
CELL-TARGETING NANOPARTICLES AND USES THEREOF CROSS-REFERENCE TO
RELATED APPLICATION 5    [0001] This application claims the benefit
of priority of US provisional application No. 61/383,749 filed
September 17, 2010, the contents of it being hereby incorporated by
reference in its entirety for all purposes. FIELD OF THE INVENTION
10[0002] The present invention relates generally to cell-targeting
nanoparticles, in particularly for targeting of cells. BACKGROUND OF
THE INVENTION [0003] Optical imaging of biological and/or chemical
conditions of cells and tissues of 15  a living subject is an area of
significant importance. One of the biggest challenges in cell biology
is the imaging of living cells. Conventional optical labels such as
fluorescent dyes or markers are typically introduced into tissue
samples to signal changing biological and/or chemical conditions of
tissues. However, these conventional labels have many drawbacks.
Conventional labels are generally toxic to living cells and tissues
comprised of 20  living cells. Furthermore, conventional labels such
as fluorescent dyes or green fluorescent proteins (GFP) generally
suffer from short-lived fluorescence because the dyes undergo 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  to
conventional dyes, they have a much higher photobleaching threshold
and negligible photobleaching under biological imaging conditions.
Quantum dots can be silanized and, in that form, have reduced
phototoxicity and are highly resistant to chemical and metabolic
degradation. 5[0005] Typically, there are three steps before quantum
dots (QDs) can be employed for biological applications: 1) synthesis;
2) coating; and 3) bio-conjugation. The as synthesized QDs are
generally coated with trioctylphosphine oxide (TOPO), hexadecylamine
(HDA) or octadecylamine (ODA) and therefore hydrophobic in nature,
and are soluble only in organic solvents. 



10[0006] For the design of water-soluble QDs, different coating
methods are available and are accomplished either by exchange of TOPO
or through hydrophobic addition reactions. TOPO ligands are often
exchanged with thiol-functionalized compounds such as mercaptoacetic
acid, dihydrolipoic acid, dithiothreitol, and cysteine containing
peptides. The QDs have also been coated with inorganic silica or
organic protective polymer layer. 15  The coated particles are then
bio-conjugated to peptides, proteins or antibodies for cellular
tracking applications.    [0007] Silica and polymer coatings
significantly increased the overall size to about 20 nm and
restricted their use in certain imaging applications as the size of
QDs determines the renal clearance of the QDs. QDs of size less 5.5
nm resulted in rapid and efficient 20 urinary excretion and
elimination from the animal body.    [0008] Additionally, during
coating and bio-conjugation, the QDs tend to lose their fluorescence
(up to 30-40% from the original quantum yield). The labeling of stem
cells is an important area in the context of human regenerative
medicine for example. However, in most of the cases, the labeling of
stem cells with QDs is non-specific. Even though in vitro 25  and in
vivo imaging with QDs has been demonstrated, there remains a need to
address the problems that exists in the art especially in relation to
cell imaging labels associated with 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  glutathione (GSH),
a GSH-containing peptide, and a peptide comprising a nuclear
localization signal (NLS) sequence and a transporter sequence.
[0010] According to various embodiments, the cell-targeting
nanoparticle is for targeting a sub-cellular structure of a cell.
5[0011] In another aspect, there is provided a method for targeting a
cell. The method includes 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.         [0012] In a further aspect
there is provided a kit for the targeting of a cell. The kit
10includes at least one cell-targeting nanoparticle as described
herein. BRIEF DESCRIPTION OF THE DRAWINGS      [0013] The invention
will be better understood with reference to the detailed description
when considered in conjunction with the non-limiting examples and the
15 accompanying drawings, in which:     [0014] Figure 1 depicts the
transmittance (a) and fluorescence (b) images of bone marrow stem
cells (BMSCs) labeled with glutathione coated quantum dot ("QD@GSH")
and DAPI fluorescent stain, according to various embodiments. The
cell membrane and the nucleus are labeled by QD@GSH particles. 



20[0015] Figure 2 depicts the transmission electron microscopy (TEM)
images of (a) Fe203 magnetic nanoparticles in chloroform; (b)
glutathione (GSH)-coated nanoparticles dispersed in water, according
to various embodiments.     [0016] Figure 3 depicts the nuclear
targeting of human mesenchymal stem cells (hMSC) using peptide coated
quantum dots wherein the peptide comprising a transporter 25 peptide
(TP) fragment and a nuclear localizing signal (NLS) peptide fragment,
according to various embodiments.    [0017] Figure 4 depicts the
targeting of microtubules and filaments of hMSC cells using peptide
coated quantum dots wherein the peptide comprising a TP fragment and
a NLS peptide fragment, according to various embodiments. 30
DETAILED DESCRIPTION OF THE INVENTION    [0018] The live cell imaging
of sub-cellular components of a cell and its visualization constitute
increasingly important areas of research. In particular, the nucleus
has been a 5  desirable target for visualization since the genomic
DNA which carries the genetic information of the cell resides in the
nucleus and numerous nuclear proteins actively participate in
critical cellular processes such as DNA replication, recombination,
RNA transcription, DNA damage and repair, genomic alterations, and
cell cycle control. In this context, the present invention is based
on the surprising finding that the cell-targeting 10  nanoparticle of
the invention is able to specifically target a cell, particularly
targeting the cell nucleus and its cytoskeletal structure for
example. Furthermore, the cell-targeting nanoparticles of the
invention are stable in water with little aggregation over time.
Additionally, there was no change in the mean particle size of the
cell-targeting nanoparticle before and after conjugation with the
cysteine-containing peptide as 15  described herein. Without wishing
to be bound by any theory, the specific and efficient transport of
the cell-targeting nanoparticle into the nuclei of living cells for
example, can greatly enhance the diagnosis of disease genotype, the
tracking of oligonucleotide drugs, the understanding of biological
processing in the nucleus, and the identification of potential
nuclear drug candidates for example. 20[0019] Thus, the present
invention provides a cell-targeting nanoparticle, wherein the
cell-targeting nanoparticle is directly conjugated to at least one
cysteine-containing peptide. The cysteine-containing peptide can be
one of glutathione (GSH), a GSHcontaining peptide, or a peptide
comprising a nuclear localization signal (NLS) sequence and a
transporter sequence. 25[0020] The term "conjugated" in this context
can mean any direct linkage or direct coupling between the
cysteine-containing peptide and the cell-targeting nanoparticle,
whereby these moieties are held together by a covalent bond or
non-covalent interactions, for example, ionic or hydrophobic
interaction. [0021] The term "peptide" relates to a molecule
containing at least two amino acid 30 residues which are linked to
each other by peptide bonds. The term "amino acid residue" as used
herein refers to an amino acid either in the D or L form or to an
amino acid mimetic that can be incorporated into a polypeptide by an
amide bond. The amino acid 



residues may be naturally occurring amino acids or synthetic amino
acids as well as modified amino acids and derivatives of naturally
occurring amino acids. Such a peptide can be provided in different
ways, e.g., by isolating it from naturally occurring sources, by
expressing it from an appropriate recombinant nucleic acid molecule
and purifying the 5 resulting product by means and methods well known
to the person skilled in the art or by chemical synthesis. The
chemical synthesis is preferably but not exclusively carried out on
solid phase according to standard procedures ("Boc"- or "Fmoc"
chemistry (review: Atherton and Sheppard in: Solid phase peptide
synthesis, IRL Oxford, University Press (1989)) using an automated
peptide synthesizer. Derivatization steps or peptide cyclization 10
may be carried out in fluid phase after cleavage of the peptide from
the solid support.    [0022] According to various embodiments, the
cell-targeting nanoparticle may be directly conjugated to the
cysteine-containing peptide by way of a functional group, for
example, a thiol group. The thiol group can for example be present in
the cysteinecontaining peptide, and can be directly coupled to the
nanoparticle. As a non-limiting 15 illustrative example, the thiol
group of the cysteine-containing peptide may bind directly to a metal
of the cell-targeting nanoparticle for example. In other embodiments,
the cell-targeting nanoparticle surface may comprise a functional
group such as a thiol group for conjugating to the
cysteine-containing peptide. In this context, the direct conjugation
between the nanoparticle and the cysteine-containing peptide may, for
example occur via a 20disulphide bond.    [0023] The term "nuclear
localization signal" and "NLS" sequence as described herein are used
interchangeably and refers to an amino acid sequence which is capable
of inducing transport of molecules comprising such sequence(s) or
linked to such sequences into the nucleus of cells. The NLS can, for
example, direct transport of a protein with 25 which it is associated
from the cytoplasm of a cell across the nuclear envelope barrier. The
NLS is intended to encompass not only the nuclear localization
sequence of a particular peptide, but also derivatives thereof that
are capable of directing translocation of a cytoplasmic polypeptide
across the nuclear envelope barrier. NLSs are capable of directing
nuclear translocation of a polypeptide when attached to the
N-terminus, the C- 30terminus, or both the N- and C-termini of the
polypeptide. In addition, a polypeptide having an NLS coupled by its
N- or C-terminus to amino acid side chains located  randomly along
the amino acid sequence of the polypeptide may be translocated. Adam
et al. (1990) J. Cell. Biol. 111:807-818.    [0024] According to
various embodiments, the NLS sequence can include a sequence selected
from the group consisting of SEQ ID NO: 1 (C***PKKKRKV*), SEQ ID NO:
2 5 (CG**PKKKRKV*), SEQ ID NO: 3 (CGC*PICKKRKV*), SEQ ID NO: 4:
(CGC*PICKKRKV*) or SEQ ID NO: 5 (CGCGPKKKRKVG).     [0025] "*" or
"Xaa" referred herein can be used interchangeably and can be any kind
of amino acid known in the art, for example naturally occurring and
non-naturally occurring (synthetic) amino acids. Xaa can for example
be a D- or L-alpha amino acid 10 residue. Amino acids known in the
art (both naturally occurring and synthetic) which can be used for
the peptides and/or modified peptides referred to herein (e.g. also
for "*" or "Xaa") can include, but are not limited to 2-aminoadipic
acid (Aad), aminobutyric acid (Abu), aminobenzoic acid (Abz),
aminocyclohexanoic acid (Ac6c), aminocyclopentanoic acid (Ac5c),



30 glutamine (GM), glutamic acid (Glu), glycine (Gly), histidine
(His), homoarginine, homocysteine (Hcy), homophenylalanine,
homoserine (Hse), homoserinelactone (Hsi), homotyrosine,
hydroxylysine (Hyl), hydroxyproline (Hyp), 2-indolinecarboxylic acid,
2-  indanylglycine, isoglutamine (iGIn), isoleucine (Ile),
indoleglycine, isonipecotic acid, isovaline (Iva), leucine (Leu),
lysine (Lys), 13-mercapto-013- cyclopentamethylenepropanoic acid,
methionine (Met), methionine S-oxide (Met(0)), muramicacid (Mur),
napthylalanine, neuraminicacid (Neu), norleucine (Nle), norvaline  5
(Nva), octahydroindolecarboxylic acid, omithine (Om), pyridylalanine,
penicillamine, pyroglutamic acid, phenylalanine (Phe),
Ca-Me-L-Phenylalanine, phenylglycine, phosphoserine (Ser(P)),
pipecolic acid, 4-phosphomethylphenylalanine, propargylglycine,
proline (Pro), putrescine, sarcosine (Sar), serine (Ser), statine
(Sta), statine analogs, taurine (Tau), thiazolidinecarboxylic acid,
tetrahydroisoquinoline-3-carboxylic acid, tert-leucine,  10 tlueonine
(Thr), thyroxine (Thx), tryptophan (Trp), tyrosine (Tyr),
3,5-diiodotyrosine (Tyr(12)), valine (Val) and AEEA. Abbreviations
for amino acids, as used herein, are in accordance with the IUPAC
guidelines on nomenclature (Nomenclature and Symbolism for Amino
Acids and Peptides. Eur. J Biochem. 138:9-37(1984)). [0026] In
various embodiments, the NLS sequence can be derived from the nuclear
15 localization sequence of the SV40 virus large T-antigen, the
minimal functional unit of which is the seven amino acid sequence
PKKKRKV (SEQ ID NO: 7). In other embodiments, the NLS sequence can be
derived from nucleoplasmin, for example the nucleoplasmin bipartite
NLS with the sequence KRPAATKICAGQAKKICK (SEQ ID NO: 8) (Michaud and
Goldfarb, J. Cell Biol. 112 (1991), 215-223; Dingwall C. et al, The
20 Journal of Cell Biology, 107, 1988, p. 841-849). Other examples in
which the NLS sequence can be derived therefrom can include but are
not limited to the c-myc nuclear localization sequence having the
amino acid sequence PAAKRVKLD (SEQ ID NO: 9) (Dang, C.V. et al,
Molecular Cell Biology, 1988, 8(10), p 4048-4054) or RQRRNELKRSP (SEQ
ID NO: 10) (Chesky et al., MoL Cell Biol. 9 (1989), 2487-2492) and
the hRNPA1  25 M9 nuclear localization sequence having the sequence
NQSSNFGPMKGGNFGGRSSGPYGGGGQYFAKPRNQGGY (SEQ ID NO: 11) (Siomi und
Dreyfuss, J. Cell Biol. 129 (1995), 551-560). Further examples for
nuclear localization sequences are the sequence
RMRKFICNKGKDTAELRRRRVEVSVELRKAKKDEQILICRRNV (SEQ ID NO: 12) of  30
the IBB domain from importin-alpha (Gorlich et al., Nature 377
(1995), 246-248), the sequences VSRICRPRP (SEQ ID NO: 13) and
PPIUCARED (SEQ ID NO: 14) of the myoma T protein (Chelsky et al.,
loc. cit.), the sequence PQPKKKPL (SEQ ID NO: 15) of  human p53
(Chelsky et al., loc. cit.), the sequence SALIAP (SEQ ID NO: 16) of
mouse c-abl IV (Van Etten et al., Cell 58 (1989), 669-678), the
sequences DRLRR (SEQ ID NO: 17) and PKQKKRK (SEQ ID NO: 18) of the
influenza virus NS1 (Greenspan et al., J. Virol. 62 (1988),
3020-3026), the sequence RKLKKKIKKL (SEQ ID  5 NO: 19) of the
Hepatitis virus delta antigen (Chang et al., J. Virot 66 (1992),
6019-6027) and the sequence REKKKFLKRR (SEQ ID NO: 20) of the mouse
Mxl protein (Zurcher et al., J. Virol. 66 (1992), 5059-5066). It is
also possible to use bipartite nuclear localization sequences such as
the sequence KRICGDEVDGVDEVAKKKSKIC (SEQ ID NO: 21) of the human
poly(ADP-ribose) polymerase (Schreiber et al., EMBO J. 11 (1992), 10
3263-3269) or the sequence RKCLQAGMNLEARKTKK (SEQ ID NO: 22) of the



25 destination, e.g. into the cytoplasm (cytosol, endoplasmic
reticulum, Golgi apparatus, etc.) or the nucleus. Without wishing to
be bound by theory, the transporter sequence as described herein can
direct or facilitate penetration of the cell-targeting nanoparticle
as across a phospholipid, mitochondrial, endosomal or nuclear
membrane. The transporter sequence can also direct the cell-targeting
nanoparticle from outside the cell through the  30 plasma membrane,
and into the cytoplasm or to a desired location within the cell,
e.g., 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  can direct
the cell-targeting nanoparticle across the blood-brain,
trans-mucosal, hematoretinal, skin, gastrointestinal and/or pulmonary
barriers.    [0028] In various embodiments, the transport sequence
can be a cell penetrating peptide. Such sequence are typically
polycationic or amphiphilic sequences rich in amino  5 acids with
positively charged side groups, for example, basic amino acids such
as histidine, lysine and arginine. Non-limiting suitable examples of
cell penetrating peptides that are known in the art can include
protein membrane transduction domains which are present in
transcription factors, such as the homeodomain proteins, and viral
proteins, such as TAT of HIV-1. 10[0029] According to various
embodiments, the transporter sequence can have a sequence in the
length of 10 to 50 amino acid residues; or 10 to 40 amino acid
residues; 10 to 30 amino acid residues; 10 to 20 amino acid residues;
20 to 50 amino acid residues; about 45 amino acid residues; about 40
amino acid residues; about 35 amino acid residues; about 30 amino
acid residues; about 25 amino acid residues; about 20 amino acid
residues; 15or about 15 amino acid residues.    [0030] In certain
embodiments, the transporter sequence can comprise a sequence
selected from a penetratin, transportan (Pooga. et al, The FASAB
Journal, vol. 12, 1998, pg 67-77) MAP (Oehlke, J. et al (1998)
Biochem. Biophys. Acta 1414, 127 - 139), HIV TAT (Maria Lindgren'',
et al., Trends in Pharmacological Sciences, vol. 21, 2000, Pages  20
99-103), Antp (Mariola F et. al., Journal of Cell Science, 118 (15),
pg 3339-3351), FHV coat protein (Patel L. N. Pharmaceutical Research,
24(11), 2007, page 1977-1992), TP10 (Arrighi et al, Antimicrobial
Agents and Chemotherapy, 2008, 52(9), p.3414-3417) and pVEC amino
acid sequence (Elmquist A. et al, Biochimica et Biophysica Acta
(BBA)- 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  nm; about 1 nm to about 45 nm; about 1 mn to about
40 nrn; about 1 run to about 35 nm; about 1 nm to about 30 nm; about
1 urn to about 25 nm; about 1 urn to about 20 nm; about 10 urn to
about 50 nm; about 15 nm to about 50 nm; about 20 urn to about 50
urn; about 25 nm to about 50 urn; about 30 rim to about 50 rim; about



5 nm; about 8 nm; about 7 rim; about 6 rim; about 5 rim; or about 3
rim.     [0032] In some embodiments, the cell-targeting nanoparticle
comprises a metal nanoparticle. Suitable metals for use in a metal
nanoparticle herein can include, but are not limited to, aluminum,
iron, silver, zinc, gold, copper, cobalt, nickel, platinum,
manganese, rhodium, ruthenium, palladium, titanium, vanadium,
chromium, molybdenum, cadmium, 10mercury, calcium, zirconium, and
iridium, or oxides thereof.     [0033] In some embodiments, the
cell-targeting nanoparticle can comprise a quantum dot. The term
"quantum dot" can be defined as a portion of matter in which one or
more electrons or holes (excitons) are confined in three spatial
dimensions. Non-limiting examples of a quantum dot can be selected
from the group consisting of CdSe, CdS, ZnSe, 15 ZnS, PbS, PbSe, CuS
and combinations thereof     [0034] According to various embodiments,
the cell-targeting nanoparticle can comprise a magnetic nanoparticle.
As used herein, the term "magnetic nanoparticle" is meant to include
any nanoparticle which moves in response to being placed in an
appropriate magnetic field. This term is meant to also include
ferromagnetic, paramagnetic 20 and diamagnetic materials.
Non-limiting suitable examples can include, Fe203, Fe304, Fe204,
FexPty, CoxPty, MnFex0y, CoFex0y, NiFex0y, CuFex0y, ZnFex0y, and
CdFex0y, wherein x and y vary between 1 and 6, depending on the
method of synthesis known in the art. [0035] According to various
embodiments, the cell-targeting nanoparticle targets a 25
sub-cellular structure of a cell. The sub-cellular structure 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    integrity, but is a dynamic
structure that is responsible for whole-cell movement, changes in
cell shape, and contraction. Some cytoskeletal fibers may connect to
organelles or provide tracks along which organelles and/or small
molecules move. In some embodiments, the cytoskeleton can be one of
an actin filament, a microtubule, an 5intermediate filament and
combinations thereof.    [0037] The term "organelle" refers to a
sub-cellular unit defined by the plasma membrane of the cell. The
organelle includes, but is not limited to, nucleus, nucleolus,
nuclear matrix, nuclear lamina, core filaments, nuclear envelope,
nuclearpore complexes, and nuclear membranes. The organelle also
includes mitochondrion, endoplasmic  10 reticular, Golgi complexes or
Golgi apparatus, lysosomes and vacuoles. The organelle further
includes chromosomes, nucleosome, chromatin, centromere, centrosome,
centrioles, pericentriolar material, mitotic spindle, spindle pole
bodies, contractile rings, kinetochore, proteomes, telomere, plasma
membranes, endosomes, perioxomes, phagosomes and ribosomes. Each
organelle plays a unique role in the growth, metabolism 15and
metastasis of tumor cells, and each contains a collection of specific
proteins or 



enzymes that catalyze the requisite chemical reactions.    [0038] The
term "genetic material" refers to natural nucleic acids, artificial
nucleic acids, non-natural nucleic acid, orthogonal nucleotides,
analogs thereof, or combinations thereof Genetic material can also
include analogs of DNA or RNA having modifications  20 to either
bases or the backbone. Genetic material also includes the use of
peptide nucleic acids (PNA). The term "genetic material" also
includes chimeric molecules. The genetic 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 25can 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, a mouse, 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  and to give rise to
specialized cells for example, any organ, cell type or tissue type. A
stem 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 phfripotent, meaning that they are capable of generating
5 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  10 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. 1510041]
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 20 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 GE01, GE09, BG01, BG02, TE06 or WA09. 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.
25[2005] Cell 122, 289-301, see also Rando, T.A. [2005] Nature
Medicine 11, 8, 829 - 831).    [0042] Any progenitor cell may also be



[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 5 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 10
SKOV-3/DXR10), AT805 (including ATDC5), HTST, HURT, PC (e.g.
PCC3/AJ1) 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 15 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 20 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 25kit 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 30absence 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  employed herein
have been used as 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 Marlcush 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 Marlcush
group. EXAMPLES Example 1: Glutathione (GSH) Coati= of CdSe-ZnS
quantum dots (ODs)   20 100511 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 zl aqueous GSH solution
(140 mg/ml of water) was added and stirred for about 5 mm until the
solution became clear. To deprotonate the carboxyl and thiol groups,
either 100 TMAH (tetramethyl ammonium hydroxide in 2-propanol
/methanol mixture) or 40 Al NEIGH was 25 added. Finally, TOPO-capped
CdSe-ZnS QDs, 100-30014 (5 mg/ml of chloroform) were added and
stirred for 1 h. [00521 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 (-000-) for the QDs. 30
The GSH-coated QDs (QDs@GSH) in the microemulsion were flocculated by
the addition of about 2 mL of ethanol and centrifuged at 6000 rpm for
5 min. The fluorescent pellet  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 Fe2422 nanoparticles   5 [0053] The reverse microemulsion method
as described in Example 1 was used to form the GSH-coated magnetic
Fe203 particles (MPs@GSH). The octadecylamine (ODA) capped magnetic
particles, 100 Al (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
10 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. 15 BMSCs were harvested from femurs and
tibias of adult male Wistar rats. Haematopoietic and other
non-adherent cells were removed during medium 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-
20 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 25
VECTASHIELD8 HardSetTM 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 30 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
(right) images of BMSCs labeled with QD@GSH and DAPI. The cell
membrane and the nucleus are labeled by the QD@GSH particles. Example
4: Peptide Coating of CdSe-ZnS quantum dots (()s1 5[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 10 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- 15coated ODs
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 20filaments. 



P105816 sequence listing_ST25 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
<160> 22 <170> PatentIn version 3.5 <210> 1 <211> 12 <212> PRT <213>
artificial <220> <223> Designed peptide based on 5V40 NLS <220> <221>
misc_feature <222> (2)..(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> 1 Cys Xaa Xaa Xaa Pro Lys Lys Lys Arg Lys Val Xaa 1510 <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 1510 <210> 3  <211>
12 <212> PRT  <213> artificialP105816 sequence listing_5T25 <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 Cys Gly Cys Xaa Pro Lys Lys
Lys Arg Lys Val Xaa 1510 <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 be any naturally occurring amino acid <220> <221> misc_feature
<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 1510 <210> 5
<211> 12 <212> PRT <213> artificial 



<220> <223> Designed peptide based on SV40 NLS <400> 5 Cys Gly Cys
Gly Pro Lys Lys Lys Arg Lys Val Gly 1510 <210> 6 <211> 27 <212> PRT
<213> artificial <220> <223> transporter peptide sequence  P105816
sequence listing_ST25 <400> 6 Gly Trp Thr Leu Asn Ser Ala Gly Tyr Leu
Leu Gly 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 



<220> <223> SV40 NLS <400> 7 Pro Lys Lys Lys Arg Lys Val 15 <210> 8
<211> 16 <212> PRT <213> artificial <220> <223> nucleoplasmin NLS
<400> 8 Lys Arg Pro Ala Ala Thr Lys Lys Ala Gly Gin Ala Lys Lys Lys
Lys 151015 <210> 9 <211> 9 <212> PRT <213> artificial <220> <223>
c-myc NLS <400> 9 Pro Ala Ala Lys Arg Val Lys Leu Asp 15 



<210> 10 <211> 11 <212> PRT <213> artificial <220> <223> c-myc NLS
<400> 10 Arg Gin Arg Arg Asn Glu Leu Lys Arg Ser Pro 1510 <210> 11
<211> 38P105816 sequence listing_ST25 <212> PRT <213> artificial
<220> <223> hRNPA1 M9 NLS <400> 11 Asn Gln Ser Ser Asn Phe Gly Pro
Met Lys Gly Gly Asn Phe Gly Gly 151015 Arg Ser Ser Gly Pro Tyr Gly
Gly Gly Gly Gln Tyr Phe Ala Lys Pro 202530 Arg Asn Gln Gly Gly Tyr 35
<210> 12 



<211> 41 <212> PRT <213> artificial <220> <223> IBB domain from
importin-alpha <400> 12 Arg Met Arg Lys 'he Lys Asn Lys Gly Lys Asp
Thr Ala Glu Leu Arg 151015 Arg Arg Arg Val Glu Val Ser Val Glu Leu
Arg Lys Ala Lys Lys Asp 202530 Glu Gln Ile Leu Lys Arg Arg Asn Val
3540 <210> 13 <211> 8 <212> PRT <213> artificial <220> <223> myoma T
protein NLS <400> 13 Val Ser Arg Lys Arg Pro Arg Pro 15 



<210> 14 <211> 8 <212> PRT <213> artificial <220> <223> myoma T
protein NLS <400> 14 Pro Pro Lys Lys Ala Arg Glu Asp  15P105816
sequence listing_5T25 <210> 15 <211> 8 <212> PRT <213> artificial
<220> <223> human p53 <400> 15 Pro Gln Pro Lys Lys Lys Pro Leu 15
<210> 16 <211> 12 <212> PRT <213> artificial 



<220> <223> mouse c-abl IV 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
virus NS1 NLS 



<400> 18 Pro Lys Gin 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> mouse
Mxl protein <400> 20 Arg Glu Lys Lys Lys Phe Leu Lys Arg Arg 1510
<210> 21 <211> 20 <212> PRT <213> artificial <220> <223> human
poly(ADP-ribose) polymerase NLS 



<400> 21 Lys Arg Lys Gly Asp Glu Val Asp Gly Val Asp Glu Val Ala Lys
Lys 151015 Lys Ser Lys Lys 20 <210> 22 <211> 17 <212> PRT <213>
artificial <220> <223> steroid hormone receptors (human)
glucocorticoid <400> 22 Arg Lys Cys Leu Gin Ala Gly Met ASrl Leu Glu
Ala Arg Lys Thr Lys 151015 Lys  CLAIMS What is claimed is: I. A
cell-targeting nanoparticle, wherein the cell-targeting nanopatticle
is directly  5 conjugated to at least one cysteine-containing
peptide, wherein the cysteinecontaining 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. 102. 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. 205. 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***PKICKRKV*), SEQ ID NO: 2 (CG**PKKKRKV*), SEQ ID NO:
3 (CGC*PICKICRICV*), SEQ ID NO: 4: (CGC*PKKICRKV*) or SEQ ID NO: 5
(CGCGPKKKRKVG). 30  8. The cell-targeting nanoparticle of any one of
claims 1 to 7, wherein the transporter sequence comprises a sequence
of 10 to 50 amino acid residues or 10 to 30 amino acid residues in
length. 59. The cell-targeting nanoparticle of any one of claims 1 to
8, wherein the transporter sequence comprises the amino acid sequence
as set forth in SEQ ID NO: 6 (GWTLNSAGYLLGKINLKALAALAKKIL).
10. The cell-targeting nanoparticle of any one of claims 1 to 9,
wherein the diameter of 10the nanoparticle is in the range of about 1
nm to about 50 nm. 11. The cell-targeting nanoparticle of any one of
claims 1 to 10, wherein the cell-targeting nanoparticle comprises a
metal nanoparticle. 1512. 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 20combinations thereof 14.
The cell-targeting nanoparticle of any one of claims 1 to 10, wherein
the cell-targeting nanoparticle comprises a magnetic nanoparticle. 



2515. The cell-targeting nanoparticle of claim 14, wherein the
magnetic nanoparticle is selected from the group consisting of Fe2O3,
Fe304, Fe204, FexPty, CoxPty, MnFex0y, CoFex0y, NiFex0y, CuFex0y,
ZnFex0y, and CdFex0y, wherein x and y vary between 1 and 6, depending
on the method of synthesis. 3016. The cell-targeting nanoparticle of
any one of claims 1 to 15, wherein the nanoparticle is for targeting
a sub-cellular structure of a cell.  17. The cell-targeting
nanoparticle of claim 16, wherein the sub-cellular structure is
selected from the group consisting of organelle, cytoskeleton and
genetic material. 18. The cell-targeting nanoparticle of claim 17,
wherein the organelle is selected from  5 the group consisting of
nucleus, nucleolus, ribosome, vesicle, rough endoplasmic reticulum,
Golgi apparatus, smooth endoplasmic reticulum, mitochondria, vacuole,
cytosol, lysosome and centriole.    19. The cell-targeting
nanoparticle of claim 17, wherein the cytoskeleton is selected 10from
the group consisting of an actin filament, a microtubule, and an
intermediate filament. 20. The cell-targeting nanoparticle of claim
17, wherein the genetic material is deoxyribonucleic acid (DNA) or
ribonucleic acid (RNA). 15 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 20stem cell. 23. The cell-targeting
nanoparticle of claim 22, wherein the stem cell is a bone marrow stem
cell or a mesenchymal stem cell. 2524. 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. 3025. The method of claim 24,
wherein the sub-cellular structure of the cell is targeted by the
cell-targeting nanoparticle. 



26. The method of claim 25, wherein the sub-cellular structure is
selected from the group consisting of organelle, cytoskeleton and
genetic material. 27. The method of claim 26, wherein the organelle
is selected from the group  5 consisting of nucleus, nucleolus,
ribosome, vesicle, rough endoplasmic reticulum, Golgi apparatus,
smooth endoplasmic reticulum, mitochondria, vacuole, cytosol,
lysosome and centriole.         28. The method of claim 26, wherein
the cytoskeleton is selected from the group 10consisting 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). 1530. 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. 2032. 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. 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. 


