CELL- TARGETI NG NANOPARTI CLES AND USES THERECF CROSS- REFERENCE TO
RELATED APPLI CATI ON 5 [0001] This application clains the benefit
of priority of US provisional application No. 61/383,749 filed

Sept enber 17, 2010, the contents of it being hereby incorporated by
reference in its entirety for all purposes. FIELD OF THE | NVENTI ON
10[ 0002] The present invention relates generally to cell-targeting
nanoparticles, in particularly for targeting of cells. BACKGROUND OF
THE | NVENTI ON [ 0003] Optical inmaging of biological and/or chem cal
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photo bleaching after minutes of exposure to an excitation light source. Therefore, they are

unsuitable for optical imaging that requires extended time period of monitoring.

Furthermore, these labels are sensitive to environmental changes such as pH and oxygen

25  concentration. Finally, recombinant GFP fusion proteins are cumbersome to construct, and

long-term imaging (more than 3 days for example) with GFP requires the time-consuming
process of establishing stable-expressing clones.

[0004] Other types of labels such as polymeric, magnetic and metallic particles have

been introduced into cells. An alternative technology is the use of inorganic semiconductor

30  nanocrystals, or quantum dots. Quantum dots, such as CdSe/ZnS core/shell nanoparticles,

are inorganic fluorophores and generally have a size below 10 nm in diameter. Compared



10[ 0006] For the design of water-soluble QDs, different coating

met hods are avail abl e and are acconplished either by exchange of TOPO
or through hydrophobic addition reactions. TOPO |ligands are often
exchanged with thiol-functionalized conpounds such as nercaptoacetic
acid, dihydrolipoic acid, dithiothreitol, and cysteine containing
peptides. The QDs have al so been coated with inorganic silica or
organi c R§ %ﬁ&én'ms&amgley Mgy @Y€ s -much h1 lﬁ&cﬂﬁ?tthl%hl?o‘{d 3hé& nTeEﬁélble
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problems that exists in the art especially in relation to cell imaging labels associated with

in

the use of particles such as quantum dots and nanoparticles.

SUMMARY OF THE INVENTION
30 [0009] In one aspect, there is provided a cell-targeting nanoparticle, wherein the cell-
targeting nanoparticle is directly conjugated to at least one cysteine-containing peptide,

wherein the cysteine-containing peptide is selected from the group consisting of



20[ 0015] Figure 2 depicts the transm ssion electron mcroscopy (TEM

i mges of (a) Fe203 magnetic nanoparticles in chloroform (b)

gl ut at hi one (GSH)-coated nanoparticles dispersed in water, according
to various enbodi nents. [ 0016] Figure 3 depicts the nucl ear
targeting of human nesenchymal stemcells (hMSC) using peptide coated
guantum dots wherein the peptide conprising a transporter 25 peptide
(TP) fragmamhised( @SIT)UCA asHlerRldigd e ﬁdlg Nald ﬁ%m@e&%ﬂ%ﬂ% 39 Bakar
according to various enbodi nents. 8 Figure 4 depicts
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targeting the cell nucleus and its cytoskeletal structure for

exanpl e. Furthernore, the cell-targeting nanoparticles of the
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cell-targetin nanopartl cle is directly conjugated to at |east one
cyst ei needmekihpisdabslsd byl éﬁéHdV@ﬂ‘%?%e cont ai ni ng peptide can be

one gff gl uf @éﬁ]%gglgec?o 1|c§’s ﬁ%@"t‘?é?ﬁﬁﬁéswnn&ed?ﬁﬂ;ﬁl%osc /. Eﬁztdgqges of (a)

conpri sing a nucl I zati on signal seque
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can mean,a djrect linkage or direct,caupljng between the

cyst ei nedig %feéi e g?}pfcglég g’n‘@“t(’ﬁ%e@gf"?n{%ﬁf“geti ng nanoparticle,

wher eby t hqeg1d]Ofightees dfctdehd lueRet Repetiy af ﬁ%@h%&seﬁé}%a@rstem cells
non-coval ent interactions, for exanple, ionic or hydrophobic

i nt er act (M4SC] ovng peptite qoetcdwqupelr@m dets w}@regm & neptide nmngn?ng a tranSporter
St bt (rBE FhghdR AT R foctle g N A feBufl Faeh B Hedofine

her ei n r@f@hs)ugemamlﬁﬁhﬁp aC| d either in the Dor L formor to an

am no acid m netic that can be incorporated into a polypeptide b
ani de bond.[06373 Eigureot slepigts the targeting of microtubules and filaments of hMS cells

using peptide coated quantum dots wherein the peptide comprising a TP fragment and a
NLS peptide fragment, according to various embodiments.
30



resi dues nmay be naturally occurring am no acids or synthetic am no
acids as well as nodified am no acids and derivatives of naturally
occurring amno acids. Such a peptide can be provided in different
ways, e.g., by isolating it fromnaturally occurring sources, by
expressing it froman appropriate reconbi nant nucleic acid nol ecul e
and purifying the 5 resulting product by neans and net hods wel |l known

to the person skill epEThiED HESERIEPMON O TRIE BVPERGION The
chem cal synthesis is preferably but not exclusively carried out on
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nanoparticl.e. |mt I n trati.ve

Croopaes ‘B, 5% Bregl dkioh S oSl pn B¢ hpHRe SIRIRL Har I siibtfastine
of the cehhopatickedf e inpdGipANS hlﬁb@o fslﬁtrmfe:)aa;rwérget d gelppheicuRiagkicsRiy the
the cell-targeting nanoparticle surface may conprise a functional

group suchll agiclgus and|itsgedeskelety yafurgden egmide.t Fusthermore, the cell-targeting
cyst ei ne; g%yaﬁicﬁ‘ésng Gt 01% Nrd rE'ta*‘fb YN0y whieridle r%%?%%g@h uﬁ%}%?'t?@r.

bet ween the nanopar e an he cys el ne-contal ni ng
exanpl e caiditiondlly &wﬂﬂdvesu hphcldegbandthe meEaﬁ)Q?a’ﬂwl&'hﬁzé exfmhenodl-edgeting

| ocal i zati on Sl nal". and "N sequence as scribed herejn are u ed
i nt er chaRgRATF TerReare 81 %LPt? T afPrAHREHE" a¥ith %a&ﬁe&eﬁw&wn}% PERHY

of i peuciypghEARSRAL twiRthoTRlRkHE &S b%%ﬁﬁél% n %H@J}y,Sffﬁ%@&ﬁé%hd%rrfment
| i nked to such sequences 1 nto the nucl eus ) e NLS can or

exanpl e, ttdnspedtoftthtan@btargetmg mmnppastiei rmtwthmmzcseivdf hyhmg ceilsﬁoasmmplatcad

fromthe cytopl ss the nucl.ea nve e barrie

NS 8 et SRR B Bastets ASERs B B e At R arldS
sequence tipf uﬁd@ﬁﬁﬁdlﬁglcﬁr biBRiYidall Hroddéing ifi OthdemicYaids V¢ thbenerffidhatl of
are capable of directing translocation of a cytoplasm c pol ypeptide

across tﬁ@feﬁilﬁilnéalﬁa@iw&F@mbdﬂé%ﬂﬁor@FamMSs are capabl e of di recting

nucl r tr

B PR B R AR R BB e
pol ypept celetargatingdsiiroparicle ip aligpeptdodgh@i i fog aﬁmeaN_Sné O¢iptefitk- da:mmxmag
N- or Cternminus to am no acid side chains |ocated random

the ?m n8eRitded 16 oesirane-eAmiIinBe pRInige pRandee pay %gk%wgn%c@%éa aA§§1ﬁ
Var fous Sohanimk pepftd, qrd Rpriad bomBHdng hhuoicar |dBEAL0ASHRLE NS Rqucnce

fromt healgimtrmsponmstmmeof SEQ I DNO 1 (U**PKKKRKW) SEQ | D NG

( cock B CkHRUA T taE FryINEF o4 PO RRRA<gey in g inkas . direct
YXaa" T ebé 88 B e t}f@@yaana%sﬂainmg%eﬂ%wgﬁcblme ARl 6 0e napaIg

of am no aC|d known in the art, for exanple naturally oCcurring and
no n- nat uwhkiehy tese moigitgs @ayhald éQged)er &marmvalcntdmndm:ilonwnvalemt igtcsaspibes,
[ l.due. Amino acids known in the

10
art (bot ﬁorr%?rﬂpi% HOQICOééWP%%%ﬁdblﬁﬁ‘&["%;ﬁ?rhet| c) which can be used for

the pepti dqeﬂﬁf}@‘lﬁrteﬂ@d"péﬁbtﬂ% Reptdsd8s frvftlcesbntAning aeldhst Bvd amMdS Qc1d
for "*" or "Xaa') can include, but are not |limted to 2-aninoadipic

aci Bq Aaﬂ?ﬁlduwh@bm/ finkedatel ench ey byawepiidnbendsi Eneterm "empno acid residue”
am nocycgso n&)&%%lﬁ 1@‘&3 sd tc( Aﬁ 6&%11’10 %@dnglﬁ%(f\ liﬁ) Qﬁ@baglo cho%%l cq {oAgnS%)mno acid

mimetic that can be incorporated into a polypeptide by an amide bond. The amino acid



30 glutamne (G, glutamc acid (Au), glycine (@y), histidine

(H s), honoarginine, honocysteine (Hcy), honophenyl al ani ne,

honoserine (Hse), honoserinel actone (Hsi), honotyrosine,

hydr oxyl ysi ne (Hyl), hydroxyproline (Hyp), 2-indolinecarboxylic acid,
2- indanyl glycine, isoglutamne (iG@n), isoleucine (Ile),

i ndol egl yci ne, isonipecotic acid, isovaline (lva), leucine (Leu),
l'ysine ( Lr¥§alues]1%aWeCﬁ’é?ﬁ1‘ﬂﬁ§) Jo%but?i)‘iﬁl Qfﬁﬁ@ta@ﬂﬁt &W Eﬁ'ﬁﬁ&fcoﬁﬁﬁg' 4ej &Cb§ well as
met hi onine (Met),” nethionine S-oxide (Met(0)), ‘muram cacid

napt hyl alreedified améur mdmmadmwa(lm@f natmfull}eucnun@ng Moo, acidsr Badhi agepthle

(Nva), octahydroi. rbox lic ac r|d | al ani n
o | DGl B P00 CERRY Ytoce BS b rPlingrt fiim gy g o RRe By
Ca- Me- L- Rhprydias aniroe, arpbﬁfﬂé 194tY GedbRnbih® SRBRFeididendI&RNd Bd purifying the
plpecollc aci d, 4-phosphonet hyl phenyl al ani ne, propargyl gl yci ne,

prol i Ae (FRE)NE producidoi m@ans @gqi@ﬁh V(egalfryownst@rthﬁeeqseseslsﬂlecbmamraet or by
Sta St S r box c_ac

'E et r?ahydr g%llgg%lul nglhg%err - car gﬁyﬁcé%%llsé’ péf? l lﬁlt 'ﬂ??%é:?usn%gr 'f%%o?‘ﬁtr?g

(Thr), thyh®phase adddedingttoyphefpbdprécbimes ((BoOS| te“Knlyd) chemistry (review:

3, 5- d||odotyr05|ne ﬁTy (12)), .valine (Val) and AEEA. Abbrevi ations

for am ndthetesandShepperd e Sslid phasepeniidg cupihgsncRLaORFPrd hdnVeRsAE Press

del
G del | nesg@ SSIEAFLRLHiEASDARIGhALHES, DO YA LS ol Sfiacon
vari 00s emdydahi caiddsqut i #uilfiaseaftee clzavapenfiie: phetidy &dnf thesolideippoie! ear
15 | i [ | f the SV40 I T- ant
i mal T on RO ATRE BT HIRE e e et afﬁs%%gg:r&ng%uaﬁd@ay be
PKKKRKV (REQ1y B atgd) to th @%@ﬂe—&%%hﬁ?@ﬁt?de E)hﬁlapu\‘)% D RHHIHAE of Y g f
derived fromnucleopl asmn, "for exanpl e the nucl eoplasmn biparti
NLS Wi t h eKhBPlseqwéttdengﬁPAﬂTd(thi‘@lmm @K {oBEQampleNGe BdseftMrc Heeu dysérint-
CGol df arb, J 1),,..215-223: D |I..C. et al, The.
20 Jour nGPGTEprERdR A b reku R I 1 Sl A% e BT
whi chst henNksti e attenae, tﬁaﬂublegx@ap oY @ik ERRAREEIMIRMB JePGldifRy tbmd &E&tiy

not limted to the c- nucl ear | ocalization sequence having t

am no aci®lasetitlerfdbe m{lﬂg rasepyrticie Nox exmpledngthe. 6mb0étm%nts the cell-

Mol ecul a | Bi 4 RNE S
D Nor 107 ks b8 stk ik oeRe Mg PRGckp B S AOL I I R?
t he hRNPAdnjugdiniyPiontie! eateihocalthinaii paptideqlieride doatek)ghé hﬁreStGQM@ﬂg‘e@lon
NCSSNFGPNKGENFGERSSGPYGEEERNFAKPRNQEEN SEQ I D NO 11) (Siom und

Dr eyf uss Detyveertie nagpparticlg agd (ffg@'sﬁemes@ﬁ@ees pentiderndh T exampleocew; via a
nucl ggr hﬂﬁ {%ah@n sequences are the sequence

RVRKFI CNKGKDTAELRRRRVEVSVELRKAKKDEQ LI CRRNV (SEQ ID NO 12) of 30
the |1 BB dodﬂDlB]fTMmﬁmndléan4@dahbﬂ1o@@ugrial”(ﬁndé‘ﬁ\llaﬂ”. seqiNake aedSérbed herein
(1995), 246-248), the s uences VSRI CRPRP. ID NO 13). and

P! UCARERIS S0 5 NBNESah G e o BrA A0 Ealrpegbsise SibicRS gapable of
lloc. ci tlr}incﬁlFQra%?ﬁH%?@Pﬁol%gﬂ&(w]hpﬁ%sﬁ@ enjeéész of hnlt%tﬂ%rhu%gequences
(Chel sky et a l'oc. cit.) he sequence SALI AP {SEQ I D NO

nmouse c- iy thex/nl(lo,l/@m of eadls. dhe AfLS cas| for 8Rarnlegdirect ABASIBTE P atplnetem w1th

ot | T AU NP LU pGH afi of RGST herb the nieipsaytibp S bartia The

3020- 302&'1»‘3 ik hiftef@AUBNGRoMRIphISKT: Ly (h‘éE@c car lcﬁ:afi@tloﬂ;%b @incé BEa particular
Hepatitis virus delta antigen (Chang et al. . Virot %6 (1992),

6019- 6029prtidad bt alss edribiatiEeREMRIGEL a{fSE@paabb RO diolng frapglecatignse a
Mkl pr ot g','ftgﬁﬂgg#f E&é’p%tld%l ?crtos]s tﬁé rn?lk:leallﬁ %n(r%lglgg)han?eQS%?[%%Gg)e cééjab?]es é)g

al so pos 1 par nuclear 1 ocalTzatl on séquences
the sequéinesinkRuCEREYRGREMAKISKSKIoG/ {cpER wemuadmam tofthd Netefminas) the C-

pol y( ADP-ri pose) olynerase hrelber , EMBQ J. 11 (1992), 10
32632053268 0ELSt P %@q@én‘ﬂe aﬁﬁc_ %Rmmrz@y o agdition)a pelypepside

having an NLS coupled by its N- or C terminus to amino acid side chains located




25 destination, e.g. into the cytoplasm (cytosol, endoplasmc
reticulum Golgi apparatus, etc.) or the nucleus. Wthout wi shing to
be bound by theory, the transporter sequence as descri bed herein can
direct or facilitate penetration of the cell-targeting nanoparticle
as across a phospholipid, mtochondrial, endosomal or nuclear
menbrane. The transporter sequence can also direct the cell-targeting

nanopar t irgd®@nfly @mng WhShiflR ot ééghéncb M@fwwﬁa%tidé’)ﬁlaﬁ b8 AR 1PEARY. 2R et

and into the cytopllasmor to a desired location within the cell,

e.g., thel.nlldsCel.Hbok I bb8dHB18.t he nitochondria, the endopl asnic

reticulum SO [.a.peroxi sone,, t tion only a few.

A ter nar vl AF AEE gl » AR RS o Rt fluiBctn Fughie 4 segpence
the cel | stlastge fiohothe aROUPAEdnsiliRg BESBOIDL NO): bl (Ce&+HIIRKRK V*), SEQ ID NO: 2
trans-nucosal , hematoretinal, skin, gastrointestinal and/or ﬁﬂlnnnar

bar 11 8r s (CO*PEBERKY R, v SERbUID e Msbal e RGO PREKRIRN 0 SEQS elfdie NG
b " ' i+s. typi cal |
ol yoat | Sor ERRIKEF ) BPsROTbIRG. 5 RECORRRIRE Y ® &' Bcids i th

positively [ob2sjged @i‘taatiefuped héroih @xarplsed imashahgasblpandciardbe st Rind
as histidine, |ysipe and ar%%?ine. Non-limting suitahle exanples of
cel | pen&f rARIIPARCKE RPHBSINt Fist athr ETKFENRPIF Mafiallia OECWERS |4R¢] Tefnaturally

protein : |0k} j i rese i . .
Pranscr i BE iRt S lRAEF Mk RiRp PRl an 0 SRafif PR 1-Bipha gming acid
pr ot &) ns resglrehAasnd Adidoknd#1Virl the b (00@Aateip odiungng and/symitteatis) which can

enbodi nent s, e transporter sequence can have a sequence in the .
ength oPe e BT BRTHES 460 PRLTFIQEPTOr I RO foBulifor “* or
resi dues «x3£)t@n 30cI1a48, Mt afd ﬁ’otﬂ?rﬁitéh»'g);z-ai&ﬁnéa‘aiﬁé) gé’iﬂ‘ (AR )’v}%ﬁnasmm&gga

d
20 to 50 am no acid résidues; about am no aci d residues; about 40
am no aciAbwesminpdsnzoabecit (35zarimwcaciotiexassicred (Acion amisacysinpentanoic

aci d residyes; ut 25 amino acid resi,dues:. about. 20 anmi.no aci.d
A duce Y ESA SRR arfBodiAToRT | 811G RS S A Ae ST (ado)
enbot NeBingnodbletahdia NERD (AEH), SERAIYEREXAn6i8 e TRAK)S GindnSISSHRVIEE acid (Aib),
sel ected froma penetratin, trans?ortan (Pooga. et al, The FASAB

Jour nal , akpine @4la), 1 albgdsolgeringy -(Adle), vpiothrgeninee (aThr), egmigiometiodignzoic  acid
Bi ochem ,Bi 7 - |\ . . ja L L

ot ol raBR i ekdifeshal s Atle) St (- il csl- SRS Eie i
99- 103) , arAirtopofidviaid atid, Rréhoocadnojc dddy amlingpen@Gadic &Hid €AeD, aldifing 1F)rg),
pg 3339-3351), FHV coat protein (Patel L., N Pharnmaceutical Research

24(11), mrﬁ,gn&aggsgbﬁpfﬁm)amdrﬁf@% APRITRPdeaEnGiE | afly griBeleag acid,
Agenjs a h%@ﬂ%iﬁ@,ﬁ?@%ﬁoy@ﬁ’%@d aéiégﬁeg JearRind Jﬂﬁc‘ﬁﬂ&-@anﬁﬂ%lﬁ}{%@%\%?]aﬂ%yano—

aci d sequence ( El ngui st A Bi ochi m' ca et Bi ophysica
(BBA) - Bi-anmemipramesic 4d88E@lohgrylaibak? Qycldhexylehycinen conlline a(dig.cystaine

i no. st LediBte 2 BErRBITTC | i SaA FRING - garHoproone “seid (A2pr)
( GATLINSAGYist ) kAL il B blopni203 Al chsi) * RAIOD Bty Acifs, USE0
herein refers to any cell-taygetln% particle haV|q? a sizée 1rom about
1 to abodiemZ®@paenienid dskk 2hdidehyheslening dDba). dZ1-83tdigehydrijanyretadynoacid
| eas}; on st.el.ne- 1 N ng..pept s.descri bed herein, . The size

of the nNiaPSREF AR AP RE ARl BBt SRR A Tab Il Rl e
can var y(Ddp)afdolaisolateWidl), delaisoedineS@dvpNEivgsndthel Vabine Iehiadl 8-fgisio-6-
the capability to target a cell. In sone enbodi ments, the djanmeter of

t he nanopdy§od eacyk or idodaphpripe (Pecin dodahgsancic tased S(Dhex} r bbbt
1 t : : . . . .ab
20"y SfisoRibrooid 1ol SoRMARIRHANS, 4.4 30BMAsdliC Qi i,

1 urn toddighehvdmenm diathglglycine)r nlitwiratopptopl2f, ngamahadtbokPglutamito acid,
about. 50 nn1 .abo 15 nmto abpo 0 nm. ab Q0 urn . about 50, .
ur n?goabo%]flta%nen &?‘5@@, Aeami gcyd z(,t}l‘gb&ﬁf‘“% <&#’»h\ t%‘b““é%uh%ﬁb hompargining

homocysteine (Hcy), homophenylalanine, homoserine (Hse), homoserinelactone (Hsl),

homotyrosine, hydroxylysine (Hyl), hydroxyproline (Hyp), 2-indolinecarboxylic acid, 2-



5 nm about 8 nm about 7 rim about 6 rim about 5 rim or about 3

rim [0032] In sonme enbodi nents, the cell-targeting nanoparticle

conprises a netal nanoparticle. Suitable netals for use in a netal
nanoparticle herein can include, but are not limted to, alum num

iron, silver, zinc, gold, copper, cobalt, nickel, platinum

manganese, rhodi um ruthenium palladium titanium vanadium

chrom umipdEal MBS o dét Ml@%é&h‘lﬁd{ne CRd)C lisdBle g dif®Nis ec%ﬂg acid,
iridium or oxides thereof. [0033] 1'n sone embodi ments,

cel | -tar g@t\'ﬂh@e nandalkt i clleu@acﬂ corfbﬂm)se a lypirzent um(lds).. Thé- m@capt0~ﬂ,3
"quant um daqt ' efine ort.ion tte ich.o

oo el eevHBRRNgPe R BEie ol PRpLORBAMAR MRt Sses Ao,

di mensi ongaraAcidi (Whid),NEa )ﬂé‘fﬁhl‘ﬁé féuramfhicabidu t nédéuche gdk Cﬁo@ﬂihne

fromtheﬂﬁroup consi st ngﬁ%f CdSe, CdS, ZnSe, (Néif) ZnS, PbS, @gbg

and codnbiN#D; dwéalwﬁ@ﬁréi@iecalboxylgomyd ReEgvie rﬁgnx)o pmdylau@u@mmcﬂbmuse,

h Il - .
ro used. REDEMTmER S8 P Bl " RTp e R PR e SRl e
any nanoBﬁé%ﬁé&ln\%"(‘B&?ﬂ’)Wﬁ&th aCRIS RGS SpHoth el Bl PlaBea, bfbp@@ylglycme

i

appropri ate magnetic el'd. This termis neant to al so incl
f er r onagmeting ( wa,rmn@@qm, |S@rcgmgfﬁﬁrhﬁmgﬁ@m statingt(8ia).atasine anaiogs taurine

o L0, O B S5 0 B SRS SRR 92

CdFex®y, thioﬁﬁﬁﬁi& mTKr)aﬂ@arzﬂ@r(thﬁtt\fﬁﬁdiph&n % tyﬂé@lﬂ@r(dlyﬁp NE-diib&tyrosine
nmet hod of s%/n thesis known in_the art. [0035 According to various
embodi nehbdl I2l)h‘éalt!’§l(vﬁl)a3ff¥§efﬁﬁﬁé deivsqyadtions [fr Qramgea%dSaasted herein, are in

sub- ce' | YLRfdke Wi 1% ldlehn & paafze&git&re | RopRhERLGRs SO bt;ﬁsm

part an 1 ntact ce can ssue
or organfmrAmhlooQamdsbmdFi?e@sém FunglBievien 138: Q}B‘F(éﬁsat)&l | s of the sane

or differe es of in ell cult . I n sonme enbodi ts, the
sub- cel I ul QbOi‘?iplac‘faalPES enfodimey ulbﬁrﬁigg?%w@ cag dﬁﬂ@"@{%w thgepistsas
nat ef4 al I&Ql@za%%ﬁ@'e@%b@@? tﬁé’gf/ﬂ@fvu%g[l%éq] anti}en,! @k %mﬁﬁ&loﬁikt@tll(ﬁfapﬁmt of

refers toacorrp ex networ k of proteln arrents traversmgthe cell
cyt opl aswhichhés dlye cekesl etramp jasidorseguence |RKIéKRK6/éI(BEQ APl N:n@). In other

el T ¥ ag prooieRs O MESCauce' SRR, Hefi RRESR St Satte' 08

structur ﬁutﬂé’tﬁ}ﬂastrﬁn bRRRAB NI With @ie y&@@é@emUAMKWQAMQSEQI I NO:
cell shape, and contraction. Some cytoskeletal fibers may connect to

or ganel | (MF%@W@)W@I@QM@&S] ﬁ@h@l%llé% (6?Yan21 3-233; dRinewiellsGratt al, The
| | e |
o PR oSBT 0 TR Ty, 1NN, O3 SRR Pigh gfe Yus

conbi nat $eqn&1deh&h€1&f derwed [tSffdm Tdaa ihelude bor gamet liglited b ahs c-tn@canuclear
sub-cel | ul alr unit defined by the plasma nenbrane of the cell. The
or ganel | cflizafi00 sequener h?‘é‘n&éli‘e EmRG adld sequeRck PARKR YKL 61R 1D No: 9

nucl ear gf?aﬁq | &, vl %leduﬂc!?@é Bt n%ra%@ﬁw RYH033 oﬁ% %@KRSP

nucl ear por e ~conpl exés, nuc ear e organe

i ncl udes(SHQ 82 Mdndi )R hedndapll.adfmicCell Bialed i(LABIRr243CGH48R) ehihlechbaéP At
Gol gj. appar at us, soso S g vacuol es. The organelle f rther

i ncl4rdesVChr ondHHFEE : %"’g‘ﬁﬂ chrs6MFh, ceftrer e, Went r 5€B

centriol N@ssmm&@a@%m&t}w@;ad@mwm@G@YQSE@J@IW&@ IF?PtS?oml

bodi es, contractile rings, kinetochore, proteones, telomere, plasm
menbr anesd drdpRieHes, r iBaxlo k39, (ﬂ)?l%@ossémohnﬂuwth%osmsles Hatr uclear
organell S a unique role in the growth, net aboléfasm 15and

net ast asi® gﬁgfﬁ?lﬂumr cel | $°19H T kach cont &%s a col I &&%ion of sﬁg%lfefif%
pr ot ei NSRMIRKFKNKGKDTAELRRRRVEVSVELRKAKKDEQILKRRNV (SEQ ID NO: 12) of

30 the IBB domain from importin-alpha (Gorlich et al., Nature 377 (1995), 246-248), the
sequences VSRKRPRP (SEQ ID NO: 13) and PPKKARED (SEQ ID NO: 14) of the
myoma T protein (Chelsky et al., loc. cit.), the sequence PQPKKKPL (SEQ ID NO: 15) of



enzynmes that catalyze the requisite chem cal reactions. [ 0038] The
term"genetic material" refers to natural nucleic acids, artificial
nucl ei ¢ acids, non-natural nucleic acid, orthogonal nucleotides,

anal ogs thereof, or conbinations thereof Genetic nmaterial can al so

i ncl ude anal ogs of DNA or RNA having nodifications 20 to either
bases or the backbone. Genetic material also includes the use of

pepti de HuGlaRipSs3 IChESkf a'%) 1ocT *aﬁ ) BEREQRERE S AC TRRKKRAIAP ID NO: 16)
i ncl udes chimeric nol ecul es. e’ genetic material can I nclude or

consi st of mousactabl dVaVan Eftelbntealercfribﬁ& ($98%9n669-678)a tlsi saghencen dIRILRR

doubl e st d t 0 is .
gegeral I §§ﬁ§n@?ﬁ§ 35 a%&s%mn@t%ﬂ zﬁ]é g%) é’igﬁ% hu%”ﬁ%l‘ﬂ’&@ NRé
entire gecamBspah et hig S5 WMaio2.ad2 (18888 8020-7068 thé beti@f @@ R RPRRIMIEK IO(SEQ ID
consi st of nucl ei ¢ aci ds. Exenpl ary genetic nmaterials include

RNA,  FRNAQING) of tredlensdtiavirug delis andigen Hehanger abf./. Virdl.gH30 PO Be 6OFUH0RT)
t I 34
Lo V2% o S PSR R ik REr ol (A3 10lt0! 2095 8¢l Iy e g

manmal ofet iahy eF tighy/ate 61]@92) e50590306b6Y) B Ri glE®Y&iBlestd ubX digariee Miclear
manmmal s |nclude but are t limted to, _a 30 rat a nDuse a di
a cow, alQfafzatighgeayences sohmsahe éaueaceniéw RGVIRE qS@%hB?

col | a5 SEed) REFSraman pELERDP AN A En RSt letoe Pﬂéﬁ%ﬁf Sl
di ff &6 enBiZ@& -8269r thmqumcté{m@LQAdH\dNLEtﬂmﬁKﬁr(SEQolmN@e 2P) sfthe eteroid
speci alized cells for an r ce pe or t ue_ty

SPem cel FORiTRAEER s SR GED o ispe Cieonde Ay Brasbalbries et (15921
endoder mgoypj.cal sources of stemcells include enbryos, bone narrow,

peri pheral blood, unbilical cord blood, and placental blood. Stem
cells can HQOH}fTPhepmr@n@rtemmnerwg asrdaascnh@dyheame refepail enyopeidheequinng

gi vo ri st SEIRRCEMRLORR! Sfny acEF igPoefitia B B S E Gl RS

likeis | ncatne L@f@@difrﬁe&ﬂlsﬁargdﬂﬁg ShRePacelld af adscHBePh&ONE HBILARY fadiBMing
cell. In other enbodi nents, the stemcell can be a nesenchynmal stem

cel | . A 480 appyeineal a@?éﬁwﬁcﬁ@lhme@@r@é? & 1oplly Mpadiniting £xyoplgs &fﬂil drrlede a
Il's d |
v oot |y PO UAIER IS ORI defiyrel B8 TR, orok BIOLE dgpppction

differ enﬂcnraalﬂd;) cAl‘lesll Qj’enmrﬂingf pepside’V end HpotEis aransdiction Ql@ﬁiﬁ"irf’t @f 41 be
sue (such_as bone derjved from

formcells of a nmesenchy r’rR
ost eobl ad%® d@qug}aang%fw and ds é@ﬁ%ﬁd ah At GaraRyebeptidh dbd, s rERePIE@L rggssing a
st r oy, Qiroldﬁt%i:h{%mﬂ}’ﬁﬁee&cﬁ'%ﬂ%ml% 1%911 &%&s Sc%gﬁ)c?h@t?it %g%%ﬂ&esté}s alsB' Mled

as are differentiated (pos cell nor e
replicat c@hpwnﬂdt areptided bs m@minrhnatraltsdxmanm sequenoes (QdTB} . THFdDE 1dell-

Any stem.cell .for ex i nt huma enbryoni c stemcell o
2" espechiioiais pepy e, vty Pl (i BB nc R LsEty 1 ReherdRr ieite b
der i Vi Ngmamfipidh 3kl her@brasstCindC@ltéSingy Sl Iahd asbabla &R aﬂeﬂ aoﬂﬁaoaﬁ& of
(cf. e.g. Thomson, J.A et al. [1998] Sci ence 282, 1145-

Cowan, QOnfgresht smh ap 2@@4]:31Ntargﬁ1@g n'gmopp,@@le 300 ex_agggtg, 135@)de51red cellular

ol " TRsnadioh, & BOGRERS IoplIP RS, LhdbBhes Rl rekiBinfy Sk SpiPRHE. &)

pur pOSeSOI( geenelgrs. Wighdwt HvishingntoEsd byomd © Sﬂh@dﬁﬁycelhé nRefoftl Yeqlence as
http://stentcells.nih.gov/research/registry eI i &@bl lityCriteria.as )
such as ésseribeddmuein qapirechepJacititetsapasetrafuool g tell-tatasting apnep

f t i -ed .
cord 1 of Lo 0uer PP RAEE mpoRaias Cbd e oF oRLREE %%?‘@ﬁ*?hegpﬁf‘é%hm
associ at equase $an albldickct et @lllHatgeting hhisspatictd fromsout&détheedellathrough the

25[ 05] Cell 1 289- 301, see al so Rando [ 2005] . Nat ur
I\/bdl | nePl3sma @emgé@e angipfo the ngﬁlzq OrAf dﬁ?%‘a@ﬂﬁt&“ wighip %gﬁ?laﬁgo the
nucleus, the ribosome, the mitochondria, the endoplasmic reticulum, a lysosome, or a

peroxisome, to mention only a few. Alternatively or in addition, the transporter sequence



[0043] Ot her exanples of stemcells that may be used according to the
present invention include, but are not limted to, enbryonic stem
cells, trophoblast stemcells and 5 extraenbryonic stemcells. In
sonme enbodi ments an ESC (enbryonic stemcell), such as an ESC of
human origin, i.e. a human ESC may thus be used. In other enbodi ments
the cell is a progenitor cell (cf above). In yet other enbodi nents
the cell dag @ir6@NGERE E@l-larpefiflg | hhdbphaftRld V&r&%ATRY €0185d-BraniN ¢@hs-GRlchsal,
is teratoma cancer cell, such’as for exanple F9, NTERA2, C3H, TES-1,
1246 (i ndlemdianefinb?48i3 Astro8uSGHingl andfarguhgorBuBhdrBER10 and 10

SKOV- 3/ DXR1 805 .(i | udi. I HTST, HURT, PC . Q. )
o a1y o DORBfEn Rt B gt T brand OriLseaion einsb & Balh dpetgaing
are a Hetp@Fm!. ISugi deq@RnddSire fyfi&dlly polytafienie &@B@ﬂ%ﬂﬂz&t@%ﬁgﬁe%bﬁ irl Sm#ho

hybrid cell of a stemcell and a somatic cell

. [ 004
cel | - far gewds ngith aprspinely eharged stdﬁaegmwsnfqrowca@m[k,b@as;mm asidpcpuch as

reverse- f e i chni . K . son illed. in the ..
ot ae ABSERD TR R AERRR RRTmERY Rl BN, ClpyRedigh Woptces
15(13), phat4s2BnekdB4n théhangarDinclhdVihieein ©BRBIane 280 uclén doBdins 388h ard
non-limting exanple of the present nethod is described in the
present ®KERM 18 dransasipaion factorg.urh asthe MpBEP dermeia pratpias.and yirgl proteinsgsuch
met hod f QL thar gakjyng @ cell conprising incubating at |east one
cell-targeting nanoparticle as described herein in a 20 culture

cont a0ni ng [029]catéardingder vewmdi tinbodimehisc thaltlanepdrite watidnct ocanehave a

targeted by the at | east one |1 -targeting nangpartjcle. In_other
enbodi neﬁ?‘é‘,en??\’é‘ th%lqli‘ Q,failﬁ tP%@IaBH’éO %%&f%? eﬁd’ra{B tp 6@%@1’%@1‘1 residues; 10

cal | - t ar @B NghiRGReRASIEES 101 th P0arkBb! acirdl@utamgeh et ahiB481a Fidues,
various enbodinments, a kit is provided for the targeting of a cell.

The kit ehontiddcimide acitl resdiss; aboet 4@ithinpacyktesidgesn almmi 36 minghceacad residues;

descri bed, herein .for targeting a | 1. The, 25kit can tional |l .
ot ude. FhQEDahing acifhS et of P eminerb epilite: e 2P putptg d egidues:
The kit eprbdudnt Rekind Al WiRiuas. | east one staining agent to detect the
targeted cell. [0047] In various enbodinents, there is also

provi ded usi@030] Jat cortsdrs embadingsats, -the tigasnonlgr Faanspes Chtlcempyge desedyenoy
of a drugi e 1 0 The, i pyvept i il ust i
Geser i bege RarL thAfe Jehmin, ionspar B Sea S, FUCEHLDR Belonl W1 37, Y54
el ement @p WLENBVIAP, (Odhlkel At étai (DIOR) iBTddMin BosphyfActs pend, firgal 139), HIV
di scl osed herein._Thus, for exanple, the terns " i Si

conpri si ng”
"1 nol udi gL, (MghLinoaTans: of g drenshah IPhgEm iR ed Saigersrol gl Ahd?A0t Regse
limbatign. { fed 1.V t : i 0 }
e Beea %G Al ROk & bhG1 SIRSCANRAERS, PIP(1STTR, PSSR, Aubv
t her e i scom prottianPateh Li N. Phermseuidal Resdurtier2dgl 13 2D08x pagesii7an9opy, TP10

oxcl U gy a0, S0 VALEnL %0l L0 oL SRR 000 . 5504 50k S e

EgSSi bl e pWEhhRidohgeid GepRneé (ERSuidVeNét AN B ATRE o Bibbhysich £PBA)-

Biomembranes, 1758(6), p.721-729), to mention only a few. In various embodiments, the

25  transporter sequence can comprise an amino acid sequence as set forth in SEQ ID NO: 6
(GWTLNSAGYLLGKINLKALAALAKKIL).

[0031] The term “nanoparticle” as used herein refers to any cell-targeting particle
having a size from about 1 to about 50 nm and has the capacity to be directly conjugated
to at least one cysteine-containing peptide as described herein. The size of the nanoparticle

30  used in the conjugate of the present invention can vary in any size when desired, so long
as the nanoparticle has the capability to target a cell. In some embodiments, the diameter

of the nanoparticle as described herein can range in the size from about 1 nm to about 50



5 understood that although the present invention has been
specifically disclosed by preferred enbodi nents and opti onal
features, nodification and variation of the inventions enbodi ed
therein herein disclosed may be resorted to by those skilled in the
art, and that such nodifications and variations are considered to be
Wi thin the scope of this invention. [0049] The invention has been

descri begDrHa6l ¥ nAng H6Mmeds Ga! Apbub el & atleffo ffn; Gt 11 RAEEANBE nm;
speci es and subgeneric groupings falling wthin the generic

di scl osurabout] lsmnft@ahmpéﬂmnnfabmhtel mveabdud 25 nithiabowtricth de gbauh 80 genabowt

descripti n of t vent i on th a o _or t|v lLimtation
Forovi no 1Oy <o e O it A eBRE S esf 4P ot 40ofhaf st Sppu
not the ©xGirs eslabit 8DInal; abSutsIvesh ftd @@Mmor@mdb@dt hﬁﬁletbrhbo{noﬂﬁ% 8dven
enbodi nents are within the fol | ow ng clains and non-limting

exanpb es nm; BRowt mrEdaonbh nmppkews GiremtabpelsS oin; eisiheet 30w the i nventi on

are descr | bﬁ)(aﬂﬁ_l %Bﬁgec?r{lbé\{ﬁﬁll ﬁtlgsr?heqrc% Rgr’g?tﬁ]r%, %gn I%le 1(!1@ d%)lng)nsg'se 2lletal

will recognt z |nven|o’n|sa SCri I terns

of any i mdhopadtile. Suitable medils Sorhge aupmetal ﬁﬁfdp@ft&ldl‘ielélhﬁzax&/ﬁfchﬁuﬂﬁut are not
group. EXANVPLES Exanple 1: G utathione (GSH) Coati=_of CdSe-ZnS
quant um dgtitedtepdyminuy irpgosiver. pies. gig senRch rebloigkel phatingg, granganese,

guant um I e

ayel onexaadtut Ftlertf, ERRMD AEFRR, vty b I AEhE Raflm,
(14010mg/ mer@iry,vﬂﬂ@nm mnaﬂﬂaﬂdmﬁium{ or oxadesfthereabout 5 mmuntil the
sol ution be ear. To de nat e the. carbox and t hi ol. groups

i ther 100 (PUAS) ﬁk@mea%?m SniB alﬁmt%%wgﬂaagpéy clo cap SpiEAGEE 2 quantum
I met hanolyo MpHeYESD “%Ianﬁﬁ)n abeNEL G déﬁﬁed?% @?Qﬁgn driilel Yn wﬂgﬁ%n%%‘?ﬁﬁ&e
CdSe- zZnS (s, 100-30014 (5 ng/m of chloro wer e added and

Stirred Foetran o 8052 (exthenshyde cphGbid lmrﬂmwada]r éipénsidns. Noe-lgniting

gggsgappl cI ohlgxa e. The hg%ts\ﬁ%ﬁﬁ gf thh’relgé‘gl O@S\R&%gﬂ;&?%d\g EnSe

i nt eqsacznsr%@l@rblsegcﬁswmfwmﬁﬂmdnm@wﬁ ace (-000-) for the QDs. 30

The GSH-coated QDs (QDs@sSH) in the m croenul sion were floccul ated by
the additi df0341 Apording oL sioss hembrdimaetsc dhe r ¢olliigessting  BOBDaKisH fwon

5 £ »
cyol ohex aptitioh SRS Relahiados: MRTRRH Wh but HRMEE: Blgppigie” s
pel | et V\/&&aﬁie&dllhc}lu&)laujﬂlrﬁnblﬁ’ardﬂel@]‘ﬂlicﬂexdomt 1 respbgseptd dting hflacdairedn

particles in water was ahout le 2: G utathione (GSH Coatin
of Fe2428PRiaRPEMagesissiield. 5Tfp®tﬁ51§]15 Wéntrtewpé%c vaecienamagrstignparanagnglic

as dggcri
Fezo?parl'??g délga I\/I@‘g%a%e }yﬁ%ﬂjgﬁi@ e(S:l;i/1 %@;ﬁg%pe n%{:;t%‘é %304’

particl efe QL0 0eMt,, (Q@Pt;gl\mFegﬁ)y, dBﬂRm@; dﬁrF):x(Wa IGuFadole &nFe,Q), acé GJTFex
. The purified,coat artjc wer e,.sol u 54
NP ot ahEeut B Bne Y VAL BR ] T PTGy B Sndiay Gy inetia gho ‘#rment e

10 revergg m croemul sion technique allows a facile transfer of MPs to
water with no aggregation as shown in Figure 2. Additionally, the
pepti de codPIY A¢agrding talvatpusg hmbnélarentsarthe @elétasgemg Tnepdtiglvetaegetsoh

the %D S %f Sifaf SQruaEfutree bof %Oc%tll [ﬁllelsub %%ﬁl'ijlar Sttitture can be part of an intact cell,

which can be part of a multicellular tissue or organ or it can be present together with other
cells of the same or different types of in a cell culture. In some embodiments, the sub-
cellular structure can be one of organelle, cytoskeleton, genetic material and combinations
thereof.

30 [0036] The term “cytoskeleton” refers to a complex network of protein filaments
traversing the cell cytoplasm. The cytoskeleton is present in all cells including eukaryotes

and prokaryotes. It is not simply a passive feature of the cell that provides structural
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Exanple 3: Cell Labeling of bone marrow stemcells (BMSCs) using
@s(& GSH [0055] The | abeling of stemcells was carried out using
the foll owi ng procedure. 15 BVMSCs were harvested from fenurs and
tibias of adult male Wstar rats. Haematopoietic and ot her

non- adherent cells were renoved during nedi um changes. After 10 to 14
days of primary cultivation, the adherent cells were nearly 80%

conf| Uentint%%xgty}"ﬁﬁt‘is g!d??%icastn%gtu\{’é it B rspnbib¥PRE WholQAGho JddGer Elrlafiges
were cul tur Wth different concentrations of green emtting GSH
20 QDs anul cetlashaps] amlt dongractingl. émes tytbskictegalafjteans may connect to organelles or

4, 6-di am_di ng- 2- phenyl i ndol e . ( DAPI First, B re seeded into
oy e e RS Do Rt ebanelies,; A SPR; MR EH60. Be e
BVMSCs  welegbolfited, aflc Wykdbklofonabarflibkf &ML BF ORGANHAWERANS MidotBul, an
5, 20, 30, or 50 nMfor 5 mn, 30 min, 2 h, 6 h, 12 h or 16 h. After

renoval oftenxedizic Gtamant and qebingtians HBSqlt hree ti mes), the cells

LSS TS e TR el S SR T T gy o

cont ai negnaniserbLtheSdell The Wrgdddifie (hdRlel, Butdis Was lingad\to} Audlas, hotleolus,
fluorescence in-situ hybridization (FISH) or any other procedures
requi ri nGueleyonaisixe pedea damingr sergifamentsinuoiar eisfolape, BRCIHDGHS (FRIIPHERSS,

. . A : . L _ _
| abel od R GER SiSRfancl A8 Gl b tholads ROEhENRRRL Hoolidmic
of QD8. heticuthraddigdiicomplexeSSot-Glgi appreates| lysosvmee and sacstled. e drganelle

DAPI (bl ue em ssion), an organi c dye specific for staining nuclei.
Figure 1 qtheﬁstnﬁcé‘t“gé CHEPTROSOHSHs tli‘-%fr%’éor(lﬁef(ih)ro‘&ﬁé}lvf |Ca'efrfé§%snc%entmsomea

(right) ic@iﬂﬂ@ﬁs,%eré%lalr ahabed Wibhc Hsgi0gle A bodiBE Bfirhctile rings,
he H ?e

menbr ane and the nucleus are | abeled by t particles. Exanp
4: Pept i dene@uhbieng poftecddokSe- ZriGnegan plasmdotsernifrpsds, 5e005dned,heparmxemss

m croemul si on net hod.as descti ped in. Ex le 1 dt h
pept | de- COREBAPE A RIS s e PHE P Bons Erbut Rt s St g iom
sequesicesid (pfadasiN-oF 1o ORI KKKV At andbliediBn of specific proteins or
Ac- GWTLNSAGYLLGKI NLKALAALAKKI L- Ami de 10 wherein C - Cysteine, G -

d yci ne, epzym@@rtivticaelyzk the eguisitechemiical sgaghiohhe, V - Valine, W-
Trypt ophan, [9-5§§]15§}$,1er 2! ‘ng%PetEfc insa} %%FJ Rers N haé%ﬁ@%%% ﬁﬂéidgz zirf_iggié :ﬂﬁ%leié‘

- Al ani ne, oS1 ne, ot '‘eucli ne.

Human MeaBidsctonrmiturst euoléie laksl, oihbtonhl thisdlargidps pinhldes (tHedbedabe cbrbiations
prepared in Exanple 4 . [ 0058] The | abeling procedure as descri bed
i n Exanplierepfygenglisanatesial gan plaesAcnde Aol St ¥R 1 hayingppdidipations

repl 3¢i ng, Ling: BYRSS 'k 6339BLE Cfme{i\? nia%%gﬁ? b3 tGGudes 1 ﬁéér (ﬁl\%gghg'ﬁucleic
pept1 de- coat ed targets and labels the nucleus of the .
Fi gure 4atids (RNAntHs tehat“geieictrhatepa taisdenclodésechigEsc tragpates. &hel genetic
| abel s the rri(frotubles and_actin2filaére¥1ts. .
material can include or consist of a nucleic acid of one or more strands of a single and/or
double stranded material. Genetic material from a subject is generally numerous strands
and genes and can for example, include the entire genome of the subject. Genetic material
25  can comprise or consist of nucleic acids. Exemplary genetic materials include DNA, RNA,
mRNA and miRNA and any combinations thereof.
[0039] According to various embodiments, the cell that is targeted by the cell-
targeting nanoparticle of the invention can be derived from a mammal or invertebrate
species, or in a microorganism. Examples of mammals include, but are not limited to, a
30  rat, amouse, a dingo, a cow, a pig, a goat, a chimpanzee, a macaque, and a human.
[0040] In other embodiments, the cell can be a stem cell. The term “stem cell” as used

herein refers to any cell(s) that has the ability to differentiate for indefinite periods of time
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P105816 sequence |isting_ST25 SEQUENCE LI STI NG <110> Agency for

Sci ence,

Technol ogy and Research <120> CELL- TARGETI NG NANOPARTI CLES

AND USES THERECF <130> P105816 <150> US 61/383, 749 <151> 2010-09-17

<160> 22 <170> Patentln version 3.5 <210> 1 <211> 12 <212> PRT <213>
artificial <220> <223> Designed peptide based on 5V40 NLS <220> <221>
m sc_feature <222> (2)..(4) <223> Xaa can be any naturally occurring

am no aclyfq K208 rise &lspeliufifed @At Wrxample, any organ, cell type or tissue type. A stem

10

15

20

25

30

cell emanates from germinal layers (ectoderm, mesoderm and endoderm. Typical sources
of stem cells include embryos, bone marrow, peripheral blood, umbilical cord blood, and
placental blood. Stem cells can be pluripotent, meaning that they are capable of generating
most tissue on an organism. For example, pluripotent stem cells can give rise to cells of
the skin, liver, blood, muscle, bone, and the like. In some embodiments, the stem cell can
be a bone marrow stem cell. In other embodiments, the stem cell can be a mesenchymal
stem cell. A “mesenchymal stem cell” generally refers to a population of cells derived
from embryonic stem cells. Mesenchymal stem cell directly originate from the mesoderm
and are either partially differentiated cells or proliferative precursor cells committed to
form cells of a mesenchymal tissue (such as bone derived from osteoblast cells), dental
tissue, cartilage, tendon, bone marrow stroma, or muscle. Mesenchymal stem cells are
included in the term, as are differentiated (post-mitotic) cells and more committed
replication-competent cells, such as bone precursor cells.

[0041] Any stem cell for example a pluripotent human embryonic stem cell or a
respective cell line may be used in the present invention. Means of deriving a population
of such cells are well established in the art (cf. e.g. Thomson, J.A. et al. [1998] Science
282, 1145-1147 or Cowan, C.A. et al. [2004] N. Engl J Med. 350, 1353-1356).
Furthermore, 71 independent human ESC lines are for example known to exist, of which
several cell lines are available for research purposes (see e.g. the NIH Human Embryonic
Stem Cell Registry at http:/stemcells.nih.gov/research/registry/eligibilityCriteria.asp),
such as GEO1, GE09, BG01, BG02, TE06 or WAQ09. Adult stem cells may for instance be
isolated from blood from the placenta and umbilical cord left over after birth, or from
myofibers, to which they are associated as so called “satellite cells” (Collins, C.A. et al.
[2005] Ceil 122, 289-301, see also Rando, T.A. [2005] Nature Medicine 11, 8, 829 - 831).

[0042] Any progenitor cell may also be used according to the invention. Examples of
suitable progenitor cells include, but are not limited to, neuronal progenitor cells,
endothelial progenitor cell, erythroid progenitor cells, cardiac progenitor cells,
oligodendrocyte progenitor cells, retinal progenitor cells, or hematopoietic progenitor
cells. Methods of obtaining progenitor cells are well known in the art. As two illustrative
examples, a method of obtaining megakaryocyte progenitor cells has been disclosed in US

patent application 2005/0176142 and a method of obtaining mouse liver progenitor cell
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<222> (12)..(12) <223> Xaa can be any naturally occurring am no acid
<400> 1 Cys Xaa Xaa Xaa Pro Lys Lys Lys Arg Lys Val Xaa 1510 <210> 2

<211>
based

12 <212> PRT <213> artificial <220> <223> Desi gned pepti de
on SV40 NLS <220> <221> mi sc_feature <222> (3)..(4) <223> Xaa

can be any naturally occurring amno acid <220> <221> m sc_feature
<222> (12)..(12) <223> Xaa can be any naturally occurring am no acid

<400>

10

15
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lines has been described by Li et al. ((2005) Stem Cell Express,
doi:10.1634/stemcells.2005-0108).

[0043] Other examples of stem cells that may be used according to the present
invention include, but are not limited to, embryonic stem cells, trophoblast stem cells and
extraembryonic stem cells. In some embodiments an ESC (embryonic stem cell), such as
an ESC of human origin, i.e. a human ESC may thus be used. In other embodiments the
cell is a progenitor cell (cf above). In yet other embodiments the cell is a cancer cell. An
illustrative example of a cancer cell is teratoma cancer cell, such as for example F9,
NTERA2, C3H, TES-1, 1246 (including 1246-3A), SuSa (including SuSa/DXR10 and
SKOV-3/DXR10), AT805 (including ATDCS5), HTST, HGRT, PC (e.g. PCC3/A/1) or
GCT27. Two further illustrative example of a cancer cell are a HeLa cell and an MCF-7
cell. In some embodiments the cell is a hybrid cell of a stem cell and a somatic cell.

[0044] The cell-targeting nanoparticle of the invention can be formed using reverse-
microemulsion techniques known to persons skilled in the art, as described for example, in
Li T. et al, Langmui, 1999, 15(13), p. 4328-4334; Zhong D. J. Mater. Chem., 2002, 12,
3677-3680. A non-limiting example of the present method is described in the present
examples.

[0045] In various embodiments, there is provided a method for targeting a cell
comprising incubating at least one cell-targeting nanoparticle as described herein in a
culture containing the cell, under conditions which allow the cell to be targeted by the at
least one cell-targeting nanoparticle. In other embodiments, the method can include
contacting at least one call-targeting nanoparticle with a cell to be targeted.

[0046] In various embodiments, a kit is provided for the targeting of a cell. The kit can
include at least one cell-targeting nanoparticle as described herein for targeting a cell. The
kit can optionally include instructions for carrying out the method described herein. The
kit can further include at least one staining agent to detect the targeted cell.

[0047] In various embodiments, there is also provided use of at least one cell-targeting
nanoparticle for delivery of a drug into the cell.

[0048] The inventions illustratively described herein may suitably be practiced in the
absence of any element or elements, limitation or limitations, not specifically disclosed
herein. Thus, for example, the terms "comprising”, "including”, "containing", etc. shall be

read expansively and without limitation. Additionally, the terms and expressions
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cys Gy Xaa Xaa Pro Lys Lys Lys Arg Lys Val Xaa 1510 <210> 3 <211>
12 <212> PRT <213> artificial PL05816 sequence listing 5T25 <220>
<223> Desi gned peptide based on SV40 NLS <220> <221> m sc_feature
<222> (4)..(4) <223> Xaa can be any naturally occurring am no acid
<220> <221> m sc_feature <222> (12)..(12) <223> Xaa can be any
naturally occurring amno acid <400> 3 Cys Gy Cys Xaa Pro Lys Lys

Lys Arg lenspldiakd éedn hedObesd 18 4 terms of description and not of limitation, and there is
no intention in the use of such terms and expressions of excluding any equivalents of the
features shown and described or portions thereof, but it is recognized that various
modifications are possible within the scope of the invention claimed. Thus, it should be

5 understood that although the present invention has been specifically disclosed by preferred
embodiments and optional features, modification and variation of the inventions embodied
therein herein disclosed may be resorted to by those skilled in the art, and that such
modifications and variations are considered to be within the scope of this invention.

[0049] The invention has been described broadly and generically herein. Each of the
10 narrower species and subgeneric groupings falling within the generic disclosure also form
part of the invention. This includes the generic description of the invention with a proviso
or negative limitation removing any subject matter from the genus, regardless of whether

or not the excised material is specifically recited herein.
[0050] Other embodiments are within the following claims and non-limiting examples.
15  In addition, where features or aspects of the invention are described in terms of Markush
groups, those skilled in the art will recognize that the invention is also thereby described in

terms of any individual member or subgroup of members of the Markush group.
EXAMPLES

Example 1: Glutathione (GSH) Coating of CdSe-ZnS gquantum dots (QDs)
20 [0051] The glutathione (GSH) coating of quantum dots (QDs) was done in Igepal

(0.11 M) reverse micelles in cyclohexane. To the 6 ml of micelles, 100 ul aqueous GSH
solution (140 mg/ml of water) was added and stirred for about 5 min until the solution
became clear. To deprotonate the carboxyl and thiol groups, either 100 pul TMAH
(tetramethyl ammonium hydroxide in 2-propanol /methanol mixture) or 40 ul NH,OH was

25  added. Finally, TOPO-capped CdSe-ZnS QDs, 100-300ul (5 mg/ml of chloroform) were
added and stirred for 1 h.

[0052] The hydrophobic QDs would remain in the oil phase, cyclohexane. The
interaction of thiol groups (from GSH) with ZnS capping (from CdSe-ZnS QDs) would
occur at the water/oil interface, rendering the hydrophilic surface (-COO-) for the QDs.

30  The GSH-coated QDs (QDs@GSH) in the microemulsion were flocculated by the addition
of about 2 mL of ethano! and centrifuged at 6000 rpm for 5 min. The fluorescent pellet
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<211> 12 <212> PRT <213> artificial <220> <223> Desi gned pepti de
based on SV40 NLS <220> <221> m sc_feature <222> (4)..(4) <223> Xaa
can be any naturally occurring amno acid <220> <221> m sc_feature
<222> (12)..(12) <223> Xaa can be any naturally occurring am no acid
<400> 4 cys Gy Cys Xaa Pro Lys Lys Lys Arg Lys Val Xaa 1510 <210> 5
<211> 12 <212> PRT <213> artificial

10

15

20
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was washed with 1:1 volume of cyclohexane and ethanol, and centrifuged one more time.
The dried pellet was readily soluble in de-ionized water. The pH of the coated particles in
water was about 7.

Example 2: Glutathione (GSH) Coating of Fe,0; nanoparticles

[0053] The reverse microemulsion method as described in Example 1 was used to
form the GSH-coated magnetic Fe,O5 particles (MPs@GSH). The octadecylamine (ODA)
capped magnetic particles, 100 ul (10 mg/mL of chloroform) were added in place of QDs.
The purified coated particles were soluble in water.

[0054] The MPs@GSH are stable in water with little aggregation over time. The
reverse microemulsion technique allows a facile transfer of MPs to water with no
aggregation as shown in Figure 2. Additionally, the peptide coating did not alter the mean
particle size. The diameter of the MPs before and after coating is about 6nm.

Example 3: Cell Labeling of bone marrow stem cells (BMSCs) using QDs@GSH

[0055] The labeling of stem cells was carried out using the following procedure.

BMSCs were harvested from femurs and tibias of adult male Wistar rats. Haematopoietic
and other non-adherent cells were removed during mediuvm changes. After 10 to 14 days
of primary cultivation, the adherent cells were nearly 80% confluent and were dissociated
with 0.25% trypsin.

[0056] The cells were cultured with different concentrations of green emitting GSH-
QDs and stained with a nuclear staining agent, 4',6-diamidino-2-phenylindole (DAPI).
First, BMSCs were seeded into six well plates on glass cover slips with approximately
50,000 cells. BMSCs were incubated with QDs at different concentrations viz. 0.5, 5, 20,
30, or 50 nM for 5 min, 30 min, 2 h, 6 h, 12 h or 16 h. After removal of extra cellular QDs
with PBS (three times), the cells attached on to the glass slips were counterstained with
VECTASHIELD® HardSet™ Mounting Medium. This special formulation contained a
counter stain for DNA (DAPI) and was ready to use for fluorescence in-situ hybridization
(FISH) or any other procedures requiring fluorescence counterstaining of DNA. After 4h
of mounting, fluorescent microscopic images (Nikon 901 with FL/DIC/Phase) of QD
labeled BMSCs were obtained. Green fluorescence indicated the presence of QDs. In
addition to GSH-QDs, the cells were also stained by DAPI (blue emission), an organic dye

specific for staining nuclei. Figure 1 illustrates the transmittance (left) and fluorescence
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<220> <223> Designed peptide based on SV40 NLS <400> 5 Cys @y Cys
Gy Pro Lys Lys Lys Arg Lys Val dy 1510 <210> 6 <211> 27 <212> PRT
<213> artificial <220> <223> transporter peptide sequence P105816
sequence listing _ST25 <400> 6 Ay Trp Thr Leu Asn Ser Ala Gy Tyr Leu
Leu Gy Lys Ile Asn Leu 151015 Lys Ala Leu Ala Ala Leu Ala Lys Lys
Ile Leu 2025 <210> 7 <211> 7 <212> PRT <213> artificial

5

10

15

20

(right) images of BMSCs labeled with QD@GSH and DAPL The cell membrane and the
nucleus are labeled by the QD@GSH particles.

Example 4: Peptide Coating of CdSe-ZnS quantum dots (QDs)

[0057] The reverse microemulsion method as described in Example 1 was used to
form
the peptide-coated QDs wherein the peptide comprises the following two sequences:
(SV40 NLS) Ac-CGCGPKKKRKVG-Amide and
(TP) Ac-GWTLNSAGYLLGKINLKALAALAKKIL-Amide
wherein
C — Cysteine, G — Glycine, P — Proline, K — Lysine, R — Arginine, V — Valine, W -
Tryptophan, T - Threonine, L — Leucine, N — Asparagine, S — Serine, A — Alanine, Y —
Tyrosine, I — Isoleucine.

Example 5: Labeling Human Mechenchymal Stem Cells (hMSCs) using peptide-
coated QDs prepared in Example 4

[0058] The labeling procedure as described in Example 3 was used, with human

mechenchymal stem cells (hMSCs) replacing the BMSCs in example 3. As illustrated in
Figure 3, the peptide-coated QDs targets and labels the nucleus of the hMSCs. Figure 4
illustrates that the the peptide-coated QDs targets and labels the microtubules and actin

filaments.
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<220> <223> SV40 NLS <400> 7 Pro Lys Lys Lys Arg Lys Vval 15 <210> 8
<211> 16 <212> PRT <213> artificial <220> <223> nucl eoplasm n NLS
<400> 8 Lys Arg Pro Ala Ala Thr Lys Lys Ala Ay G n Ala Lys Lys Lys
Lys 151015 <210> 9 <211> 9 <212> PRT <213> artificial <220> <223>

c-nyc NLS <400> 9 Pro Al a Alraoisis féciieNad Thysideeytssp 15
SEQUENCE LISTING

<110> Agency for Science, Technology and Research
<120> CELL-TARGETING NANOPARTICLES AND USES THEREOF
<130> P105816

<150> Us 61/383,749
<151> 2010-09-17

<l160> 22
<170> PatentIn versicn 3.5

<210> 1

<211> 12

<212> PRT

<213> artificial

<220> )
<223> Designed peptide based on $v40 NLS

<220>

<221> misc_feature

<222> (2)..(4)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (12)..(12)

<Z223> Xaa can be any naturally occurring amino acid

<400> 1

Cys Xaa Xaa Xaa Pro Lys Lys Lys Arg Lys val Xaa
1 5 10

<210> 2

<211> 12

<212> PRT

<213> artificial

<220>
<223> Designed peptide based on Sv40 NLS

<220>

<221> misc_feature

<222> (3)..(4)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (12)..(12) )
<223> Xaa can be any naturally occurring amino acid

<400> 2
Cys Gly Xaa Xaa Pro Lys Lys Lys Arg Lys val Xaa
1 5 10

<210> 3
<211> 12
<212> PRT
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<210> 10 <211> 11 <212> PRT <213> artificial <220> <223> c-nmyc NLS
<400> 10 Arg G n Arg Arg Asn Qu Leu Lys Arg Ser Pro 1510 <210> 11
<211> 38P105816 sequence |isting_ST25 <212> PRT <213> artificial
<220> <223> hRNPA1 MP NLS <400> 11 Asn G n Ser Ser Asn Phe Ay Pro
Met Lys Gy Ay Asn Phe Gy pGhygib5déhlendd giSeingSer2dy Pro Tyr Gy
Ay Q<218 y a@knfifjal Phe Ala Lys Pro 202530 Arg Asn A n dy dy Tyr 35

<210> %g
<220>
<223> Designed peptide based on Sv40 NLS

<220>

<221> misc_feature

<222> (4)..(4) :

<223> Xaa can be any naturally occurring amino acid

<220>

<221> misc_feature

<222> (12)..(12)

<223> Xaa can be any naturally occurring amino acid

<400> 3
gys Gly Cys Xaa Pro Lys Lys Lys Arg Lys val Xaa
5 10

<210> 4

<211> 12

<212> PRT

<213> artificial

<220>
<223> Designed peptide based on Sv40 NLS

<220>

<221> misc_feature

<222> (4)..(4)

<223> Xaa can he any naturally occurring amino acid

<220>

<221> wmisc_Teature

<«222> (12)..(12)

<223> Xaa can be any naturally occurring amino acid

<400> 4
Cys Gly Cys Xaa Pro Lys Lys Lys Arg Lys val Xaa
1 5 10

<210> 5

<211> 12

<212> PRT

<213> artificial

<220>
<223> Designed peptide based on 5v40 NLS

<400> 5
Cys Gly Cys Gly Pro Lys Lys Lys Arg Lys val Gly
1 5 10

<210> 6

<211> 27

<212> PRT

<213> artificial

<220>
<223> transporter peptide sequence
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<211> 41 <212> PRT <213> artificial <220> <223> |1BB domain from

I mportin-al pha <400> 12 Arg Met Arg Lys 'he Lys Asn Lys Ay Lys Asp
Thr Ala Qu Leu Arg 151015 Arg Arg Arg Val GQu Val Ser VvVal Qu Leu
Arg Lys Ala Lys Lys Asp 202530 Qu A@n Ile Leu Lys Arg Arg Asn Val
3540 <210> 13 <211> 8 <212>phR¥B162dakmentd iTiteiml ssB20> <223> nyoma T
protei(gocl]\lLSG<4OO> 13 Val Ser Arg Lys Arg Pro Arg Pro 15

Gly Trp Thr Leu Asn Ser Ala Gly Tyr Leu Leu Gly Lys ITe Asn Leu
1 5 10 15
Lys Ala Leu Ala Ala Leu Ala Lys Lys Ile Leu

25

<210> 7

<211> 7

<212> PRT

<213> artificial

<220>
<223> Ssv40 NLS

<400> 7
Pro Lys Lys Lys Arg Lys val
1 5

<210> 8

<211> 16

<212> PRT

<213> artificial

<220>
<223> nucleoplasmin NLS

<400> 8
Eys Arg Pro Ala ?1a Thr Lys Lys Ala ggy Gin Ala Lys Lys Lys Lys
15

<210> 9

<211> 9

<212> PRT

<213> artificial

<220>
<223> cC-mycC NLS

<400> 9

;ro Ala Ala Lys Arg val Lys Leu Asp
5

<210> 10

<211> 11

<212> PRT

<213> artificial

<220>
<223> cC-myc NLS

<400> 10
Arg GIn Arg Arg Asn Glu Leu Lys Arg Ser Pro
1 5 10

<210> 11
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§ <210> 14 <211> 8 <212> PRT <213> artificial <220> <223> nyoma T
. protein NLS <400> 14 Pro Pro Lys Lys Ala Arg Gu Asp 15P105816
sequence listing 5T25 <210> 15 <211> 8 <212> PRT <213> artificial
<220> <223> human p53 <400> 15 Pro G n Pro Lys Lys Lys Pro Leu 15
<210> 12?1<213%> 12 <212> PRT p2R98% s¢duechteildlsting_sT25

< >

<212> PRT
<213> artificial

<220>
<223> hRNPAL M9 NLS

<400> 11
?sn Gln Ser Ser ésn Phe Gly Pro Met &%s Gly Gly Asn Phe Gly Gly
15

Arg Ser Ser Gly Pro Tyr Gly Gly Gly Gly GIn Tyr Phe Ala Lys Pro
20 25 30
Arg Asn Gln Gly Gly Tyr
35

<210> 12

<211> 41

<212> PRT

<213> artificial

<220
<223> 1IBB domain from importin-alpha

<400> 12
érg Met Arg Lys ghe Lys Ash Lys Gly i%s Asp Thr Ala Glu Leu Arg
15

Arg Arg Arg VS1 Glu val Ser val ggu l.eu Arg Lys Ala é%s Lys Asp
2

Glu Gln Ile Leu Lys Arg Arg Asn val
35 40

<210> 13

<211> &

<212> PRT

<213> artificial

<220>
<223> myoma T protein NLS

<400> 13
val Ser Arg Lys Arg Pro Arg Pro
1 5

<210> 14

<211> 8

<212> PRT

<213> artificial

<220>
<223> myoma T protein NLS

<400> 14
Pro Pro Lys Lys Ala Arg Glu Asp

20



<220> <223> nouse c-abl 1V NLS <400> 16 ser Ala Leu Ile Lys Lys Lys
Lys Lys Met Ala Pro 1510 <210> 17 <211> 5 <212> PRT <213> artificial
<220> <223> influenza virus NS1 NLS <400> 17 Asp Arg Leu Arg Arg 15
<210> 18 <211> 7 <212> PRT <213> artificial <220> <223> influenza

Vi rus fﬂSl NLS s P105816 sequence 1isting_STZ25

<210> 15

<211> 8§

<212> PRT

<213> artificial

<220>
<223> human p53

<400> 15

Pro Gln Pro Lys Lys Lys Pro Leu
1 5

<210> 16

<211> 12

<212> PRYT

<213> artificial

<220>
<223> mouse c-abT IV NLS

<400> 16

Ser Ala Leu Ile Lys Lys Lys Lys Lys Met Ala Pro
1 5 10

<Z210> 17

<211> 5

<212> PRT

<213> artificial

<220>
<223> influenza virus NS1 NLS

<400> 17

ASp Arg Leu Arg Arg
1 5

<210> 18

<211> 7

<212> PRT

<213> artificial

<220>
<223> 1influenza virus NS1 NLS

<400> 18

;ro Lys GIn Lys Lys Arg Lys
5

<210> 19

<211> 10

<212> PRT

<213> artificial

<220>
<223> Hepatitis virus delta antigen

<400> 19
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<400> 18 Pro Lys G n Lys Lys Arg Lys 15 <210> 19 <211> 10 <212> PRT
<213> artificial <220> <223> Hepatitis virus delta antigen <400> 19
P105816 sequence listing ST25 Arg Lys Leu Lys Lys Lys Ile Lys Lys Leu
1510 <210> 20 <211> 10 <212> PRT <213> artificial <220> <223> nouse
Mkl protein <400> 20 Arg G al@sgl6Lysiukyse Phetingustass Arg Arg 1510
<210> 21 <211> 20 <212> PRI <213> art|f|C|aI <220> <223> hunman

pol y( ADB-PiTb8E)YaoXrnbYadde NS Lys Le

<210> 20

<211> 10

<212> PRT

<213> artificial

<220>
<223> mouse MxLl protein

<400> 20
Arg Glu Lys Lys Lys Phe Leu Lys Arg Arg
1 5 10

<210> 21

<211> 20

<212> PRT

<213> artificial

<220>
<223> human poly(ADP-ribose) polymerase NLS

<400> 21
iys Arg Lys Gly ?sp Glu val Asp Gly val Asp Giu val Ala Lys Lys
10 15

LyS Ser Lys Lys
20

<210> 22

<211> 17

<212> PRT

<213> artificial

<220>
<223> steroid hormone receptors Chuman) glucocorticoid

<400> 22
?rg Lys Cys Leu Gin Ala Gly Met Asn ieu Glu Ala Arg Lys Thr Lys
5 15

LYS
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<400> 21 Lys Arg Lys Ay Asp Qu Val Asp Ay Val Asp Qu Val Al a Lys
Lys 151015 Lys Ser Lys Lys 20 <210> 22 <211> 17 <212> PRT <213>
artificial <220> <223> steroid hornone receptors (hunan)

gl ucocorticoid <400> 22 Arg Lys Cys Leu Gn Ala Ay Mt ASrl Leu Qu
Ala Arg Lys Thr Lys 151015 Lys CLAIMS What is clained is: I. A
cell-targeting nanoparticle, wherein the cell-targeting nanopatticle
I s directdyarfasconj ugated to at | east one cystei ne-containing

pepti de, wherein the cysteinecontaining peptide is selected fromthe
gr oup coﬁ§h§U$ﬁ@H@$1@1utathlone (GSH), a GSH-containi ng peptide, and
a peptide conprising a nuclear |ocalization signal (NLS) sequence and
a transporter sequence. 102. The cell-targeting nanoparticle of claim

1, wherein the eellitarpaigehanogartialty paicdis | the ictlldirpeid Marﬁipaﬁugaatseahréoﬂy
the cysteine-containing peptide via a functional group. 3. The
cel | - Par get i nGORABYEArtei &1 Eag org gysiripe-capiaindns pepide uwkerrantie grstus-

I's a thiol gr YBaining peptide is selected from the group consisting of glutathione (GSH), a
GSH-containing peptide, and a peptide comprising a nuclear localization signal

{NLS) sequence and a transporter sequence.

10 2. The cell-targeting nanoparticle of claim 1, wherein the cell-targeting nanoparticle

is directly conjugated to the cysteine-containing peptide via a functional group.

3. The cell-targeting nanoparticle of claim 2, wherein the functional group is a thiol

group.

15
4. The cell-targeting nanoparticle of any one of claims 1 to 3, wherein the cell-
targeting nanoparticle surface comprises at least one functional group for

conjugating to the at least one cysteine-containing peptide.

20 5. The cell-targeting nanoparticle of claim 4, wherein the functional group is a thiol

group.

6. The cell-targeting nanoparticle of any one of claims 1 to 5, wherein the NLS
sequence is derived from SV40 Large T antigen or nucleoplasmin.
25
7. The cell-targeting nanoparticle of claim 6, wherein the NLS sequence comprises a
sequence selected from the group consisting of SEQ ID NO: 1 (C*¥**PKKKRKV*),
SEQ ID NO: 2 (CG**PKKKRKV*), SEQ ID NO: 3 (CGC*PKKKRKV*), SEQ
ID NO: 4: (CGC¥PKKKRKV*) or SEQ ID NO: 5 (CGCGPKKKRKVG).
30
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15 4. The cell-targeting nanoparticle of any one of clains 1 to 3,
wherein the cell-targeting nanoparticle surface conprises at | east
one functional group for conjugating to the at |east one

cyst ei ne-cont ai ni ng peptide. 205. The cell-targeting nanoparticl e of
claim4, wherein the functional group is a thiol group. 6. The
cell-targeting nanoparticle of any one of clainms 1 to 5, wherein the
NLS sequencg. i Shél@dli-td@tihs AMoPY4RId P89 ohe 8NEIaBRN1 @F 7,k &R PheASalisPorter
25 7. The cell-targeting nanoparticle of claim®6, wherein the NLS
sequence conprPEEscHcHRRiifehescaEnecelel) for Yhamine agidbigpidgener Kt oty mnino
SEQ ID NO 1 ** , SEQ 1D NO 2 (CG*PKKKRKV*), SEQ ID NO
3 (CGC*PI CKI c&%ﬁﬁﬁ%@% 4: (CCC*PKKI CRKV*) or SEQ ID NO 5
(CGCGPKKKRKVG). 30 8. The cell-targeting nanoparticle of any one of

claims 1 to 7, wherein the transporter sequence conprises a seguence
of 10°to 50%-anisEelkdiractingsiaaoratiele of gny enwef dimol ek aviesdn dirdsansporter

pength. 59. Menkhtd cbabdsk! Mg ARABPAIL sehRndl 8N A0 oh SHAIHP No1 g
8, wherein the %ranspor er sequence conprises the am no aci d"sequence
as set forth (GWSHNSOGNOQLEKINAKANSAGAKKHINLKALAALAKKI L) .

10. The cell-targeting nanoparticle of any one of clains 1 to 9,
wherein the dianeter of 10the nanoparticle is in the range of about 1

nmto about;®@gpe %Il%getﬂé%aﬁ@ﬁdrﬁéi%g%)i SHE STRRARARM b O GhefeirARY dRREtQTor
claims 1 to 10, wherern the cell-targéeting nanoparticle conprises a

met allOnanopar theapopar8dig is Mithe vekt of drogel nngtorsbnob) wiicl e of any one
of clains 1 to 11, wherein the cell- targeting nanoparticle conprises
a quantum dot . 13. The cell-targeting nanoparticle of claim12,

wher ei n t hel qgaptoeMtaigttins natlpatictdof BAMOhOSFHIAMR L eNIDSWhB@iDthe cell-
CdSe, CdS, ZnSe, ZnS, PbS, PbSe, CuS and 20conbi nati ons thereof 14.

The cel | -t ar g&TEHeraneRsatiels epapies anyetdienepartitlgi ns 1 to 10, wherein
the cell-targeting nanoparticle conprises a magnetic nanoparticle.

15 12. The cell-targeting nanoparticle of any one of claims 1 to 11, wherein the cell-

targeting nanoparticle comprises a quantum dot.

13. The cell-targeting nanoparticle of claim 12, wherein the quantum dot is selected
from the group consisting of CdSe, CdS, ZnSe, ZnS, PbS, PbSe, CuS and

20 combinations thereof.

14. The cell-targeting nanoparticle of any one of claims 1 to 10, wherein the cell-

targeting nanoparticle comprises a magnetic nanoparticle.

25 15. The cell-targeting nanoparticle of claim 14, wherein the magnetic nanoparticle is
selected from the group consisting of FeyOs, FesOs, FerO4, FelPty, CouPty,
MnFe,O,, CoFe,Oy, NiFe,Oy, CuFe,O,, ZnFe,O,, and CdFe,Oy, wherein x and y

vary between | and 6, depending on the method of synthesis.

30 16. The cell-targeting nanoparticle of any one of claims 1 to 15, wherein the

nanoparticle 1s for targeting a sub-cellular structure of a cell.
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2515. The cell-targeting nanoparticle of claim 14, wherein the
magneti c nanoparticle is selected fromthe group consisting of Fe2(3,
Fe304, Fe204, FexPty, CoxPty, WMFex0y, CoFexOy, Ni Fex0Oy, CuFexOy,
ZnFex0y, and CdFexOy, wherein x and y vary between 1 and 6, dependi ng
on the method of synthesis. 3016. The cell-targeting nanoparticle of
any one of clains 1 to 15, wherein the nanoparticle is for targeting

a sub-cel | ul arTist ¢elictatpetin@hatopagtdle of ¢aim Tiee wairkdin tir 98t-¢dli@ilar structure is
nanoparticle of_ claim 16, wherein the sub-cellular structure is

sel ect ed fromselseted foupthe @raipsaonsisting ol ganele) @ioskslewaiaa gewiicangerial.
genetic material. 18. The cell-targeting nanoparticle of claim17,
wherein the organelle is selected from 5 the group consisting of

nucl eus, nut$.ddleus]l-taigbispnaoparésicadfe]aimoliy wherdo fHeasgirelle é4 sededtedfrom
CGol gi _appar at u}g, snoot h endopl asm ¢ reticul um m tochondri ah e\;ﬁcuol e,

cytosdl, |ysosBnETOdRFORE NG O wrcleus, nugleotyss ribapame. aiegigte; myeh endoplasmic
nanoparticl e QfdldhGdigi aMABHE), Snbfe HUbATERICGERNILS, ARbEOHETa, MAEEAED
t he group consi st ng of gé??“ealcti n fi{%z]{rrlantﬁ1 a nicrot dﬁ’urﬁe, angﬁl%{n %
i nt er nedi at e foytoaolphsoso2tk arfltvenizield. - t ar get i ng nanoparticle of claim
17, wherein the genetic material is deoxyribonucleic acid (DNA) or

ri bonucleic acid (RNA). 15 21. The cell-targeting nanoparticle of any

one of clai g 146 &ﬂ—tgl%etil\!ﬁ‘ﬁérﬁ)ipﬁr_tfclﬁeoﬁ@llaim 119, d@kicneehel éﬁé@k@lemg&flected

22. The cell-targeting nanoparticle of any one of clains 16 to 21,
wher éPn the cdtam the grogpeensistingbf an 2@in flamensld micsetgeule.rand an intermediate

nanoparticle Cﬁfla c{lmz%i m 22, wherein the stemcell is a bone marrow stem
cell or a nesenchymal stemcell. 2524. A nethod for targeting a cell

conprising incubating at |east one cell-targeting nanoparticle
according to any one of claims 1 to 23 in a culture containing the

cel I, under2&dhai ¢slowesehing crnaparialet ple chadm) 170 wheraim the tasgelly majeriat is
| east one cel |4 j - i D s t hod of claim 24,
wherein the sgg(s gei I%h?g?acgtarﬂggﬂj& e&'g@o?ﬁgglgg II-Eh(lﬁs argeted by the
cel |l 1bargeti ng nanoparticle.

21. The cell-targeting nanoparticle of any one of claims 16 to 20, wherein the cell is

derived from a human.

22. The cell-targeting nanoparticle of any one of claims 16 to 21, wherein the cell is a

20 stem cell.

23. The cell-targeting nanoparticle of claim 22, wherein the stem cell is a bone marrow

stem cell or a mesenchymal stem cell.

25 24. A method for targeting a cell comprising incubating at least one cell-targeting
nanoparticle according to any one of claims 1 to 23 in a culture containing the cell,
under conditions which allow the cell to be targeted by the at least one cell-

targeting nanoparticle.

30 25. The method of claim 24, wherein the sub-cellular structure of the cell is targeted by

the cell-targeting nanoparticle.
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26. The nethod of claim25, wherein the sub-cellular structure is
selected fromthe group consisting of organelle, cytoskeleton and
genetic material. 27. The nethod of claim26, wherein the organelle
is selected fromthe group 5 consisting of nucleus, nucleolus,

ri bosone, vesicle, rough endoplasmc reticulum GColgi apparatus,
snmoot h endopl asm ¢ reticulum mtochondria, vacuole, cytosol,

| ysosonme angs CRt kib@b& of claim 25, witkreil HBe TBE-BAIAS stRlcRIriL Bele MOE HBINthe
the cytoskeleton is selected fromthe group 10consisting of an actin

filament, a mgseunespsiseng efmdganellemytosieldiontaad igehetivanateridd. The net hod
of claim 26, wherein the genetic material is deoxyribonucleic acid
(DNA) or ribonucleic acid (RNA). 1530. The nethod of any one of

clains 24 t97.2% webei 6f thanCe,| wherefethe/ @ekahEieNia Sa16aRA. frdkh. thEh8roup
met hod of any one of claipms 24 to 30, wherein the cell is a stem
cel | . 52032. THensgingot rerless.diugiegius, vibesoaion veside.stongh eadaplasmia rasisnbm,

marrow stem C%&Jgi?%pg?, S BB%”&{dﬁéfaﬁ@cﬁﬁéglculuﬁls 'miI&%aH%x{l’Jz{;'Q%gfc&%a&Xmol,

one of clains erein rscarrie

fl uorescence d$peedhesab@yitrivle.nagneti c resonance inmagi ng. 34. A kit
for the targeting of a cell conprising at |east one cell-targeting
nanoparticle according to any one of clains 1 to 23. 35. The kit of

claim 34, fa thErmeRmPr NG 36 ShitkRid the’ 8K cton is selected from the group

10 consisting of an actin filament, a microtubule, and an intermediate filament.

29. The method of claim 26, wherein the genetic material is deoxyribonucleic acid

{DNA) or ribonucleic acid (RNA).

15 30. The method of any one of claims 24 to 29, wherein the cell is derived from a

human.
31. The method of any one of claims 24 to 30, wherein the cell is a stem cell.

20 32. The method of claim 31, wherein the stem cell is a bone marrow stem cell or a

mesenchymal stem cell.

33. The method of any one of claims 24 to 32, wherein the method is carried out using

fluorescence spectroscopy or magnetic resonance imaging.

25
34. A kit for the targeting of a cell comprising at least one cell-targeting nanoparticle
according to any one of claims 1 to 23.
35. The kit of claim 34, further comprising a staining reagent.
30
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