ etigpl Institute on
Drug lgﬁks'e\ﬁﬁﬂé’r SfanSNEPITODRCHIRR, ThRE) 9AGHEEAMEHAUAD L &€ath Eights in
such as proteins and nucleic acids, into cells in
this invéntop. has been an obstacle to the therapeutlc
prophyl acti c and/ or diagnostic use of a | arge nunber
of potent|ah%ggggéggbgﬁggggfg@gﬂi@EN%qobp addi ti on,
many conpou vitro, have
been. di scarded as potential drugs due to the | ack of
aBidlbdiyal tcellgket igusrallynieighlyrplzotice &f theld mokcyles Hsit de allowed
cell, in vivo._ Several rep or%i have. addr es

 pesiuisiiboFe BPPUBR g oG UF ARINED CaPPopgs, cud 5 small
molec{él%g &bk ?é/ i g@%hf&g 1ﬁt§ Q _lg%fsig@ﬂzﬁgﬂ% likfted %&%@f)}{&smal

Ansducticon domar ns chwar zé et
properti€s efiths cBmpounthciile sBwill maRedes &id ulslog)cahm@letgu@s nRgt ot
No., 6,221,355 to Dowdy disclose several PTDs that can
example, @gm%aqeptbqahy@pq“é%@i{n né%l s in a concentration-
dependent manner. The PTDs di scl osed include PTDs

dend ¥Rl of BaMetNSE éﬂb?{nﬂolécﬁﬂes i?x&ﬁlfdﬁigl’knacfrbﬁt’ﬂeaulaﬁ Gachphd | a
honmeotic transcription f act or encoded by the

protelmmacadmtq 00lbyio wmhasi@vn @s2bgasle igthe sherapeutic,

oo BB b S5 Yo P RRF By

In add@i@Y hngFbRGo@tds %hmlﬂaﬂpéﬂgpﬂ@mlﬁhg i B, IBD biesn disedréahas

amno acids in Ien% and, the VP22 PTDfls 34 mg
potentigd idgegsidye te fgtlack of ility to deliver the compound effectively nside a cell,

in vivo.

Several reports have addressed the problem of delivering compounds to cells by
covalently attaching the compounds to “protein transduction domains” (PTDs).
Schwarze et al. (Trends Pharmacol Sci. 2000; 21:45-8) and U.S. Patent No. 6,221,355 to
Dowdy disclose several PTDs that can cross the lipid bilayer of cells in a concentration-
dependent manner. The PTDs disclosed include PTDs derived from the HIV-1 tat

protein, from a Drosophila homeotic transcription factor encoded by the antennapedia
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Recent publications, however, indicate that these PTDs
enter cells via energy 5 dependent endocytosis.
wab@seboee, the "PTD cargo” conpl exes are cont BETE82004/013772
within the cell's endosomal vesicles and not
available to, for exanple, the cytoplasmof the cell
r .

(aobro AT} denel AR S e iy BB TP T g fgtor
The HDJ'—Q asttiMe iy e chandne tcidd mleﬂ@h,dihe ATHERP TR0 Sixteen amino

. .278:585-590;. Drin et .,.Jd Bja em 2003;
acids 19;9%@3&9 t@l‘é%%.%PTISl}I‘?‘?%W}nOt%&# ‘?“gﬂ}ecent reports
that these PTDs 10 are toxic to cells. Thus, there is

aRéb%ﬁfiprcaMt B\ e bara iRt 6RBADITDs hice tABSIAEnefe
i pid = menbrane of cells in an energy-independent

dependmn emimmxsot’l“mereﬁqmrtqu “PTIR-catad”tconplexen aregogisgnegigvithin the
cell’s %?élgfqna%l Sves&cﬁér T Bé)tna%gsfablec %n%rgx&&léﬁom Jy?d'plzlsﬂ{ fthe cell.

a nheed Tor

Accord@i@plyl RSPTIREArgs adtmpl R e e rdféasad frysm thé ehdosomal ves1cles
i nportant that the peptide carriers be 15 nogvom C

in ordeydp g bicgehirgRiclord qt4t, ¥ RVENFham 20es &/ fietus®hdra ‘E}é‘én

 Biol. Tl Hod! %s%ﬁ?éf@‘izdl‘?v?{} b & RIS BalBERTADs

i'veri Fecul'e to a ce
amtaﬁ@ﬂpmﬂﬁes contactlng the cell with a carrier conplex,
wherein the carrier conplex conprises the nDIecuIe and

an arqQmatj c cati.onic tide nd.whe
at Brathere ’Jéétnres If‘?,r p;?BB‘i“?sd‘élP gkg?ﬁ?rcia?%@e o} %ffssé]?g Tl@i? & one
membPik gPSIY in4g BBy Bdepehddht AoleAddByBtRImAries eInaﬂtlﬁ@n in

aci ds (c) a maximum of ten am no acids; (d)
order toeivaid ionsimeresmnogsecormenkyi kmomrion lingepepgifcs &ere is a need for

smallég,cg?ea 1@%8%—%%% ggt? p§p %ﬁé pgl}xﬁl ng %I?I%p%)ﬁgnqlﬂil M e@eﬁmgé n%g?ﬁ%e

nontoiP@d cdlg. | ess than or equal tor + 1; and (e) a
rel ati onshi p between the m ni nrum nunber of aromatic
groups (a) and the total nunber of net positive
charges (pt) SARMMARYOFJIHEJINVERIHINS 001023
PCT/ US2004/ 013772 | argest nunber that is |ess than or
e ' M for
pa e o ey en B p e it propldc TR
delivetiag ningsleaudertal aea(elk: dihermethodjcemprisss eonthetingtte agll with aweirier

catlonlc g V\lrferelnthe arompti.c cationic
complﬁé,p\y yein the arr1er domplex comprises the molecule and an Sidhtatic cationic

peptide, and wherein the aromatic cationic peptide comprises:

(a) at least one net positive charge;

(b) a minimum of three amino acids;

(c) a maximum of ten amino acids;

(d) a relationship between the minimum number of net positive charges
(pm) and the total number of amino acid residues (r) wherein 3pp, is the
largest number that is less than or equal tor + 1; and

(e) a relationship between the minimum number of aromatic groups (2)

and the total number of net positive charges (p;) wherein 3a is the
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5 conprises: (a) at |east one net positive charge;
(b) a mninmum of three am no acids; (c) a maxi num of

wo eovsamord acids; (d) a relationship between tPeT/US2004/013772

m ni mrum nunber of net positive charges 10 (pn) and the
total nunber of am no acid residues (r) wherein 3pmis
the |ar | Of 1 €gi4eht th Whefia i
1; and (gﬁgé\ﬁ%@?{tggﬁiﬁ%k?)%atln\;\eoggﬂﬁ%lﬁgp'm rlngrr% nurrbere a1
of aromatli g, igapelpsbé¢d) and the total nunber of net
positive charges (pt) wherein 3a is the |argest

Y

molecgml%_ﬁé iaH_%meatfchﬁti%)ﬂE %lef;tiidé[‘ wﬁéﬁﬁ% tlliﬁ SréndRi @enk Peptide

elivering a nolecule to a cell. The nmethod conprises

compmisesit acting the cell with a nolecule and an aromatic

cati onj tide, wherein. the aromatic cationic

pept i d@@g@gsrtio%??tIioeﬁtlvgt‘:h?rgg’st one net positive.

char gegb) adfin{maMhBé BMoadcidshr ee anmino acids; (c) a
maxi mum of ten am no acids; (d) a relationship between
the mi (f) sumaxiaamee! toF amBe a6iisi ti ve charges (pm) and

t he total . ] | ' i

som i (D a0 b A e At i Bl B of dot pUIETEL hrges
to r + 1;(p@nahd2be (@3l rantbet af aromshicdl resitiwesgn) wharein 3py, is the
m ni nrum nunber of aronmatic groups (.a nd the total
nunber oflaigest nyaYet T%lsé?ﬁérﬂg@é’sor(peﬂll%l t%\ﬁéL?]éiaﬁ 3ais the
lar gestet) %gtefgﬁ nMe_tbvéeﬂlﬁé ‘Ertlihﬂfi\ﬂn ALmBErGH alrblﬁgtﬁ’é V\%‘éuﬂe (a)

en‘ais may al so be . .
2005/ 001028 tRCHLAUSROMEY BT Positi BRIHEFESESTRhPRIICH: Brhe

THE FI GURES Figure 1. Peptide uptake in Caco-2 cells. _.
T e counSESBrURY st PRt SR o (1 5ee (agifen o s
(B) uptakey, faagarsdbeql!s were i ncubated with

[BH [Dmt' JDALDA . (250 nM 47 Ci/nmmol) or [14C]dy- Sar
(50 M 56.7 nC/mmol) for 1 h at either 37 or 5 4C
Rinlye anether ebadiment, tedgyrntion pravédesameibgd fof delivering a

molec%?el 0 %i cleil.z %e (r:neeltllmsd co(n%}risgsf éo%%cti%@ R4 with a molecule and an

aromatic cationic peptide, wherein the aromatic cationic peptide comprises:

(a) at least one net positive charge;

(b) a minimum of three amino acids;

(c)a maximum of ten amino acids;

(d) a relationship between the minimum number of net positive charges
(pm) and the total number of amino acid residues (r) wherein 3py, is the
largest number that is less than or equal to r + 1; and

(¢) a relationship between the minimum number of aromatic groups (a)
and the total number of net positive charges (p;) wherein 3a is the
largest number that is less than or equal to p; + 1, except that when a is

1, pt may also be 1.
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wash on accumul ation of [3H [Dm']DALDA. Caco-2 cells
were incubated with [3H][Dnt 1] DALDA for 1 h at 37C
wa@edosoeloeel | |ysis, cells were subjected to acPdruemin4/013772
to renove cell surface-associated radioactivity. (D)
effect of [Dnt'] DALDA concentration on [ Dnt 1] DALDA

t ak - f 10
Bt 1) DAL DRRIERGESCRIPIROR O TEAIOEs ' 12 576

Al'l data are presented as nean S.E. of three
| Riape nd deptidonshieyerGacoVihesls. Bifeatoulsared [#HEDNOYDALDA

(4 andi 2 e AP ISHERS B TS OAL EHCRRE TR LDA

(250 r@)g,gzzg_(f?%@g]oﬁs& &Sr@leyBSﬁr@O EM %tﬂ'ﬁ@u&r@n £R21% £&ithsr 37 or

I"'ncubat wi th (ET[ Dnt 1] DALDA
4°C. RaAbctivity was Gbieyueht)y detefndid&] @ sleuze@@@llM(C}S@ffe"Ct of acid-

wash Qpecgpipoiggion 8 PUNaF 4 3L i gl BB BERR st 5
PH] [@ggga EDAiigr ghraﬁggfc? r%erfbliéﬁg%dﬂ; @%P;Hr\i/&e[sﬁbj}sk}l%g% Jld?&maeh

to remm@: mﬂmirijacenassemterdcmdmaﬂwm ffopt offDmt' IRALDAY e

conce ﬁ{)ﬁsent gﬁﬁﬁ%@% Cﬁpéa%? 8%1’%\9&%?%%1 gt%& %f @W %Bﬁq Dﬁ DAL DA

[Dmt l{]IDAQDfAI Sn@Bitratiohs (1 LRLS mMptdry Wer3g°Ci All dbataeelpmséried as
}—]&O ] DALDA (250 nM 47 Ci/mmol) for 1 h at 37C,
mean BF1rod ﬂm indepspsient mepplpyerpal ers gEPERAE gra ot apPHCRialbRY are
Il surface-associ ated radioactivity. Data
Smauer?hgnetﬁgge{ﬁ?%ogent acid-resistant radioactivity and are
pr esent ed as nean S.E. for _three independent
nBigurageriffect aprpmd IDERC b f#H]famiDABHA (Dand p[mmDA

[*CI5195E ! BIEDIASS B oGRS | RUAE SRy

°H] [ﬁ%DAPBA%S() kRt %@%Ml&loi)% [mC!]GBrtSa%F(% uM) 'S%Weﬁd/hﬁnol) for

was assessed by ‘i ncl usi on of | abel ed
1 hat BOye ux]xdaAlyaAousm%é eondaidores (Amch)V\@QU%E’p@rm@l@@luW@mt 25°C with

02 miPHAPREBLEmR el baicdR it el AP -IdpAaRBEThoY:

47 Ci/Btd1YS2PIIN-34r B0 ol 5@7 OV mSohHAY 3 C &rl1sh (¢ el Bl All
val ue was 1138 pM gr an 87-149) and the Bmax val ue was
data a%prﬁmte/dwg nep e’ independeny momplaygrsof
[3H][Dm ] DALDA (fil I ed columm) and [14C] d y- Sar

( gl}ﬁ ! hel
[ B0l 3 & %g%‘f DO 1RAFBAIPABLRATEH Ml
1ncuszad SBh T I-El]![]) ALD A 250 dviad7 €i/tdneol) B57 1dr atéB(Z°C£Béﬂ033 cell :
e then washed a d i_.ncubat ed thh cul ture IEEdI um f
lysis, gel[§ vigre sihigried t9acyl-wagh to remove cell surface-associate rad10act1v1ty.
Data shown represent acid-resistant radioactivity and are presented as mean = S.E. for

three independent monolayers. (B) specific binding of [’H][Dmt']DALDA to cell

membranes. Membranes prepared from SH-SYS5Y cells and Caco-2 cells were incubated
with [PH][Dmt']DALDA (15-960 pM) for 1 h at 25°C. Nonspecific binding was assessed
by inclusion of 1 pM unlabeled [Dmt'JDALDA. Free radioligand was separated from
bound radioligand by rapid filtration. No specific binding was observed with Caco-2
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Radi oactivity was determ ned in both nedium and cell

| ysate, and the data are presented as percentage of
w@epsioom2ef f | uxed into medium (B) effect of DEPLCUSIN4/013772
[3H][Dnt1] DALDA efflux. Cells were preincubated with
.2 ™M DEPC for 10 mn at 10 25C before loading wth

R e T

was 94 81 AL DA Fi gure 5. Transport of
[3H] [ 1] DALDA and [ 14C] @ y-Sar across a Caco-2

Wenupbr i cRortiaioRe AT IR Geiofuid) andd ghesar

(open &hﬁﬂ@g r(gle 0 ;e}mr?]ﬁ%e glleg[i/r &’éda\tvﬁf. ?&]F%ﬂ@i %%ﬁl_) Iﬁ% f2spem des
47 Ci/fntbT] & [Y'CF6ty-Sar (56 @l\am&binat/mmpa]l) forelnt at el’dlnd3"201= 4°C. Cells

aliq rere om bot h e d ol at er al
were 155 PER A GoRba oL UL e bl b e BeaT 20d - on
Radlozic@ir\/lt %Ja@ H@Feﬁﬁ‘itnb@ th Wth hadi@Aashd ¥l Mfsatg ' eﬁlﬁrtﬁ‘e &ata &R Prédedted
upt a dnsDap4] DALDA and

as permlta@apﬂpmi_d@ﬁzfﬂmd@mg negslirg. @reéfeptrﬁmféanw th 0.1 M

3 ["H] [%%Q@?é&%ﬁ% g,A D@vg}%érewcyh&t%gﬁ'ﬂﬁg@i BEP%efor SI 0L %t

25°C Kelibteil@lingwith MH] Dt TOANDA. qC) efFfednof @Bﬂapziraﬂ lHnemhlbﬂor of p-
Excitation was perfornmed at_.340 nm and eni ssi on was

glycoprelgin pe ¢ e (§2©n<#mpta1w@)r o [SHHDeDA ldpdear ed di ff use

thr oughout the cytopl asm but was conpl etely excl uded

[ 52 AHEhBHYE PRI GRA PURIly-BPRGEMI @hdon

sugge ts n ytotic upta 25 Figure 7.
monolh@asqume@ telbre b 100) werf seedit dromicodporousghémbraoé ittsivdeee

T i S o B Pl
detenﬁlﬂgdj%% %FHE[@}HE }]?&PEA%H{F"@]GW Sato %é‘aplé)dﬂ dombari@ent,

uot of sanple was ~ m xed with matrix
and 2(-phaliguatsewrd rdnytmedigonp bethl apivat amtbagolatdrel)compag ggzts at
acetonitril mmnlum itrate).. in a 1:10
various timeg aft%]&epg %f“?déﬁ n‘%ﬁ’réle%“ﬁfwlggg EaldéO@Fu{”Q’r get plate.
5 WD 2005/ 001023 PCT/ US2004/ 013772 Sanpl es Were
apghiyg 69 GelluMrtubiake H5 FD Sk 'edhsDas gD ADERQ bid [t

loni zation Tinme-of-Fl1ght Mass Sp ectromstr

atnDap WBADD A0S 2065} celeemmmcmbated rwithed). @ M [Igt td’ﬂéDpE IDAdEA for

15 mig s L PeC el SRR W BT R P G IB RS, MoEoR e fadihd
out witithabeniffat Po‘oﬁ?fﬂeﬁ%&%lrg Aeifalidn wed birforied at 340NEA and

neur obl astonma cells. Cells (N2A neurobl astoma cells or
emissigacms :zr)eamrﬁé ap$2rwr. The dgoresrdnce ppreaeas diffuse thypaghout the

C}’tOpl%%]lﬁjl \gfls %qu?tﬁly ex %HJ%% ?romwﬁhte K:I%us Gﬁjle & bBveslar

concentration at 37°C suggests non-endocytotic uptake.

Figure 7. Mass spectrometric confirmation of coupling of three peptides to cross-
linker SMCC. SMCC (1 pg) and peptide (5 ug) were dissolved together in 2 ml of PBS,
incubated at room temperature for 30 min, and stored at 4°C. An aliquot of sample was
mixed with matrix (saturated 3-hydroxy picolinic acid (HPA) in 50% acetonitrile, 10

mg/ml ammonium citrate) in a 1:10 ratio, and spotted on a stainless steel target plate.
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peptide (via SMCC) for 1 h at 37C. Cells were then
washed 4 tines with phosphate buffer. The cells were

wo b@s/ostoas ned with (3 -gal staining set (RochepCT/vs2084/013772
|l east 2 h at 37C and exam ned under the m croscope.

(A) no upt ake of (3 -Gl was observed when 10 Caco-2
SampI%ﬁ vdeerecaéx zeci | Cgﬁfgssy\%tg«ngéf Dg?$rp&a$iogg{r]a?i§gg?1§8 Q)%Fhﬁht
Mass §gatroh A @OiAlHDICB©E -MZS)C elHesnoleE)larenbighs e theptepkidescnd (tBeir

-Gal conjugated wth DArtg Dnt - Lys- Phe- NH2] in
respec@%%MECéémJggate{swe@ﬂrfé#@éw ﬁﬁ%ﬁ@éraof (3 - Gal

conjugated w t h [Phel ] DALDA in Caco-2 cells.

%ﬁ%gt IUA%[]& f£i% u%ﬂgg}gces 9 l anaccé Sqdalg?&f) -Gal) into
NoA némmh@fﬂafaér@@lsC(MAmw@m@&@ o maadf-@) wefe lEteein 96-

fluorescent protein (GFP) into Huh7 cells. Huh7 cells
well pJ(ates 128 108 kel well) a)ndmléatewafaﬁleﬁj -Giltam Bamm@mwgatt%wﬂh

peptld% ;\le’fl Bg/}(ggégptlg-hﬁ 3265“ CF er]e t al n| n? 4%%?6%‘: vﬁéﬁa hat

4 : SPRItHga ﬁd;wtfﬁ RoEhe)frOY atGéh frm at
bUffersgg%: CéZlgrﬁveof ce mmsdlﬁgw %/as tlh(g% ded ?o 2% cgl s :

37°C aad@dximinedainder the mianscagedi (A)mahptﬁlde dsﬁﬁjr@allwasc)élsetrsed when

: i ncubator. After incubation, cell wer e_washed fouyr
Caco- polssveIA 1wbﬁtemmﬁn%d (@meﬁf@sﬁpﬁ@&e icRllY PYICAl %’éﬂ%@fﬁ -

wa f
Gal coffiRalgs B L Y PTG R SI5 TR AR RRAY
T RE of
ol A b PR apag st o

Gal compttedrwictt [RieHDAIEDA sn CBot-2 cellp abedjugaioned §nCel with SMCC
differenti al 5 interface contrast inages in sane
alone didgjof enhange, bt Conj ugati onof [Dntl] DALDA with an
- RNA ol igo. Synt heti c RNA oligo (40 nucl eoti des | ong)

oo Reer EGriiiek flath KD GOB AL Sl el

of gre&l fadreaRRDprO&iS (GER)Gnﬁ(Iﬂ)ulﬂmall@f I—KﬁhV‘@alﬁ?sO(Oﬁl ﬂi’/&fell) were
PCT/ US2004/ 013772 el -purified RNA oli
washed gvifhug M anfl then] inprbeied ALIAS il JPMEM cedainERE b Flgplone

PRI B T o

conjugafdd0-SBCA0) g6V 608k th ARIXE] 2 ﬁﬂ oarlcelm thedRne was dley 28dedio
15% yacryl am de urea gel. Figure 11. Uptake of

cells apicy ?m@m an dd oA burgm Qeéiﬁ jnfyheter.iAie 1@%\1@61:1% cells
were WaSlhBi/EN]F 1m0e521n %gﬁ laa%dlg.l#e%&#gﬁgg {&%i'hgd Yi%i)gﬁlg ]géﬂyngs Jlélfé‘ﬁﬁed

by confoeul 188r sdaghing n\ﬁe;roecdplye Exchaidiaysdpetfored B340 AkmDA-

emission was measured at 520 nm. Top panel represents images of GFP through 0.8 pm
thick central horizontal optical section of Huh7 cells. Bottom panel represents differential

interface contrast images in same field.

Figure 10. Conjugation of [Dmt'] DALDA with an RNA oligo. Synthetic RNA
oligo (40 nucleotides long) was phosphorylated at the 5' end using 7-32P-ATP and

- polynucleotide kinase. The product was purified by gel electrophoresis. 500,000 cpm of
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[ 32P] RNA ol i go conjugate or control RNA (approxi mately
20,000 cpm for 60 mnutes at 37C. After incubation,

wo b@soeloks were washed, |ysed, and radi oacti vi PQT/US2004/013772
determined in the 10 cell lysate. The uptake of
[ Dnt ' ] DALDA- [ 32P] RNA conj ugate was >3-fold greater

RS U e A PP st 7,
EDC (NA[Bditiethdl@inbsropy AN’ &ﬁffleﬁboﬁﬁudd])réﬂm’pw&dldt ofififeadogjughtion

A G o S Y S i

5 [32P]RNA oligo (single strand, 11 bases;
pdyaeiﬁ%fn%gh “alone or with 40 m [ Dntl] DALDA- SMCC

conjugate for 15 or 60 mn at 37C. Cells were then
Vigishieel 1. OUFtakI: bAESmt D RVBM -a[fdp BINeA blig® conjugaelintoCaco-2
acetate solution to renmpve nonspecific binding before

cells. CaeurBaekd(linlf 9@1@5@ wathed FhrF%PmS%)lWMEéHdn?dé‘ﬂlﬁlaﬁ%d

BRSSO s G 0 sbatin oy SV o

P’P]JRRA am @injupatdoyr cbﬁtrbbRNAa(ﬁplﬁoxmﬁatﬂy 20j006 lcbmt) ifr0 mingtes at
o 20-TQl d after 60 mn |nc
3T°C. vligs dpaibaren dhe (ol Wepya &Vsq%@ffﬁdwcmﬁﬁéd%mlpwn the
t
cell 1y9£e [ﬁ@%ﬂgm ALTOAGPPPIRQA U JARE RUE> IS | gﬁeafera

was stl ['1" 1 hcreased uptake by 10-fold
compe(r@)toIEﬁhaﬂmwd cel lul ar uptake of RNA by different

pepti de- SMCC conj ugates. Huh7 cells (1x106 cells/well)

e 1 ol RSB ATG Be e

into HHﬁf)EélQG '\/E?festod}itﬂﬂ@&@cé‘lm tai@ JTRNA &3ig oaHu%?’Geu 1|x106
three p de- SMCC conj ugat es |ncreased RNA u

cells/vlk)y onege washeﬁomthMEMl and thentihcybdied | WiBAL OAn M Contamlng

n'uae nhance upt a NAs of . di f.f erent
PR e pae L 21Ba Ao SR RS P bl o
[Dmt‘}]@A‘iDW@MdU cORuS RGBTS0 9B at ATPCLIC AR wérbUhedl vi@hed four
a 1350- ner were 7 WO 2005/ 001023

times m:rmm @0d b0d B dn scrfdiu@dlcthewomﬁi@n [t OramqvEAIODAResISdinding

before 1Ecépu%3t ngéﬁ?ﬁr l%l}]fg%%r%(? b e ercﬁhﬁ" & 'dlé ;‘) ' 8' b%-

mcubatia)ﬁwmcd olibd kamh [[ﬂmtE}MiMDA(S’M@CYHt Bg"cemcmed mam the
aone(lOO OOO ,.or the RNA m xed with t

RNA pliget by nfai, @@h]ne\glﬁ{tlenmd otold ﬁﬁeét60317’@ 18%93“3% ®)
T h
Effectgé%er%%egﬁgxlceﬁ%rl «?erl]l"\gﬁil 'RRNR Y}?é ‘PH EISIH{ & [ e]'ljmﬁbﬁ'\éMcc

. an t'o
to enhaueIPeAidptakebiasdess gt 4°U]edt}m$hadm€ lsﬂﬂis inoegaged tyeake by 10-fold.

(©). Trlaboa e VAT Yo B i SreahPa R GBI S 1A

cells (B A€el1 G Rl GHRANdBEY with DMEM and then incubated with 1.0 ml DMEM
containing [**PJRNA oligo alone or with 40 ml peptide-SMCC conjugate for 15 minutes
at 37°C. All three peptide-SMCC conjugates increased RNA uptake.

Figure 13. Co-incubation with [Dmt'JDALDA-SMCC conjugate enhanced
uptake of two RNAs of different lengths. [Dmt'JDALDA was conjugated with SMCC
and confirmed by mass spectroscopy. An 11-mer RNA oligo and a 1350-mer RNA were
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with the [Dnt'] DALDA- SMCC conj ugate increased the
upt ake of the 11-nmer RNA by 22-fold, and the uptake
w@boosloe102850- ner RNA by 3-fold. 10 Figure 14. PCT/US2004/013772
Cbnjugation of DNA oligo to [Dnt'] DALDA. SMCC (1 g)
and [ Dnt’ ]DALDA (5 g) were dissolved together in

s PRSI S PP 0 s,

cells (h@qozceué\;f\i]eem Wefmwmfed avith mm?n iafidl dtenoﬁmawnlvetmiaml DMEM
mxed with matrix (saturat 3- I d

contaipipgAyheriheBbi srleroiil ipppE cglilb %h%ﬁ%r\l %B%fi&?ﬁtlb Fat gl)

[Dmt I5]AED %C@cd}%ﬁﬁr& fo?@g niR%t 5 P¢ SR d‘ia/ » Sl 'Tlh@%él@tv@ﬁel then

arge plate were analyzed by NMALD
washed Ayur tihins IrDIMEM ard oxeitpd 1 sofliudl adelrtosolDioh ‘@I rﬁg:ovand

BN TH TG SO TN AT
retaméﬂ%@i@hé{?/i’tg%guﬂle& geSmiared 10 NRIPRYNVAL R Akloh8i&oSncieation

usi n in the reaction wth polynucleotlde
with the [ﬂl}m ],DPaTnIaAt-F‘vMCﬁ} oujugats infrerseddbeuptaleced the 1 wane RNA by

2ol e 2Rt KR BRAS, Lo es (o) "R qur e

15. Cellular upt ake of DNA ol jgo conjugated with

d PALBRy, @Tt%nqﬁmgl o1z ﬁmﬁ%%m W eEpg) and

ugat e DALDA-usI and th
Dmtljmnaw G fwerd élsS‘cﬂde@géthel\ImQ mbmff PB SdeLﬂvﬁtedm soom

spectroscopy. Both conjugated and . unconj gate
tempegsitirg der e, padimiesowt fééempteﬁﬁé 354111%1&81% % ‘5%@ 24

e SR B ARt S L
hydroMpvblirto baid gHg%)Am F@%rac[ﬂﬁ&ﬂé%l]eﬂé%ﬁ@%mkmj;mgai;&dcitrate) ina1:10
., uncon t ol 1
e
TOF M@ r@’E%@Hﬂle%ﬂ é 6?38%091?5&@9 sﬁ%{ ﬁldsmrﬂttl IMLD&A DNA

e nons ec |n i ng S were
covalenm cobpler dverenfoluy.é ltosb¢363 92eemdflir7 1 3t©SpﬂChV@lMd Bo#t @qrmmted and

encontyinet S oS B CaA T6 08 AP A A O Fy e

i ER I ML gt
polyad¥@lanidd hrsa gelrandigel pipdfi ebfonicelul frdptdKe Bnidiys (B nMto 10

M for 24 h and cell viability was determ ned by the
MIT assay

izus ot BeMyapYDakess MNAMIES Srusrted Wit me I RLDRT -
thiol- xg]lp@ifg& b? Sheteht A (A R %nj\’égééasq? fmﬁﬁ)ﬁL@uél IMEVE, Afknd

resh t er 501 of
formafibmbdf hDAbEIAe BMB@s conﬂimmﬂtbzy rodssigpectroscopy. Both conjugated and

unconjugated DNA oligos were radiolabeled at the 5’-end with *2P and gel-purified.
Neuronal NoA (1 x 10 cells/well). cells were washed with DMEM and incubated with 1
ml DMEM containing either [Dmt'JDALDA-conjugated or unconjugated DNA oligo
(~100,000 cpm) for 2 h or 19 h at 37°C and 5% CO,. Cells were then washed four times
in DMEM and one time in sodium acetate solution to remove nonspecific binding. The
cells were then incubated in lysis buffer for 30 min and retained radioactivity determined.

Y-axis shows uptake of DNA represented as percent of total radioactivity.
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in PBS or PBS only (control) was added to the cell
medi um and i ncubated at 37C for 24 hours at 5% CO2.
wa@\bdosooiorzubati on, 1 | of Hoechst dye for stai PETIgS2004/013772
apoptotic nuclei was added to the cells and incubated
for an additional 15 mn. Excessive Hoechst dye was 10

TV e I
RS, OIRIDAERA Racl b s o PR iR 2y s
were 11@&!%&8%&1&1 ptmmé]m@mmr(@ MMk 10 GRD)B004 Eehd Selligibbidity was
| uorescen m croscopy (excitation at 350 nm and
deterrmmdslwﬂnnMTT 4%2yrim . DETAILED DESCRI PTI ON OF THE
| NVENTI ON The invention is based on the surprising

oLy e bAVEOIRS 8y b hate SELR) Oy RN S bt

cells. %9*7%51&50(1@@1 0%'116/ ?we%ewﬁsmd e O Ses & Dvarpmmml oy
an energy-i ndependent nmechani sm and deliver the

fresh mmhemuizassapp]mis iTtien, teitberc¥l il of PEmhﬁDA@D?&SWE @Oméﬁﬁtfb gesM)
T

he i oni usef ul nt
in PBY (R3S B (S sadasR e e e mggfi pd, ol AP oy 24
hours %"/@‘@ arﬁt%&%a@&l Wbl & ¢ %@cﬁb‘t 924 ¥or RRliffg agdpotic nuclei was
&5 ‘Include a mnimim of ree am no acids, and
added p)as &fe@eﬁbhgd inodiatediefonanradditiomal 36 nfiou Exeessive Hoetkis dye was

G 5 o 8 RSB 0 GRS AP

Dmt! RLDQ&egMC:C 4 tPvEle@ioatlaYedahRl toridd Bélls Witk MRgtscent
(Do ]p?e ferably a%orﬁl?gasl X. eQOOf%ngraeily, t?ﬁe nunbernf)gf 25

mlcrompm()exadat@tmqirb%)mandlemmélop@bﬂﬁbé@)ls about four. The
term"about” as used in the definition for the
am no. adla AR OERe T '
amno a = i ‘
am no acids of the aromatic cationic peptides useful
| Thé hivepti@sie bhsedromehd haprisiag diseowany bahieniaventord thaAgertain
used hereln the term” amqo cid' is used to refeﬁ{lto

O ?]831’1

carrier¢RMPlETe§ SATETIFBE 8L IAE ODA &t A0 AgpmplGEAIogIEPR
cross HICHBmBRHe Jn?é}% Hﬁe@éfd@x‘?@iﬁéclﬁﬁﬁh‘ﬁand RlioEanal]Yecurtk

east one ar no group | e a position relative to
insidetthecallr boxyl group. 5 The am no acids may be naturally

occurring. Naturally occurring am no acids include,
>§arrPI , Qﬂg twenty nost common am no acids
¥ proteins, i.e., alanine (A a),
arginine (Arg), asparagine (Asn), aspartic acid (Asp),
Clﬁé gioneatic QGonic péPtideaniotel ih Ghaipresegl ittvantion lm’ied r(eGboéltlve
ycine (Ady), histidine (Hs) |soI eucine

chargep @SU@QSﬁl‘ébﬁ(dL}f@ W, arg,ypﬁegscelgb]@and,@h%y BRlaR lzq\ﬁp)‘.ldes 1nclude a
mininRIE BV HAleARLRS a&gy Ghd pPJfQJab%nélﬁ&é’l mlﬁl?r{dn'i] 8f four amino acids,

covalently joined by peptide bonds.

The maximum number of amino acids present in the aromatic cationic peptides is
ten, preferably about eight, and most preferably about six. Optimally, the number of
amino acids present in the peptides is about four. The term “about” as used in the

definition for the maximum number of amino acids means plus or minus one amino acid.
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10 (Ser), threonine (Thr), tryptophan, (Trp), tyrosine
(Tyr), and valine (Vval). OQher naturally occurring
waniosoomes ds i ncl ude, for exanple, am no aci dsptas2oas/e13772
synt hesi zed in netabolic processes not associated with
protein synthesis. For exanple, the am no acid

lir;]e: atnmgfntrc])re?g{d%r gﬁqm hc?rgﬁrx]t%c cdafuoﬂlcgn%m% ‘%ﬁ%ﬂgn: ‘%@ %ésgﬁ‘? invention

can be%&laﬁﬁh@ afieépiisdesd hseih Uhe itdint Renips asianis sy entef@no any
optionally conprise one or, nore am no_acids that are
organip ginleraitbat saptaectlsashepic aming SEO ARG HapionscREpOXyl group.
S no._a r r
Prefer g’uart ?‘?aﬁp c‘?nel@}]m% gouga ??ﬂ tﬂ C\:Q) fno% grglgﬁ?% fg) tg{a: l:%bmg;l group.
those am no acids that typ| cally are not synthesized
i 'Dhmﬁﬁﬁﬁ acliBtnadybd ratptldy ecaesng. nNhﬂuhdlllyg)com;r@ag iagimg acdd
do not naturally 20 occur in proteins. In agw (tilon
mclud@ rfer PRI thF BYINY BOSLAORITPRY HRIRGCisngEmeHeoynd ihprofRins,
. AfSEZEOR, S UBRARD, Big AR PAG AR Ty oA
glutanone (Glu), rgl;utmmﬁmich(ﬁld}s ghyoinep(Gf e hshﬂmer(Hm),smdam;maﬁttu)

;
leucingghe s s P der R Mk Rt U0 Beheh el er: &fine
(Ser), aﬂé/orﬁ?é(ﬁmf "ﬂrybfbphme (POt RRIne (T9F), Meevading (Val).

non- nat ur a occurring am no aci d can be at 't he
N-term nus, the C- termnus, and/or at any one or nore

p@ﬁier nafzal lyerogeiing pRENORGids rivde, fanexaniple, @ming peifinihat are

syntheglr%le m met% qli %?ér%%gsfsg o/t Qé%g%fkld%ﬂné?meﬁ Iggrftﬁ%gs %ﬁr%}z%%lre,

the amihk ¥d1@- byd_lﬂﬂieﬂl@ @ﬁnth@me i€ xamhs anahetabdisn Ghmngdhapliodaction

i ncl ude a-am nobutyric acid, O0- am nobutyric acid,
OfuIei‘»-y- am nobutyric acid, 5-am novaleric acid, and

s-am nocaproic acid. Sonme exanples of aryl am no

a )

a‘g%19§rohﬁ@1 ggntgorgi g% dgsS H% én %?ﬁl@l%ﬁ@%ﬁo&p@ﬂacﬁéﬁhﬁy comprise
one ori medewtiEnoptilinthat arenan-natwallypeacarring. ophe aybedistent, the

..acid, and yl nobut yric acid. Non-naturally
pepﬁngl@%P‘P Oﬁﬁﬁgﬁg‘@f‘?ﬁat BOF e derivatives of

nat ur aI ly occurring amno acids. The derivatives of

NEbH RN PESUiidg Hniadafids @kl tHSseMYino fa@ﬁs tHX 8/pidally are not
i ncl ude the addition of one or nore chem cal %roups to
0

synthesiyed irmnenmsl metahobie pracegges Miving argagising, and do not naturally

occur in proteins.

In addition, the non-naturally occurring amino acids useful in the present
invention preferably are also not recognized by common proteases. Thus, the non-
naturally occurring amino acids are preferably resistant, and more preferably insensitive,

to common proteases.

Non-naturally occurring amino acids can be present at any position in the peptide.
For example, a non-naturally occurring amino acid can be at the N-terminus, the C-
terminus, and/or at any one or more positions between the N-terminus and the C-

terminus.

10
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For exanple, one or nore chem cal groups can be added

to one or nore of the 2', 3, 4", 5, or 6' position
w@boosleroas onati c ring of a phenyl al ani ne or tyPOBRURE04/013772

residue, or the 4', 5, 6', or 7" position of the

benzo ring of a tryptophan residue. The group can be

hem | t hat b i
- e pore R oo B s AR PR s L0 R A f BB hklacy
groupéJ rSdﬁ@é}@HﬁJP&d)iﬁncy@én@ﬂckﬂds 1§d>lﬁﬂe ésanﬂﬁbwymc gdihyp-,

-propyl, “isopropyl, butyl, isobutyl, or t- butyl
ammobnwm aqdkx:wn(qbu@nc ‘agidk Sxayinovalariedcd amhs-ammcamoaf‘owd

Some é’faﬁ%{lﬁi}f 1%5“ I,e]ur:] bncﬂ%&; é’%t(]jl)((:;‘;l d't% a]%x per Qﬁmgg?r%mc a01d

Some 6XHn@16s oﬂmmyl Brhirloa’e)s indbadeoriifie Cinbiac 204 pafa- €s of
non-naturally occurrin derivatives of naturally

aminopkenacelifgacidn ang Varle¥l-F-AeinpbERSAFH: i ne (Nva),
nor | eu0| ne (Nle), 20 and hydroxyproline (Hyp).

A8k gk L epﬁ r&fan‘ﬁnﬁgalﬁ b8 A Aeri®htiRTIR ﬁatﬁPalll‘?f in

a peptl in 't present invention is the
occurritey drviab |amds i Ohe dérivativey dimapiraly ocourmig anmasapaistmacy, fwi d

r.a | ut a d residue of .t
cxam v B SFeG Bt Poder o CEGIEHaE%fPBB#%H? et Eysispuping
amino%cidM th a primary or secondary am ne,
nmet hyl am ne, ethyl am ne, 25 di et hyl am ne or

di et hyl am ne. Another exanple of derjvatization
i Rerl exgmwle, en¢ eF mpreceliemaes! §FauRs carpbe addsayse enc piamprg ofghe 2,

3,4 f’?’t} d%fG ?lacl (r)]r(l) Iof nqgt{c o Légg}“ %%h?la&%]‘ﬂeod} tgagllng g@s?due or the

|on 0 an am no ar gi ni I'he,

4,5 ,@, Hi7Rhbeiioe of #2ibdhed rifs6f Mﬁﬁ‘ﬁblﬁm rssldﬂﬂe dffengrogyp carpise any
can be acylated Sonme suitabl e acyl groups i ncl ude,
chemif 4] ereup-thal can bs agdedrigyan 3@9@@#& RS- aP RS REHIIPS ofr Gh S1OHpS

mclud?ﬁa&%%@&ng%ﬁcﬁg cJe2Qf %8}7 egdma gmfﬂy? 'r{‘gx ggﬁ! gsgﬁropyl,

r 6UpS “NBRtT on suc
butyl, mmgyll o0 tt-bptyd, pﬁlpﬁy hlkgxyo(lp alkoey)) amina CyHCa lallgylaginae.gng

e, B TP Lt P AL R b
fluoro bﬂlfn%bln%nﬁp Bz QYT SbhY sREEY é)daﬂﬂ)les%f fi‘lﬁhl?ﬁuﬁ‘ﬂl}décc@frﬁ%

i nclufle thé dextforotatory (D-) formof any of
derivagilyes/af- nmnamm@mﬂmg amiblagide enlmde; rmgva_marﬁ\TN@) a@ﬂ@mmea@ le),

/or D non-naturally occurring am no
andhﬁﬁ@@?niFﬁ(FﬁPg regard, it should be noted that D anino
aci ds do not nornmally occur in proteins, although

t h@yther & fngﬂ@ of & hodfidafibm oPEPAThiNe aeill inli Riptidsudelfidtin diee
synt hesi ze means ot her than the nornmal ribosomal
preserys rnme@tlwl isythe ﬁ@fﬂa@zwf@éiaybw 198D O P 2SpAEtiq A ong

glutantﬁ% 81dr}gsd§ﬁiﬁc¥ s @%Bdl@ 6ﬁé gfan‘;f}ﬁg of Q%Ex%aﬁ%t?d?l & InBation with

non- na urring am no acl
ammonia or with a primary or secondary amine, e.g., methylamine, ethylamine,

dimethylamine or diethylamine. Another example of derivatization includes

esterification with, for example, methyl or ethyl alcohol.

Another such modification includes modification of an amino group of a lysine,
arginine, or histidine residue. For example, such amino groups can be acylated. Some

suitable acyl groups include, for example, a benzoyl group or an alkanoyl group

11
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In order to mnimze protease sensitivity, the
peptides useful in the invention should have | ess
wo bas/obioge, preferably |l ess than four, nore predPUSINNY013772
| ess than three, and nobst preferably, less than two
contiguous L-am no aci ds recogni zed by common

o R ATTY e ERRTE PSR o =

m@pmﬁypggm t he peptide has only D-awrno acids, and no
L- am no acrds If the peptide contains pr ot ease

sensitive sequences of  am po acids ?1 east one of
t hlee nowpacuraldy ggcuirgn%ﬁ.@;r@ragkq%neg/ generally be Ievorotatory ?L ),

dextro‘r'bqg’t]gngla@PI F % e RGCHEb P I B 6 stfthtsle nBﬂ%ﬁﬁrPa‘t’lly occurrmg

ng protease resistance. An exanpl e
amino prids elss énchelesh¢ lwgresetiven () fnol eoftes off e &hovn@m%ltlzmd

onti guous basi c. m no CI ds tha are ¢ ané,e o
naturaffp e BABARATI e e es Lol dp e e RtE s
acids. Eﬁ"ﬂﬁp}c%ﬁrcpft sﬁ@@ﬂ‘be HGtAGhAD- Qﬁlﬂo%idédi@ 1t 81N odeiiSinne

and  histidine. is inmportant that the aromatic

proteinsatlittonigh tlmymrer fpexgd fmoertain pemideantibigtipethaipgre ggpthesized by

i tiv si.ol o H n
meansp ]iertt}eﬁnetp iFIbS?O mf)ﬁotelgc ?Ht%%{é ﬁlgglauger oL Jf*e}‘zlo hd Bed
herelnpﬁi%h iDd@nind AEids b JBARIdBaRE be Bén-Aetirgllgictuving ahangeddat

physi ol ogical pHw Il be referred to below as (p,,,).
The total .nunber of am no acﬂg éfgeuesf{lp ﬂ
pERIFRO FRIRImIBR PYOAER PRIy HP BPISS pgful ipgheygvention
shouldzlg%ll&g%l?a%%n}: C‘Efe‘f@%%@és@ﬁ%?ﬂf&ér ?e fHeﬂérQMWéb@ @f?a%rthfé% and
posi tharges” di scussed bel ow are
most fréfesabbl, bk dain twbl.coiftigicue Lraniiph y@d@te@ggmaﬁtd lpyr—r:ommom ed
herein refer

h
ISR TR ORI T AW Y S At

occurtif}s LIABRE em'bB@imeﬁh ¥ed ﬁ’é}ﬁ?ﬂb &84 o podmBo B NarddsnoQkiEdd Y
appr oxi mat el y but normal physiol ogical pH 5 in

acids. rrarrmal S may be any pH from about 7.0 to about 7.8.
“Net charge" as used herein refers to the balance of

gt PO g8 Btk s Rl RS RS Blenpt ong of

the antih® aci@ERpréferablyn ﬁdﬂ-ﬁatﬁﬁﬁﬁjldccbmhg @Raminb abkl, theedysoofetring
that net charges are neasured at physiol ogical pH
proteawaesrs@rlm awaeenle (of PO SENSHET RS ThINgE nghudes two or more

I ni ne, and h€ nat ur al
endop@ptﬁ‘ddiﬁésl amg try@ﬁ'ilnn Exagiptks of hailc annmorm:g&tmc/laﬂeyangham; éyjsnm and
physi ol ogi cal pH include L-aspartic acid and L-
histidigeyt ani ¢ aci d.
It is important that the aromatic cationic peptides have a minimum number of net
positive charges at physiological pH in comparison to the total number of amino acid
residues in the peptide. The minimum number of net positive charges at physiological

pH will be referred to below as (pm). The total number of amino acid residues in the

peptide will be referred to below as (r).

12
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Typically, a peptide has a positively charged
N-term nal am no group and a negatively charged
w@z2a0s/0mornl car boxyl group. The charges cancel PE€RTR2004/013772
other out at 15 physiological pH As an exanple of
cal cul ating net charge, the peptide Tyr-Arg-Phe
-G u-H s-Trp- has...one, negat.i 1 No
tempttmitn gl O ey RSP0 SR ERE LR LR BRI O
physicsdi€ts pH. - Ehe, tetWphAkB1d el gHUESis usstchdryia refarsdo dieendding) pH in
Therefore, the above peptide has a net positijve

the celinelth tignues #ndearzansrof ShremammsinmbAey. of oripEaRPebiEnt
physi&}@igf{f ﬁ%lgg% %Jhgaé;% H&?ﬁdlﬁ,eaﬁaﬁ]}d&%ébpﬁg%ﬁe@ ﬁglgﬁ‘ﬁ‘ﬁﬁyﬁolo%f&al pH

tween t nimum-nu neéet

in marpe@lsthasebehgrdefoatabohysDod elgpuedl8.pH (pm) and the
total nunber of am no acid residues (r) wherein 3pmis

the | t _that is | t h to
AT R ARSI TR T o e e
chargd¥ianli MRE R WER 8F ndatiDeEhRES datr¥&R1 16N@RE AfEnd RHs Fresknt fitthe

“total nunber of amno acid residues (r) is as
peptideoln tigsspegificgtion, 8 igwglegstqodsthgt gy chirpey arg measurpd ot 3 3 3

.13. [ 001023 PCT/ US2004/ 0137 n
physi Qg e Ry BRATRL SR PR st bBIRRI regped o
physidl&iadlipdNmblufe DEYsMeS N-drfifing] Mdikistdiiibe Thehataedlly occurring
_ positive charges (pm and_the total nunber of am no
aminogeidg that erejepeatiyely chassdeatphypiplaeical Bl nelpdrdepsnathifpagid and L-

nat.q s less than or equal tor + 1. In 5 this
glutar%%%%xgi ment, the relationship between the m ni nrum

nunber of net positive charges (pm and the total
npiiesllgfa paptidechaa @ipdsitiesiycheszed N-tdrmimes afold gorp afd 3 3
45 7 9 10. ( 22 33.4455 1n qgne
negatigrly e @;tefrﬂ@aln%%éal 8ioURe L5 CLFER Ehe ARGt PRyt 2
i n le $0cASINM AL dhdr8S I tBUSSHHdE T yAR o-Phe-
phy“%g%%%l@} n‘hlg%gf}ﬁgép %r _e% erred gg%t;oo_dir%e'nt , lgﬁii)hle pgpt i des ©
Lys-Ghiavlis-TtirAeghasrone aegativel nehasgsdorrriag ineiddse. afbn) anéifenrmum

...0f, ane net positive charge, prefera a el
posis 3 g RS B U RS RSP e T T
the ab8¥e pdpiiie hae4 netRoSitive ¥earsbaf gege. 1t is al so inportant

that the aromatic cationic peptides have a m ni num

nunber of 15 aromatic groups in conparison tot

t &t ene gmbaskimensfof tha prpweal vertiom Aieraemeis s%tw?r?epepgges have a
relationship betwe{en the minimum number of net positive charges at physiological pH
(pm) and the total number of amino acid residues (r) wherein 3py, is the largest number
that is less than or equal to r + 1. In this embodiment, the relationship between the
minimum number of net positive charges (pm) and the total number of amino acid

residues (r) is as follows:

D |3(4(5(6{7]8|9]10

(ew | 1]112]1212|3(3}3
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m ni mum nunber of aromatic groups will be referred to
bel ow as (a). Naturally occurring am no acids that
whanws/oem2ar omati ¢ group i nclude the am no aci BGT/US2004/013772

hi stidi ne, tryptophan, tyrosine, and phenyl al ani ne.

For exanpl e, the hexapeptide Lys-d n-Tyr-Arg-Phe-Trp

has a net positive charge of two (contributed by the

| ysine and 20 argi ni ne residues) and three aronatic
groups (contributed by tyrosine, phenyl al ani ne and

th@b@@héﬁb&ﬂﬁkﬂwﬂﬁkumhﬂxﬂﬁﬁoﬁﬁhﬁ@uﬁﬁnmyeﬁrﬂmmnwhesent
i nvention, the aromatic, cationic

betweenrihe FRIRES nwb@rwé ngtRASEHE chivEsh (o I g\vetofé fumiber of amino
f t

acid reglﬁllgst f?ﬁgpe aor{ggﬁ nﬁ‘tﬂyggﬁ}ﬁ% quge%?ﬁaglo(gl etqlﬁélgﬂﬁ Cn

this enﬂi@dhﬁﬁﬁ tht r@ﬁycﬁdsmlpdxgtvmh ti-m2Emypt humberofingt Baitive charges

| argest. nunber that is |ess t ual to pt + 1,
(Pm) anghihe bqtalt%rgo%ﬁéwmnffc\ﬂﬁe%‘ b%‘/‘go‘iﬁﬁ?l } US2004/ 013772
pt is 1, a may also be 1. In this enbodi nent, the
relati onshi p between the m ni num nunber of aromatic
gr oups —andTthe T umber o et positive charges (pt)
is as follows3 @Rty | 127384/ %1607 8 9 10 (a) 1111
222 313 35 IIn |anot her {enpodi ngnt the aromatic
cationi¢ pt i des have rel atli pnshi p between the
m ni mum rﬁg‘ﬁb‘r gf gréna?ié" ?cugs (a) and the total
nunber of net positivel charge (pt) wherein 2a is the
| argest nunber that is |ess than or equal to pt + 1.
In this enbodinent, the rel ationship between the
N Sahélﬂﬁén&ﬂ) f
MRG58 ATIAR dliits (3l uEon e o
amino@sidfresitosss(r) &6 equl.) Inlandtier pr&erﬁed?erﬁb@ilment (ka)pepuclesmage
334455 1In noth r enpodi nent, the nu
three of fprAmigo @Pl&dfﬁg iﬁamm%u@a 9pe AfAgsitive ‘?eafﬁ%tpfefefably’
m1n1mﬁﬁr°'611t'v\>6ex} @i@@esch% afd BrofIPRkeralia aReMIthuE 0@ Ui8s net
especially " the tern nal carboxyl gfoup of a C-ternmna
pos1t1\&mharge515 acid, are preferably am dated with, for
exanple, ammonia to forma C-term nal am de.

ternat term.nal ..carbax
CrighRs vt s ey SRk doa Bl Pt i mber of
aromall gFepY 1&Eor§ﬁéﬁﬁﬂﬁiﬁfﬂ1e asthNEm bR ©f ﬁéﬁ pmitiWe @haxgac@gd dihy
amne may, fo exanpl e, be an al espeC| ally a

minimpyaphest of rarqmﬂjxcaﬁ@mcw{iiw@femem gelew a§k®ar yl ani ne.

Naturally occurring amino acids that have an aromatic group include the amino
acids histidine, tryptophan, tyrosine, and phenylalanine. For example, the hexapeptide
Lys-Gln-Tyr-Arg-Phe-Trp has a net positive charge of two (contributed by the lysine and
arginine residues) and three aromatic groups (contributed by tyrosine, phenylalanine and

tryptophan residues).

In one embodiment of the present invention, the aromatic cationic peptides useful
in the methods of the present invention have a relationship between the minimum number
of aromatic groups (a) and the total number of net positive charges at physiological pH

(py) wherein 3a is the largest number that is less than or equal to p + 1, except that when
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Accordingly, the amno acid at the Cterm nus of the
pepti de may be converted to an 20 am do,
woRomshmpkam do, N-et hyl am do, N, N-di nmet hyl am dBCT/US2004/013772
N, N- det hyl am do, N nethyl - N-et hyl am do, N phenyl am do
or N-phenyl - Nethyl am do group. 15 WO 2005/001023
pris 1 garcnlié%)a & g (013 4 €em Jggdl%% I t1leQBta tlgﬂs@ugg B&%e&?ﬁ@%%

amno acid resi dues
numbdi I Bytiateeo s APandeh numB&dmnagpoetivegihatgea(mkeis as follows:
aspartic acid, and glutamc acid residues, may al so
be am dated wherever they occur. The am dation at
t hese positions rray be vvith amoni a or any of the
pri mar y[or_secpongda ammn escrl pbed] above. 5 In one
enbodi ey, tlhe2ar30n‘ht iS¢ @at7| il @ pEbtide useful in
t he net hods |of| t he | piesient nve=nti on|is a tripeptide
havi ng t 1 ’ 0Si t | char,ge nd,at | east one
aromat i V&amelnop i i ?n g E%L |§ul g’lr enbodi nent, the
aromat i c—catl pitide Useful ia—the nethods of
the present invention is a tripeptide having two net
positive charges and two aromatic am no acids. 10
AL Oﬂﬁttﬂe‘f‘ eﬁlt%gafﬁ{gn‘f tl’@ea%ﬁl aﬁ%ﬁfc"f{)gﬁ&‘esﬁﬂ@e g‘?él'é‘@(ﬂﬁhgbetween
present 1 nvention |nc are not limted
the mlTnﬁnum mendbet bitavbmgtip gratpsl ) andiﬂ;tﬂ:l tew] nlupberDf AegpoFitiveldHarges
Phe- DAr Hi s, yr-Trp-Lys
(po) wlﬁrﬁn@_a@, e—i@r.ge%n%ggthat g)}q:sy ﬁ?aé’l q&e@;é twt—l—l In this
emboﬁgﬁn%l% ﬂ&aﬁbﬁs}@ Betwez:rﬁ{ fhe Q’nﬁﬁﬁmﬁ hemlbés o e midti amino acid
residuBs () saGhe tb_tytl;m]iybermf mh‘eposrtg/e charges (py) is as follows:
Lys- D- @ n- Tyr - Ar g- D- Phe- Tr p- NH2,
Phe-D- Arg- Lys-Trp-Tyr-D-Arg-Hi s,
d y-D Phe-Lys-Tyr-H s-D Arg-Tyr-NH2, V
al - D- Lys-Hi-s-Ty Phe-S er-Pr—Arg-—NH2, 25
Trp- Lys@he10-Asp-|Af g5Ty6 1 P-|H $-9LyR0
Lys- Tr p- D- Tyr|- Af g-|Asm- Bhe1 Tyr - D- Hi s- NH2,

@ [1|172[2]3(3]4{4|5]|5

In another embodiment, the number of aromatic groups (a) and the total number

of net positive charges (pt) are equal.

Carboxyl groups, especially the terminal carboxyl group of a C-terminal amino
acid, are preférably amidated with, for example, ammonia to form a C-terminal amide.
Alternatively, the terminal carboxyl group of the C-terminal amino acid may be amidated
with any primary or secondary amine. The primary or secondary amine may, for
example, be an alkyl, especially a branched or unbranched C;-C4 alkyl, or an aryl amine.
Accordingly, the amino acid at the C-terminus of the peptide may be converted to an
amido, N-methylamido, N-ethylamido, N,N-dimethylamido, N,N-diethylamido, N-
methyl-N-ethylamido, N-phenylamido or N-phenyl-N-ethylamido group.
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Thr-Qd y-Tyr-Arg-D-Hi s- Phe-Trp-D-Hi s- Lys,
Asp- D- Tr p- Lys- Tyr-D- H s-Phe- Arg- D3 y-Lys- NH2,
W208580109%- Tyr - D- Phe-d u- D Asp- D-His- PCT/US2004/013772
D-Lys-Arg-Trp-NH2, and 16 WO 2005/ 001023
PCT/ US2004/ 013772
a- bx Phe:.D> - Eyr-Lys- D Tr ps H..S- D-. - - Phe.
oS SR s o B gt o S e el shdte o
one c&Bé:tydie gropePd. g despagspidd) glutdmeiheldspartic acid, and glutamic acid
.. Tyr-D-Arg-Phe-Lys-NH2 (for conveni ence represented,by
feSldUleﬁénaa/cé}l%ﬂwg@ﬁﬁmléa‘)éﬂﬂ’m&ff?v%m%ﬂc%s The gavdatioaat these PesiQYS
may b%fwihpgrﬁrﬁonig%? ta{l%/ Brtg %rlmc?r% BBy RIS delHbRS bbEve.
argi nine, and sl ne-an as two aromati c groups
contributed by the am no acids phenyl al ani ne and
t Y oisd emebodiinent] the@somaticodatiDiic PAptidaudetil an thednétheds of the
derivative of tyrosine such as.in :
preserginvgnion fodt RpPRYACJE HE 0 Tt BORILYS THEESS R aLIsErt AR progratie
amind 24 f RraBirculd enfbodiEnt DhARnEAR -daisnibigéptide- Beful in the
Dnt ' -DALDA). Other nodified derivatives of 10 tyrosine
methdds of theergsentnipvénfionyis a stipeptide/having two net positive charges and two
N, 2' .6 -t.crli methyltyrosine (Tnt); and 2'-
aromafiG §PHUQ Ad4S et hyl tryo sine (Hit). In another preferred
enbodi nent, the amno acid at the N-term nus of DALDA
Cc anohetiacpioaityeptidss usefidin ihk snddisods\withegeseAninaentiat include,
cationjc peptide with phenylal anine at the N-term nus
but arg gt hipied gw ﬁmfall@mgmem%am@- §s- NH2 (i . e.,
Phe' - DALDA) .- 15 Preferred derivatives of phenyl al ani ne
R wdengr, - met hyl phenyl al ani ne (Mmp), 2',6" -
Lys ]jdg%e?gﬁl\]glﬁ’enyl al ani ne (Dnp),
Phe-TNA®S-H®, - t ri met hyl phenyl al ani ne (Tnp), and 2' - hydr oxy-

' - et phenyl al ani ne (Hmp). | n anot her enbodi nent,
D'Tyr?ﬂ@%ﬁ[}ﬁgz’aci d sequence of Dm'-DALDA is rearranged
Trp-DSOT 08 it is not at the N-termnus. An exanple of

such an aromatic cationic peptide 20 has the fornula
Tyr-His-Br@ly2Met, Dt - Lys- Phe- NH2. Any of the specific
Phe-/%e%}élgsgé menti oned herein, such as those nentioned

b M4 those mentioned bel ow, e.g., in table 1,

Tyr-D-A-PlgH-Dgs-O0d-NHDALDA, DALDA, Phe' - DALDA,
D-Arg-2' 6' Dnt - Lys-Phe-NH2 and their derivatives can
Met'T}{ErH-géf’rPh‘héF&de functional anal ogs. A peptide is
: si dered, anfungtional anal og of Dnt'-DALDA, 25
D'Hlsg)%gﬁ%ebﬁgp 9]5% , or D-Arg-2'6'Dnt-Lys-Phe-NH2 if the

Lys-Da@al-0g-haspibhe-&paeH,,f unction as Dnt' - DALDA, DALDA,

Phe' - DALDA,. or D-Arg-2'6' Dnt-Lys-Phe-NH2. The anal og
Phe'%i&‘LY%F%I%BPAé,g% »a substitution variant of
Gly-DPe-L L PP eris DDA TG,

Val-D-Lys-His-Tyr-D-Phe-Ser-Tyr-Arg-NH,,
Trp-Lys-Phe-D-Asp-Arg-Tyr-D-His-Lys,
Lys-Trp-D-Tyr-Arg-Asn-Phe-Tyr-D-His-NHa,
Thr-Gly-Tyr-Arg-D-His-Phe-Trp-D-His-Lys,
Asp-D-Trp-Lys-Tyr-D-His-Phe-Arg- D-Gly-Lys-NH,,
D-His-Lys-Tyr- D-Phe-Glu- D-Asp- D-His- D-Lys-Arg-Trp-NH;, and
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DALDA, or D-Arg-2'6' Dnt-Lys-Phe-NH2, wherein one or

nore amno acids is substituted by another am no
wa@eood/00Z3 WO 2005/ 001023 PCT/ US2004/ 013772 SuPCEHDEm®04/013772

substitution variants of Dnt'-DALDA, DALDA,

Phel - DALDA, or D Arg-2'6' Dnt-Lys-Phe-NH2 incl ude

onservative amno_acid.sybstj.tutions. Am no acids
Ala—D-ﬁlavaAerg- }Gﬂﬁ'éd)%'gﬁﬁp' %tg‘yfﬂﬁ’gl r physi cocheni cal
characteristics as follows: (a) Non-polar am no acids:

Ala(A) Ser(S) Thr(T) Pro(P) Ay(Q; 5 (b) Acidi
ool DB RS BT GRS G410 ReES TSI e

formulf TR R R el Sy (AR oy L RO
DALDﬁSBI)g 'IDtﬂ]l;]thA&ﬁB a@e?pdSQWe dhhee oY thiye, Cotribufe(iWy th smird)acidsO
tyrosioaniTABIR PN RITGIHE SanEVo P BH BXSUPeFSFH iR 5y Jae Siino aeids
phenyl?feglﬁgl% ra}éé“i%}é §nd UPRL {)ﬁ%gulgﬁ& Dgﬁﬁﬁe&ﬁﬁ% MBo&iRE Gblivivene

i
t preserve t ysi cochem cal characteristics
tyrosimefsutthas iar’ gi -diahethglpgrosiee td prodemntthastmpouwddwyingthe fommula

, ,-of an amn jd.in ' by anot h i no acid
2.6 -@rﬁt-a-ﬁ&«sﬁ@?r@m%g; s PP Bak A R e gty aids o
il ih@hdd PemEMIf AGERE (SinhiG: N Of 6 L dihy 18 r8dhe PRRD] £1.2°15
tymSlr%xlarrpﬁ1 es of .an{oogs(use ‘ul”i'n the p}tggti cee of the
hydrowé’sraﬂtﬂlyltrwem:i(ﬁmt).ncI ude, but are not limted to the
aromatic cationic peptides shown in Tables 1 and 2.

TABLE,1 Anm.no Aci.d C Term nal \eg j ' '
AR RERE PR ke B B B €0 MAERLErAIRLOAIDA
can beROsHeh{aRnihe B39 $ts tdeAtat & e PRSI dro@atiScdtoaid pepridé withghenylhlanine

Tyr D-Arg Phe Lys N2 Tyr D-Arg Phe .On_N I
at the beltpmnum st fagppila Hig-DArgrh eﬁwg-lﬁﬁp(lmé’hegf)@a@-

et s AP e S g .
dimetiHp¥egyRh@idey®niyi( NP )62-tiilrethty phdiiAalanine (Tmp), and 2’-hydroxy-
6’-methylphenylalanine (Hmp). '

In another embodiment, the amino acid sequence of Dmt'-DALDA is rearranged
such that Dmt is not at the N-terminus. An example of such an aromatic cationic peptide
has the formula D-Arg-2’6’Dmt-Lys-Phe-NH,.

Any of the specific peptides mentioned herein, such as those mentioned above
and those mentioned below, e.g., in table 1, including Dmt'-DALDA, DALDA, Phe'-
DALDA, D-Arg-2’6’Dmt-Lys-Phe-NH, and their derivatives can further include
functional analogs. A peptide is considered a functional analog of Dmt!-DALDA,
DALDA, Phe!-DALDA, or D-Arg-2’6’Dmt-Lys-Phe-NH, if the analog has the same
function as Dmt'-DALDA, DALDA, Phe'-DALDA, or D-Arg-2’6’Dmt-Lys-Phe-NH,.
The analog may, for example, be a substitution variant of Dmt'-DALDA, DALDA, Phe!-
DALDA, or D-Arg-2’6’Dmt-Lys-Phe-NH,, wherein one or more amino acids is

substituted by another amino acid.
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2'6'Dnt D-Arg Phe dnsLys NH2 2'6'Dnt D-Cit Phe Lys

NH2 2'6'Dnt D-Cit Phe Ahp NH2 2'6'Dmt D-Arg Phe On
WORIDS/0@I083 Dt D- Arg Phe Dab. NH2 2'6' Dt D ArpcPos20Dapi3772

NH2 2'6'Dnt D Arg Phe Ahp(2-am noheptanoic acid) NH2

Bi 0-2' 6' Dt DArg Phe Lys NH2 3'5' Dmt D-Arg Phe Lys

i G T e g

Arg-2’ @‘]ﬁﬁlﬂL?@?h@B@bhﬁrﬁudg donsErvAli e éEMiho layil sNbBltufﬂytrs Dsrﬂmg amds
Tyr Orn NH2 yr D-Arg.Tyr Dab NH2 Tyr %

may be\gRupgd @cmﬁn@oﬁh@r ngfsfsm_oybenuqzl chzraﬁteaﬁwsms 8 "T%;
NH2 2'6'Dnt D-Arg Tyr Dab NH2 2'6'Dmt D Arg Tyr Dap

ST NS RS e R R ©
5 208 %clﬂ}géhgnéaﬁdﬂAsnmpAbjb@)) GUE)Mn(Q: Arg 3' 5' Dt
r NH2 3'5'Dnt D Al
3@3% Dripasts 'ﬁmNP@mdé’ %Ar %ﬁ% Aﬁ(mygﬁ Dnt Dab NH2  Tyr 9
Rabys HhGoHRbiNRino acids: Met(M) Leu(L) Ie(l) Val(V); and
(e) Aromatic amino acids: Phe(F) Tyr(Y) Trp(W) His (H).

10 Substitutions of an amino acid in a peptide by another amino acid in the same
group is referred to as a conservative substitution. Conservative substitutions tend to
preserve the physicochemical characteristics of the original peptide. In contrast,
substitutions of an amino acid in a peptide by another amino acid in a different group is

generally more likely to alter the characteristics of the original peptide.

15 Examples of analogs useful in the practice of the present invention include, but

are not limited to the aromatic cationic peptides shown in Tables 1 and 2.

TABLE 1
Amino Acid .

AminoAcid  AminoAcid  AminoAcid  Amino Acid Position 5 (if oAl
Position 1 Position 2 Position 3 Position 4 present)

Tyr D-Arg Phe Lys NH,
Tyr D-Arg Phe Orn NH,
Tyr D-Arg Phe - Dab NH,
Tyr D-Arg Phe Dap “ NH,
2'6'Dmt D-Arg Phe Lys NH,
2'6'Dmt D-Arg Phe Lys Cys NH,
2'6'Dmt D-Arg Phe Lys-NH({CH,),-NH-dns NH,
2'6'Dmt D-Arg Phe Lys-NH(CH,),-NH-atn NH,
2'6’'Dmt D-Arg Phe dnsLys NH,
2'6'Dmt D-Cit Phe Lys NH,
2'6'Dmt D-Cit Phe Ahp NH,
2'6'Dmt D-Arg Phe Orn NH,
2'6'Dmt D-Arg Phe Dab. NH,
2'6'Dmt D-Arg Phe Dap , NH,
2'6'Dmt D-Arg Phe Ahp(2-aminoheptanoic acid) NH,
Bio-2'6'Dmt D-Arg Phe Lys NH,
3'5'Dmt D-Arg Phe Lys NH,
3'5'Dmt D-Arg Phe Oorn NH,
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3'5Dmt
35'Dmt
Tyr

Tyr

Tyr

Tyr

2'6'Dmt
2'6'Dmt
2'6'Dmt
2'6'Dmt
2'6'Dmt
2'6'Dmt
2'6'Dmt
2'6'Dmt
3'5'Dmt
3'5'Dmt
3'5'Dmt
3'5'Dmt
Tyr

Tyr

Tyr

Tyr

2'6'Dmt
2'6’'Dmt
2'6’'Dmt
2'6'Dmt
3'5'Dmt
3'5'Dmt
3'5'Dmt
35'Dmt
Tyr

Tyr

Tyr

Tyr

2'6'Dmt
2'6'Dmt
2'6’'Dmt
2'6'Dmt
2'6'Dmt
2'6'Dmt
2'6'Dmt
2'6'Dmt
2'6'Dmt
2'6'Dmt
3'5'Dmt
3'5'Dmt
3'5'Dmt
3'5'Dmt
Tyr

Tyr

Tyr D-Lys
D-Lys Phe

WD200550 ke
D-Lys Phe
D-Lys Phe
D- lty Phe
Tyrs

n NH2

Arg NH2 Tyr D-Lys Phe Lys NH2 Tyr
NH2 2'6'Dmt D-Lys Phe Dab. NH2 2'6' Dnt
NH2 2'6'Dnmt D Lys Phe Arg NH2 PCi/65100/013772
NH2 3'5 Dnmt D Lys Phe On NH2 3'5' Dnt
NH2 3'5' Dnt D-Lys Phe Dap NH2 3'5' Dnt
hI(;|2 Tyr Dda)és Tyr Lys NH2 Tyr D Lys NH,
f DLys T apDab NH2 Tyr D-Lys Tyr Dap NH,
Cys Tyr LysoNH2 2'6'Dnt D-Lys Tyr On
§ ys Tyr NH2  2'6'Dnt D-Lys Tyr Dap
ys 2'6' bLys NH2 2'6'Dnt D-Lys NH,
r 2' 6' Dt Lys 2' 6' Dt Dab NH2 NH,
6' Dt Dag NH2 2'6'Dnt D-Arg Phe NH.
§r D1t D-ArgyPhe atnDap NH2  3"5' Dt NH
}/S NH2 3'5 . Dnt D-Lys 3'5 Dnt On NH2 NH,
5' Dnt Datbngz 35Dt Dlys 35 Dm 7
ey Phe Ar NH2 - Tyr D-Orn Phe Arg NH2 NH,
2'6’'Dmt omn NH,
2'6'Dmt Dab NH,
2'6'Dmt Dap NH,
3'5'Dmt Arg NH>
3'5'Dmt Lys NH
3'5'Dmt Om- NH,
3'5'Dmt Dab NH,
Phe Dap NH,
Phe Arg NH;
Phe Lys NH;
Phe Oorn NH
Phe Dab NH,
Phe Dap NH;
Phe Arg NH;
Phe Lys - NH;
Phe Orn NH;
Phe Dab NH,
Phe Dap NH,
Phe Arg NH;
Tyr Lys NH,
Tyr Oorn NH,
Tyr Dab NH,
Tyr Dap NH,
Tyr Lys NH,
Tyr O NH,
Tyr Dab NH;
Tyr Dap NH,
2'6’'Dmt Lys NH,
2'6’'Dmt Orn NH;
2'6'Dmt Dab NH,
2'6'Dmt Dap NH>
Phe dnsDap NH,
Phe atnDap NH;
3'5'Dmt Lys NH
3'5'Dmt Orn NH,
3'5'Dmt Dab NH,
3'5'Dmt Dap NH,
Phe Arg NH;
Phe Arg NH
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19 WO 2005/ 001023 PCT/ US2004/ 013772 Tyr D-Dab Phe Arg
NH2 Tyr D-Dap Phe Arg NH2 2'6'Dnt D Arg Phe Arg NH2
wQ2@s50m02D- Lys Phe Arg NH2 2'6' Dnt D- Orn Phe Pemyubtda4/013772
2'6'Dmt D-Dab Phe Arg NH2 3'5 Dnt D Dap Phe Arg NH2
35Dnt D-Arg Phe Arg NH2 3'5' Dnt D-Lys Phe Arg NH2

Tyr 3 D-On FP e Arg N Tyr D-Lys Tyr Arg NH2 Tyr NH,
Tyr D a yr Arg Tyr b Tyr Arg NH2 Tyr D- Dap NH,
Dt TyrD o G Dnt DAr 52 67Dt Arg NH2 ~2' 6' Dnt NH,
yepmi D eg NH2 2@ Dnt D-Qrn 2'6'Dnt Arg NH2 gy
26Dt 2' D- Dab e6 Dt Ar H2 3'5 Dnt D-Dap 3'5' Dnt NH,
>'6'Dmt 35 D-Arg 3 Dnt Arg NH2 3'5' Dmt D-Lys NH,
oDt P Arg NbZ° 3'5' Dt J2Qrn 3'5'Dmt Arg NH2 Mt NH
Dt Phe Lys Mt D'Arg Phe Orn NH2 “Mit D-Arg NH,
35Dt b NH2 DArg Ph gDap NH2 Tnt D-Arg Phe Lys NH,
s rrt D Ar he On N Tnt D-Arg Phe Dab NH2

3'5’Dmt he rg NH;
Tyr D Lys Tyr Arg NH;
Tyr D-Om Tyr Arg NH,
Tyr D-Dab Ty Arg - NH,
Tyr D-Dap " Tyr Arg NH,
2'6'Dmt D-Arg 2'6’Dmt Arg NH»
2'6'Dmt D-Lys 2'6'Dmt Arg NH,
2'6'Dmt D-Orn 2'6'Dmt Arg NH,
2'6'Dmt D-Dab 2'6'Dmt Arg NH,
3'5'Dmt D-Dap 3'5'Dmt Arg NH,
3'5'Dmt D-Arg 35'Dmt Arg NH,
3'5'Dmt D-Lys 3'5Dmt Arg NH,
3'5'Dmt D-Orn 3'5Dmt Arg NH, -
Mmt D-Arg Phe Lys NH,
Mmt D-Arg Phe Oorn NH,
Mmt D-Arg Phe Dab NH,
Mmt D-Arg Phe Dap NH,
Tmt D-Arg Phe Lys ’ NH,
Tmt D-Arg Phe orn NH,
Tmt D-Arg Phe Dab NH,
Tmt D-Arg Phe Dap NH;
Hmt D-Arg Phe Lys NH,
Hmt D-Arg Phe orn NH,
Hmt : D-Arg Phe Dab NH,
Hmt D-Arg Phe Dap NH,
Mmt D-Lys Phe Lys NH,
Mmt : D-Lys Phe Omn NH,
Mmt- D-Lys Phe Dab NH,
Mmt D-Lys Phe Dap NH,
Mmt D-Lys Phe Arg NH-»
Tmt D-Lys Phe Lys NH,
Tmt D-Lys Phe om NH,
Tmt D-Lys Phe Dab NH,
Tmt D-Lys Phe Dap : NH,
Tmt D-Lys Phe Arg NH,
Hmt D-Lys Phe Lys NH,
Hmt D-Lys Phe Oorn NH,
Hmt D-Lys Phe Dab NH;
Hmt D-Lys Phe Dap NH,
Hmt D-Lys Phe Arg NH,
Mmt D-Lys Phe Arg NH;
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Tnt D-Arg Phe Dap NH2 Hnt D-Arg Phe Lys NH2 Hnt

D-Arg Phe On NH2 Hnt D-Arg Phe Dab NH2 Hmt D Arg
w@b@sDep2NH2 Mt D-Lys Phe Lys NH2 Mt D LysP@hesioos013772

NH2 Mt D-Lys Phe Dab NH2 Mt D-Lys Phe Dap NH2 Wht

D-Lys Phe Arg NH2 Tnt D-Lys Phe Lys NH2 Tnt D-Lys

Mmt Ph 8{ n NH2 T D-Lys Ph Dab NH2  Tmt D-Lys Phe Dap pnH
. D- LysyPhe Arg N Ht D-Lys Phe Lys NH2 Hit
o tI‘Dhe an HiTt gs Phe Dab NH2 Hit D-Lys  y
Mmt D-Lys P N2 Mit D-Lys Phe Arg .
Tt O V\D 2005/001023 P r5;;U82004/ 013772 WMt D-On NH2
™ _}ééf D-Dab PH Ar g N2 Mt D-Dap Phe Arg i
i N DAr he Arg NHZ° Tnt D-Lys Phe Arg NH2 Tt
m E;Ibhe Arg Tnt D'Pdb Phe Arg N2 Tnt D-Dap NH

Ph NH2 9 2
Tmt -Ar Phe Arg NH,
Hmt D-Lys Phe Arg NH,
Hmt D-Orn Phe Arg NH,
Hmt D-Dab Phe Arg NH;
Hmt D-Dap Phe Arg NH;
Hmt D-Arg Phe Arg NH,

Dab = diaminobutyric

Dap = diaminopropionic acid

Dmt = dimethyltyrosine

5 Mmt = 2'-methyltyrosine

Tmt =N, 2',6'-trimethyltyrosine

Hmt = 2'-hydroxy,6'-methyltyrosine

dosDap = B-dansyl-L-a.,f-diaminopropionic acid

atnDap = B-anthraniloyl-L-a,B-diaminopropionic acid
10 Bio = biotin

TABLE 2

Amino Acid ~  Amino Acid Amino Acid Amino Acid C-Terminal

Position 1 Position 2 Position 3 Position 4 Modification
D-Arg Dmt Lys Phe NH,
D-Arg Dmt Phe Lys NH»
D-Arg Phe Lys Dmt NH,
D-Arg Phe Dmt Lys NH,
D-Arg Lys Dmt Phe NH,
D-Arg Lys Phe Dmt . NH,
Phe Lys Dmt D-Arg NH;
Phe Lys D-Arg Dmt NH»
Phe D-Arg Dmt Lys NH,
Phe D-Arg Lys Dmt NH,
Phe D-Arg Phe Lys NH;
Phe Dmt D-Arg Lys NH,
Phe Dmt Lys D-Arg NH;
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Tnt D-Arg Phe Arg NH2 Hnmt D-Lys Phe Arg NH2 Hnt

D-On Phe Arg NH2 Hmt D-Dab Phe Arg NH2 Hnt D- Dap
w@b@sAo®2NH2 Hnt D-Arg Phe Arg NH2 Dab = PCT/US2004/013772

di am nobutyric Dap = diam nopropionic acid Dm =

dimethyltyrosine 5 Mit = 2'-nmethyltyrosine Tnt = N,

2' .6 -trinmet Ityrosms nt =

I‘y?}ydroxy, raTet hyl typQsi ne dns@qﬂg NH

ys
( dansyl U@}h(s di am gapr opi oni ¢ %l d at rm:l]ép
( Yant hr ani | :l L-a, (3plg| m nopr pA nic aci\@,> 10 Bio =
bi®tin TABL dAm gAmno id Am no
Al 'V%l C Term g P03|tb9‘p 1 Pos gn 2 Posijion 3
P t|on4 Ei |cat|oB o Lys Phe d3|2 D-Arg

_A he Lys e D Argy ﬁw Lys NH2 D-A'§ Phe Dnt
L A Lys Dm g Lys Dnt NH2
PHE gy rg NH2 P % Lys 2 Phe
D- yDc, H2 Phe lr%rg Lys D-Arg
Ptﬁpl_ys NH2 ﬁ Dt Di_%\rg Lys N Phe Dty Bys D-Arg

p D-Arg Trp . Lys NH,

Trp D-Arg Dmt Lys NH,

D-Arg Trp Lys Phe NH,

D-Arg Trp Phe Lys NH

D-Arg Trp \ Lys Dmt NH;

D-Arg Trp . Dmt Lys NH,

D-Arg Lys Trp Phe NH,

D-Arg Lys Trp Dmt NH,

Cha D-Arg Phe Lys NH,

Ala D-Arg Phe Lys NH,

Cha = cyclohexyl

The amino acids of the peptides shown in Tables 1 and 2 may be in either the L-

or the D- configuration.

Further cationic peptides can be found in U.S. Provisional Application No.
60/444,777 filed February 4, 2003, which is hereby incorporated by reference.

Molecules

The molecule can be a biological molecule or a small molecule. Preferably, the
biological molecule or small molecule is a pharmaceutically active molecule. A
pharmaceutically active molecule as used herein, is any molecule which exerts a

beneficial effect in vivo.

A biological molecule is any molecule which contains a nucleic acid or amino
acid sequence and has a molecular weight greater than 450. Such nucleic acid and amino
acid sequences are referred to herein as “polynucleotides” and “polyamino acids,”

respectively.
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21 WD 2005/ 001023 PCT/ US2004/ 013772 Lys Phe D-Arg Dnt

NH2 Lys Phe Dmt D-Arg NH2 Lys Dnt D-Arg Phe NH2 Lys
wmedaosPm®2D- Arg NH2 Lys D-Arg Phe Dnt NH2  LysPOFBRZH04/013772

Dt Phe NH2 D-Arg Dt D-Arg Phe N2 D-Arg Dnt D Arg

Dt NH2 D-Arg Dnt D-Arg Tyr NH2 D-Arg Dnt D-Arg Trp

%}o&p H‘%Il_eg% ?ud?rypély@_%eom%?d pipA{dg ﬁaélewé?éﬁis'\uﬁgrlr pTr Y
polyanhM§ ablag shkfRas pepAieks, polppéfiriet,md Wem@- Bxgmilep oﬂymlol@lrtal
DArgTrDrrthNHZ D-Arg Lys Trp H2
molecql)asawglchylge mwpnwtl aceﬁ%ﬂ@l%egmﬁﬁ@ney%mqges %

vasopr il Bt o (P TsFRE P Ftg s B URaR DT

hormohd)eehzynt¥s (¢.5¢ alzalaeinidage)l attibodies Kelpt, hﬁnbddgtalgmnst(beta-
peptides can be found in U S. Provisional App tion

amyloiowhich cag ba a8edrt Frepi Alzheimesy digpapel negroiaphiggrayphiiactors

re .
o SPGB B LA 0 RO s .
plateletrabedd @owhr fatier RDIGF, vaseelar endothelial cell growth factor VEGF), and

oligonucleotides.

The oligonucleotides may comprise any sequence of nucleotides, such as DNA or
RNA. The DNA and RNA sequences can be single or double-stranded. For example,
DNA encoding a protein that is beneficial in assisting survival of a cell during stress can
be conjugated to the peptides of the invention. Examples of such proteins include the

heat shock proteins (e.g., hsp60, hsp70, etc.).

Examples of single-stranded RNA molecules include ribozymes, RNA decoys,
external guide sequences for ribozymes, antisense RNAs and mRNAs. For a review of
these single-stranded RNA molecules, see Sullenger et al. (Nature 2002, 418:252-247).
The description of these single-stranded RNA molecules, and the description of illnesses
and diseases which can be treated with ribozymes, RNA decoys, external guide
sequences for ribozymes, antisense RNAs and mRNAs molecules disclosed in Sullenger

are hereby incorporated by reference.

An example of double stranded RNA is an RNA interfering molecule (i.e., RNAi
such as, for example, siRNA (i.e., small interfering RNA)). The siRNA can be any
known to those in the art.

/

The siRNA can be, for instance, sufficiently complementary to a mRNA to inhibit
translation of a protein implicated in a disease, condition or illness. Examples of such
proteins include, for instance, B-amyloid which is implicated in Alzheimer’s disease and

the protein ras which is implicated in cancer.
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bi ol ogi cal nolecule or small nolecule is a

phar maceutically active nolecule. A pharmaceutically
wa@edasweloedl ecul e as used herein, is any nol ecuPer/ubi004013772

exerts a 10 beneficial effect in vivo. A biologica

nol ecul e i s any nol ecul e which contains a nucleic acid

of;,.am.na ci e
ReaPPR B SO P aehes, RLARLAfUEL A o
RNA piediicenbea vafue. TRE RNzeprotiacdddryethe vizss SpodeyanydRéAtwidesls
and "pol yam no acids, " respectivgly.,ZZ !ﬁ%¥ . ¢
generalip pesuged far3anfoctipn et orll Py 1vaBPh Hs giRia) angr SERagRton
the virlid, %&éﬁﬁm@s"é%ﬂgﬁ?kﬁ% infifde HRERAR] RiboBMEE Fhfry 8ok AN Aadsendent
pol'yam™no aci ds, such as pepti des, polypeptides, and
polymérte iaitiation EtesphERNAf erbbdihg girekbénvetnpk eoottips, vidal ohclenses,
_pEarnaceuticaIIy active include endogenous peptides
and vifebprgteasesy asopr essi n, gl ut at hi one), proteins (e.g.,
interferons), hornones (e.g., human grow h 5 hornone),
WRSs dfBifises iBcldad, F6t Aaihfhas BpatARMiRO e af Bep@titis A, B,
anti body agai nst beta- anyloid, which can be used to
and C,thugan innrheefigiencyiviuadwsieimbar GrusopHPRe g VS, glcugpan
11%@"%' nerve growth factor NGF, brain-derived
papllomg YfYShhi ¢ factor BDNF), cytokines (e.g.
pl at el et -derived gromh factor PDGF, vascul ar
ediRNAhehich target Wirug RN hart &kadwn tO/HGEY in thadrt. For example,

. oligonucl eotides. 10 The oligonucl eotides my conpris
siRNAgwhieheHgsh Bepabitis &Wt@&iﬁé’égr,e o tqdhosrian Hie sk Kapdall ot
al,pNgﬁ%@gqoﬁ%S?ggyences can be single or

ou e

I'e~’stran For exanple, DNA encoding a protein
that is beneficial in assisting survival of a cell
diiné mglestle@as be anmal) enademija) Rmallintodecuies inrdysic Aeaniof

the invention. Exanples ch proteins in
compoids SBHGRIeR IR STupas gs F4auhe FAfHain G ok BBunds,
monosadHABHES affinSadidl, Bndhuciigiges. RvAalled deoules San Agthdd nclude

ri bozymes, RNA decoys, . _external guide sequences for
molecwlepthaywesld cdharivsriscomigged il 10lergilesgexcgnt BT of

these. single-stra I I r et
moes 105 {67 5B U ELANID i Sace Rt ey
oligoshdtBaedesi @lﬁéc@e?ﬁde@miﬁd)lilgbﬁudndtﬁleglaﬁs theinderiviagives, having a

description of illnesses and diseases which can be
mOleCtﬂlaé‘é/?@gt o 430 ¢nlpszynes, RNA decoys, external guide 20

sequences for ribozynmes, antisense RNAs and nmRNAs

nﬂlif&ﬂ;gﬁa%izqg %&g‘it 91?13? nddlecatts e E8Ve afy rﬁol'%@lﬂ@xbééei?ht. They are
i ncor por at e y reference. npl e of double

An exa
merel g taiked dall RiNActdesdrecRINA theyt der o qualjfyras lbéd ogieal (molecules, and

typica%/\lﬁiave molecular weights less than 450. Small molecules include compounds that
are found in nature as well as synthetic compounds. Examples of small molecules which
are pharmaceutically active include antibiotics (e.g., tetracycline, penicillin,
erythromycin), cytotoxic agents (e.g., doxorubicin, adriamycin), and antioxidants (e.g.,

vitamin E, vitamin C, beta carotene).

Carrier Complexes
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such as, for exanple, siRNA (i.e., small interfering

RNA)). The si RNA can be any known to those in the
w@edaos/0@H23he si RNA can be, for instance, suffiPkCENE1094/013772

conplenmentary to a nRNA to inhibit translation of a

protein inplicated in a disease, condition or illness.
| ; . . . e
CAPRS iy B 8 Aol L el Bl hOFRECGne

peptid@agidesthigedpibot€iassdciise whiboah aicarriempbmphike Themalenteand 23
WO 2005/ 001023 PCT/ US2004/ 01377 Alterqg%ivel , tgﬁy‘ﬂ

aromali§ RURNISAREPHES CATASSRBRIRBY @nY BFFIACCaREY ) Raspt gy Apgreble

types $Qs 10 %EHQH Qﬁ%nl\l%ﬁbﬁ?n}:ﬁh Eflfﬁ physit@l FOMysPicadHsed bhydst he

Virus can be any generally required for
includé,rfbeetainpte, cbvaettdondcald coosdinate bandso fPhykiealionds include, for

. and/ or pro at.ian .0 the virus. | es .of such RNA

instandén oy et QP PO BlrsesinieR S ea R HEpoRian. o

interad®@hy, TRARDRoBD itk RELQR Sl bRsmatRNEhcRWS. encodi ng viral
envel ope proteins, viral nucleases, and viral

prot eases. Examples of viruses include, for exanple
hEksatype PEasspeigfion kalwpensibe mokeeuiasiagd Aronmtic cgignicpe n

. nodefi ci enc [ 1 . Epstein- '
oricsTURRHED SoEOGHotL 5B L RN b e ol
functioval ldupas@eiabléionbe RNARtiacetiduiopeptide. t hose in the art.

For exanple, siRNAs which target hepatitis C virus

RNAs are known to those in the art, see Rapndall e
o oo o aDRDEs. b3n0, & M LR L tlecile
typicaﬁ{@és'oci L G4 LraniHal F%ﬂb SRYAESohRGE UaForRE Baffide. _
conpounds, organonetallic conpounds, salts of organic
Alternaticelgragfanaivetbgrioip oo dnpaoromdts catioBiqmapbide essheiaicd sgth a
.amino acids, and pucl eotides. Small nol ecul es can
functlc[)rg:l EEp OPﬁﬁff %Eec t ecul es that woul d ot herw se be
consi dered bi ol ogi cal nol ecul es, except their

nmh@ﬁmb@énawgm%b oh $hd¥@ble6ile ah® hrohln@io c4B6hic Peptiie camal |
ol ecules may be lipids, oligosaccharides
associateidifepipt Fatezamalvela Simciion eram (e @og Sulfiydiyhatoup) on a

ot v Y T 83

cation tiaaio foeheclihafiderei ght. They are nerely call ed

smal I nol ecul es because they do not qualify as

bi ol ogi.cal |.ecul eg, and ftypically have nol ecul ar
weigretvelisbe fncone) srouser Aprial feuEh A GTs@ ang agent

(ie., lﬁlﬁ&?oggﬁ§ eklidbles 8f S‘rongHﬁlgn$ Roeted HE Qe@Sibd@bblo@dS The cross-
synthetic conpounds. Exanpfes of snall nolecul es which
linker can be attached to either the molecule or the aromatic cationic peptide.

The linker may and may not affect the number of net charges of the aromatic
cationic peptide. Typically, the linker will not contribute to.the net charge of the
aromatic cationic peptide. Each amino group, if any, present in the linker will contribute
to the net positive charge of the aromatic cationic peptide. Each carboxyl group, if any,
present in the linker will contribute to the net negative charge of the aromatic cationic

peptide.
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are pharmaceutically active include antibiotics (e.qg.,

tetracycline, penicillin, 25 erythronycin), cytotoxic
wa@ag@snelote. g., doxorubicin, adrianycin), and PCT/US2004/013772
antioxidants (e.g., vitamn E, vitamn C Dbeta

carotene). Carrier Cbnplexes 24 WO 2005/001023

;ﬁ]g/ HU!]Sm 008‘{ 1%%)‘13 71?1% a2 groma fig cat1ci c Cﬁ%ltﬁgy neth@t?arg@rc’ﬁﬁl}gg?g is

one arona nic pepti

hrmtedif%st‘% cheditpb p@c&O@l adt@ninodite ilidple aidléciteseo il @pacity
nolecul e an aromatic cationic peptide can

of the @gm@km acceyragiateruinte RepGHRS- tHor CheBRle; flerungapce may

intr SRS, PGB0 SRR A Sl el g hgmas bonce
Altern@&ka0§) Is’enc hmdaiaﬁaet mhg hilgleathd oapmh;hcn? geemblends to E!tvpmm@ate

bonds include, for instance, ol.ar .
a relatiypdrige (5. smgevev,aﬁaglaelﬂlnmmenfaa%% gch&anxgg‘%ﬁgqrgm 2 Gartbnic
peptdénteractlons hydr ophobi ¢ interactions and aromatic
Stacking. The type of association between the
nol ecul es and aromatic cationic peptides_ typical

dBipeemutsben af mfotﬂcubi anplomatit gatieriepentidgs BLips Cavisr F%Pléx is

e.nol e func 0
atso igled BF R & BfRiort aiPRl SRE b SRS, TP LS 00
maxinRRY SirEBdr db alttecutes fabideidtanalth g pepiideatepbids omthe aueer of
typically associates with a functional group on hfe
functumag groupTPresant onihe peppte-galteraliyely.ihe F\%W‘lm é‘um er o
reoh DS PS5, WOl Pt T by s

onthelﬁol&'dwe.f unctional groups on the nolecule and ar OITB.tI C
cationic peptide can associate directly. For exanple,

ﬁk{%{%&tﬁl@% al ng,;tg%gﬁgégw]?lgx gg}%ﬁ%%gr gl,?gfqr g%oéec(ule and

prefer #r Y\!vo Qfo@éémes Oftsétated Wtah%r&ﬁﬁti@éﬂt@n&%btld@ AO
|su fide. Alternatlvely, t he functi onal groups

relatwebzria@spepﬁlfhit(e gt, mghll,gfhn amgrraoassds mrkmgﬁl@ cqglatping seyeqal (&g, 3,
link f [ i nki t
4,5 o) T5EHOBLEBIP: THLCGroRg s ier S an b it 2R EEm,

molecBlekher the nolecule or the aromatic cationic peptide.
The I'inker may and may not affect the nunber of net

charges of the aromatic catl oni ¢ pept |ﬂ€ ﬁ [ caI
t rearjoihek embagliment; e easrien GOIRIES ¢RUPTKRR AnERst €

Biat lif itha -
cation}d] n@eptlaé %HE% e‘ferﬁﬁl%r t&g’?‘&b'ﬂﬁ? %%ﬁcﬁfggﬁges éﬁ?oate twith 2
molecOR! Roosxdmple, aohalegde (cbnmhmgase@mt functienal griups (ept B,d% 5or

Each carboxyl .ar
more) can be associated wn% sevgral (e.g., ? y4 or 5 or more) peptides.

In yet another embodiment, the carrier complex comprises one aromatic-cationic

peptide associated to one molecule.

In one embodiment, a carrier complex comprises at least one molecule chemically
bonded (e.g., conjugated) to at least one aromatic cationic peptide. The molecule can be
chemically bonded to an aromatic cationic peptide by any method known to those in the

art. For example, a functional group on the molecule may be directly attached to a
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present in the linker wll contribute to the net
negati ve charge of the aromatic cationic peptide. 25
wOE020062001023 PCT/ US2004/ 013772 The nunber BET/US2004/013772
nol ecul es or aromatic cationic peptides in the carrier
conplex is limted by the capacity of the peptide to
. s [
functi RS BRIIB R f MYShLE L AR SOEET S ine R BRP it uional
groupEiahide or Staaple ahing rcm&yhatylfh}ldmyldmaleimelepla@a@n@tya of
the peptide to_ acconmpdate especially |arge nol ecul es.
150th1‘¥9yﬂll%t%?rﬁ5a1§3fd&@f3§/ steric hinderance may hi nder the
capacity of the nolecule to accommpdate a relatively
| o ge@ulg nay YA cheh iy Yohh& & tht Sfondii r&@u@ﬁt ?@ptid& by
| engt aro Ic cationic” peptide. The nunber o
meansf] omsslflmmgragamts,rmch as diatdebpdes, gebedidedes, dindeimidgs mdrthe

T NN (TR e S

Rockfﬂﬁ?(ﬁﬂ“%@P{éR%VBleﬂ‘ecml@éyuﬁﬁf' RE5GE AatRAURIL h a peptide
depends on the number of functional grou&@@fgresent on

http://tiwev.pieptenetecoméprodngis(biovese g fme A Dttt @tAgH-85F7-

i des asso iate e
215 FERP G RARk ROt A GOl AR IS 008,
platinthfl ce8ke- 1Mgeﬁ@aeschbed AU, PhteGONDS. SX530@9P1 5,985,566, and
| east one mol ecule, and 15 preferably a Ie st two

6,133 A8 et krensechdlalsehnalogy: B Y h Amstarfemal heNethergie
peptide. A relatively large peptide (e.g., eight, ten

jﬂg?%ngﬁhlgap g; 'o%f}gé B")Ol{b%m ALPbE GifROE ik 8 f@notloﬁal 2 g

uncti onal groups can e associ at ed
on thesytidal Freexgmpleif adsulfhydnyl gmup)is preEdng on ttesmoleenleyruthes in

enbodi ment, the carrier, conplex ¢ at .l east ane
B-galagiasidess er G vad/w Ry ©nd &hel @@dlﬁgﬁ@%gg imwl%‘%mﬁc qules,
r C S .
the myEPBERTRE (S R S ARBLERS:, BHRCATEH, Mebidbe
amind goap bDlysine G asing t]ﬂecrgss-lnﬁkmgrea@emeM@ﬁr(eg smnainmidyl 4-(N-
associ ated with several

malelﬁ&gnqu}@g)cyplﬁh?@pe AnerRy aé?'}o%%m%ﬁ?e B{%@%&ogﬁﬁee )Example
10 bel% PioStho PP}E S, thd4- aﬁﬁ?@%’u‘g o‘f%‘shﬁrﬂf‘DA]PBthaﬁ%e

oci at e né nol ec I n one enbodi nent, a
conjugﬁéd d@déctl@'(m'ah exphospipite s@sp at tHeéa&:hd ofien RdlAequDNA
chem cal ly . bonded

., conj ed) | east . one
oligonyiclswotiele by using 1w %O%E;{slfliﬂa oo e PG e L e amizopropyl-
N'-ethylcarboumlde]) from Pierce Biotechnology (see Example 13 below).

Alternatively, the functional group on the molecule and peptide can be the same.
Homobifunctional cross-linkers are typically used to cross-link identical functional
groups. Examples of homobifunctional cross-linkers include EGS (i.e., ethylene glycol
bis[succinimidylsuccinate]), DSS (i.e., disuccinimidyl suberate), DMA (i.e., dimethyl
adipimidate=2 HCI), DTSSP (i.e., 3,3 -dithiobis[sulfosuccinimidylpropionate])), DPDPB
(i.e., 1,4-di-[3"~(2"-pyridyldithio)-propionamido]butane), and BMH (i.e., bis-
maleimidohexane). Such homobifunctional cross-linkers are also available from Pierce

Biotechnology, Inc.
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chem cally bonded to an aronmatic cationic peptide by
any nethod known to those in the art. For exanple, a
wo mvstomeal group on the nol ecul e may be di r ecPCHUS2004/013772
attached to a 26 WD 2005/ 001023 PCT/ US2004/ 013772
functi onal group on the aromatic cationic peptide.

l.es
R e R S
cross-link€cata 'Bjﬁ}il@ally Ihﬁ(@& l‘.’dg@m}éﬂ @E@oﬁéﬂoﬁ‘a&dftmnydf theTinelecolegc ul e
may al so be chem cal | bonded to the araomatic. cati a

peptldqﬁemd @ressphnkes isoh HEP@Fang r BIEXRmRkS, Hi ReplAe san QPR
the crogg @u&?@éﬂg@e? 52 f(z@cﬂﬂbﬁ B} e Sno1fiviR! £irdindesl Qﬁ‘éjréﬁ)t!:%ule can be

0SS agents can, for exanpl’e
mixed Qbﬂh&hél MSi-tmRrHoﬁbwed By additibm of thgypeptidec . thnmdbk ther d,

Pi erce Biote site t he URL
molwﬁ?ﬂt %pd the ERidss aReBhED qﬂﬁ%‘ﬁf%‘%a‘gﬂﬁf&% ?‘2?186%&085 hker.
cf nfl dl D=2643 6A 16- 60A0-4A5 6-8 5 F7- 213A50830440

CAR JheRY08 b%ﬁ§é<§éa@1n&€éom‘fﬁe9<ie§ Henadr 1 Iﬁﬁmlhl'esmloi agllagesome
include the 10 platinumcross-linking agents descri bed

1nstanqes|, th,e Boldeatedinctiys in glesg@ wathout 1531%51(3 frqm the aromatic

cion e o AR BGOSR B et SRk,

catalytieaitelRf i hbREEl8] thfaﬂi Qlﬁh\talge of theaholeadt H@aothp ardmatichxatlomc
pepti de. For exanp if a sulfhydryl group is present
peptideis noh aeqassasy: (fee EX@@E‘? lddelay)- ( 3- gal act osi dase or in
5 - and/or 3'-end thiol nodified DNA and RNA
RIS e Bbad
1z (?}ﬁé}lﬁg%%&% qﬁﬁa. g@bér[éﬁcﬁ?ioe&éﬁ[\)% tﬁ?ﬁlrogﬁah it thel ic
cationiapepiddey r Thepwet-sikeyafi Blacbﬁloiscﬂmgldgyelmr d\@snbedﬂhowrg can also
reagent SMCC | ni.m
providi O FoB GBI €} B R AheRe B HUAT Sroay P Bicb e be
cleaveg'bg,:‘[%f bogh 9)/er£z§§1@s g?‘tﬁé@él? THIQ th€ h¥Mculd ddndBQERL4ted from
X

e 4-amn roup of |ysine of DALDA can be
the arotmaticu:gaom peptidec th saif cleapaide Pnkare inglusig PMET (i 4-

. 5'-end of R I
succmfrﬂléi?r&xgggpgﬁﬂirﬂﬁ ﬁ-eaé@NA %&%h&(%]?oqggnﬁ dilggL@BSPlfbsp P.g.
sulfosﬁd&l{lﬁnm r@eqaqxztlﬁymd mﬁxm@sﬁroplbﬁmubmemrdaw) ind-$8PP @.eom

Pi erce Bi echnolo¥ (see Exanple 13
B

succmmudeflr era3-[reyyidyldifeiol-prapiqnamado) §essapateh %pﬁé’iﬁ[ﬁ@@ e

sulfos% c m (&1' @-@%&frngi d;l/tg?)g }?(?ﬁonasrg{gﬂﬁ'% A Ogeg (1 e., N-

succmﬁrﬂﬁi@l B-({alpyfldylldtthmm-@fopugfaﬁudxﬂlexﬁmm)J asl AEDP (1 e., 3 [(2-
honobi functional cross-linkers include EGS (i.

amlnoé‘hﬁpﬂ’ébi@]@?@}@@lc agig "B D sucei nimi dyl succi nat e]) ' DSS
(i.e., disuccinimdyl suberate), DVA (i.e., dinethyl
aﬂll q91' gleg @In%gdﬁlgﬂ 2 c%%@o&?leﬁ COl‘an'lSCS at 1east one molecule

t hi obi s[ sul fosucci n dyl propi onat €] )t%x DPDPB
physm(ally donded with at least one aromatic cationic pept1de Any method known to

those 1&1&8 %MQL%P ém 10&%@% ly(g{cta yggncp 2R AORIRS Wl]ﬂ'le roer)latic

cationic peptides.

For example, the aromatic cationic peptides and molecules can be mixed together
by any method known to those in the art. The order of mixing is not important. For

instance, molecules can be physically mixed with modified or unmodified aromatic
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mal ei m dohexane). Such honobi functional cross-I|inkers
are also available from Pierce Biotechnology, Inc. 27
wOE020062001023 PCT/ US2004/ 013772 To cheni cal PgT/bs10d4/013772
the nol ecul es and the peptides, the nol ecul es,
pepti des, and cross-linker are typically m xed
. .together. The arder of .additio t ‘
cetonif BE 4505 b i RaerRarsr &P sty AN, Pfnodified o
unmodefRb@atid Miomp;seilpﬂeeg:@ﬁ pehptisary mixel witth@e molecules by
cross-linker, followed by addition of the nolecule.
any methadeleneaer tpdhgse in e a¥bl ecul e can be 5 mixed with the
cross-linker, followed by addition of the peptide.
: ’ Leayl: . .
T eyt AR AR RN o8 Rl IRy BE BlaCLaRE:
contaigdnand agitdtad, be fickeckammpie, skakingpip cexteined éd imie thetdrematic-
. molecules . to_a cell. In sone instances, the nolecule
cationic paptqes 48d MPI9MEScel | wi t hout being cl eaved from the
aromatic cationic peptide. For exanple, if the

af I BRbngtiC &itioal SepPEeY dadDeFARBEDby Myomkthol &nden to those in
catalytic site of 'the nolecule, then cleavage of the

the artmbbeinslaacd, thsrarometiaeasipaic reptide mapibe mqskied bremeanspitcross-

...._hecessary (ssee Exanple.11 .bel '
iking SEe TR RGr oY 4 S T BR Bt The RS e Bl RGRRe
affect SHeQRBIbeE of B h@BbCoMBP biodertic Thigonie perstidee TybicRilgrtbelinker

_ Biotechnol ogy, Inc. described, abgve can,@%égg provi de
will negsentsibaiede théones ghargg pf the grampeticratigric PeRl fi3gpino group,
i any, 3] 995 ¢l | i V@ mBilo iR
irany Skt T 0T cOhRERIEE LDt SRR ARRge O AR Ebm cdfphic
peptidS.eEMaelﬁbxfyl group; ifengrpoeseni io thalinlenicontpibptes thethe net negative
Exanpl es of cl eavable |inkers include SMPT (i.e., 4-
chargesQfcth¢ Aromagy CRUQREGPERINS! - met hyl - a- [ 2- pyri dyl di thi o] tol u
ene), Sulfo-LC-SPDP (i.e., sulfosuccinin dyl
6 dr3xchRp Y [DAYIIALID Qbar<0nb @fiad] MR Xiaaik@o group of
LC-SPDP (i.e.,” succinimd

|
lysine &y (Bing2hegrossiliniding ma@rntrﬁMéthaw@g'yrﬁ@iédh 6dlNe) |
.Sul fo-, LG SP i e.., 20 sulf
mleig ot T yHp e s R A ) Heffthology (seefpnple

10 belbiv).€To fo¥m & bxfiNEdthslik, the modified aromatic-cationic peptide is usually
BZ-pyridyIﬂithLo]-pro i onam dohexanoat e), and AEDP
formed ifires and thep(mpixed iithdhe ﬁs@&'ﬁﬁiet hi o] pr opi oni ¢ aci dHC1). In
anot her enbodi nent, a carrier conplex conprises at
I . i I L4 E
o2 T R B B4 Dot By e ety
functibixoiae del witt®uathe nead fdrecrrovihg ye dranmtisroptiomialpeytidsosuth as

the nolecules with the aropatic cationi epti des,.
those FRSFICSORMRIFHSS 1R Wé‘lcé‘_rtgﬁﬁ}"???“[}gﬁ P’&?Wl&glﬁﬁé pidgddo ap gromatic
cationTPhepEtE. S FubRmBEe, T the GronRi8 h@nic peptide does not block the

catalytic site of the molecule, then dissociation of the complex is also not necessary (see

Example 12 below).

" Synthesis of the Aromatic Cationic Peptides
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by any nethod known to those in the art. The order of
m xing is not inportant. For instance, nol ecul es can

wheooploysexal |y m xed with nodi fied or unnodi f i BOT/US2004/013772
aromati c 28 WO 2005/ 001023 PCT/ US2004/ 013772 cationic
pepti des by any nethod known to those in the art.

eSS i8S et b oy Sist oS Gial b Oay
syntheSRLEEHARSofie AeMholE RO knkHAW tHeQurd. MRsRbleMméthedsaot .~ For

exanpl e, the aromatic-cationic peptides and no| gcul es
synthesiaingitee proteaeinclude sfor sxample dhpserdessribed yrHpatancyy OyRg in

 exammle...s . ) et 29 .
solid PR epuoE Aha SRR HAT brerd lintel Lo TR 069, and
in “Sol€ Phasd®PepidaSehasin! MeamdbEnaymyoln28N cdbaierninPress, voBlew
in the art. For instance, the aromatic cationic
York (38%Di de may be nodified by means of cross- |inking
agents or functional groups, as described above. The
Modeé | PK&&iM¥aﬁﬂg may not 10 affect the nunber of net
aromati c cationic peptide. Typically,
the linker wll not contribute to the net charge of
t heonarearbatlingent,ahé orveotipepidtego aBagthodifar delivgring molegule to
, esent i.n the linker contributes to th
a cell. JUHG ot P SPpRInEs SRV iCa a4l e

peptidEathe 61 QB4 cofifa@leR witH tha MbledlegRiIbromAti¢ fiohloeptide by
contributes to the net negative charge of the

. he .
any methodriingwn toathpssrindhpapt Ferexample-aceld gampt @oubated ithapa -
can _be nodified.. e 4-am lysi H
molectitpd Fref e B0l bOUEHT alrE I8 BT R o fbulclof8 kltnati
cationfoleptik Sintyel présefifNn the form of a carrier complex, such as those carrier
mal ei m donet hyl ) cycl . ohexane-| - car boxyl %)qahr%g] g’ider ce
complgkestdsadiiver 8bgve; sePEsiagphanically pandghir physigedy hegde
' : ified aromatic-cationic
mdecg%%%(ggeroﬁlgﬂgé%rﬁl‘;g&)ftfggﬂed first and then m xed with
t he nol ecul e. 20 One advantage of the physi caIIY ) '
bhnsether ambbdiment s method forsdefiveting hmotashilsdalaecell comprises
functions in a cell wtho t he need for r in
contacting 4 G40 VLA P GPITEF SRIBRIEtre e ot o - priet EHyy B B
contaRERh RSy HARE &L b/ pIR| BaipkiBink ShE Mo lEcairladnY abarsedtic
to an aromatic cationic peptide. Furthernore, if the
cationgy paptité.cTheatedlltandepoptacigd withbe aarieneeraplex fy any method
Ko Cﬁ)ttgl %/?t.i %éSi e of the nolecule, then dissociation of
OWR IR BISE s al so not necessary (see 25 Exanple 12
bel ow). Synthesis of the Aromatic Cationic Peptides

2%or example, a cell can be incubated with the carrier complex in vitro. The cell

?éllgtgc cationic

can be any cell. The cell can be of plant, animal, or bacterial origin. An example of a
plant cell includes Arabidopsis cells. Examples of bacterial cells include Saccharomyces
and Lactobacillus. Animal cells include mammalian cells, such as neuronal cells, renal
epithelial cells, kidney cells, vascular endothelial cells, glial cells, intestinal epithelial
cells and hepatocytes. An example of a vascular endothelial cell is a blood brain barrier

endothelial cell.
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WD 2005/ 001023 PCT/ US2004/ 013772 The pepti des useful

in the nethods of the present invention may be
waeb@gioeakd y synt hesi zed by any of the nethods mel/1S2004/013772

known in the art. Suitable nmethods for synthesizing

the protein include, for exanple t hose descri bed by

Styart..and .Young in Soll ase ti
SRR s el Xinthe AR SRR b b % A
effectiV@amStiofla Bﬁz@%ﬁccﬂﬁﬂki{ deefSyHlyEsd §harmb@uh6ﬂ8:oﬁlpbynmoh may
289, Academ c Press, Inc, New York (199 des of
be admigisienedsioraaniramal in nsaé thertsd by mawof ath’éle ‘ﬁ? wn methods
livering a nolecule to a
for ledr[cl‘(ifl ﬁ%rﬁsﬁw&eh %E{é&gg%% zl’)lélg% contacting a cell with a
nol ecul e and an aromatic cationic 10 peptide. The
CEhd catider dompbaxmhacbeaiministertd eystarhiegllyt er lacalyarlo wne i c

cati oni eptide by a t hod known to.those i.n
embocpent” s caBEa R 5 SN GRS BB, AT o E7P pind rrier
compl&Ph&G Bk %dﬁﬁﬁsta%@ v&tﬂaﬁldqﬁtrmﬁbﬁs BERS infletibA. Pidfs@bly] Rowever,

one aspect, the nolecule and aromatic cationic
the capieptardples dndenisteesteasta ¢onstahtrafeoinirREORS EARYOTe

conplex such as those carrier conplexes described
S|n h al
oSS et el P D st M RS ocally,

e.g., bpngEdinn isehslics®tich drbactsstiblrdyf dyritge.i Ferdxagipla if the
nol ecule to a cell conprises contacélng the cell. with

carrierLomm ¢ @taRHEEKOXIPHREeRDVRIER issiojbs dgly o Fay P i 2
mamn%E! reﬂ}/ab}f (ﬁ?}htﬁﬁltok gact:%bglb‘f@{é) 1o LAMENS£RK! S8EL RRAHRS €X
conmprising e an

ecu an aromatic cationic
includpefot extenpld kincmhteraad bbmscentact ed with the carrier

conpl ex by any met hod 20 known to those in the art

F exa a cell n Qhe.i.ncubat the. ca
cohoaReT orinlon 55y 1ef BRarin g Reil el R BiGL e
1ntram‘€1§£hl$}‘?y Qﬁbdﬁlta%@féuslya Rk ffﬁhsdeﬁhalb}a%@pr@fer@d efibodinfvht,
exanpl'e of pl ant cell includes Arabidopsis cells.
transdaxm}pﬁmmlfﬁfatlbaof earrigt cqmpllezs iy mﬂon@@h@a&@,ﬁa Mavgie e cagicy
de manmal i an cel | s,

Complgﬁésn(?eglge’i‘?g@r?rgﬁsﬁﬁnégll‘;llbéf anr%ed ié ]é‘%epl thelial cells,

ki dney cells, vascular endothelial cells, glial ceIIs,

| O rduied ofeidhdihistratin inclaté mtxanefebtepatmmylméﬁ or iAwrathecally.
exanpl e of a vascul ar .endothelial cell is a blo Qfd
IntracerehioNeHiguIatlg e lor a amanFEioadnto thayenrlaaypisgle brain.

Intrat}Fgﬂ)gl%%gg i&rat (]j(ﬁi ﬁl‘?cg Ratshy h‘n%l Wided 1B a&%ﬁﬁdlg I nBIRAESS the

adm ni sﬁere In Vvivo.
brain or spinal cord. Thus mtracerebroventncular or intrathecal adm1mstrat1on may be

preferred for those diseases and conditions which affect the organs or tissues of the

central nervous system.

The carrier complex useful in the methods of the invention may be administered
to mammals by sustained release, as is known in the art. Sustained release administration
is a method of drug delivery to achieve a certain level of the drug over a particular period

of time. The level typically is measured by serum concentration.
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effective anount of a carrier conplex, preferably in a
phar maceuti cal conposition, may be admnistered to a
worowsmbioer need t hereof by any of a nunber of PCT/US2004/013772
wel | - known met hods for adm nistering pharnmaceutica

conmpounds. 5 The carrier conplex may be adm ni stered

system cal.ly,.or locally. . i hRGati £
2L, BBt i BBk g by SRR o on
the carB%doRhRex. t @ oRdladiremistrationplixd wayolhbfort matibsy mapte viegl.
rapi d intravenous bolus injection. Prefer
dHips

. b . .
Some ¢xgmplasrof formnuations incdrdedRitp8e 13t ARt A i %é&%fé’ elixirs,
r ! ong i §&Achh BE mixed with
super S e AR dud RO OBEGALEA 8 mivcd i

a suitabie phaimdcentidal yarrierl@elticly) pr dycipiajtes tinderstond by prasgtierers in
whi ch are_accessi ble.hy a.syringe., For. exa -
the art BKETIERS SOHEER SO AT LS T il SHeHhpertaid b8t

clay, gplgtig,q;lét}éezfcﬁﬂ steBri@adidl BPalisMheéteo B RIing RES{esiuabbycalditg
tunor 1s accessible to |ocal adm nistration. Such

stearaté,uatoy gegetabld fatber oflarguspampledycokki n cancer and breast
cancer. The carrier conplex may al so be adm ni stered

al | t opi,cal | int.ran ] At ularly,
S Rght LSRR I p ey
subcut&iEdQsli greRhsderihldisdeistiat ong dithiulsiohabf the cafriec aomplex may

__conplex is_by iontophoresis, in which the carri.eI['11
utilize gomrsmeianal shilyents. verrises, SE PERICHI S1GIUAN BY A5 {IRB LR Hie@rt can

be em}lé:lﬁi}erdetgtdeli%lhcﬁé cdrfilt c%%la@%x. aﬁdpe&hﬁlﬁ)[e?‘éﬂe%ﬁlﬂﬁﬂié&%ay comprise

racerebroventri cul y or intrathecally.
one or nfdre € eeebllownt 4 stabidizéry a sefatant} mrefdabing sonianiconrfagian,
the ventricul ar system of t brai n. 0 Intrathecal
and opigrelfch 14 AgnH R PHOR Rt B PHE L BRI Pe g et T
the forf ?Pﬂﬂug%m&)ﬂ?oﬂﬁ allPSpEAIdYoRA. SPinal cord. Thus
I'ntrace

ebroventricular”or intrathecal adm nistration
may be preferred for those diseases and conditions .
vhhastabitizeranay, fie exegales boan amine asid, srch asdor sigppe Rlycine;

ervous syste he carrier compl '
or an GEDRGAGATI: PIRD % NRERBIS: SO e Cuoh e e dy™ ddfipn
AlternBBVEIR| the BiMbisiUstBAIRSa §1@laeal86holasuches Kerdwstance, thenitulfor a
Sustai ned rel ease adm nistration _is a method of dTrét:lJlgeg

combitatiantbenpof. PPratembdy thestabdlizen prcqaliatios of bIERELL)
tlcyl ' ' . . icallv i
from R PSP v e TR OF e 4B o0 023

PCT/ US2004/ 013772 Any formul ation known in the art of
piih¢ sE€actans isqurefeedblyea fationid sirfagantatucbas @pobfﬁ@rbgtﬁr iSogye
cxam oy S D 2, T T8I o or
. ' , [dF-68RsHbRSbo 0.081%
polyo%}sr%gl?férﬁz ﬂogftiﬁ())(/})@’kfléﬁg glyRBl, 8l asdBh@hidF-68R ot

hes,
(w/v) to about 10% (w/v).

The salt or buffering agent may be any salt or buffering agent, such as for
example, sodium chloride, or sodium/potassium phosphate, respectively. Preferably, the
buffering agent maintains the pH of the pharmaceutical compositioh in the range of about
5.5 to about 7.5. The salt and/or buffering agent is also useful to maintain the osmolality

at a level suitable for administration to a human or an animal. Preferably the salt or
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suspensi ons, syrups, wafers, chewing gumand the I|ike.
The peptides can be mxed with 5 a suitable
w@b@soewexti cal carrier (vehicle) or excipi entP@BEUS2004/013772

understood by practitioners in the art. Exanples of

carriers and excipients include starch, mlk, sugar,

.certain types of cla ' t i &, i
butferifg pi L 2 Chiop B isorfil Bt B fomBNIRa R
300mM3t earate, talc, vegetable fats or oils, gunms and

gl ycols. For systemi c, intracerebroventricular,

intrathecal, topical, intranasal, 10 supcut ous r
t Prgrioaay FHPnRIHH FAHFAMEHEX ¥6hkin ﬁﬁ Bt Oﬁ%ﬁﬁ%mm?
inventoR hdySddRRIBIF ¥ortE¥ onb bk HofEcdReNEH al dilivadl ISeaflekamples
carrrers, or excipients etc., such as are known in the
5 of suctaadditwes indiedeawmilolitiertsochias, farexample, ghycetolan@otipridsat such
For ex le, the roul ations conprise one q
as for g DORHAK BN GHIORE (o P wippafiBedbpounds,

knownpa[se‘ﬁﬁ{tt??l YeryNABSIYN dhlckbtoh@ 6t @lérobuhél; eRickBe@d hgendsuch as
salt and/or a buffering agent. The carrier conplex na

. Jul ] . : ] y
for exdveplele morphind demivatiyes ¢renfisnionio feent ctrgrueuas desribsdabover AS
in a |lyophilized.form T tabil i.ze . "
o o R e T DR R PRl 0 somposicions
10  may b&kifddNRider Skropéh §dsiif oEdcehRE ivilth infeahedide Stoppeexanpl e,
sucrose, tetral ose, |actose or a dextran.

Al ternatively, the stabjlizer mgy be a sygar al coho
Do maabFar PR ABHERT R, AANGPE, 15F SR HTh BRER uch a3

Tileghm mn
: hig1sS&Riab | r Ry QirAls,
R e S e i
such ad 696, weicghid fabbitwelnghtrefefred hmbodinreng rthe mapingst is aheman.
surfactant is preferably a nonionic surfactant, such
__as a polysorbate. Sone exanples of suitable
Utility; yr f act ant s i ncl ude Tween20, Tween80; a pol yet hyl ene
gl ycol or a polyoxyethyl ene pol yoxypropyl ene gl ycol,
15 SHEEAGe BhUit PO the kaRr 8émpleeenaReiss céll RRAYranewinvan érergy-
about 10% (w v). 25 The salt or buffering agent _may be
independgntan¢chanismp phitherous i wyeamd nsiien appliopBens &g aagsitde.
sodi um chl ori de, or sodiuni potassi um phosphat e,
r ect.ivel v.. Prefer ]
R B e R
examplél&hé edrfler &mplbgastcan Beldvel toddvoles, stch as Prueeisglistoarvell oo that
buf fering agent is also useful to maintain t

h
the fursippplaiole §F themokealsyaR b8 SiCissh SUrhMOleRWGS TagIide forprple,

20 ool sy laRy B TR T  E R B
present at a roughly isotonic concentration of about

13@6Met M 18420 dpplicaBOR ildudehdof evamplatthoddivefy eftremarker, such

carrier conplex useful in the methods. of the present
as B-galactosidase, into a cell, such as a stem cell, hemopoietic cell, or embryonic cell, to

determine progeny (lineage) of a cell.

Other in vitro applications include, for example, the delivery of a detectable

25  antibody into a cell to determine the presence of a particular protein in the cell.
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i nvention may additionally contain one or nore
conventional additives. Sone exanples 5 of such
wa@adashowes i ncl ude a sol ubilizer such as, for PXEDPL084/013772
gl ycerol; an antioxidant such as for exanple,
benzalkoniun1ch|oride (a m xture of quaternary

ORI cERPGRE e oY BHr B bUCa 70 1A Hapley b

aromaB& 8fonfiseptiass caBQfe REATR |d€11‘?erﬂi@raﬁﬁ$di\1€e g@llyht{(ﬂécbti&s ime a cell
an isotonic agent etc., such as described above a

of a mammh@rdqovretegutatmveaw%@pn 6% B BEQteiBN Fyrther H@raromaﬂc

cat1on1§tpep é%%u %BQ %sé%l[htr%é g@%feyﬁlg %ﬁgorﬁl% gﬁéste i*g? gg\lﬁw mﬁx@a‘&&e

(RNAihper meabl e stoppers. The mammal can be any mamal ,
including, for exanple, farmanimals, such as sheep,

cows, and horses t mal s, such as dogs and

c%lt%§\1 a3 W58 DATR SIS ford Pl P igFeEulgls fhy %ﬁa‘fsm of

genes Elaﬁ)lg 'réﬁlcaﬁcgh @f RRREEE! et Q‘ﬁé ﬁfe@ham&rﬁ @ndmd'@ﬁllle in$rouction

utilrty 15 Due to the ability of the carrier

of doublngilandelsRNA. (eizaSERIA) ko taeavba geresss prodact (rpigagly RNA).

|ndependent nechanlsn1 nunerous invivo and in vitro
i.cations, ar.e e ar r.c .2

BB BRa e R BRI G FSo E EhELaR Y58 b sion

include el rhdlecuiey dck 6 tmmcemm Baﬁ'ﬂeld ediichernoleallecat iaslude,
such as proteins, into a cell so that the functiona

for exarople, asf antihedyrist freniyboid imthb érestmeat efipatisyisivigo pédginss

i nclude, for exanple, 20 cell signaling proteins

Be.g., nuclear factor NF-KB, kinases, such as JAK).

Another in vitro application includes, for exanple,

t epi ek Iproténits Bfsodiatee de cheﬁlcbdh:ra;ﬁ&h@amltﬂs tclsedag adequate

into a cell, such as a stemcell, henopoigetic cel

levelsdniaoplle osrKampls, thashEreHRDRItSGERY LAY hoiegdfesrt the
agent 8’1%2 1o 6% !1}8 aluE] eﬁ‘(&%;'}HO %H%L Hfég:fgt i lt)?ﬁé uﬁﬁls fnﬁfther in vivo

25 anti body
apphcaﬁéxomalud&d dlelivenﬂgbmtherapdm‘ﬂc peegsseeh af tha cpmtaxic ageats

roteinin the cell. 33 WD 2005/001023
dﬁmﬂB@hﬂ@S@d@EWb%ﬁb?Z The carrier conpl exes al so have
t herapeutic uses in vivo. For exanple, the aromatic

cationic peptides can pganpede§or delivering antisense
pol ynucl eotides into a cefl _of a mammal to
down-regul at e overexpression of a protein. Further,
Exa l:ar rials lodspept i des can be used for
delivering oligonucleotides for RNA interference 5

( . . I u oy
DR TER P S A A i
were §y@ﬂie'51@éd h@Rrdihg 10 meHeds d’d‘scxbbdllt];ﬁéwauslif K@chﬂﬁa‘ll@amll sknr. J. Med.

cl udes the introductio
Chem 2000 35: 895-901; Zhao et al., J. Pharmacol Exp. Ther. 2002, 302: 188-196).
[*C]Gly-Sar (56.7 mCi/mmol) and [*H][D-Ala?,N-Me-Phe",Gly’-ol]-enkephalin

(50 Ci/mmol) were purchased from Amersham Biosciences (Piscataway, NJ). All other

diseas

drugs and chemicals were obtained from Sigma-Aldrich (St. Louis, MO).

Cell Culture. All cell lines were obtained from American Type Culture

Collection (Manassas, VA), and cell culture supplies were obtained from Invitrogen
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of double stranded RNA (e.g., SiRNA) to target a
gene's product (typically RNA). The bl ood-brain

wharosioern2s s particul arly selective. Thus, anotPer/us1w04/013772

vivo application 10 include delivering nol ecul es
across the bl ood-brain barrier. Such npol ecule can

(CarlstalSERT Taca LOLNENRIPL S wn 3 VA RAGEAL Gri(Sy APMIOK dod Bug

patients ei mers ~di sease.
Huh7 c'EMEJ ey growvalh Biitheassombaifed Paglels nodukum! (ﬁmvapg uteidin were

ents IS achleV|ng adequat e evels C L
supplem@meé saipiO&e et foviRe ﬁ?ﬁlﬁ’e 2P Eg f’iﬂd’e&tfélﬁt% f??%yl 0@&&? ]
strepto#&é%%u{f% e't @%F %%eﬂg%@fe T8V R0 MG -2 @TRokE s8R GldnésRential

menbrane. Thus, another in vivo
amino agps, iaad pemcillimsitepttesydiel AN eell hgesmﬁrutahéalapia@ﬁ378 Cina

_.agents uch t he |c agents descri bed above,
humld’iﬁl%ti@t%osé’g?rfe Ofég«& ‘E@y Mat eri al s and

Met hods 20 Drugs and Chem cal s [Dnt ] DALDA and
[ 84h{ B PdoieWpthlte, FeptiB¥Mltdrnalifién SMB blieRkdeidarily using

accordi ng to nethods descri bed grew ouslé (Schill er et

Caco-2a¢ells a&@subsgquewém confgmas witlp§H-S BEY, EK28% rnd £ eslls.

Monol?)liea%]n‘gﬁe@ S dere %x;ggvn_/o n% yvm,rg)h‘tesz(gqgl 0’ %Qﬁs/w%ﬁ?c&a?&i) with
collagdn3tioh B @aN. @2, dyMe clherer&iyaSheal t]mc&nkzﬁh) padvianméd BIBSY, amdihen

mcuba&ﬁi)rﬁltﬁ P R DS unGS A T d DI ATTA PRt
[MCIGl Cﬁ; SF? %395@1‘(@ \g&lbﬁ%tn@ég up PP hSm a!@%)&lr&lfé%x#ex@ﬂ%ﬁﬂé&}s wWilré

"Aes Were obtarned from i can Type Culture
incubaal Wile theaamé Ivmm&alsqn MAYH] [Bmat DALD Auih therressnppdf es

i oSS EAE ST B 2 12,2098 04022 e cne

were pgt[ QM}:e'fGr NEMin ¥iISf8ASubRTOPWRNY [ IJTE %D@HEDN‘@B ?14G]5(Bl|ySSar

e grown 1 n Dulbecco's nodifie | e s nmedi um
At the@ldmfthg inedigompard, sallspraaeasiad fm utmqso%th &ES, B@@pﬁénl

enicillin cin
or0.1 S0 A0 PRt B 190 5P g
transfHRIAUN bciRPINERA SIS Ald AdRatiataEhdounddAn ahquot of cell lysate
penicillin/streptonycin. Al cell |ines wer

was usv:d|fmt daterination 37 Oratein gonteuising the seshodo, @Té@@f%@lgé%d
5% COR, P
Hercu eﬁ’t (&gﬂg‘ cygcﬂggﬁh tgv%{x 111 cr:rn B rgc?lo I\/?t%%ron? ?\Bf‘éac%easiomated

primari y usi ng

radloaﬁﬁ‘lllbs At Bl d-SHHEB e@p Sl |11‘1[cl@dlﬂﬁlf Befoeelcoll lykis SIS VRY intiQByith
CRFK cells. ~ NMonol ayers of cells were grown on

0.2 mh(ﬁ OeM agstiaeeid/00y M I‘i@@ foeP M¥P@RBIe) coated with

Assay for Peptide Efflux from CaCo-2 Cells. Monolayers of Caco-2 cells were
grown on 12-well plates (5 x 103 cells/well) for 3 days. On day 4, cells were preloaded
with PH][Dmt']DALDA or ["*C]Gly-Sar for 1 h at 37°C. Cells were then washed four
times with 1 ml of ice-cold incubation solution to terminate uptake and then incubated
with 0.5 ml of MEM for 1 h at either 37 or 4°C to measure the efflux of peptide from
cells to the incubation medium. The amount of radioactivity was determined in cell

lysates and in the incubation medium. To epfamine the role of P-glycoprotein on peptide
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10 coll agen for 3 days. On day 4, cells were washed
twice with prewarned HBSS, and then incubated with
w@2@s0b1028 HBSS contai ning either 250 nl\4 [ 3 PCT/US2004/013772
H [Dnt' ] DALDA or 50 M [14C]d y-Sar at 37C for various
times up to 1 h. In a separate experinent, cells were

[ t i t t f .
ot BT S R PR B i '
the prefdaat 3f DAL etapindl (PMlydoprotdinfinkibitarC.  For upt ake

studies at 4C, cells 15 were put on ice for 20 mn
before incubation with [3H] [ 1] DA or
Fussay GamPepiide Trapslosasioaerits ¢ -2 AR o Meniaigrs of
6 ' ' > Sood F¥lp. Thér.
Caco- 25 el EppHPT AP YT BR treTBR e CHE . FaR(bok [, TR
2001, 298:71d6Tit7yrEmovieretls (har 0’ )t wem séeded @d mioreporas memzhrprm

vi al s d radi. tivit s .count ed. al.i t
s By (1 R oA o PSRBTl G BhsRl
Corningéﬁ N acH St @wel @hARbd skt 1168raeEh 015t &irfedial in #@ apical
rcules, CA). To distinguish between internalized .
compartengibast 2.§ intlyn thedasaaereh cemparmentat kacellaenaasts Ve gLven

an.aci d- h e incl uded, I j
R an T e A e R R
Apicala6itabSla@ml ¥hiNp6H of pépthiesinas dbtetrfiihed Bg 28¥ink O [Pelpt i de
; Effl ux from CaCo-2,Cells. Mnolayers of Caco-2 %ﬁl Ils
[PH][Diwtr IDAIGP 8vo 160 1ML el Gly S tasthe @gical eampagignant apd PPt of

T
after p¥ftide ddaRivnviasdeednifigutiontof paEoaitivity gourts.of i ce-col d

i ncubation solution to term nate uptake and then
incubated wth Q.5 of NMEM for at_.eith I
4008 PraEsRL pFraes gtye@g}fés&ef&fwaﬁéﬁf@lfie%éi?ﬁdl ‘Pﬁ@e ﬁ"gl"%o"ﬁ%g
id bat gpn. edb} Whekhe: ATRYAke Of uptAd 1036d de¥dityr db@fpartment,
eqummgg?Eanﬁgd‘?ﬁ c%LJerlysa;es é%d #ﬁ the incubation
A is therdiffusion aFen @xXRrimig, and&Ca isltke imftisboghepabpiian iajthe gepor
peptide 35 WD 2005/ 001023 PCT/ US2004/ 013772 upt ake
L5 1 ux from cel s, [Dmt'] DALDA upt ake and effl ux
were al so determned in the presence of 100 M

vebafRil LadePSghnifiag Miceisdopy Heiupeakl.of Asseatictaationic peptides
] Pepti de Transl ocatl on across Cacg-2 Mn éﬁ\é@{)s..
into callgrvessppafignasby cagesablage|seannigs ’én%P%’ﬁBYZ L8V Bed
revi [ 4 ) .
fruore a3l It Syfie WAL D (FBRPIRGEbhe-BBap OB whebe

dnsDa§Q§9QIin%ﬂ-lI&,§Ideﬁh pieibadidparid [Diet' st 24 A LDA4Dmt-D-
I nside Transwell cell culture chanbers, (Corning

Arg-PiR-atsdbleorRH;, whees ath irgB-antraniloykh-onB Hamsopropiarb D sico-

fil ifth.1.5 m_of i um isn, the. ani
2 colsgg et R s T s A PR AP Plted om 3 me
glass DM@ nf @ishes TOTERY ABlaH@ M AQifMEN days! Bl megidinuwasetired yendoved,

to 2 days and were used on day 28 for transqfrt
and cedlg yer¢ inshbajed with 1 ml of HBSS containing 0.1 uM of the fluorescent

comp

peptide at either 4°C or 37°C for 15 min. Cells were then washed three times with ice-
cold HBSS and covered with 200 pl of PBS, and microscopy was performed within
10 min at room temperature using a confocal laser scanning microscope with a C-

Apochromat 63%/1.2W corr objective (Nikon, Tokyo, Japan). Excitation/emission
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10 Apical -to-basol ateral transport of peptides was
determ ned by adding 0.2 M [3H][Dnt 1] DALDA or 100 M
w 1b8h@Aoy3 Sar to the apical conpartnent, and 5Be/US2004/013772
aliquots were renoved from both apical and basol at er al
conpartnents at various times after peptide addition

wavelegg%xgdee%?e ge'p F %dégiq &{1 f&g@rﬁfﬁhéﬂé }b&ﬂﬂ% d 3008120 nm for

et ent culate
[Dmt' a@]mp‘qmm ﬂeh;ﬁcﬁ@éw OWongptickh sammaing@mz dRepipors SXb (0 -
Co), where XI t is the rate of uptake in the
ﬁamesr‘@@é?@é@@@ﬁ%&?@%nt Ais the diffusion area (4.72

cer) and Co is the initial concentration in the donor

upt Bp ﬁgﬁmg“ omg;&g&g UdifS Ebll BESRBEAMks M SeFROARYing She

ationic peptides into cells was
[*H] [Dcmi ]DA[I@A thyelt snfaoe adcepasewasddemiing viing wembnes Besnpd
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with PE§ bE{ﬁelsydcrthe@s&éAoedloamgs %ﬁ&%e@&ﬁﬁg@@mcs)oogm 5 min and the
at nDap4] DALDA (Dt - D- Ar g- Phe- at nDap- NH2, where

pellet smd.as &@-°@n€ Sawem@ynmgerazqunmeamlﬁégrr@ﬁu rﬁrlécbbwféar

C r SH- 105
(5 ng/ Igg%\'}gepiﬁlds c&ygltogg B O ngaj}nnn'?& gtﬁf gég\mn tom % éﬂﬁ
The hdoMehgd wa@\%&h’cﬁﬂiged MA3 6,000 for daysin. TI}tBedeIed;lwm‘e maspehéeﬂ
renoved, 25 and cells were incubated with (571 %
with 5@ aRYdirrHgT butferppBauqtnet membrass bemogenisst (ri‘é e OéPfPrE%é?
were l?&bg{ed%ﬁhﬁﬁi[?l&l@%?&? @65"% HPEH R EMBEC Nﬁ)ﬁ?pemﬁc

and-c vered wth 200
bindinPB&s asseskedibyrind ogi@y oﬂ\hﬂh@mlﬁbﬁierb@mﬁ. HARD2O Fmerra@mhgand

ves s RSB SLSAEL 3 COLECRL. | 252, SERTRIY Wratman,

Maldsg%ta,\e/\(%f(% 1(aNieli MarvedBK i an b2 PN Gaifiesdbudd, MDY, SlkezSvere
/001023 PCT/ US2004/ 013772 wavel engt hs were

washed dtreatlrriéé OVitha® mhof Tris Hulfer, land nedapetivixrea daisemzed by biguid

o et BB SRR SR bR s
I
wing IR Radl oA Sanspg i n 1L

cell surface receptors yas determ ned using
oFepngstionof onyiciis (DD SHDAVHPEGIALD A BT Tyad to

p-ealsipe e Wi Bob Sheip B A i RebpdRosstiieh SHHEG,

(su001§1919§§/10f (15 Al S nAdehdthe)cyBRhkRineSt-Odrb ek Aite)(Blfee). (BMCEC reacts
wer e honogeni zed in ice-cold 50 mM Tris-HCL buffer

with aging-conseipmstmeleculey Gys cHfy [Pt IRATDA) tp form stablesqmide rl?onds
Its ma?elmld% emgl calﬁ_heh R conj‘u@ted to a sulfhydryl-containing compound to create

a thioether linkage (Bioconjugate Techniques by Greg T. Hermanson, Academic Press,
page 234-237). B-Gal contains abundant free sulfhydryl groups in its native state. The
uptake of B-Gal provides a convenient read-out with the use of X-gal. Briefly, 1 ml of 5
x 10°M [Dmt'JDALDA was mixed with 1 mg SMCC in phosphate buffer for 1 h at room
temperature. This should result in “activated peptide.” The “activated peptide” was
diluted 1:10 with phosphate buffer. 1 mg of B-Gal was added to 1 ml of the 1:10

“activated peptide” and mixed at 4°C for either 2 h or overnight.
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10 The honobgenate was centrifuged at 3 6,000g for 20

mn. The pellets were resuspended wth 50 nM Tris-HC1
whedos®0102Al | quot s of menbrane honopgenat es (- 14BCTyUSL004/013772

protein) were incubated with [3H [Drt']DALDA (15-960

pl\/p for 60 mn at 25C. Nonspecific bindi ng vas

SoTzar P msdRARSdo SeasdE SPRCC it e g oy mas
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acetonﬁlfﬂfe' 10 rigfs! AfCbnRRCCIHREPRIOT: 10wt bnd Eeae)l owarseinless steel
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(N-mal ei m donet hyl ) cycl ohexane- 1- car boxyl ate) (Pi erce
SMCC reacts W th gm ne-containing nol ecul es (Lys4
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electr%ﬁ*o?%sg}nsdggyntﬂgu CRIYA (lﬂgéa) (28 nﬁ&@bﬁj&@tl gt\@as %hosphﬁrylated at the

contal nin und to ate I"'oet

5'end 'uhﬁg agtp- A@‘P%@ﬁﬂo%@ﬁbl%oﬂ_@lhﬂaﬁu The l@){ocﬂceqas'l' purbfrdrigngsbn,
Academ c Press age 234 2371 (3-cGl géal nj
electrapbonasiant08,p@ecprn of ggiomynﬁegrl?éﬁ‘b@ igp Was §Owagﬁﬂ withPant']

The t ake of R r ead- out
DALl fyné Risds S0 TEBRC ORI SRR T’P#p‘”@“ « 10.3M
ethylc&raaﬁm] L%e\/jﬁﬁdlfﬂ zsﬁmemmhgémmgeﬁm@ ([DmphBIHAARNA

buffer for 1 h at room erature. Thjs shoul d
oligo) pad BINA pligo glers walteeaalabéiﬁ %l % PP%@CWA%‘PW HHEEYept i de”
was diluted 1:10 with phosphate buffer. 1 ng of (3-Gal
tide"
oGin il P Mt PEALDI o on ke 51080 0
spectr%ﬁWyO CSMQE RPGE) l'alﬁi{mﬂa/c NALPA (Cogpkém ghsstblvP(Dtﬁg’eﬂthn[SAml

to cross-1inker SMCC and conflr ti.on
of PByjaeubatsast Fapm @mrettlireg r Il]lm hggpra ecwgr'ie-thlol

DNA ?1 e%o‘;:ﬂlﬂ? o %tﬁ? rAf‘té? ngcug%]t(ljorf;%ré E\ﬁg.l otloRSHRAE ks AixEPATh

ure for at 4C." An ali quot
matrixofsatifaged Sapglory ‘pﬂ:sth)aexdl (WP ima 04 acetopittile; 40 awp/ml

Rl e K GG AP AU IOR % foipe 316 BGBLGTHE. Sefs

Werea%gg;zg@ gy SABDET@FNRSS steel target plate. Sanples
anal yzed by Matrix Aassisted Laser Desorption

loni zation - Tine-of-Flight Mass Spectronetr
( Danier J@EpIvE foxmation by pgm@glsmémq ﬁmf BALPA-

SMC& réo}lﬁlegape(.) Sh{ei [ﬁmﬁ%Afﬁ}\[WC@&%uga‘ce was prepared as described
above. The RNA molecules were mixed with the [Dmtl]DALDA—SMCC conjugate in

PBS for 15 min at room temperature before use in cellular uptake studies.

Carrier complex formation by physical mixing of protein and

[Dmtl]DALDA-SMCC conjugate. The [Dmtl]DALDA-SMCC conjugate was

-prepared as described above. The protein molecules (i.e. green fluorescent protein, GFP)
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Conj ugation of RNA to [Dnt' ] DALDA and confirmati on by
gel 10 el ectrophoresis. Synthetic RNA oligo (40
woe@seotoezies | ong) was phosphoryl ated at the BCT/@RzH04/013772
usi ng y- 32p- ATP and pol ynucl eoti de ki nase. The
product was purified by gel electrophoresis. 500,000

e o B S OSB89 SR A
before (RE IndeluB Pk agtudiepr opyl - N - et hyl carboiimde]). The

product of the conjugation reaction ([Drt'] DALDA- RNA

15 oligo) and RNA oligo al one were anal yzed gn 15%
p©$syaé¢wfmmqmpe’sr%\%$ .comeaﬁie&g&%%wtafelmg}(raﬁeﬁ@ RNA

. [Dnt'] DALDA and. Gondiir mation 3 ’ i
otges Lo BT B FRAPAED 2 TESpg RAEL AR s,
the prdd@eB e pinified BY gel @fecPBShorési; LHIBI0OG opin ¢foguirpurified RNA
tenperature for 30 mn, and m xed with deprotected
oligo as-qonjughted prgh [RmMghDALDACIT be prases At maft-6

o Con 4 o - _
imet AR B YA QG pERTPEGpaS I e 2t
three tER99IACNIBM inediuey artiCretidaubated inDMIEM for § matedes.i Helis were

syl A B AL S B v,
(appro(f} L{ﬂ?gx{()%g@%k/g% QY mPRYSI £ 8h°aN XiiBG%inSibalbi BE dells were

conjugate. The [Dnt'] DALDA-SMCC |
washed thnel tjae e inR S BV cipav e dawithl &sisrh angdFadipessivity TieTRINad
) qu cules were m xed with the [Dnt'] DALDA- SMCC
in the ¢ fyﬁﬁﬁte in PBS for 15 nin at roomtenperature before
‘'use in cellular uptake studies. Carrier conplex

f Q6o P Aphike DI RN & Hptalodnngced wientmixedarith [Dmt'[DALDA-
Dt "] DALDA- SMCC conj ugate. The ;Dntl]DAHgA:%&ﬁ&
cross-biohpuepatiegates Huby eplls i1 Gocligwell) werg vwtshod With{RMEM and

.protein.nol ec P.e. . n r e .@i
N L T A e R L
[Dmtlg‘ﬁ)AﬁUA]SM@%éﬂj DA SH IR &y 700 @k @°C.0CellSweterthat washed

enperature before use in cellular_ uptake studies.

f
four tiawes é\lthMRM[aDdtOIn]? PAL@ASM%%}W@%P ARBICE HOBSPESHICS
. ..S £] . oli . .
i AR E o SR S TR Bt BB e

cell Iys&e. products were purified by gel electrophoresis.
500, 000 cpm of gel-purified RNA oligo was conjugated
with [Dntl] PALDA in the presence of 1. (35
diAMEDHF ST BATA) Ao Gip KRRt TAKEIRID E% s

neurobBktbial ¥ ol P8I0 956 EreiBE h 96-well plates (2 x 10* cells/well) and

incubated with [Dmt'JDALDA cross-linked B-Gal or B-Gal alone for 1 hat 37°C. Cells

=)
—

1

were then washed 4 times with PBS. The cells were then stained with p-gal staining set

(Roche) for at least 2 h at 37°C and examined under the microscope. |

Assay for protein uptake into cells when co-incubated with [Dmtl]DALDA-
SMCC conjugate. Huh7 cells (1x106 cells/well) were washed with DMEM and then

incubated with 0.5 m! DMEM containing 3 pg green fluorescent protein (GFP) alone (A),
3 ug GFP and 40 pl [Dmtl]DALDA (B), or 3 ug GFP and 40 pl [Dmt']DALDA
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three tinmes in DMEM nedi um and pre-incubated in DVEM
for 5 mnutes. Cells were then incubated with

wO Dvos/op D23 DA- [ 32P] RNA ol i go conj ugat e or unconPOLESEA4/013772
RNA 10 (approxi mately 20,000 cpn) for 60 m nutes at
37C. After incubation, the cells were washed three

conogh SO o SRSy Ay R S A o
cells vOEh‘Rrh Wat dkebatd RYAnRHARaT 1 K€l the WEIBA IR ﬁﬁuwatbxh After

| ] DALDA- cross-1inker conjugate. Huh7 cells (1x106
incubatien,) f@llwé/lete)wwéﬁ‘é fowe sl imielhmpiiEm ansdGFR seteipedhin living cells

wes APt e Rl PO IAGRASL, BoP  phdog

340 nriafid ahisdiok vk ndasur€eht S20nehe t hen washed four tines
in DVEM and one tine in sodium acetate solution to

reduce nonspecific bindi ng bef or i.ncubat e (%é_ton {‘1%1%1
b H0% BPOPIOSIHi APRRIESIF H3F BEETRIpP Waéb%\% e
(Mole&gé]rl Pib¥SAES ngoOﬁ? ﬁﬁ%tglﬂh [a%toﬂuggﬁc@t\ Ahe tRjeBhst dye was

ugaté u take nto cel neur obl ast oma
loadeck:telcleB cmllturéhmmi-lmubmcléopllﬁitmm ENC@@VWHOIBCHSI- dyewag zmoved by

washifgy 8 Sy el nqohunilfree, o o Peditonf kel S Prapkpel filag

fluorefeBht Ricra¥e6 (eRemhtivashesh ﬂmtdnﬂ%ﬁny&&hat%$nm-b—he cells
were then stained with R-gal staining set (Roche) for

at least 2 h at 37C and exam ned under the m croscope.
Examgle 2As s@iimé Goupreatf dptakebofilmi " ALDA hsd §HeiSar into Caco-2

co-incubated with [Dnti] DALDA- SMCC conj ugate. Huh7
Cells.co| | s (1x106 cells/well) were washed with DVEM and

then incubated with 0.5 m DMEM containing 3 g green

R P DA o B e
cell ly2205¢ EOH0R3Z r@ﬁrmmmm@ata 1&21s veare pclgavteddayt&ﬁ) BVOEigusy 1A).

f 60 mi 37 f
e e D AR T S R e
represBiREd §odu’3 186 tﬁe,eioltal Gl ¥R BortthiEH l%ﬁ&&rthe Shtedxperimental

I ncubation, cells were washed four tines in cell
conditiven] [16]SetS@RPntinted toadciesselfram Ado 48 ntis (Figaze 1B). The

d b f
meas B o L oS e AR AR P8P e e
prev1oﬁ§1?$iéfn%ﬂst@itec5t¥1gt I]Mﬂltl}QSEQEDAf 9 l’res@s@zﬁﬁtagﬁhﬁ pepdat dsgradaths
ermned with the use of Hoechst (Mol ecul ar

(Szetort abek Phirmpsnk Expryhar 02081229 :0g - @ﬁo é?tP’émﬁ‘EJ ¥ihgther thee
measufred9 rari]%tactg‘x@ V@C sséc?aqgc?%gﬁ %ﬁl‘l"ﬁ (L]nb‘i‘éﬂets Wells \a%%jsaib@%%atﬁ &eid-

essi ve wWa's renove
wash to remove surface binding. Figure 1C shows that 80.8% of [*H] [Dmt ]DALDA was

resistant to acid-wash and therefore presumed to be inside the cell. The uptake of

[Dmtl]DALDA was found to be concentration-dependent over a wide range of

concentrations (Figure 1D).

Example 3. Temperature Dependence and Effects of pH on Uptake of
[Dmt'IDALDA and Gly-Sar.
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washing cells with cell nedium (free of pH indicator)
the cells exam ned using 10 fl uorescent m croscopy
w@ eoosiobmes on at 350 nm and emi ssion at 461 nn) PCExSI004/@13772
2: Time Course of Uptake of [Dmt 1] DALDA and G y- Sar
into Caco-2 Cells. Wen incubated with Caco-2 cells
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Hngiie jreibhisn g Al B4 6 ¥t fry IRDme Jrealisa
was sm&éﬁ 'chﬁ Skel i3 TNbtreglie® 7&5% by 4SmIhFigwt dlA) ambﬂﬁﬁ% by
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ar maco .
lack ofderhpémtum@anﬂlﬁﬁ klepenﬂdm;:e sopgestsrtbat thadptelamf [Anaty] Ain

coo £ BTEE TSP TEE R SorS L

shovvs that 80.8%of ['H [Dnt' ]DALDA vvas resistant to
Exam 6'40' VRght ANDEIE 6. TD AR DTSRG d OlvbSar Upiatte. t he
€ uptake o ALDA was found to be
concentratl on- dependent oqver a wd ntt:]e of
chnfrether demeiatethey FES T ippot 1EX%!1¥E)‘$E‘ tg TRTRGE tur e

[Dmt ?@E@y%%"%ﬁ%g%e%%%%%%g Bigh AR GesBbonal UL AR

[°H][Dinkt&| D Al A ¢YCy@ls- Smruptakd DEPCas a 4istidinh eesidyreakedifier

e Bk B0 o R QTR 16y i 1,

{ Sar
1996, G5l 9}5662(?02 "g?éy&lggtgﬁﬁl d;tﬁg%l?% Itchgtg liﬁéu%lé%(;?fgefi%ﬁgl%ﬁc y

1nh1b1ta¢b[1§®]ﬁlngaG1ytaE‘safFlggye EE?TSurgpssMgb'v\B 6 19 only did not inhibit

PR AEP A e Uyt s SRR i YO B BRTIAT CuBhPH) 34-

fold (F2t4 ). Thi s was confi rned in our st udy (Figure 2B).
IR contrast, the uptake of [3H] [Dnt'] DALDA was
unchanged V\,hen pH varl ed from 4_0 to .4 F| gure 2A).
ped K 91 i Ditfercah Gal I3 €uggest s
that t he uptake of [Dnt ]DALDAln Caco 2 ceIIs i s not

meg g%#tgxqitt\étfth i pér Entérﬂ?%%tlgf B&[I%%%l %‘T_ﬁA whs ndQidapl e

- Sar Upt ake.
Caco- 2 cells we compared the internalization of [Dmt ]DALDA in several different cell

lines. An acid-wash step was included to distinguish internalized radioactivity (acid~
resistant) from surface-bound radioactivity (acid-sensitive). Figure 3A compares the
levels of acid-resistant radioactivity in Caco-2, SH-SY5Y, HEK293, and CRFK cells. The
results show that [*H] [Dmt'IDALDA was taken up extensively in all cell types.

Example 6. Radioligcand Binding Assays with [3H] [DmtllDALDA.

To determine whether [Dmt'[DALDA was internalized via receptor-mediated

mechanisms, we carried out radioligand (PH] [Dmt'JDALDA) binding assays with
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To further denonstrate that PEPT 1 is not involved "in
the transport of [Dnt']DALDA, we exam ned the effect
w@booBEMG2K di et hyl pyrocarbonate; 0.2 m\V) on PCT/US2004/013772
[3H [ Dnt' ] DALDA and [ 14C] d y-Sar uptake. DEPC is a
hi stidi ne residue-nodifier reagent that has been

shown to hi bi,t REPTI | T
34 et 2L ST ahlSFRGE S i FigT Sy el
bindin iﬁx&}vrﬁﬁ ADDAh@tSl}DSYB‘ﬁ’dhétﬁb&hgﬂ Thie eamua;ed Kgrvhaivs wasd

Sar uptake (Figure 2D). Surprisi
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(Blakedkt sk |J1@mlsﬁh¢m1t E9WaRTZeB2r éf).oact i vity (aci d
resistant) from surface- bound radi oactivity
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HEK293, and CRFK cell s. The 25 results showthat [ 3H|

[ Txe &hm&a&lmstaaayemtm[ﬁHgmmMem levelain Capeld cells after
Radi ol i gand_Bi ndi ng As,

<30 m[rmtﬁiq:mggp\sugggstg@t}@*p thesate\oh ettheo %[t}ggﬁepf%g‘ 1‘9}3'\1\1\14!\}3ﬁ§el?H as
equal ﬂor{fxee fa@@!)f \ﬁ?g(e t ﬁl fHEPTE )f%ﬁq "ﬁ{eeé%flu%f; S&ithd We

radl [ gand DALDA)" bi ndi ng
[Dmt HSAEBD& ﬁ\brhhhe édl, m@;@m@smmax@:;ﬁelﬁmaﬁwsm 0l g-Bzp
mephr an ared

T TN EERRIENTE
Flgure[%w;}{ci%g ﬁ%\tﬁ@?‘)@ f! I\;I@le SPW 8RR 3R 8% mddienGRee Uhat 8TFC.

(range 87-149) and the Bra, value
The efflas o8B {C @y -Sar wes Slen@@amt efnesdmit 4f @i The ety ef

e A mATRR e SRR B e DR S BB
into the @ne@'ﬂ&rﬁ%q i € 'ZlAQVIﬁrc)zSnﬁ@t k&t}fe(ﬁlteﬁbllzd‘ﬂ@ﬁ oind H H.
5. Szeto, unp ublished data). No high-affinity speC|f|c
["H] [DthM@Dwa@lgmg éA%é@nmr@wrecb%doa signifsameaisetcon the ghifug of

’H] [%%E%%%Pé fr?rg %’é{cetl r@ggﬁ_gﬁg%@e&#ﬁx ggﬂﬁ#]ﬁ@‘é@Aqgéso' d
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B
the pn%enc% rﬁg{ﬁ’@? @gﬁl"égﬁgspﬁ%é Sk 18, hatiilorg? Iflj[Eﬁit"]ﬁALIFA

was not affected by verapamil, an inhibitor of P-glycoprotein (Figure 4C). Verapamﬂ also
had no effect on cellular uptake of [°H] [Dmt'|IDALDA (Figure 4D).

The efflux of [Dmt'JDALDA out of the cell may be beneficial if upon enzymatic
cleavage after cellular uptake of the [Dmt']DALDA-protein conjugate, [Dmt']DALDA is

effluxed out of the cell while the protein cargo remains inside.

Example §. Transcellular Transport of [Dmt' 1DALDA and Gly-Sar.
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equal to the rate of uptake at that tinme. To exam ne
the efflux of Gy-Sar and [Dnt']DALDA fromthe cell,
w@aws/H@ioeel | s were prel oaded with [14C G y- SarPor/UpBbi/013772
[Dnt" ] DALDA and then replaced with fresh medi umt hat
did not contain pepti de. 15 Figure 4A shows that 39%

4 d
Tred-2 T irery o Vo (AR e eifE S P tnE pical b
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b &
T e

126><p0és&ﬁh:ﬁ»r6ﬂy-[s&PC (Figure 20). 01 the other hand, the
efflux of [3H [Dnt']DALDA was not affected by

CLSM.3H] [Dm ]DALDA (Fl gure 4D) The effl ux of
— [ Dnt'] DALDA out of the cell nay be beneficial if upon
enzymatic cl eavage after cellul ar pt aﬂ Plagomatlc-catlonlc

['EmYlil]l@AE e wtelteetnd meess i gakdar lfltﬁﬁl
peptldees tbvg)fﬁlgre%généggepéggs n@?hﬁl di‘m# gﬂblgg_[]ﬁ& Qhgi n cargo

I'NS 1 NSl [ular Transport of
[Dmt', aamafo?qmum wereGtydiGhby CLRL 26 65h004 0 3nternalization of

R RAY o S e L R A
[Dmt F%%%Lﬁﬁx&%b& o205 Rak bt Pfe d el fAFrddobMde %?@eﬁ‘&i diffuse

Figure 5 illustrates the ransport  of
throughdut @G ytordasm avith feippnt visbulapalistributies, mefrtmgéh%nthe

de at A ft I
S TN P ARG T A
endoscilﬁé'“ I[\Iaétayo] t%%%p&ﬂtﬂ@ifba@ ‘é@ Iétélfl @ﬁ&lhtﬁkﬁd ﬁkﬂh@}&l nliCIBuE he&he

basol at er al de |n was conp

internakizatort o Dyet’ @@Ma@d@édf% mt@ §Y§ xcqllﬁ aﬁ@rﬂaﬁlfi@aon With 0.1

vt okt et RS S 857 GRS Bt o
endocy:'to‘g@ullﬁtaﬂ@nécl%ﬁﬁn fREarst Mn&%?osﬁ&@ﬂﬁ’b&r@y -dedidentipzedebon
I'ul ar  Upt ake of Aromafic-Cationic Peptides Using

10 CLSM To visualize the uptake and node of cellular
Examplet ¥ rGduipdinsi afipeptidey onmrbsselideriSMCE and confirmation by mass

spectrometry.

SMCC (1 pg) and 5 pg of [Dmt'JDALDA, [Phe']DALDA, or [d-Arg-Dmt-Lys-
Phe-NH,] were dissolved together in 2 ml of PBS, incubated at room temperature for 30
min, and stored at 4°C. An aliquot of the sample was mixed with matrix (saturated 3-
hydroxy picolinic acid (HPA) in 50% acetonitrile, 10 mg/ml ammonium citrate) ina 1:10

ratio, and spotted on a stainless steel target plate. Samples were analyzed by Matrix
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peptides, two fluorescent peptides
([ Dnt 1, dnsDap4] DALDA and [Dntl, at nDap4] DALDA) were

watamdioem2by CLSM Figure 6 shows the internalipet/usmwoeti3772

the fluorescent peptide into Caco-2 cells after
i ncubation with 0.1 M 15 [Dntl, dnsDap4] DALDA for 15

. m.n at 37C. .The f.| : ' i
Aassisi R oS RSO RORG T e T T Shes PEe o (!
TOF MB)SAbbBsY BRREyst&HY (eSiiaeBdDE Pad)) iithe popitiak Refiecttdremode. The
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ndi ' | uded f h leus. Th
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rnaliza 1, at nDap4] DALDA i nto SH- SY5Y
cells after incubation with 0.1 20 M
) [Pak438d ft€ h PFOteit Tafd _ i ((Perty
ener gy- 1 ndependent non- endocytotic uptake nechani sm
Cells. because endocytosis i s an energy-dependent process.
Exanpl e 10. Coupling of peptides to cross-I|inker SMCC

d.confir ' q ;and
OGP UL RS TR PRSP s b b
SigmabXidribAlsinges @osh-Bisi@k BMCC (Rietchl r SMIC Creatts sfithRBSpe-
.incubated at Qoomtep‘gerat re for 30 m.n,, an or ed
containing BolecalesALYHRLDBE DAL Ak a@blsiaRuté hhds: JhEr i x
! - T ure 7).
roma SR LR DI LR Bl (LAY e 7
Its maleithide end@ngh $pnbt ednjopated st asulfhydyl-soeteiningeagenount 4e ereate

Sanpl I d b j
o tiofe S Gt BBt sl AR RRAAR. e
Rz A4 01 <o nkhilE aQdehd Y sulYB5EyDRRGhE RITed Hative MakeDI Th
page 2?%?3@&%8?%@@? %%%d)?}éﬂtfg%ssu( nggggfr% %)E Pr o) )lvi n the )
uptaked§FH-GlaVgrokeles & comaniembead-olhwithnim wewifa-galei ght s of
the peptides and their respective peptide- SMCC

SRR P15, MRS 1 TR RO T
Phe—N?féL?/Qs Rt dadgiah ﬁ]?noéj SR é)gﬁﬁé}ﬁté Wity £5el h 8t ro¥ad fefiperature.
pept Ss-11n to (

des were cr | 3-gal act osi dase _
This showid esshitimfctiFated peptide.” STgntachvated peptidg? wag dduted 1:10 with

-1 nk Pi .S 1S W.t | Ne- s

phospERSh DRFH rlgmiroR SCGHCES L Shiod: T BHbe L Ry He Pape” 2nd

mixedk 38 Gor¥iLES B%Pg?emiyg‘? 10 formation of peptide-SMC
conjugates i's confirmed by mass spectronetry (Figure

7). Its naleinmde end can then be conjugated toa . ,
s GeNhAyheucarasioma mylls onPaend) ware plased im Y6awelhplagasax 10

cellslR sal Sachbhad St 1L of 0N S Tink¥a B DI EHIBRS O
[Phe'JDALDA or [d-Arg-Dmt-Lys-Phe-NHj] for 1 h at 37°C. Cells were then washed 4

times with phosphate buffer. The cells were then stained with -gal staining set (Roche)

for at least 2 h at 37°C and examined under the microscope.

No uptake of B-Gal was observed when Caco-2 cells were incubated with 3-Gal
(Figure 8A). Presence of blue cells indicate uptake of B-Gal conjugated with ‘
[Dmt'JDALDA in Caco-2 cells (Figure 8B). Enhanced uptake of -Gal was also found
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page 234-237). (3-Gal contains abundant free

sul fhydryl groups in its native state. The uptake of
w@ 3s0&ab10ps ovi des a conveni ent read-out w th theCT/E82004/013772

X-gal. 15 Briefly, 1 m of 5 x 10"3M [Dnt'] DALDA,

[ Phel] DALDA or [d- Arg Dnt - Lys- Phe-NH2] was m xed with

onen B AR R BOEER 0L B (dgBhc P AL DA

(Figurepgﬁ]?%' @&Hugaﬁbﬁ of patalwstieSMEEPilbaAedidwns eﬁhdnué gptalte. 10

W t osphate buffer. 1 ng of [3 Gal was added to 1
m of the 1: 10 "activated peptide" and m xed at 4C
fSimiler felets Werh obtaimaderhmingtetiron20ONg e ckls ¢rNHAO cells (Chinese

neur obl ast oma cel(ls or Caco-2) were plated in 96-wel |
hamstesoxgrian EBshwergdied-ce | s/wel 1) and i ncubat ed with
(3-Gl or (3-Gal cross-linked with [ Dnt 1] DALDA,
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of sredinfluciebdent pestein (GIP)sing Hall7wellh (3- gal staining set
(Roche) for at least 2 h at 37C and exam ned under

ST el 61t 0L SISl ok wﬁ@% QP B i

o3 mENFATLTRANER s Ao B O EELE SUBOPYERL S o

GFP 288%0 Egm fced(tB—S@@CC\dﬁﬁ&ahﬁl@aﬁ&?ﬁﬁd 2441 3fiell
2005/ 0 PCT/ us2 04/ 013772 when it was conjugated

medium wis theh wddgd mpeledmeMqQ]t'or(qq egi@itt@ngb% hpurs in cell culture
mcuba%wcgﬁg r\&?er%{%she rucgg Qeﬁ {médﬁm@@}l wiFpbh

ance up resu
retaindtih Giviryt c%llﬁl st mﬁﬁllzéﬁ llﬂytmﬁfochﬂésem ed:dnmngrmﬁk@ccmf I Excﬂahon
Chi nese hanster ovari an ceIIs)Bfgre used. 5 Exanpl e

was performe af 30 B ENe AMFSIR WarResHRLBAY SV conj ugat e

enhances uptake of green fluorescent protein (G-P)

uBleRen (7 RO f?ia'r%'eg R ERgSE DR Gkt YR
honzo‘ﬁpam Bgﬁ&ﬂ thn Qf %1?7 @1:11%1” 31 odphrD réprefmtd Jibiteb¥al

U
G-P and g]DAL A conj ugat ed to SMCC for
mterfa?secumtrasannﬁﬁan@nmﬁ@ﬁ cell 10 nedi um was then added

to cell s and i ncubated for an additi onal 24 hours in

I t |
IRCIER ST NG NG TE P
fluorebdedbd Fithial ths cé’lﬁ%/t(’ﬁbﬁéiﬁ (Fized 9B corphraab ilcabeiorsSORN GRRY

m croscopy. Excitation was perfornmed at 340 nm_ and
alone é?rgml%r) Wesgreenfurestente Baobsavediintheaugleps. o opaaiBaton of

GFP W1t I? ‘SﬂSnggagflﬁé) Eorﬁ'ﬁg@x‘tg ghro%e%hevgn grea{e%ﬁakg %f @9?%?%&6

9C). These data show that [Dmt JDALDA can promote protein uptake into cells by just

physical mixing of the modified peptide with the protein, and that chemical conjugation

between the peptide and the protein is not necessary.

Example 13: Conjugation of [Dmt]lDALDA with an RNA oligo.

Synthetic RNA oligo (40 nucleotides long) was phosphorylated at the 5' end using
y-32P-ATP in the reaction with polynucleotide kinase. The product was gel-purified for
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15 horizontal optical section of Huh7 cells. Figure 9
(bottom panel ) represents differential interface
wa@eousHnesk3 i nages in sane field. Co-incubation pET/GE04/013772
with [ D' ] DALDA showed noderately increased green
fluorescence within the cell cyt opI asm (Fi gure 9B)
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the [Dmpi DA OHBO SRR RBEK Qflg@‘@ 5 Synthetic RNA oligo
(40 nucl eoti des | ong) was phosphorylated at the 5 end
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_ product was gel-purifire or
2005/001023 PC{/USZOO4/013772 reacti on.. 500, 000
cGamerBcgdlsi(l i LA werafvaghed ihuge timesdn RNMEY mgdiufpand

preincﬁ%édsﬁjﬂlglﬁ%Fol-gshrﬁlnu{e%%ﬁe %’ Rﬁl%&lﬂ oﬂ&lg&l! [r%]e}@éL DA in

[Dmt] S AEDRYREA dlipercopiigaty oremhgﬂm@mbmm (dpﬂn)oxufﬁttely@ocﬁmct
of conjugation reaction h g F?;IIA‘E% %% 9370(:
countsph tipte FRg) Bieregsidad nihese éﬂeé?lh‘a’ll;?lz oy paige ggr sV min a

poI yacryl am de urea gel. Two distinct bands on the gel
LCARE SncBRi AN leérg&eéiuﬁf‘@aﬁfé%ovkﬂl and ENlskashed o Rbids
I'go conjugaté (Figure 10 anpl e 14: Upt ake of
with ]:[MDEM AfdAlrDAINRNA soHiugoad@taté sxdam@ forreduceaoosmecifs hinding.

Finallydhg gﬁi]\sgyeelaé 1Sn§]€l %(fkf—?ag%légeff?{ W@ﬁtgégfd rtald gt“t)@f 1 i
cell 1y§ggwag RiRaQke®! 1 gOS. Then, ei ther 10 [Dnt] 1DALDA- RNA

ol igo conjugate or unconjugated RNA (appr oxi matel y

20,000 counts per mnute each) were added ||
nEdeaBreltcexhitital averdhresitings gieaieraipiakpol [Dm* ﬂﬁ’écngA

ot GSHB F B AR O D 005 o

[Dmt]|S0ALBEpBalotsipassape of RUACeliguoms@adhd ¢edl hembiang.

Finally, the cells were incubated in |ysis buffer for

30 mnutes and r adi oact|V|ty in the 15 ceII Iysate
i3 jingcpf R4 Haunit 4D A Ayi SV : LASES |

¢ e tespt ake of [Dnt1] DALDA-RNA ol go conjugate as
‘—’-Dﬁéﬂéaﬁgg—to unconj ugated RNA ol igo alone (Figure 11).
Ther ef or e,

The carrier complex was formed by physical mixing of RNA and [Dmt'JDALDA-
SMCC conjugate. The [DmtI]DALDA-SMCC conjugate was prepared by mixing
[Dmt'JDALDA with the cross-linker SMCC as described under Methods. A single
strand 11-mer [**PJRNA oligo was mixed with the [Dmt' JDALDA-SMCC conjugate for

15 min at room temperature before use in cellular uptake studies.

Huh?7 cells (1)(106 cells/well) were washed with DMEM and then incubated with
1.0 ml DMEM containing the [*2PJRNA oligo (~100,000 cpm) alone or with 40 ml
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[Dnt] 1DALDA pronotes passage of RNA oligo across the
cell nmenbrane. Exanple 15: M xing of RNA with

w@ yos202s DA- SMCC | i nker increases RNA 20 upt BREUSITWO013772

cells. The carrier conplex was forned by physical
m xi ng of RNA and [Dnt 1] DALDA- SMCC conj ugat e. The

SMCC c t
oo R S AL 10 SR Dl e
DMEMIagEsneNahdRO® divh Sdef@é solubdd pnembie ﬂﬁﬁsp[&(ﬂﬂ?}?ﬂﬂﬁlgﬁaﬁgﬁ
was m xed with the [ Dyt 1] DALDA: SMCC 8 for 25
incubated imiysisdutieniomP anpepaitiriachprdinastivide ?’fnm%a? ‘ul ar

upt ake st ud| es. Huh7 cells (1x106 cells/well) were
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and et ai ned
[Dmtlmampaesm]a eyvedat $Grifigde 1@59 i TbessalaiacshowfthaNiAs @pssgbie to

enhancRBAA e SSbETYSha b Ao ReAT e T WA bRYE “Bhing
4°C m?\%mé ISDEH% %pérf;\é/@-i%ﬁe e%Néltq{oh%db%& @5@§@ne@smﬁem W1th

was i ncreased d conpared to
the ab111t}mit[mmtb]ﬂi)%]13h teRAnedatere]l mmbnap@sd%epaéswﬂmfum
SI gnificantly enhanced by [Dntl ] DALDA- SMCC even at 4C

OrSa o R BBV NGk Erar b byl TEBRT D i SICC

or [d-%rél%/ P@% depgﬁgi SRt @k odnh R ed hd ﬁtﬁm&,adfeﬁe uph@km\by

nt non-endocytotic ‘process
oligo. Fomse $2€shows thia indrérse aipRINA ypteke wipn 1n}:gjm_mwttb the three

trat - di ff |
e BB BAERD 328 et on i o1
[ Phel ] DALDA- SMCC or [d-Arg-Dnt-Lys-Phe-NH2] - SMCC

ah§ Wﬁh \[7\]21?& Exgmm afvicd %oajaﬁl%e baRiNgo pRIM@Othe

FIrgure I ncrease in upt ake when
cellulair npubab’émlmmch hrgdr@®NAmededde (i350enehes %h@p\tn igdigned3,

conj ugat e r 15 mn at 37C. Co-incubation with
althouﬁlbﬂ%qﬂ BRYC ng‘ﬂmrﬁmﬁrﬂgg‘?’e can al so pronote the
cel lul an uptake of a nmuch | arger RNA nol ecul e

Examéﬂeﬁg' T{‘Itll!l gtiont lag F@g'tffD,’é"IQ}’A%lﬁ?’a Dﬂbﬁg&gh not as
Conj ugat i on

of [Dnt' ]DALDAW|th a DNA ol i go.
SMCC (1 pg) and [Dmt'JDALDA (SS002; 5 pg) were dissolved together in 2 ml

of PBS, incubated at room temperature for 30 min, and mixed with deprotected 3’-thiol
DNA oligo at 4°C for 24 hours. After incubation, an aliquot of sample was mixed with
matrix (saturated 3-hydroxy picolinic acid (HPA) in 50% acetonitrile, 10 mg/ml

ammonium citrate) in a 1:10 ratio, and spotted on a stainless steel target plate.

The formation of the DNA-[Dmt']DALDA conjugate was confirmed by MALDI-
TOF MS. The molecular weights of 3’-thiol DNA oligo and [Dmt']DALDA-DNA
covalent complex were found to be 6392 and 7171, respectively (Figure 14A).
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20 SMCC (1 g) and [Dnt'] DALDA (SS002; 5 g) were
di ssol ved together in 2 m of PBS, incubated at room

wo eoppeomeire for 30 min, and m xed with depr ot BCT/@82004/013772

3'-thiol DNA oligo at 4C for 24 hours. After
i ncubation, an aliquot of sanple was mxed wth
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rati o, and spottéd on a stainless steel arget pI at e.
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conj ugat ed to [Dmt|]DALDA using SMCC, and th
eumeital dhAdf xt 196 cellshiyelhoels waks W@ﬁhﬁd me%mwbated
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oligo (QP@O GO0 dgnhefdr ¢ i @up e st 4B)C hedisHeD, N2Als(verk tHed6vashed four
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times 1W|DMEM pid OUGRVRE BYod iU Agptale splgFion to reduce nonspecl fic ing.

the o E5rd BEK B AL IO 00 (P SO IR NSy |
detemwae’then washed four tines in DMEM and one ti rre in

sodi um acetate solution to reduce nonspecific bindi ng
10 The cells were then |ncqbate in lysis buffer

sIdptmcmo%laNAr emjugated witiilymEiPMLDA wat %ﬁeﬁﬁeh%%nparﬁjb{ %ake
unconj u%at d&) ?ﬁé{g@t 1£8F Mﬁ%tlbg%%sﬁépﬁﬁ%&g’ @8 BNA uptake can

unconj u?at e [ ncubat| on

be enhéxlfdeglby&oi;ﬁl)gatmmkd»l [Datt! JDALDAt DNA upt ake can be
enhanced by conjugation to [Dnt'] DALDA. 15 Exanple 18.
Pepti des and Pet| de- SMCC conJ ugat es are not toxic to

Example|18s Pepgidehand Ppptide-BM o d ) §ATe B Q)ae

conj ugates are tOXIC to cells in culture Tr eat ment

AL DA 1 M.t
%F‘g@k ggnp“]é’gfi?s nqgi }éﬁqpn{ig Sﬁcﬁé}gsﬂl |ggtr S %r‘é t%@ﬁgﬁ#ﬁass ay
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Fi gure 16) cells or Caco-2 cells. Sinilar
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Phe-NH,) also showed no effect on cell viability.

Incubétion of cells in culture with the peptide-SMCC conjugates also did not
affect cell viability as measured by the uptake of trypan blue. Trypan blue is only taken
by cells with increased membrane permeability. Huh7 cells (1 X 10%) were washed three
times in DMEM, and 1m! of fresh medium, or media containing 50 ul of 1 mM
[Dmt']DALDA-SMCC conjugate, [D-Arg-Dmt-Lys-Phe-NH,]-SMCC conjugate, or
[Phe!IDALDA-SMCC conjugate, and incubated at 37°C for 24 hours at 5% CO,. Cells
were then washed three times with DMEM, and 1 ml of 0.4% trypan blue was added to
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10

15

20

affect cell viability as neasured by the uptake of
trypan blue. Trypan blue is only taken by cells wth

w0 p@seesesl nmenbrane perneability. Huh7 cells (RCXU$DS)/013772
were washed three tinmes in DI\/EM and | of fresh
medi um or nedia containing 50 I of 1 nmM 25

the cel{s %ﬁé &DA DA @gceﬁ%e (ﬁﬁé?a%t K}E&%d llg]y wasl‘{lrég cells in cell medium and

the Celfs%e];%@éd iGaRkdsease, and |ncubat ed at 37C for
24 hours at 5% . Cells were then washed three
times with DVEM and 1 m of 0.4%trypan bl ue was
aﬁimednatmnzrg cols lzsorigit@m@g@mdﬁmgs 9? theoeils m@l}%’éted with

or, 2. ni t es. v
media Sy g R PR St S PR B tbtake was
obsew@d‘ﬁf@e‘ﬂ@ tha¥ated Ghth d[mn@tf MQDBLrSI\EK:MMrg{DmoLys;Phé-NPbW-
Crosco enonstrated that cell s incubated

SMCCWDI H’he B LD A eorgmwuhatmnrﬁlce% Yy B Ge upt ake.

(dlethyé@fr{)pa% eja{:éﬁ C}E& er%gltlgéﬁ% uB%E%ﬁ?‘g@ plge.OPserved in

[ D- Arg- Drrt Lys- Phe- NH2] SMCC, or [Phe'] DALDA. In
CaBkHaGsh of bélkubatings vaih [Eehd' D ALDA-SFPC conjugate also did not

o et LS Iy e
S
tree 40 o GE ot ater L g, P APt e, BRWE Syt of

modlﬁé@ ﬁ)ﬁx@ll]bmm (ImMBiePBESRLBS ckly {dones!) weresdded t(DbYEMell

of fresh medi um was appl i ed. Then elthe
medlumfandnmlfqa@da[fﬁ)ﬁtc fopAt bavrs iy o CRe phBerhe pisy by mio}

B

cells ahd 1rﬁﬁbatb@ﬁﬁfaaﬂltldnﬁ 15Nhine Exlcagsiver Ig%mgst (Eag’eislelemﬁé)ddﬁyor
st ai nin opt oti c_nuc wer e o cells an )

washingReliB A1eF d?e%%l(frP%ﬂéﬂ’H ingicatop) @e@@r%ﬁ%ﬁ hst dye

[Dmt W&%%?%@@té’%@@ c%ﬁlg%f‘érdlexgltt%'b&rﬁro@ elils B iBrédcese

microgdcBpy (xhitiA BYSCnoonidieyabsomer 46 1comp a%m@tcwust i indbentecbby
cells quore cent Cr 0Sco ex 350

concenwﬁhaﬁ@ﬁwp%é?%e 1 thg gyel Fl‘rr) lg‘ﬂﬁi‘gﬁ% i‘s‘if% "gst‘“&l ¥

apoptcfs%rlg eRi7akiiOneEd HhtH ?Dﬁﬁ"]@[/}QQDAfSMﬂg i9tHel s@e as @h‘ftﬁ)l
17 denonstrates that the 'l evel of apoptosis in Huh7

cells. cells treated with [Dnt'] DALDA-SMCC is the sane as in

control 20 cells. 49 WD 2005/ 001023 PCT/ US2004/ 013772
VWhat is clained is:
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1. Anethod for delivering a nolecule to a cell, the
nmet hod conprising contacting the cell with a carrier

wa@ eowploero23 wherei n the carrier conpl ex conpri SeBCT/N82004/013772

nol ecul e and an aromatic cationic peptide, wherein the
aromatic cationic peptide conprises: (a) at |east one

oaltlve charge; (b) a mninmum of three am no
W————Séﬁ—*ﬂg‘—i—chat ) a maxi nrum of ten am no acids; (d) a

1.

rel ati onshi p between the m ni nrum nunber of net

RO sidihodefos hai@eg alpsticudtd 4 dudl, thetratthodicdreprisifig eomitanting
acid residues (r) wherein 3pmis the |argest nurr}‘(l)
tthaeel] withasarricigAmplexeyhiaFingtge parsien coraplgx fmprses t

;1%))1%%1519 ?ﬁa}“ b aggﬁ ‘ﬁﬁ %Qtl&rh@ Pk FWHérE?& EbrotlatiRcRISHiE Beptide

&'totar unber of net positive
cdoairgisss: (pt) wherein 3 a is the largest nunber that
i's Ies&r}i hian or eq[ual t + 1, except that when a is
1, pt @hjtigast gngpee POSIQVC #€¥hod according to claim 1,

Merel@)g%lhﬁnﬁrﬁgf{@é@ﬁﬁﬁlo@gﬂ@er that is less than or

equal to pt + 1. 3. A nethod according to claim1,
wher ei (@) a maxiregmaif téncanpino 4¢idg et hod according to

poci £ Ghacnangutie gihe i Bybi B! R tperecs

wherein ‘(g% ARk @8l Rasber ¢f amifid H&:l@freilﬁ‘de@ﬂ(‘r) vitesdih By is the
char ges. A nmet hod according to claim1, wherein the

pept | de ilargest npmbephiide less tgnios eags! tave+ paad ti vel y
char ge@gc relatgon%gi %c'et\é%% tﬁ@%lﬁ&ﬁﬁhﬁrﬁb%ﬂ%rﬁﬁi IO‘ZPS @

met hod cor toc n the pepti

wat er solauBlie: to&l nédmbatdieet pusitdrecihacpet th):Whermn:lB;a 1s the
wherein the peptide_ conprises one ]

r nore D 0 )
aci ds. 50¢estPOOBFOHY0S SF’@PP@S@B@%/"@E@?%‘%XCQ&%Q when a is

nmet hod agc rﬂh t9-¢laim1, wherein the C-termnal
car boxyl 1 ?oupyglfq‘ %e amno acid at the CGtermnus is

i {r%n én%é?éj ia%cgrcgn to"ﬁﬁlﬁao? VAEESh %'a ngtéﬁé (r?]%r%sq ) Minber HRES &sP than

onpri ses ’one or
or equal to p; + 1.

A method according to claim 1, wherein a is equal to p.

A method according to claim 1, wherein the peptide has a minimum of two

positive charges.

A method according to claim 1, wherein the peptide has a minimum of three

positive charges.

A method according to claim 1, wherein the peptide is a tripeptide comprising two

positively charged amino acids and one aromatic amino acid.
A method according to claim 1, wherein the peptide is water soluble.

A method according to claim 1, wherein the peptide comprises one or more D-

amino acids.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

natural ly occurring am no acids. 11. A nethod
according to claiml1l, wherein the peptide has a

woreovsoumedf four am no acids. 12. A nethod aceOr/UsI0g4/013772

to claim1, wherein the peptide has a maxi num of about
ei ght am no acids. 13. A nethod according to claiml1,

erein the peptide has.a maxi of aho [ i
R R 3 et D L
ReRhb d6idRethel QurmaiisiPadidatd. 15. A method according
to claim1, wherein the peptide has the formula

Ty Eﬁﬁ@id%lr Seofditfy X2 whBRLDA: -pe%@de AR BnASCRBMiHvg-
to claim1, ereln the peptidé has the fornula
HahGalPotcubingherginheeidsys- NH2 (Dnt | - DALDA). 17. A

met hod according to claim1, wherein the peptide has

t AendtiesdatcardripetoRiAmgt, wWhiessin the-pebdd Risel miDAnDv) of 0@, amino
nmet hod according to claim1l, wherein the peptide has
t#&Sformul a D-Arg- 2', 6' Dnt-Lys-Phe-NH2. 19. A

met hod according to claim 1, wherein the peptide q%f

t henatlegdhascerding toglaimnh vhepginy therpepiide bagpmppsapin pigugsy
20.ht%nggﬁt) P@lg&accor ding to claim1l wherein the nol ecul e

i S8 Fra nol ecule. 21. A nmethod according to claim

e8] el TBn 1 TR sebife pRPRERER LG o
n

WistBiaBidgkhe pharrmaceutically active nolecule is a
antibiotic. 51 WD 2005/001023 PCT/ US2004/ 013772 23. A

nﬁﬁﬂ&ﬂo@&&_@fﬂ%%‘ﬂ) 418nf] 3lHEdd thhRpEHe hhd®ur amino acids.

phar maceuticallTy active nolecule is a cytotoxic agent.
2

A-né@ém&eﬂdi oashng &&B&L ﬂ'ﬁe%e%ggf: whemhe if@h%dl‘@Tyr—D-Arg—

cyt X1 ¢ agent 1s doXorubl cin. A et ho
aPleoLgd-NGLt(DAIIDANM 23, wherein the cytotoxic agent is
adrianycin. 26. A nethod according to claim 21,

WAeh&h&d hdrerdih@toneaiaut i virdiy tiecpdptiee bmd the dbrenils 2’ ,GRDmt-D-
ant i oxi dant . :
Arg-Phe-Lys-NH, (Dmt'-DALDA).

A method according to claim 1, wherein the peptide has the formula Phe-D-Arg-
Phe-Lys-NH, (Phe'-DALDA).

A method according to claim 1, wherein the peptide has the formula D-Arg-
2’,6’Dmt-Lys-Phe-NH,.

A method according to claim 1, wherein the peptide has the formula
2’ ,6’-Dmp-D-Arg-Phe-Lys-NH, (Dmp'-DALDA).

A method according to claim 1 wherein the molecule is a small molecule.

A method according to claim 20, wherein the small molecule is a

pharmaceutically active molecule.

A method according to claim 21, wherein the pharmaceutically active molecule is

an antibiotic.
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23.

24.
25.

26.

27.
28.
29.
30.

31.

32.

33.

34.

35.

36.

- 37.

38.

27. A nethod according to claim26 wherein the
antioxidant is vitamn E. 28. A nethod according to

web@asmmde; wherein the antioxidant is vitam n BUT/URS04/643772

nmet hod according to claim 26, wherein the antioxi dant
IS beta carotene. 30. A nethod according to claim1,

' h I = hi ol ogi cal | | e. -
O LeCar ) Lol o e TR B e TR s gl db i
npdeGkie a'ggma polyam no acid. 32. A nmethod according

to clai m 30, wherein biological nolecule is a

PR %{@&ﬁiﬁ%ﬁﬁi 2% Bl M4 WBleBL b %Kto%%éic AediRtWAtorubicin.

according to claim 32, wherein the pharmaceutically

SR RLSEH g, SRURRERR SRR b W

%?ﬁf@cﬁ%éé@ﬁgln% C? Cltnigllgiw e%%?&ll?vﬁ)g%%laﬁ ﬁi}%ﬂ%’%@% Atectle is
phadegRMA cal | y active nmolecule is an antibody. 36.

A nmet hod according to claim32, wherein the

P eaﬁ&ﬁébfcbﬁ% % bl MEWARERGHE Sntiokidaht ReHHaeiA BPhi C
g‘?gﬁvw factor.é 37. A rrthVhod1 accor di ﬁg to cl ailm 32,

VRSl &k Y icggrgﬁtg{oﬁﬁg%d, GRkteln HelahMExiARMHES VirfninSC. @

cyt OKI ne. AT accor di Ing to claim 32, wherein
t . . LS :

O 32‘5992 i @2??&?%@%%9‘8% %%H{?%;Fi‘ﬁéig%ﬁf%rf%‘z
gagp@&(ggéﬁcg%&cfpocg%hn éxt/}?%qq% @Ilﬁngga%gule ésﬁa[ Blolb gticha‘le molecule.

ol i gonucl eot j. de. 4Q. thod according to claim39, .
WP GRReH RRBIBRS (R ST LerploREA O RETAGHA POl Amino
agegording to claim40, wherein the RNA is

doubl e-stranded RNA. 42. A nethod according to claim

oL e A o AR B 40 A

O#Ewamltieally atgive sndDbtdle. 44. A net hod according to
claim 39, wherein the oligonucleotide is
SANRtBoPhdcoREs o df¥h 32 SvhefiBicH st dIRGctiOe SloBictle is

44, wherein the single-stranded RNA i s nessenger
an endogenous peptide or protein.

A method according to claim 32, wherein the pharmaceutically active molecule is

an enzyme.

A method according to claim 132, wherein the pharmaceutically active molecule is

an antibody.

A method according to claim 32, wherein the pharmaceutically active molecule is

a neurotrophic growth factor.

A method according to claim 32, wherein the pharmaceutically active molecule is

a cytokine.

A method according to claim 32, wherein the pharmaceutically active molecule is

a polynucleotide.
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39.

40.
41.
42.
43,

44.

45.

46.

47.

48.

49.

50.

51.
52.
53.
54.
55.
56.
57.

38.

RNA (nRNA). 46. A nmethod according to claim 39,
wherein the oligonucleotide is a ribozyne. 47. A

waoredosodioazcordi ng to claim 39, wherein the PCT/US2004/013772

ol igonucl eotide is an anti-sense RNA. 48. A nethod
according to claim39, wherein the oligonucleotide is

R I R A AR D
%icg%gg‘gglggltdg_de is an RNA decoy. 50. A nethod
according to claim 30, wherein the biological nolecule

'1/§ n'%;[]}ﬁ)%l a)ég&jtdﬁlg ig gﬁiﬁii 3 g?gvhgf%id@[e !aﬂgo 3 eﬁa{ﬁ% ngriia cl ai m

erel acteri a 52. A net hod
accor,di,ng taq.cl.ai ml1,,werei ' I :
o8 Frd e R MR s Ry £ dqlofe Rriualiga,
cell is an animal cel]. 54, . t hod ' .t
K o Ot 1 T WERPURE- BRI SRNA-
55. A nethod. according to claim 53, erein cel |
i r%ptbf@mcewérng&ewﬂalr'ns%; WEEGWE% %&?138% ?ﬂ“ﬁ'a 1§ @ﬂg ai m
53, wherein the cell is a renal epithelial cell. 57. A
b thedlep deaseondifianty clasmd hmiesm thgekigenyrleaiide dpyinglp-sirgpded

illr{wl(ﬁsti nal epithelial cell. 58 A method according to
clYaim 53, wherein the cell is a vascul ar endot heli al

e S R P MR Bl e

CRNIA (sRARI 0od-brain barrier endothelial cell. 60. A

met hod according to claimb53, wherein the cell is a
%'rﬁ’éth&?éécordi to chiffe3 ) QtheAtGE HediRBnbQedtld@iisn BBozyme.
erein the cell 1s a hepatocyte. 62. A nethod

a ' : | 7 I i [de-isat hidn
pé%?{tgéédq%é’h%ﬂ? @séﬁlgn ?%glﬂg%@%%ﬁet g%ld%fﬁ%})r di ngS% 0
cRyliam 1, wherein the nol ecule conprises a linker. 64.

A nmet hod according to claim1l1l, wherein the nol ecul.e
apGn@h QM BchRlisRiol iiC39, Raetdia eheauliyontidedtiialis yn baachebiguide
65. A nethod according to claim1, wherein the
nesiqeensedoshdbegyditat i ¢ cationic peptide are physically
bonded. 66. A carrier conplex conprising a nolecule
aAdnethodaaneating tocdeino R, svhsepn thgegligonucleotide is an RNA decoy.

A method according to claim 30, wherein the biological molecule is a polyamino

acid.

A method according to claim 1, wherein the cell is a bacterial cell.

A method according to claim 1, wherein the cell is a plant cell.

A method according to claim 1, wherein the cell is an animal cell.

A method according to claim 53, wherein the animal cell is a mammalian cell.
A method according to claim 53, wherein the cell is a neuronal cell.

A method according to claim 53, wherein the cell is a renal epithelial cell.

A method according to claim 53, wherein the cell is an intestinal epithelial cell.

A method according to claim 53, wherein the cell is a vascular endothelial cell.
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wherein the aromatic cationic peptide conprises: (a)
at | east one net positive charge; (b) a m ni num of

wo booseomes no aci ds; (c) a maxi num of ten am nBCHUSZIS4/013772
(d) a relationship between the m ni nrum nunber of net
positive charges (p,,,) and the total nunber of am no

0. RS Sl S S bl PSR

nehad i-aishiip) bgtween the m ni num nunber of aromatic
groups (a) and the total nunber of net positive
60. charetfesl acpajlingtte clsiim 53, whersin the cell irapgdiad cellimber t hat

is less than or equal to pt + 1, except that when a is

1 | 7 : i di
1. oy nfingAe@ui B Bishn 3 wnQeff Bl OAMAERACCO D T

| ess than or equal to pt + 1. 68. A carrier conplex
62. a&eetlitidigesding taichim6l, whisesiethe arormaticeci@hicteptide corbgrises
WD 2005/ 001023 PCT/ US2004/ 013772 69. A carrier
®ex according to claim66, wherein the peptide has
a mninmumof two positive charges. 70. A carrier

63. CRMRIRN REGALH B4R hitlePoifthe MBIBERE BorhpescRentikde has
a mnimumof Tthree positive charges. 71. A carrier

conpl ex according to claim®66, wherein the peptide. is

64.  aAmmdtiwirccerdingdtoeipimst, vdhersip thsaaelerwe pyd fIREIEE 42HRH O

aci and,one i amno acid. 72. A carrier
c%i%lg‘ﬁ%%reé%l%%%céﬁggg’?‘%éd& aim 66, wherein the peptide is

wat er soluble. 73. A carrier conplex according to
65. Chahdth@baccuddiigeiorelditiel , peetdinl theanolpcils esd avematic catiwre

D-ami_no acids.  74. carrier conplex according to
cPeﬁtlﬁ?B@,P%m%?lgilPPr{‘é@ C-term nal carboxyl group of

the amno acid at the Gterminus is amdated. 75. A

66. CAfcﬁfrgﬁ cSAPRk R¥mPESRE R Hllebife GhRMBMhativbgi@iipépide,
peptide cohprises oné or nore non-naturally occurring
awhereingb¢ eromati6 catlorgapetisie comppsesx according to claim

66, whesein, {he, pERtide has A m ni mum of - four am no

(b) a minimum of three amino acids;

(c) a maximum of ten amino acids;

(d) a relationship between the minimum number of net positive charges
(pm) and the total number of amino acid residues (r) wherein 3py, is the
largest number that is less 2chan orequaltor+ 1; and

(e) a relationship between the minimum number of aromatic groups (a)
and the total number of net positive charges (p;) wherein 3a is the

largest number that is less than or equal to p + 1, except that when a is

1, pt may also be 1.

67. A carrier complex according to claim 66, wherein 2a is the largest number that is

less than or equal to p¢+ 1.

68. A carrier complex according to claim 66, wherein a is equal to p;.
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69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

77. A carrier conplex according to claim 66, wherein
the peptide has a maxi num of about ei ght am no aci ds.

wa B05M0was ri er conpl ex according to claim66, MMEUSIN04/013772

the peptide has a maxi num of about six am no aci ds.
79. A carrier conplex according to claim®66, wherein

the peptide has four anl no acids 80. A.gatrier. -
e el aptth Srah o6 aviea I RePpfE St
tt%ﬂo@i&iwlcﬁar dyr - D- Arg- Phe- Lys- NH2 (DALDA). 81. A
carrier con‘p%ex according to claim®66, wherein the

(%1‘%1&1‘3% cﬁ%ﬁlei Q&:o?cﬁﬁgw Qainf 66, the%h ke pHdEREs & Monibdden of

A carrier conplex according to claim

Gﬁree\pbatleecharm pepti de has the fornmula
Phe- D- Ar g- Phe- Lys- NH2 ( Phel - DALDA). 55 WD 2005/ 001023
PCTAAIS2 0614184 3acdH2ding B cléine éﬁ,m}mreinmhmlb@ﬁdadx:@triﬁep@dq 0
claim 66, whergei tﬁeg%ﬁlgti.dehsthefor d
RO Sy SHRBIAS IR f e B g et
according to claim66, wherein the peptide, has th(i
f@pmeacomleeacqgﬁ?}n@iw lginphe, whey elmrtge R IDReRgol s,
A carrier conplex according to cI aim 66 wherei n the
mblceriet eomplen agwading torelaize G evhaein the pentide spmprigs Qg or
according to.claim66, wherein the small nolecule is a
bP8iedy ?1831 ar‘qucecul e. 87. A carrier conplex according

clalm86 wher ei n t he. bi_ol ogi cal lecule is a
p&%wr Female docosding o GlZi 8y e&waﬁ%é'a-’fswgh fip ! eroup
(#]isth@hﬁ%o amt%@ctt&%lﬁﬁﬁi lanfT@dtegul € is a

armaceutically active nolecule. 89. A carrier

%@B}r% c&?ﬁ Cg qu;&gdltng It(S: Rl 68 8whé[’i‘@§1rtﬁé g r#tﬂ% comprlses one or

phar maceu nol ecu anti biotic.
9 oreMonataturelly Ommph@(arammcnﬁsng to claim88, wherein
the pharnmaceutically active nolecule is a cytotoxic

afeatrier 3dmpllx @8EdrHiRE t6 0jth €6, whaeinthe gefitoledianh mifipum of
wherein the cytotoxic agent is
four amino acids.

A carrier complex according to claim 66, wherein the peptide has a maximum of

about eight amino acids.

A carrier complex according to claim 66, wherein the peptide has a maximum of

about six amino acids.

A carrier complex according to claim 66, wherein the peptide has four amino

acids

A carrier complex according to claim 66, wherein the peptide has the formula
Tyr-D-Arg-Phe-Lys-NH, (DALDA).

A carrier complex according to claim 66, wherein the peptide has the formula

2°.6’-Dmt-D-Arg-Phe-Lys-NH, (Dmt'-DALDA).

A carrier complex according to claim 66, wherein the peptide has the formula

" Phe-D-Arg-Phe-Lys-NH, (Phe'-DALDA).
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83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
0.
95.

96.

97.

doxorubicin. 92. A carrier conplex according to claim
90, wherein the cytotoxic agent is adrianycin. 93. A
wa@ arosioernzzonpl ex according to clai m88, wherei PCT/082004/013772
pharmaceutically active nolecule is an antioxidant.
94. A carrier conplex according to claim93, wherein

the antioxidant is vitamn E. .9 14 oINS
o contt pann 5 arearfipdlp AE oG b o GREE Bhs fOTRkARa 0
VALY AIDnt-Ly3Phe/ANHAr i er conpl ex according to claim
93, erein the antioxidant is beta carotene. 97. A
CRIK &ﬁgﬂ@k b WheabilBSpeptiaghas etfbenula
rr“glcélléﬁr(é [ agécio?)(lﬁggi%gallagnrt}g’l ecul e. 5% % 2005/ 001023
FCT \ISAH04A (t Bie7Rys-Digl, (RnyarPABPAJonpl ex according to
claim 97, wherein biological nolecule is a

phaafire eoihiplertoprding itw elaim bécwhecindBe malacaleris @small
Conﬁl ex according to claim98, wherein the

pha Felgeut i cal | y active nolecule is an endogenous
peptide or protein. 100. A carrier conplex according
t & cetrigr GomBlex e ding t@ Flaim Rar Wagreinithe é‘IHP‘; H%;?i%ug‘-‘els a

I lLe i enzyme. 101. A carrier conplex
ﬁgg)%gfaﬁrém 8&1(%1 aim 98, wherein the pharmaceutically

active molecule is an antibo . W=1( :
cipires cTReBR vyt Pe X PAh B erprtEs HRIGRA bflecule is o
pﬁ@pmﬁg@bjdgal Iy active nolecule is a neurotrophic
growh factor. 103. A carrier conplex according to

- ChaiRe? %omﬂ’éﬁ 8éddin Qo RIah FBCRHéemAtht ¥mall imdl&ule is a
mol ecul e i's a cytokine. 104. A carrier conplex
apleymdéangically astiae mad@ulssher ei n t he phar maceutical ly
active nolecule is a polynucleotide. 105. A carrier
cAnakmer camplexdicomrding to lckimm 888 wheveiy the pharmaceutically active
pharmaceutically.active nolecule is an
oMOlSRIGAF ROt 06. A carrier conpl ex according to
cl aim 105, wherein, the oligonuclepotide is RNA. 107..A
cArQarEaT COBRIKERCHE R iC-%@m Wﬁgﬁefﬂ ’% @hwsvwaflﬁ B°HKSA
! ﬁm‘f‘e%ﬁf%' i§ é%gl{oﬁﬂgceggenﬁm'

A carrier complex according to claim 90, wherein the cytotoxic agent is

doxorubicin.

A carrier complex according to claim 90, wherein the cytotoxic agent is

adriamycin.

A carrier complex according to claim 88, wherein the pharmaceutically active

molecule is an antioxidant.

A carrier complex according to claim 93, wherein the antioxidant is vitamin E.

A carrier complex according to claim 93, wherein the antioxidant is vitamin C.

A carrier complex according to claim 93, wherein the antioxidant is beta carotene.

A carrier complex according to claim 66, wherein the molecule is a biological

molecule.
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108. A carrier conplex according to claim 107, wherein
the double-stranded RNA is siRNA 109. A carrier

wa@ eowploero2accordi ng to claim 106, wherein the PCT/US2004/013772
ol igonucl eotide is DNA. 110. A carrier conplex
according to claim 105, wherein the oligonucleotide is

single- stranded RNA, 111, ar.r:i I '
o5, ShUHErsHET SO dhb of SCL Bl R 0
a8t caBMACGRNA)ecule 7 WO 2005/ 001023
CT/ US2004/ 013772 112. A carrier conplex according to

99.  CA kel Compl¥k Q&,%Mln% Reclinh QQ,Wrﬁﬁtm@?ijdrﬁa@eutibalmwiﬁﬁ.
113. A carrier conplex according to claim 105, wherein
theleolle gomendeginiode pensidgror gratein. sense RNA. 114 A
carrier conplex according to claim 105, wherein the

100. oAicaeiencémpitk decording o clert 88 naherguithieplragpaevticalivactiye
ri bozyme. 115. A carrier conplex according to claim
108leCHRA LT SFEYBR: ol i gonucl eotide is an RNA decoy.

116. A carrier conplex accaording to, claim97, e

101. ¢ Asamics FPPIERPCHRBHIAE i9 elaim 9% Wigepdhs H%?%Fﬂ%ﬁ@)?g‘%v%

c LaE i SR ccording to claim®66, wherein the
a@é%@%ésccatllgﬁgg peptide conprises a linker. 118. A

carrier comlex. aecordi ' ' .
02 CRGhEFsSRRL aBER O iy 8, ShaLm GPpbeL e
agoRedle iga haretr@ibie SowtiMiet®i n t he nol ecul e and

aromatic cationic peptide are chem cally bonded. 120.

103. AAGRfrler 85mPRRRLEIAE GO ERIMY8] Wherkini tHt GRarmabertRally hétive
nol ecul e and aromatic cationic peptide are physically

boabbeule is@¢ytolinget hod for delivering a nolecule to a
cell, the method conprising contacting the cell with
104. aAnmtrize bmpkrdcendmgdoataim 98 awhemincthp gharigecutigaBy agtive

the aromati cationic peptide conprises: (a) at |east
ofeleqre 153 BPkYP e?ﬂﬁgrge;

105. A carrier complex according to claim 98, wherein the pharmaceutically active

molecule is an oligonucleotide.
106. A carrier complex according to claim 105, wherein the oligonucleotide is RNA

107. A carrier complex according to claim 106 wherein the RNA is double-stranded

RNA.

108. A carrier complex according to claim 107, wherein the double-stranded RNA is

siRNA.
109. A carrier complex according to claim 106, wherein the oligonucleotide is DNA.

110. A carrier complex according to claim 105, wherein the oligonucleotide is single-

stranded RNA.

111. A carrier complex according to claim 110, wherein the single-stranded RNA is

messenger RNA (mRNA).
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(b) a mninmumof three amno acids; (c) a maxi mum of

ten am no acids; (d) a relationship between the
waoreovsoumehunber of net positive charges (pm BeOMUSi0e4/013772

total nunber of am no acid residues (r) wherein 3pmis

the |largest nunber that is |less than or equal to r +

; and . RGE/

112, Rl et el 1o Rt S ol oo e
gibexkase.(a) and the total nunber of net positive
charges (pt) wherein 3a is the |argest nunber that is

113, |essritRhplx fUURlind © dMinrt 05, whkeapthetoigbnwietida is 2 anti-
1, pt _may also be 1. 122. A nethod according to claim
sese Riber ei n the nol ecul e and aromatic cationic
peptide are chem cally bonded. 123. A nethod according

114 thocatier conildx aoshutieg to dléie HiSl, sberen Be@ligpasgatide is an

cat i oni c. [ . [
externa Igglde Fs)gcf)utelngeefo?a% oQ}’x%é."a' l'y bonded. 59

115. A carrier complex according to claim 105, whereint eh oligonucleotide is an RNA

decoy.

116. A carrier complex according to claim 97, wherein the biological molecule is a

polyamino acid.

117. A carrier complex according to claim 66, wherein the aromatic cationic peptide

comprises a linker.

118. A carrier complex according to claim 66, wherein the molecule comprises a
linker.
119. A carrier complex according to claim 66, wherein the molecule and aromatic
1

cationic peptide are chemically bonded.

120. A carrier complex according to claim 66, wherein the molecule and aromatic

cationic peptide are physically bonded. ‘

121. A method for delivering a molecule to a cell, the method comprising contacting
the cell with a molecule and an aromatic cationic peptide, wherein the aromatic

cationic peptide comprises:

() at least one net positive charge;

(b) a minimum of three amino acids;

(c) a maximum of ten amino acids;

(d) a relationship between the minimum number of net positive charges
(pm) and the total number of amino acid residues (r) wherein 3pm is the

largest number that is less than or equal to r + 1; and

58



WO 2005/001023 PCT/US2004/013772

(e) a relationship between the minimum number of aromatic groups (a)
and the total number of net positive charges (p;) wherein 3a is the
largest number that is less than or equal to pt + 1, except that when a is

1, pr may also be 1.

122. A method according to claim 121, wherein the molecule and aromatic cationic

peptide are chemically bonded.

/
123. A method according to claim 121, wherein the molecule and aromatic cationic

peptide are physically bonded.
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