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(57) ABSTRACT 

The present disclosure relates to compositions and methods 
for the treatment of a disease, e.g., cancer or pathogenic 
infection, using a bioconjugated nanoparticle comprising a 
biocompatible quantum dot conjugated to a targeting moiety. 
The targeting moiety allows for the nanopaticle to bind to a 
cancer cell or pathogenic organism. The quantum dot, upon 
excitation by Soft X-rays, emits electromagnetic radiation at a 
frequency of ultraviolet light, thereby allowing for the dis 
ruption of the DNA found in the cancer cell or pathogenic 
organism. 
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BOCONUGATED NANOPARTICLES 

FIELD OF THE DISCLOSURE 

0001. The present disclosure relates generally to biocon 
jugated nanoparticles and their use in the treatment of dis 
eases in mammals. More particularly, the present disclosure 
relates to novel treatment methods, compositions and kits 
comprising a quantum dot chemically linked to a targeting 
moiety. 

BACKGROUND 

0002 Quantum Dots (QDs) are man-made nanostruc 
tures, typically semiconductors, that usually vary from 1 nm 
to 10 nm in diameter. These dimensions are on the order of the 
De Broglie wavelength or Bohr radius of the exciton (elec 
tron-hole-pair) of the semiconductor material from which 
they are made. Electrons confined in these nanosized semi 
conductor structures exhibit electronic and optical character 
istics similar to atoms. Like atoms, QDS are highly efficient 
light emitters with discrete narrow emission lines. The advan 
tage is that their optical properties can be tailored. Their 
absorption/emission frequencies can be tuned by varying the 
semiconductive material as well as the size of the QD. QDs 
emit light as a result of the recombination of an electron-hole 
pair (exciton), and the size-dependent emission is a direct 
consequence of quantum confinement of the exciton due to 
the nanometer-scale size of the particles. In addition, their 
band gap can be varied by changing their size. As the dot gets 
Smaller, the light they emit becomes shorter in wavelength 
(blue shifted) an, conversely, as they become larger the light 
they emit becomes longer in wavelength (red shifted). Hence, 
they absorb radiation of wavelengths above their band gap 
width and emit light over a very narrow wavelength (much 
like an atom). The peak emission wavelength is bell-shaped 
(Gaussian) and occurs at a slightly longer wavelength than the 
lowest energy exciton peak (the absorption onset). 
0003. Due to these important properties, QDs have been 
used extensively as contrasting agents for imaging in medical 
research, particularly for the molecular imaging of cancer 
cells (see, e.g., Bentolila, L. A. et al., Discovery Medicine, 
5:26, 213-218; April 2005). Moreover, much research has 
also been applied to devise robust, versatile, and biocompat 
ible (non-toxic) surface chemistries to both solubilize and 
functionalize nanocrystals for biological applications (see, 
e.g., Michalet, X. et al., Science, 307:538-544, 2005). 
Researches have also been able to use quantum dots to local 
ize a tumor by conjugated the quantum dot with a tumor 
specific antigen (see, e.g., Xing, Y. et al., Nat. Protoc. 2:5, 
1152-65, 2007; Kim, G. et al. Conf. Proc. IEEE Eng. Med. 
Biol. Soc. 1,714-16, 2005; and Sinha, R. et al. Mol. Cancer. 
Ther. 5:8, 1909-17, 2006). 
0004. Despite the advances made by those skilled in the 

art, several limitations exist with the current technology as 
well as several needs that remain unaddressed. Specifically, 
current technologies for the detection of cancer cells often use 
long wave ultraviolet light (or visible light) to excite the QD. 
thereby causing light emittance. Ultraviolet light of these 
wavelengths, however, is not able to penetrate into deep tis 
sues, therefore tumors found deep within the body may not be 
detected. Further, there still exists a need to devise effective 
methods of treating cancers as well as infections with patho 

Dec. 25, 2008 

gens, particularly those which have become resistant to cur 
rent methods of treatment (e.g. 'Superbugs” that are resistant 
to antibiotics, etc). 
0005 Thus it would be advantageous to provide compo 
sitions and methods to address these shortcomings of the 
prior art. 

SUMMARY 

0006. The present disclosure relates to a basic concept for 
the treatment of diseases such as cancer and infection with 
pathogen(s) that comprises the use of bioconjugated nanopar 
ticles and methods of their use. Specifically, the bioconju 
gated nanoparticles comprise at least one quantum dot con 
jugated with at least one targeting moiety that is specific for a 
cancer- and/or pathogen-specific marker. Upon administra 
tion to a subject, the bioconjugated nanoparticle will specifi 
cally bind to those cells and/or organisms that express the 
biological entity specific for the targeting moiety. The Subject 
is then exposed to electromagnetic radiation at a frequency of 
soft X-rays that are able to penetrate the body, whereby the 
soft X-rays are absorbed by the QD which, upon excitation, 
will emit short wavelength ultraviolet light in a localized 
location which would treat the disease (e.g. by damaging the 
DNA of the target cell or organism). 
0007. One aspect of the disclosure relates to a bioconju 
gated nanoparticle comprising at least one quantum dot and at 
least one targeting moiety, wherein the quantum dot, when 
excited by electromagnetic radiation of a frequency of soft 
X-ray, emits electromagnetic radiationata frequency of ultra 
violet. 
0008. In one embodiment, the soft X-ray comprises elec 
tromagnetic radiation comprising a wavelength in the range 
of 0.01 nm to 100 nm, preferably in a range of 0.1 nm to 75 
nm, more preferably in a range of 1 nm to 50 nm, more 
preferably between 1 nm and 25 nm, and most preferably 
between 1 nm and 15 nm. 
0009. In another embodiment, the ultraviolet light fre 
quency comprises electromagnetic radiation with a wave 
length in the range of 1 nm to 280 nm, preferably in a range of 
100 nm to 260 nm. 
0010. In another embodiment, the quantum dot is com 
prised of an inert material. In another embodiment, the quan 
tum dot comprises a wide band gap width. In certain embodi 
ments, the quantum dot may comprise aluminum gallium 
nitride, gallium arsenide, Zinc oxide, aluminum nitride, boron 
nitride and diamond. 
0011. In certain embodiments, the size of the quantum dot 

is in a range of 1 nm to 50 nm, preferably 1 nm to 40 nm, more 
preferably 1 nm to 10 nm. 
0012. In another embodiment, the quantum dot is coated 
with a biocompatible material is selected from the group 
consisting of a lipid, a carbohydrate, a polysaccharide, a 
protein, a glycoprotein, and a glycolipid. 
0013. In another embodiment, the bioconjugated nanopar 
ticle further comprises a linker, wherein the linker attaches 
the targeting moiety to the quantum dot. In certain embodi 
ments, the linker is selected from the group consisting of a 
lipid, a carbohydrate, a polysaccharide, a protein, a polymer, 
a glycoprotein, and a glycolipid. 
0014. In another embodiment, the targeting moiety has 
specificity to a marker or receptor expressed by a cancer cell 
or pathogen. In certain embodiments, the marker is expressed 
extracellularly. In other embodiments, the targeting moiety 
may be an antibody or fragment thereof, a hapten, a polypep 
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tide, an oligonucleotide, an anti-sense RNA, a peptide nucleic 
acid, a protein, a chimeric protein, a fusion protein, and com 
binations thereof. 
0015. Another aspect of the present disclosure relates to a 
method of making bioconjugated nanoparticles comprising a 
quantum dot, a targeting moiety, and optionally, a linker. 
0016. In one embodiment, where the bioconjugated nano 
particle of the present disclosure comprises a targeting moi 
ety directly linked to a quantum dot, the method comprises (a) 
contacting a quantum dot as described above with a targeting 
moiety, wherein the targeting moiety can directly attach to the 
Surface of the quantum dot; and (b) isolating the conjugate. 
Preferably, the targeting moiety is an antibody or fragment 
thereof, a protein or a fragment thereof, an antisense nucleic 
acid, a polypeptide, a peptide nucleic acid, or an oligonucle 
otide. In a preferred embodiment, the targeting moiety is 
attached to the quantum dot via a covalent bond. 
0017. In another embodiment, where the targeting moiety 

is indirectly linked to the quantum dot, the method comprises 
(a) contacting a quantum dot as described above with a linker; 
(b) isolating the wide band gap quantum dot to which is 
attached a linker; (c) contacting the quantum dot to which is 
attached a linker with a targeting moiety; and (d) isolating the 
newly formed bioconjugated nanoparticle, wherein the tar 
geting moiety is attached to the quantum dot via the linker. 
Alternatively, the method comprises (a) contacting a targeting 
moiety with a linker; (b) isolating the target moiety to which 
is attached the linker; (c) contacting the targeting moiety to 
which is attached the linker with a quantum dot as described 
above; and (d) isolating the newly formed bioconjugated 
nanoparticle. 
0018. In another aspect, the present disclosure provides a 
method of treating a disease in a subject in vivo comprising 
the steps of administering to the Subject an effective amount 
of at least one bioconjugated nanoparticle, comprising at least 
one biocompatible quantum dot conjugated to at least one 
targeting moiety specific for a predictive marker, and admin 
istering to the Subject an effective amount of electromagnetic 
radiation at a frequency of Soft X-ray that interacts with the 
quantum dot thereby causing the quantum dot to emit light at 
an ultraviolet frequency in a localized space, thereby treating 
the disease. 
0019. In yet another aspect, the present disclosure pro 
vides a method of designing and administering a personalized 
therapy for an individual comprising the steps of(a) obtaining 
a sample of the disease from said subject; (b) culturing said 
sample in vitro; (c) determining the expression of a predictive 
marker; (d) designing a targeting moiety specific for the pre 
dictive marker; (e) attaching said targeting moiety to a quan 
tum dot to form a bioconjugated nanoparticle, wherein said 
quantum dot has a wide band gap Such that when exposed to 
electromagnetic radiationata soft X-ray frequency, said quan 
tum dot will emit light at an ultraviolet frequency, (f) admin 
istering said bioconjugated nanoparticle to said Subject; and 
(g) administering to said subject electromagnetic radiation, 
wherein said electromagnetic radiation is at a frequency that 
interacts with the quantum dot whereby said quantum dot 
emits light at an ultraviolet frequency thereby treating said 
disease. 
0020 Various other aspects, features and embodiments 
will be more fully apparent from the ensuing discussion and 
appended claims. 

BRIEF DESCRIPTION OF THE FIGURES 

0021 FIG. 1 is a graph depicting the wavelength (in 
nanometers) versus band gap width (in electron Volts) of 
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various exemplary semiconductor materials, including Zinc 
oxide, aluminum gallium nitride, boron nitride, and alumi 
num nitride. 
0022 FIG. 2 is a flow diagram outlining the method of the 
present disclosure. 
(0023 FIGS. 3A and 3B are a schematic illustrating the 
components of the bioconjugated nanoparticle of the present 
disclosure. 
0024 FIG. 4 is a schematic demonstrating the mechanism 
of action of one embodiment of the present disclsoSure, dem 
onstrating how the bioconjugated nanoparticle of the present 
disclosure binds to a cancer cell, and upon activation by soft 
X-rays cause the QD to emit ultraviolet light, thereby causing 
DNA damage to the cancer cell and preventing DNA replica 
tion and/or inducing cell death. 

DETAILED DESCRIPTION 

0025. Unless otherwise defined, all technical and scien 
tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
disclosure belongs. Although methods and materials similar 
or equivalent to those described herein can be used in the 
practice or testing of the present disclosure, preferred meth 
ods and materials are described herein. 
0026. The articles “a” and “an are used herein to refer to 
one or to more than one (i.e. at least one) of the grammatical 
object of the article. By way of example, “an element’ means 
at least one element and can include more than one element. 

0027. As used herein, the term “soft X-rays' refer to those 
wavelengths found on the electromagnetic spectrum between 
ultravioletlight and gamma rays. Typical wavelengths for soft 
X-rays range between 0.01 nm and 100 nm in length, prefer 
ably between 0.1 nm and 100 nm in length, more preferably 
between 1 nm and 100 nm, more preferably between 1 nm and 
75 nm, more preferably between 1 nm and 50 nm, more 
preferably between 1 nm and 25 nm and most preferably 
between 1 nm and 15 nm. 

0028. As used herein, the term “ultraviolet light” refers to 
those wavelengths found on the electromagnetic spectrum 
between visible light and soft X-rays. Ultraviolet light encom 
passes five “subdivisions' based on wavelength. These 
include: (1)NUV (also known as Near) that has a wavelength 
range of 200 nm-400 nmi; (2) UVA (also known as long wave 
or black light) that have a wavelength range of 320 to 400 nm: 
(3) UVB (also known as medium wave) that have a wave 
length range of 280 nm to 320 nmi; and (4) UVC (also known 
as short wave or germicidal) that have a wavelength range of 
below 280 nm. Those wavelengths below 280 nm have also 
been further subdivided to include FUV/VUV (also known as 
far or vacuum UV) that has a wavelength range of 10 nm to 
200 nm and EUV/XUV (also known as Extreme or Deep UV) 
that has a wavelength range of 1 nm to 31 nm). Preferable 
ultraviolet light wavelengths used in the present disclosure 
include the range of 1 nm to 300 nm, preferably 10 nm to 280 
nm, more preferably 50 nm to 275 nm, and more preferably 
100 nm to 260 nm. 

(0029. I. Quantum Dot 
0030. One aspect of the present disclosure relates to a 
bioconjugated nanoparticle that comprises at least one quan 
tum dot and at least one targeting moiety specific for a pre 
dictive marker, and optionally, a linker. FIGS. 1A and 1B 
show a schematic diagram depicting the components of the 
bioconjugated nanoparticle of the present disclosure. 
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0031. As will be appreciated by the ordinary skilled arti 
san, the term "quantum dot” (“QD”) in the present disclosure 
is used to denote a semiconductor nanocrystal. In one aspect 
of the disclosure, the QD comprises only one type of material, 
however, it is also within the scope of this disclosure that the 
QD comprise a core and a cap comprised of different mate 
rials (i.e. fluorescence of the QD can be increased and 
enhanced by using a core/cap structure). Hence, in those 
embodiments where fluorescence of the QD is desired, a 
core/cap structure may be used. Regardless of whether a 
single material or a core/cap structure is used, the entire OD 
preferably has a diameterranging from 0.5 nm to 50 nm, more 
preferably from 1 nm to 40 nm, more preferably from 1 nm to 
30 nm, more preferably from 1 nm to 20 nm and more pref 
erably from 1 nm to 10 nm, and more preferably from 2 nm to 
5 nm. 

0032. In one embodiment, the QD comprises a “core that 
is a nanoparticle-sized semiconductor. Any core of the II-VI 
semiconductors (e.g., ZnS, ZnSe, ZnTe. CdS, CdSe, CdTe. 
Hg.S. HgSe, HgTe, and mixtures thereof), III-V semiconduc 
tors (e.g., GaAs, InGaAs, InP, InAS, and mixtures thereof) or 
IV (e.g., Ge. Si) semiconductors can be used in the context of 
the present disclosure so long as upon excitation with soft 
X-rays, the quantum dot will emit ultraviolet light. In a pre 
ferred embodiment, the core is a semiconductor that com 
prises a wide band gap, typically greater than 1 eV, preferably 
greater than 2 eV. more preferably greater than 3 eV. Exem 
plary metals that exhibit this property include, but are not 
limited to, Zinc Oxide, Aluminum Gallium Nitride, Boron 
Nitride, Aluminum Nitride, diamond, as well as any ternary 
alloys. FIG. 2 is graph showing the wavelength (in nanom 
eters) versus band gap (in eV) of some of the exemplary 
metals. 

0033. The wavelength emitted by the QDs can be selected 
according to the physical properties of the QDS. Such as the 
size of the nanocrystal. QDs are known to emit light from 
about 300 nm to about 1700 nm. Preferably, the wavelength 
emitted by the QDs of the present disclosure upon excitation 
by soft X-rays encompass the UVC/shortwave or germicidal 
ultraviolet light, the Far (FUV) or Vacuum (VUV) ultraviolet 
light, and/or the Extreme (EUV) or deep (XUV). Preferable 
wavelengths emitted by the QDs upon excitation with soft 
X-rays of the present disclosure include the range of 1 nm to 
300 nm, preferably 10 nm to 280 nm, more preferably 50 nm 
to 275 nm, and more preferably 100 nm to 260 nm. 
0034. Also within the scope of the disclosure is the “tun 
ing of QDs by varying the composition and the size of the 
QD and/or adding one or more caps around the core in the 
form of concentric shells to widen the band gap width of the 
QD. As the OD approaches the excitation Bohr radius of the 
semiconductor of the QD, the band gap will get wider. There 
fore, the smaller the QD, the wider the bandgap. For example, 
the band gap of gallium arsenide in bulk is 1.52 electron volts 
(eV), while a QD consisting of 933 atoms of gallium and 
arsenide has a band gap of 2.8 eV. and a dot half as big, with 
465 atoms, has a band gap of 3.2 eV. This results in the QD's 
light emission wavelength going from the red portion of the 
visible spectrum to the violet/ultraviolet portion of the visible 
spectrum. Therefore, changing the band gap, and thus the 
color of light a QD absorbs or emits, requires only adding or 
subtracting atoms from the QD. This process could also be 
used to widen the band gap width of other QDs such as Zinc 
Oxide 
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0035. In another embodiment, where fluorescence by the 
QD is desired, the core semiconductor may further comprise 
a “cap' or “shell. The 'cap' is a semiconductor that differs 
from the semiconductor of the core and binds to the core, 
thereby forming a surface layer or shell on the core. The cap 
must be such that, upon combination with a given semicon 
ductor core, results in a luminescent quantum dot. In this 
regard, the cap helps stabilize and enhance the fluorescence 
emitted by the excited core (e.g., when the core is contacted 
with ultraviolet light). Preferably, the cap passivates the core 
by having a higher band gap than the core, so the excitation of 
the QD is confined to the core, thereby eliminating nonradia 
tive pathways and preventing photochemical degradation. 
Typical examples of said core:cap combinations include ZnS, 
CdS, CdS/HgS/CdS, InAS/GaAs, GaAs/AlGaAs and CdSe/ 
ZnS. In general, the cap is 1-10 monolayers thick, more 
preferably 1-5 monolayers, and most preferably 1-3 mono 
layers. A fraction of a monolayer is also encompassed under 
the present disclosure. 
0036 Under these situations where fluorescence is 
desired, it may be advantageous to attach a fluorophore to the 
QD to enable detection. As used here, the term “Fluoro 
phore” means any Substance that emits electromagnetic 
energy Such as light at a certain wavelength (emission wave 
length) when the substance is illuminated by radiation of a 
different wavelength (excitation wavelength) and is intended 
to encompass a chemical or biochemical molecule or frag 
ments thereof that is capable of interacting or reacting spe 
cifically with an analyte of interest in a sample to provide one 
or more optical signals. Additionally fluorophore includes 
both extrinsic and intrinsic fluorophores. Extrinsic fluoro 
phore refer to fluorophores bound to another substance. 
Intrinsic fluorophores refer to substances that are fluoro 
phores themselves. Exemplary fluorophores include but are 
not limited to those listed in the Molecular Probes Catalogue 
which is incorporated by reference herein. 
0037 Representative fluorophores include but are not lim 
ited to Alexa Fluor R 350, Dansyl Chloride (DNS-CI), 5-(io 
doacetamida) fluoroscein (5-IAF); fluoroscein 5-isothiocyan 
ate (FITC), tetramethylrhodamine 5-(and 6-)isothiocyanate 
(TRITC), 6-acryloyl-2-dimethylaminonaphthalene (acry 
lodan), 7-nitrobenzo-2-oxa-1,3-diazol-4-yl chloride (NBD 
CI), ethidium bromide, Lucifer Yellow, 5-carboxyrhodamine 
6G hydrochloride, Lissamine rhodamine B sulfonyl chloride, 
Texas RedTM. sulfonyl chloride, BODIPYTM, naphthalamine 
Sulfonic acids including but not limited to 1-anilinonaphtha 
lene-8-sulfonic acid (ANS) and 6-(p-toluidinyl)naphthalen 
e-2-sulfonic acid (TNS), Anthroyl fatty acid, DPH, Parinaric 
acid, TMA-DPH, Fluorenyl fatty acid, Fluorescein-phos 
phatidylethanolamine, Texas red-phosphatidylethanolamine, 
Pyrenyl-phophatidylcholine, Fluorenyl-phosphotidylcho 
line, Merocyanine 540, 1-(3-sulfonatopropyl)-4--. beta.-2 
(di-n-butylamino)-6 naphthylvinylpyridinium betaine 
(Naphtyl Styryl), 3.3'dipropylthiadicarbocyanine (diS-C- 
(5)), 4-(p-dipentyl aminostyryl)-1-methylpyridinium (di-5- 
ASP), Cy-3 Iodo Acetamide, Cy-5-N-Hydroxysuccinimide, 
Cy-7-Isothiocyanate, rhodamine 800, IR-125. Thiazole 
Orange, Azure B, Nile Blue, Al Phthalocyanine, Oxaxine 1, 
4, 6-diamidino-2-phenylindole (DAPI), Hoechst 33342, 
TOTO, Acridine Orange, Ethidium Homodimer, N(ethoxy 
carbonylmethyl)-6-methoxyquinolinium (MQAE), Fura-2, 
Calcium Green, Carboxy SNARF-6, BAPTA, coumarin, 
phytofluors, Coronene, and metal-ligand complexes. 
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0038 QDs may be synthesized in various ways. Some 
common methods include (1) the spontaneous generation in 
quantum well structures due to monolayer fluctuations in the 
well's thickness; (2) the capability of self-assembled QDs to 
nucleate spontaneously under certain conditions during mol 
ecule beam epitaxy (MBE) and metallorganic vapor phase 
epitaxy (MOVPE), when the material is grown in a substrate 
to which it is not lattice matched; (3) the ability of individual 
QDs to be created from two-dimensional electron or hole 
gases present in remotely doped quantum wells or semicon 
ductor heterostructures; and (4) chemical methods, such as 
synthesizing ZnTe QDS in high-temperature organic Solution 
(see, e.g., Zhang, J. et al. Materials Research Society Sym 
posium Proceedings, Vol. 942, 2006). These and other pro 
cesses for the synthesis of QDs are well known in the art as 
disclosed, for example, by U.S. Pat. Nos. 5,906,670, 5,888, 
885, 5.229,320, 5,482,890, and Hines, M. A. J. Phys. Chem. 
100, 468-471 (1996), Dabbousi, B. O.J. Phys. Chem. B., 101, 
9463-9475 (1997), Peng, X., J. Am. Chem. Soc., 119, 7019 
7029 (1997), which are incorporated herein by way of refer 
CCC. 

0039. Another aspect of the disclosure relates to the QD 
being coated with a biodegradable or biocompatible material 
to render the QD biocompatible when administered to a sub 
ject. As used herein, the term “biocompatible' relates to any 
synthetic or naturally occurring macromolecule. Such as a 
lipid, carbohydrate, polysaccharide, protein, polymer, glyco 
proteins, glycolipids, etc., and methods of applying said bio 
compatible material, that can be used to coat the QD to render 
it safe for in vivo use in a subject. Various methods of prepar 
ing lipid vesicles have been described including U.S. Pat. 
Nos. 4,235,871, 4,501,728, 4,837,028; PCT Application WO 
96/14057, New RRC, Liposomes: A practical approach, IRL 
Press, Oxford (1990), pages 33-104; Lasic DD, Liposomes 
from physics to applications, Elsevier Science Publishers BV, 
Amsterdam, 1993; Szoka et al., Ann. Rev. Biophys. Bioeng. 
9:467 (1980); Liposomes, Marc J. Ostro, ed., Marcel Dekker, 
Inc., New York, 1983, Chapter 1; Hope et al., Chem. Phys. 
Lip. 40:89 (1986); each of which is incorporated herein by 
reference. 

0040 Any lipid including surfactants and emulsifiers 
known in the art is suitable for use in making the inventive 
bioconjugated nanoparticles. The lipid component may also 
be a mixture of different lipid molecules. These lipids may be 
extracted and purified from a natural Source or may be pre 
pared synthetically in a laboratory. In a preferred embodi 
ment, the lipids are commercially available. Lipids useful in 
coating the bioconjugated nanoparticles include natural as 
well as synthetic lipids. The lipids may be chemically or 
biologically altered. Lipids useful in preparing the inventive 
bioconjugated nanoparticles include, but are not limited to, 
phosphoglycerides; phosphatidylcholines; dipalmitoyl phos 
phatidylcholine (DPPC); dioleylphosphatidyl ethanolamine 
(DOPE); dioleyloxypropyltriethylammonium (DOTMA); 
dioleoylphosphatidylcho-line; cholesterol: cholesterol ester; 
diacylglycerol; diacylglycerolsuccinate; diphosphatidyl 
glycerol (DPPG); hexanedecanol; fatty alcohols such as poly 
ethylene glycol (PEG); polyoxyethylene-9-laury-I ether; a 
Surface active fatty acid, such as palmitic acid or oleic acid; 
fatty acids; fatty acid amides; sorbitan trioleate (Span 85) 
glycocholate; Surfactin; a poloXomer; a Sorbitan fatty acid 
ester Such as Sorbitan trioleate; lecithin; lysolecithin; phos 
phatidylserine; phosphatidylinositol, sphingomyelin; phos 
phatidylethanolamine (cephalin); cardiolipin; phosphatidic 
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acid; cerebrosides; dicetylphosphate; dipalmitoylphosphati 
dylglycerol; Stearylamine; dodecylamine; hexadecyl-amine; 
acetyl palmitate; glycerol ricinoleate; hexadecyl Sterate; iso 
propyl myristate; tyloxapol; poly(ethylene glycol).5000 
phosphatidylethanolamine; and phospholipids. The lipid may 
be positively charged, negatively charged, or neutral. In cer 
tain embodiments, the lipid is a combination of lipids. Phos 
pholipids useful in preparing nanocells include negatively 
charged phosphatidyl inositol, phosphatidyl serine, phos 
phatidylglycerol, phosphatic acid, diphosphatidylglycerol, 
poly(ethylene glycol)-phosphatidyl ethanolamine, dimyris 
toylphosphatidyl glycerol, dioleoylphosphatidyl glycerol, 
dilauryloylphosphatidyl glycerol, dipalmitotylphosphatidyl 
glycerol, distearyloylphosphatidyl glycerol, dimyristoyl 
phosphatic acid, dipalmitoyl phosphatic acid, dimyristoyl 
phosphitadyl serine, dipalmitoyl phosphatidyl serine, phos 
phatidyl serine, and mixtures thereof. Useful Zwitterionic 
phospholipids include phosphatidyl choline, phosphatidyl 
ethanolamine, sphingomyeline, lecithin, lysolecithin, 
lysophatidylethanolamine, cerebrosides, dimyristoylphos 
phatidylcholine, dipalmitotylphosphatidylcholine, disteary 
loylphosphatidyl choline, dielaidoylphosphatidyl choline, 
dioleoylphosphatidyl choline, dilauryloylphosphatidyl cho 
line, 1-myristoyl-2-palmitoyl phosphatidylcholine, 1-palmi 
toyl-2-myristoyl phosphatidyl choline, 1-palmitoyl-phos 
phatidyl choline, 1-stearoyl-2-palmitoyl phosphatidyl 
choline, dimyristoyl phosphatidyl ethanolamine, dipalmitoyl 
phosphatidyl ethanolamine, brain sphingomyelin, dipalmi 
toyl sphingomyelin, distearoyl sphingomyelin, and mixtures 
thereof. Zwitterionic phospholipids constitute any phospho 
lipid with ionizable groups where the net charge is Zero. 
0041 Cholesterol and other sterols may also be incorpo 
rated into the lipid outer portion of the bioconjugated nano 
particle of the present disclosure in order to alter the physical 
properties of the lipid vesicle. Usable sterols for incorpora 
tion in the bioconjugated nanoparticle include cholesterol, 
cholesterol derivatives, cholesteryl esters, vitamin D, phy 
tosterols, ergosterol, Steroid hormones, and mixtures thereof. 
Useful cholesterol derivatives include cholesterol-phospho 
choline, cholesterolpolyethylene glycol, and cholesterol 
SO, while the phytosterols may be sitosterol, campesterol, 
and stigmasterol. Salt forms of organic acid derivatives of 
sterols, as described in U.S. Pat. No. 4,891,208, which is 
incorporated herein by reference, may also be used in the 
inventive nanoparticle. 
0042. The lipid vesicle portion of the bioconjugated nano 
particle may be multilamellar or unilamellar. In certain 
embodiments, the bioconjugated nanoparticle is coated with 
a multilamellar lipid membrane such as a lipid bilayer. In 
other embodiments, the nanoparticle is coated with a unila 
mellar lipid membrane. 
0043. The bioconjugated nanoparticles of the present dis 
closure may be coated with a synthetic or naturally occurring 
polymer. Exemplary polymers useful in the present disclo 
Sure include, but are not limited to, polyesters, polyamides, 
polyethers, polythioethers, polyureas, polycarbonates, poly 
carbamides, proteins, polysaccharides, polyaryls, etc. The 
polymers useful in the nancores have average molecular 
weights ranging from 100 g/mol to 100,000 g/mol, preferably 
500 g/mol to 80,000 g/mol. In a preferred embodiment, the 
polymer is a polyester synthesized from monomers selected 
from the group consisting of D. L-lactide, D-lactide, L-lac 
tide, D. L-lactic acid, D-lactic acid, L-lactic acid, glycolide, 
glycolic acid, e-caprolactone, e-hydroxy hexanoic acid, Y-bu 
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tyrolactone, Y-hydroxybutyric acid, Ö-Valerolactone, 8-hy 
droxy Valeric acid, hydroxybutyric acids, and malic acid. 
More preferably, the biodegradable polyester is synthesized 
from monomers selected from the group consisting of D. 
L-lactide, D-lactide, L-lactide, D. L-lactic acid, D-lactic acid, 
L-lactic acid, glycolide, glycolic acid, e-caprolactone, and 
e-hydroxy hexanoic acid. Most preferably, the biodegradable 
polyester is synthesized from monomers selected from the 
group consisting of L-lactide, D-lactide, L-lactide, L-lactic 
acid, D-lactic acid, L-lactic acid, glycolide, and glycolic acid. 
Copolymers may also be used in the bioconjugated nanopar 
ticle. Copolymers include ABC triblock, ABA-type triblock 
copolymers, BAB-type triblock copolymers, and AB-type 
diblock copolymers. The block copolymers may have hydro 
phobic A blocks (e.g., polyesters) and hydrophilic B block 
(e.g., polyethylene glycol). 
0044 Preferably, the coating will enable the quantum dot 

to remain in solution for at least about one hour. More pref 
erably the linker enables the quantum dot to remain in solu 
tion for at least about one day. Even more preferably, the 
linker allows the quantum dot to remain in Solution for at least 
about one week, most preferably for at least about one month. 
0045. As discussed below, the targeting moiety may be 
attached to the QD via a linker. However, it is also within the 
Scope of the disclosure that the targeting moiety may be 
directly attached to the QD itself. The targeting moiety can be 
attached by any stable physical or chemical association to the 
QD directly or indirectly by any suitable means (e.g., covalent 
bond, noncovalent bond, electrostatic charge and the like). 
Preferably, the targeting moiety is attached to the QD directly 
or indirectly (e.g., via a linker) through one or more covalent 
bonds. Direct linking of the targeting moiety implies only that 
functional groups on the QDSurface and the targeting moiety 
itself serve as the points of chemical attachment. In Such 
instances, the surface of the QD can be modified by functional 
organic molecules with reactive groups such as thiols, 
amines, carboxyls, and hydroxyl. There surface active reac 
tants include, but are not limited to, aliphatic and aromatic 
amines, mercaptocarboxylic acid, carboxylic acids, alde 
hydes, amides, chloromethyl groups, hydrazide, hydroxyl 
groups, Sulfonates and Sulfates to accommodate Such direct 
linkages. 
0046 II. Targeting Moiety 
0047. In addition to at least one QD, the bioconjugated 
nanoparticle of the present disclosure also comprises at least 
one targeting moiety. 
0048. As used herein, the term “targeting moiety' may 
include, but is not limited to, any molecule that has specificity 
to a marker expressed by a cancer cell or pathogen, either 
extracellularly (e.g., on the cell surface or secreted by the cell) 
or intracellularly. In certain embodiments, the targeting moi 
ety is specific for a tumor antigen. In other embodiments, the 
targeting moiety is specific for a pathogenic antigen. The 
targeting moiety may include, but are not limited to, antibod 
ies and fragments thereof, haptens, polypeptides, oligonucle 
otides, anti-sense RNA, Peptide Nucleic Acids, proteins, chi 
meric and/or fusion proteins, and the like. In a preferred 
embodiment, the targeting moiety is an antibody of fragment 
thereof. 
0049. As used herein, the term “subject' and “patient” are 
used interchangeably herein and refer to both human and 
nonhuman animals. Preferred human animals include a 
human patient having a disorder characterized by the aberrant 
activity of a hyperproliferative cell or infection with a patho 
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gen. More preferably, the patient will have at least one iden 
tifiable sign, symptom, or laboratory finding sufficient to 
make a diagnosis of a cancerous, precancerous condition or 
infection with a pathogen in accordance with clinical stan 
dards known in the art for identifying Such disorders. 
Examples of such clinical standards can be found in Harri 
son's Principles of Internal Medicine, 14th Ed., Fauci AS et 
al., eds., McGraw-Hill, New York, 1998. In some instances, a 
diagnosis of a cancerous condition will include identification 
of a particular aberrant (e.g. malignant or nonmalignant) cell 
type present in a sample of a body fluid or tissue obtained 
from the Subject. Alternatively, a diagnosis of an infectious 
condition will include identification of a particular pathogen 
present in a sample of a body fluid or tissue obtained from the 
subject. The term “nonhuman animals” of the disclosure 
includes all vertebrates, e.g., mammals and non-mammals, 
Such as nonhuman primates, sheep, dog, cat, horse, cow, 
chickens, amphibians, reptiles, and the like. Preferably, the 
Subject is a human patient, e.g. a cancer patient or patient 
infected with a pathogen. 
0050. As used herein, the term “disease” refers to an 
abnormal condition of a subject that often impairs bodily 
functions. More broadly, the term “disease' refers to any 
condition that causes discomfort, dysfunction, distress, Social 
problems, and/or death to the Subject resulting from cancer 
and/or infection with pathogenic organisms. The term "dis 
ease' and "illness’ can be used interchangeably. 
0051. The term “pathogen' or “infectious agent” includes, 
but is not limited to, those biological agents that causes dis 
ease or illness in a subject. Examples include, but are not 
limited to, a virus (e.g., Orthomyxoviruses, such as influenza 
virus (Taxonomy ID: 59771); Retroviruses, such as RSV. 
HTLV-1 (Taxonomy ID: 39015) and HTLV-II (Taxonomy ID: 
11909); Herpesviruses, such as EBV (Taxonomy ID: 10295), 
CMV (Taxonomy ID: 10358) or herpes simplex virus (ATCC 
#: VR-1487); Lentiviruses, such as HIV-1 (Taxonomy ID: 
12721) and HIV-2 Taxonomy ID: 11709); Rhabdoviruses, 
such as rabies; Picornoviruses, such as Poliovirus (Taxonomy 
ID: 12080); Poxviruses, such as vaccinia Taxonomy ID: 
10245); Rotavirus Taxonomy ID: 10912); and Parvoviruses, 
such as adeno-associated virus 1 (Taxonomy ID: 85106), 
Hepatitis A, B, C, D and E, Influenza, Herpes Simplex Virus, 
Molluscum contagiosum, Human Immunodeficiency Virus, 
etc.), a bacterium (e.g., E. coli, B. anthracis, Salmonella, S. 
aureus, S. pneumoniae, S. pyrogenes, H. pylori, and F. Tula 
rensis and the like), a mycobacterium (e.g., M. tuberculosis 
etc.), a protozoa (e.g., Plasmodium spp., Such as Plasmodium 
falciparum (ATCC#: 301.45); Trypanosome spp., such as Try 
panosoma Cruzi (ATCC#: 50797); Giardia spp., such as Gia 
rdia intestinalis (ATCC#: 30888D); Boophilus spp., Babesia 
spp., such as Babesia microti (ATCC#: 30221); Entamoeba 
spp., such as Entamoeba histolytica (ATCC#: 3.0015); Eime 
ria spp., such as Eimeria maxima (ATCC# 40357); Leishma 
nia spp., (Taxonomy ID: 38568); Schistosome spp., Such as 
Schistosoma mansoni (GenBank accession it AZ301495); 
Brugia spp., Such as Brugia malayi (GenBank accession # 
BE352806); Fascida spp., such as Fasciola hepatica (Gen 
Bank accession if AF286903); Dirofilaria spp., such as 
Dirofilaria immitis (GenBank accession if AF008300); 
Wuchereria spp., such as Wuchereria bancrofti (GenBank 
accession if AF250996); and Onchocerea spp.; such as 
Onchocerca volvulus (GenBank accession it BE588251) 
Cryptosporidium, Giardia lamblia, Plasmodium, Trypano 
Soma Cruzi), a phage, a yeast, a mold, a fungus (e.g., Pneu 
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mocystis jirovecii, Tinea, Candida, Histoplasma capsulatum, 
Cryptococcus neoformans etc.), a mycoplasma, an urea 
plasma, a chlamydia, a rickefitsial organism, a protoctist, an 
archaeal organism, a nanobacterium, a prion, an agent 
responsible for a transmissible spongiform encephalopathy 
(TSE), a multicellular parasite (e.g., Roundworm, Tapeworm, 
Kia Valkonen, Kia etc.), an infectious protein (e.g., prion), a 
nucleic acid, an infectious nucleic acid, a polymeric nucleic 
acid, a metabolic byproduct, a cellular byproduct, and/or a 
toxin. Also within the scope of this definition are those organ 
isms that are a putative causative agent of a disease or disor 
der, or a cell or component thereof that is deemed, for 
example, a target for therapy, a target for neutralization, and/ 
or or a cell whose removal, lysis or functional degradation 
may prove beneficial to the host as well as byproducts or 
outputs of a cell or organism that may be neutralized and/or 
whose removal or functional neutralization may prove ben 
eficial to the host. Furthermore, the term “pathogen may 
include an agent belonging to the same family or group as the 
agent of primary interest, or an agent exhibiting a common 
and/or a biological function relative to the agent of primary 
interest. 
0052 neoplasm.” 
“neoplastic disorder,” “neoplasia,” “tumor, and “prolifera 
tive disorder are used synonymously and refer to cells hav 
ing the capacity for autonomous growth, i.e., an abnormal 
state or condition characterized by rapidly proliferating cell 
growth which generally forms a distinct mass that show par 
tial or total lack of structural organization and functional 
coordination with normal tissue. The terms are meant to 
encompass benign growth (i.e. nonmalignant or normeoplas 
tic growths), hematopoietic neoplasms (e.g. lymphomas or 
leukemias) as well as Solid neoplasms (e.g. sarcomas or car 
cinomas), including all types of pre-cancerous and cancerous 
growths, or oncogenic processes, metastatic tissues or malig 
nantly transformed cells, tissues, or organs, irrespective of 
histopathologic type or stage of invasiveness. Hematopoietic 
neoplasms are malignant tumors affecting hematopoietic 
structures (structures pertaining to the formation of blood 
cells) and components of the immune system, including leu 
kemias (related to leukocytes (white blood cells) and their 
precursors in the blood and bone marrow) arising from 
myeloid, lymphoid or erythroid lineages, and lymphomas 
(relates to lymphocytes). Solid neoplasms include Sarcomas, 
which are malignant neoplasms that originate from connec 
tive tissues such as muscle, cartilage, blood vessels, fibrous 
tissue, fat or bone. Solid neoplasms also include carcinomas, 
which are malignant neoplasms arising from epithelial struc 
tures (including external epithelia (e.g., skin andlinings of the 
gastrointestinal tract, lungs, and cervix), and internal epithe 
lia that line various glands (e.g., breast, pancreas, thyroid). 
Examples of neoplasms that are particularly Susceptible to 
treatment by the methods of the disclosure include leukemia, 
and hepatocellular cancers, sarcoma, Vascular endothelial 
cancers, breast cancers, central nervous system cancers (e.g. 
astrocytoma, gliosarcoma, neuroblastoma, oligodendro 
glioma and glioblastoma), prostate cancers, lung and bron 
chus cancers, larynx cancers, esophagus cancers, colon can 
cers, colorectal cancers, gastro-intestinal cancers, 
melanomas, ovarian and endometrial cancer, renal and blad 
der cancer, liver cancer, endocrine cancer (e.g. thyroid), and 
pancreatic cancer. A cancer or tumor is treated or diagnosed 
according to the present methods. “Cancer or “tumor is 
intended to include any neoplastic growth in a patient, includ 
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ing an initial tumor and any metastases. The cancer can be of 
the liquid or Solid tumor type. Liquid tumors include tumors 
of hematological origin, including, e.g., myelomas (e.g., mul 
tiple myeloma), leukemias (e.g., Waldenstrom's syndrome, 
chronic lymphocytic leukemia, other leukemias), and lym 
phomas (e.g., B-cell lymphomas, non-Hodgkins lymphoma). 
Solid tumors can originate in organs, and include cancers 
Such as lung, breast, prostate, ovary, colon, kidney, and liver. 
As used herein, cancer cells, including tumor cells, refer to 
cells that divide at an abnormal (increased) rate. Cancer cells 
include, but are not limited to, carcinomas, such as squamous 
cell carcinoma, basal cell carcinoma, Sweat gland carcinoma, 
sebaceous gland carcinoma, adenocarcinoma, papillary car 
cinoma, papillary adenocarcinoma, cystadenocarcinoma, 
medullary carcinoma, undifferentiated carcinoma, bron 
chogenic carcinoma, melanoma, renal cell carcinoma, 
hepatoma-liver cell carcinoma, bile duct carcinoma, cholan 
giocarcinoma, papillary carcinoma, transitional cell carci 
noma, choriocarcinoma, semonoma, embryonal carcinoma, 
mammary carcinomas, gastrointestinal carcinoma, colonic 
carcinomas, bladder carcinoma, prostate carcinoma, and 
squamous cell carcinoma of the neck and head region; sarco 
mas, such as fibrosarcoma, myxosarcoma, liposarcoma, 
chondrosarcoma, osteogenic sarcoma, chordosarcoma, 
angiosarcoma, endotheliosarcoma, lymphangiosarcoma, 
synoviosarcoma and mesotheliosarcoma; hematologic can 
cers, such as myelomas, leukemias (e.g., acute myelogenous 
leukemia, chronic lymphocytic leukemia, granulocytic leu 
kemia, monocytic leukemia, lymphocytic leukemia), and 
lymphomas (e.g., follicular lymphoma, mantle cell lym 
phoma, diffuse large Bcell lymphoma, malignantlymphoma, 
plasmocytoma, reticulum cell sarcoma, or Hodgkins dis 
ease); and tumors of the nervous system including glioma, 
meningoma, medulloblastoma, Schwannoma or epidymoma. 
0053. The terms “marker,” “predictive marker” are used 
synonymously herein. Depending on the context used, a 
“marker' or “predictive marker” refers to a molecule that is 
expressed by either a cancerous-type cellora pathogen. In the 
context of a subject Suffering from cancer, the terms "tumor 
marker,” or “tumor antigen' or "cancer-specific markers' 
may be used interchangeable with the terms “marker and 
“predictive marker.” A tumor marker includes a marker which 
has been identified as having differential expression in tumor 
cells of a patient. In some instances, the expression may be a 
characteristic of a patient who is responsive in either a posi 
tive or negative manner to treatment with a proteasome 
inhibitor regimen and/or glucocorticoid regimen. For 
example, a predictive marker includes a marker which dem 
onstrates higher expression in a non-responsive subject; alter 
natively a predictive marker includes a marker which dem 
onstrates higher expression in a responsive patient. Similarly, 
a predictive marker is intended to include those markers 
which demonstrate lower expression in a non-responsive 
patient as well as those markers which demonstrate lower 
expression in a responsive patient. Thus, as used herein, pre 
dictive marker is intended to include each and every one of 
these possibilities, and further can include each single marker 
individually as a predictive marker, or alternatively can 
include one or more, or all of the characteristics collectively 
when reference is made to “predictive markers' or “predictive 
marker sets.” A predictive marker set also can be known as a 
“classifier.” “Differential expression' of a marker refers to 
expression of a marker that varies in level across patients. 
Furthermore, in this disclosure we refer to a marker as “dif 
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ferentially expressed” when its expression level is correlated 
with, or otherwise indicative of response or non-response to 
treatment. There area number of different tumor markers that 
are well known to those skilled in the art, including, but not 
limited to, alpha-fetoprotein (AFP), B-2-microglobulin 
(B2M), B-HCG, bladder tumor antigen (BTA), CA 15-3, CA 
27.29, CA 125, CA 72-4, CA19-9, Chromogranin A (CgA), 
Estrogen receptors/progesterone receptors (e.g., breast can 
cer cells often express abnormally high levels of hormone 
receptors), HER-2/neu (c-erbB-2), human chorionic gona 
dotropin (HCG), immunogloublins (e.g., multiple myeloma 
and Waldenstrom macroglobulinemia often result in the sub 
ject having too many immunoglobulins in the blood and 
urine), Lipid-associated Sialic acid in plasma (LASA-P). 
Neuron-specific enolase (NSE), NMP22, Prostatic acid phos 
phatase (PAP), Prostate-specific membrane antigen (PSMA), 
S-100, TA-90, Thyroglobulin, Tissue polypeptide antigen 
(TPA) prostate specificantigen (PSA) (Gattuso, et al., Human 
Pathol., 26:123-126 (1995)), TAG-72 and CEA (Guadagni, et 
al., Int. J. Biol. Markers, 9:53-60 (1994)); human tyrosinase 
(GenBank accession if M27160; Drexler, et al., Cancer Res., 
59:4955 (1999); Coulie, et al., J. Immunothera., 14:104-109 
(1993)); tyrosinase-related protein (also referred to as TRP; 
GenBank accession if AJ132933; Xiang, et al., Proc. Natl. 
Acad. Sci., 97:5492 (2000)); and tumor-specific peptide anti 
gens (Dyall, et al., J. Exp. Med., 188: 1553 (1998); and Lym-1 
(an IgG2a mouse mab that is B lymphocyte specific and has 
avidity for a membrane associated antigen found on most 
malignant B cells (see, e.g., Epstein, A. et al. Cancer Res. 
47:830-840 (1987)). Other tumor markers have been identi 
fied by DNA microchip array analysis and are also within the 
Scope of the disclosure (see, e.g., the Affymetrix markers 
found in US Patent Application No. 2006/0281122, Tables 
1A, 1B, 2A, 2B and 3), all of which are incorporated herein by 
reference. 

0054. In the context of a subject suffering from a patho 
genic infection, the term “marker,” “predictive marker, and 
"pathogen-specific marker” may be used interchangeably. In 
this context, a pathogen-specific marker includes a marker 
which has been identified as expressed by a pathogenic organ 
ism, either extracellularly or intracellularly. For example, 
many viruses express proteins on their Surface which could be 
used to design a targeting moiety of the present disclosure. 
Such examples include, but are not limited to, the human 
immunodeficiency virus antigens Nef (National Institute of 
Allergy and Infectious Disease HIV Repository Cat. # 183: 
GenBank accession if AF238278), Gag, Env (National Insti 
tute of Allergy and Infectious Disease HIV Repository Cat. ii 
2433; GenBank accession # U39362), Tat (National Institute 
of Allergy and Infectious Disease HIV Repository Cat. #827; 
GenBank accession it M13137), Rev (National Institute of 
Allergy and Infectious Disease HIV Repository Cat. ii. 2088; 
GenBank accession it L14572), Pol (National Institute of 
Allergy and Infectious Disease HIV Repository Cat. # 238; 
GenBank accession it AJ237568) and T cell and B cell 
epitopes of gp120 (Hanke and McMichael, AIDS Immunol 
Lett., 66:177 (1999); Hanke, et al., Vaccine, 17:589 (1999); 
Palker, et al., J. Immunol., 142:3612-3619 (1989)); the hepa 
titis B surface antigen (GenBank accession if AF043578; Wu, 
et al., Proc. Natl. Acad. Sci., USA, 86:4726-4730 (1989)); 
rotavirus antigens, such as VP4 (GenBank accession # 
AJ293721; Mackow, et al., Proc. Natl. Acad. Sci., USA, 
87:518-522 (1990)) and VP7 (GenBank accession # 
AY003871; Green, et al., J. Virol., 62:1819-1823 (1988)); 
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influenza virus antigens, such as hemagglutinin (GenBank 
accession if AJ404627; Pertimer and Robinson, Virology, 257: 
406 (1999)); nucleoprotein (GenBank accession# AJ289872: 
Lin, et al., Proc. Natl. Acad. Sci., 97: 9654-9658 (2000)); and 
herpes simplex virus antigens, such as thymidine kinase 
(GenBank accession # AB047378: Whitley, et al. In: New 
Generation Vaccines, pages 825-854). 
0055 Examples of parasitic antigens that may be used to 
design a targeting moiety of the present disclosure include, 
but are not limited to, the pre-erythrocytic stage antigens of 
Plasmodium spp. (Sadoff, et al., Science, 240:336-337 
(1988); Gonzalez, et al., J. Infect. Dis., 169:927 (1994); Sede 
gah, et al., Proc. Natl. Acad. Sol., 91:9866 (1994); Gramzin 
ski, et al., Vaccine, 15:913 (1997); Hoffman, et al., Vaccine, 
15:842 (1997)), such as the circumsporozoite antigen of P 
falciparum (GenBank accession it M22982) P. vivax (Gen 
Bank accession if M20670); the liver stage antigens of Plas 
modium spp. (Hollingdale, et al., Ann. Trop. Med. Parasitol., 
92:411 (1998), such as the liver stage antigen 1 (as referred to 
as LSA-1 GenBank accession if AF086802); the merozoite 
stage antigens of Plasmodium spp. (Holder, et al., Parassito 
logia, 41:409 (1999); Renia, et al., Infect. Immun., 65:4419 
(1997); Spetzler, et al., Int J. Pept. Prot. Res., 43:351–358 
(1994)). Such as the merozoite Surface antigen-1 (also 
referred to as MSA-1 or MSP-1, GenBank accession it 
AF1994.10); the surface antigens of Entamoeba histolytica 
(Mann, et al., Proc. Natl. Acad. Sci., USA, 88:3248-3252 
(1991)). Such as the galactose specific lectin (GenBank acces 
sion # M59850) or the serine rich Entamoeba histolytica 
protein (also referred to as SREHP; Zhang and Stanley, Vac 
cine, 18:868 (1999)); the surface proteins of Leishmania spp. 
(also referred to as gp63; Russell, et al., J. Immunol., 140: 
1274-1278 (1988); Xu and Liew, Immunol., 84: 173-176 
(1995)), such as 63 kDa glycoprotein (gp63) of Leishmania 
major (GenBank accession if YO0647 or the 46 kDa glyco 
protein (gp46) of Leishmania major (Handman, et al., Vac 
cine, 18: 3011-3017 (2000); paramyosin of Brugia malayi 
(GenBank accession it U77590; Li, et al., Mol. Biochem. 
Parasitol., 49:315-323 (1991)); the triose-phosphate 
isomerase of Schistosoma mansoni (GenBank accession # 
WO6781; Shoemaker, et al., Proc. Natl. Acad. Sci., USA, 
89:1842-1846 (1992)); the secreted globin-like protein of 
Tricho strongylus colubriformis (GenBank accession it 
M63263; Frenkel, et al., Mol. Biochem. Parasitol., 50:27-36 
(1992)); the glutathione-S-transferases of Fasciola hepatica 
(GenBank accession if M77682; Hillyer, et al., Exp. Parasi 
tol., 75:176-186 (1992)); Schistosoma bovis (GenBank 
accession if M77682); S. japonicum (GenBank accession it 
U58012: Bashir, et al., Trop. Geog. Med., 46:255-258 
(1994)); and KLH of Schistosoma bovis and S. japonicum 
(Bashir, et al., Supra). 
0056 Certain embodiments of the present disclosure uti 
lize predictive markers to generate the targeting moiety of the 
bioconjugated nanoparticle. Additionally, the methods pro 
vided can use two, three, four, five, six, or more markers to 
form a predictive marker set. For example, bioconjugated 
nanoparticles of the present disclosure can have a plurality of 
targeting moieties attached that are specific for multiple 
tumor markers. Such designs may be advantageous when a 
Subject exhibits a disease that expresses multiple markers. 
Alternatively, the bioconjugated nanoparticle may comprise a 
plurality of targeting moieties that are specific for the same 
marker. Such designs may be advantageous in order to ensure 
attachment of the bioconjugated nanoparticle to the target cell 
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and also to enhance the amount of ultraviolet light generated 
upon excitation by Soft X-rays (e.g., more QDS being activated 
per target cell). In some embodiments, the predictive marker 
set comprises at least 1,2,3,4,5, 10, 20, 40, 60, 100, 150,200, 
or 300 or more markers, depending on the size of the QD 
being used, and the size of the targeting moieties being used. 
Selected predictive marker sets can be assembled from the 
predictive markers provided using methods provided herein 
and analogous methods known in the art. 
0057. In one aspect, the targeting moiety may be an anti 
body (or fragment thereof, haptens, polypeptides, oligonucle 
otides, anti-sense RNA, Peptide Nucleic Acids, proteins, chi 
meric and/or fusion proteins, and the like. Preferably, the 
targeting moiety is an antibody or fragment thereof. Below is 
a description of each of these different potential types of 
targeting moieties and methods on how they can be generated 
using knowledge of those skilled in the art. 
0058. In one embodiment, the targeting moiety comprises 
at least one antibody specific for a tumor or pathogenic 
marker that is conjugated to the QD. The term “antibody” as 
used herein refers to immunoglobulin molecules and immu 
nologically active portions of immunoglobulin molecules, 
i.e., molecules that contain an antigen binding site which 
specifically binds an antigen, Such as a polypeptide of the 
disclosure, e.g., an epitope of a polypeptide of the disclosure. 
A molecule which specifically binds to a given polypeptide of 
the disclosure is a molecule which binds the polypeptide, but 
does not Substantially bind other molecules in a sample, e.g., 
a biological sample, which naturally contains the polypep 
tide. Examples of immunologically active portions of immu 
noglobulin molecules include F(ab) and F(ab') fragments 
which can be generated by treating the antibody with an 
enzyme Such as pepsin. The disclosure provides polyclonal 
and monoclonal antibodies. Synthetic and genetically engi 
neered variants (See U.S. Pat. No. 6,331415) of any of the 
foregoing are also contemplated by the present disclosure. 
Polyclonal and monoclonal antibodies can be produced by a 
variety of techniques, including conventional murine mono 
clonal antibody methodology e.g., the standard Somatic cell 
hybridization technique of Kohler and Milstein, Nature 256: 
495 (1975) the human B cell hybridoma technique (see Koz 
bor et al., 1983, Immunol. Today 4:72), the EBV-hybridoma 
technique (see Cole et al., pp. 77-96 In Monoclonal Antibod 
ies and Cancer Therapy, Alan R. Liss, Inc., 1985) or trioma 
techniques. See generally, Harlow, E. and Lane, D. (1988) 
Antibodies: A Laboratory Manual, Cold Spring Harbor Labo 
ratory Press, Cold Spring Harbor, N.Y.; and Current Protocols 
in Immunology, Coligan et al. ed., John Wiley & Sons, New 
York, 1994. Additionally, for use in in vivo applications the 
antibodies of the present disclosure are preferably human or 
humanized antibodies. Hybridoma cells producing a mono 
clonal antibody of the disclosure are detected by screening 
the hybridoma culture supernatants for antibodies that bind 
the polypeptide of interest, e.g., using a standard ELISA 
assay. 

0059 Also within the scope of the disclosure, the antibody 
molecules can be harvested or isolated from the Subject (e.g., 
from the blood or serum of the subject) and further purified by 
well-known techniques, such as protein A chromatography to 
obtain the IgG fraction. Alternatively, antibodies specific for 
a protein or polypeptide of the disclosure can be selected or 
(e.g., partially purified) or purified by, e.g., affinity chroma 
tography to obtain Substantially purified and purified anti 
body. By a substantially purified antibody composition is 
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meant, in this context, that the antibody sample contains at 
most only 30% (by dry weight) of contaminating antibodies 
directed against epitopes other than those of the desired pro 
tein or polypeptide of the disclosure, and preferably at most 
20%, yet more preferably at most 10%, and most preferably at 
most 5% (by dry weight) of the sample is contaminating 
antibodies. A purified antibody composition means that at 
least 99% of the antibodies in the composition are directed 
against the desired protein or polypeptide of the disclosure. 
0060 Additionally, recombinant antibodies, such as chi 
meric and humanized monoclonal antibodies, comprising 
both human and non-human portions, which can be made 
using standard recombinant DNA techniques, are within the 
Scope of the disclosure. A chimeric antibody is a molecule in 
which different portions are derived from different animal 
species, such as those having a variable region derived from a 
murine mAb and a human immunoglobulin constant region. 
(See, e.g., Cabilly et al., U.S. Pat. No. 4,816,567; and Boss et 
al., U.S. Pat. No. 4,816,397, which are incorporated herein by 
reference in their entirety.) Humanized antibodies are anti 
body molecules from non-human species having one or more 
complementarily determining regions (CDRS) from the non 
human species and a framework region from a human immu 
noglobulin molecule. (See, e.g., Queen, U.S. Pat. No. 5,585, 
089, which is incorporated herein by reference in its entirety.) 
Such chimeric and humanized monoclonal antibodies can be 
produced by recombinant DNA techniques known in the art, 
for example using methods described in PCT Publication No. 
WO 87/02671, European Patent Application 184, 187: Euro 
pean Patent Application 171.496: European Patent Applica 
tion 173,494; PCT Publication No. WO 86/01533: U.S. Pat. 
No. 4,816,567; European Patent Application 125,023: Better 
et al. (1988) Science 240:1041-1043; Liu et al., (1987) Proc. 
Natl. Acad. Sci. USA 84:3439-3443; Liu et al. (1987).J. Immu 
mol. 139:3521-3526; Sun et al. (1987) Proc. Natl. Acad. Sci. 
USA 84:214-218; Nishimura et al. (1987) Cancer Res. 
47:999-1005; Wood et al. (1985) Nature 314:446-449; and 
Shaw et al., (1988).J. Natl. Cancer Inst. 80:1553-1559); Mor 
rison (1985) Science 229:1202-1207: Oi et al. (1986) Bio/ 
Techniques 4:214; U.S. Pat. No. 5.225,539; Jones etal (1986) 
Nature 321:552-525; Verhoeyan et al. (1988) Science 239: 
1534; and Beidler et al. (1988).J. Immunol. 141:4053-4060. 
0061 Methods for making human antibodies are well 
known in the art. One method for making human antibodies 
employs the use of transgenic animals, such as a transgenic 
mouse. These transgenic animals contain a Substantial por 
tion of the human antibody producing genome inserted into 
their own genome and the animal's ownendogenous antibody 
production is rendered deficient in the production of antibod 
ies. Methods for making such transgenic animals are known 
in the art. Such transgenic animals can be made using XEN 
OMOUSETM technology or by using a “minilocus’ approach. 
Methods for making XENOMICETM are described in U.S. 
Pat. Nos. 6,162,963, 6,150,584, 6,114,598 and 6,075,181, 
which are incorporated herein by reference. Methods for 
making transgenic animals using the “minilocus' approach 
are described in U.S. Pat. Nos. 5,545,807, 5,545,806 and 
5,625,825; also see International Publication No. WO93/ 
12227, which are each incorporated herein by reference. 
0062 Antibody fragments may also be derived from any 
of the antibodies described above. For example, antigen 
binding fragments, as well as full-length monomeric, dimeric 
or trimeric polypeptides derived from the above-described 
antibodies are themselves useful. Useful antibody homologs 
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of this type include (i) a Fab fragment, a monovalent fragment 
consisting of the VL, VH, CL and CH1 domains; (ii) a F(ab') 
fragment, a bivalent fragment comprising two Fab fragments 
linked by a disulfide bridge at the hinge region; (iii) a Fd 
fragment consisting of the VH and CH1 domains; (iv) a Fv 
fragment consisting of the VL and VH domains of a single 
arm of an antibody, (v) a dAb fragment (Ward et al., Nature 
341:544-546 (1989)), which consists of a VH domain; (vii) a 
single domain functional heavy chain antibody, which con 
sists of a VHH domain (known as a nanobody) see e.g., 
Cortez-Retamozo, et al., Cancer Res. 64. 2853-2857 (2004), 
and references cited therein; and (vii)anisolated complemen 
tarity determining region (CDR), e.g., one or more isolated 
CDRs together with sufficient framework to provide an anti 
gen binding fragment. Furthermore, although the two 
domains of the Fv fragment, VL and VH, are coded for by 
separate genes, they can be joined, using recombinant meth 
ods, by a synthetic linker that enables them to be made as a 
single protein chain in which the VL and VH regions pair to 
form monovalent molecules (known as single chain FV 
(scFV); see e.g., Bird et al. Science 242:423-426 (1988); and 
Huston et al. Proc. Natl. Acad. Sci. USA 85:5879-5883 
(1988). Such single chain antibodies are also intended to be 
encompassed within the term “antigen-binding fragment of 
an antibody. These antibody fragments are obtained using 
conventional techniques known to those with skill in the art, 
and the fragments are screened for utility in the same manner 
as are intact antibodies. Antibody fragments, such as Fv, 
F(ab'), and Fab may be prepared by cleavage of the intact 
protein, e.g. by protease or chemical cleavage. 
0063. The substantially purified antibodies or fragments 
thereof may specifically bind to a signal peptide, a secreted 
sequence, an extracellular domain, a transmembrane or a 
cytoplasmic domain or cytoplasmic membrane of a polypep 
tide of the disclosure. The substantially purified antibodies or 
fragments thereof, the non-human antibodies or fragments 
thereof, and/or the monoclonal antibodies or fragments 
thereof, specifically bind to a secreted sequence or an extra 
cellular domain of the amino acid sequences of the present 
disclosure. 

0064 Exemplary antibodies that are within the scope of 
the present disclosure include, but are not limited to, Alem 
tuzumab (anti-CD25 humanized IgG mAb), Bevacizumab 
(humanized anti-vascular endothelial growth factor-A 
(VEGF-A) humanized IgG mAb), Cetuzimab (chimeric 
anti-endothelial growth factor (EGFR) IgG mAb), Gemtu 
Zumab (anti-CD33 IgG1 mAb), Rituximab (chimeric anti 
CD20 IgG mAb), Trastuzumab (humanized anti-epidermal 
growth factor receptor-2 (HER2) IgG mAb), Tositumomab 
(murine anti-CD20 IgG2a antibody), and Ibritumomab (mu 
rine anti-CD20 mAb). Other mAbs include ABX-EGF, hR3 
and EMD 72000, which are also directed against the EGF 
receptor. 
0065. In another embodiment, the targeting moiety of the 
present disclosure may also encompasses antisense nucleic 
acid molecules, i.e., molecules which are complementary to a 
sense nucleic acid of the disclosure, e.g., complementary to 
the coding strand of a double-stranded cDNA molecule cor 
responding to a marker of the disclosure or complementary to 
an mRNA sequence corresponding to a marker of the disclo 
Sure. Accordingly, an antisense nucleic acid of the disclosure 
can hydrogenbond to (i.e. anneal with) a sense nucleic acid of 
the cancer cell or pathogen. The antisense nucleic acid can be 
complementary to an entire coding strand, or to only a portion 
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thereof, e.g., all or part of the protein coding region (or open 
reading frame). An antisense nucleic acid molecule can also 
be antisense to all or part of a non-coding region of the coding 
Strand of a nucleotide sequence encoding a polypeptide of the 
disclosure. The non-coding regions ("5" and 3' untranslated 
regions”) are the 5' and 3' sequences which flank the coding 
region and are not translated into amino acids. 
0.066 An antisense oligonucleotide can be, for example, 
about 5, 10, 15, 20, 25, 30, 35, 40, 45, or 50 or more nucle 
otides in length. An antisense nucleic acid of the disclosure 
can be constructed using chemical synthesis and enzymatic 
ligation reactions using procedures known in the art. For 
example, an antisense nucleic acid (e.g., an antisense oligo 
nucleotide) can be chemically synthesized using naturally 
occurring nucleotides or variously modified nucleotides 
designed to increase the biological stability of the molecules 
or to increase the physical stability of the duplex formed 
between the antisense and sense nucleic acids, e.g., phospho 
rothioate derivatives and acridine substituted nucleotides can 
be used. Examples of modified nucleotides which can be used 
to generate the antisense nucleic acid include 5-fluorouracil, 
5-bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine, 
Xanthine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl) 
uracil, 5-carboxymethylaminomethyl-2-thiouridine, 5-car 
boxymethylaminomethyluracil, dihydrouracil, beta-D-galac 
tosylqueosine, inosine, N6-isopentenyladenine, 1-meth 
ylguanine, 1-methylinosine, 2,2-dimethylguanine, 
2-methyladenine, 2-methylguanine, 3-methylcytosine, 5-me 
thylcytosine, N6-adenine, 7-methylguanine, 5-methylami 
nomethyluracil, 5-methoxyaminomethyl-2-thiouracil, beta 
D-mannosylqueosine, 5'-methoxycarboxymethyluracil, 
5-methoxyuracil, 2-methylthio-N-6-isopentenyladenine, 
uracil-5-oxyacetic acid (v), Wybutoxosine, pseudouracil, 
queosine,2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 
4-thiouracil, 5-methyluracil, uracil-5-oxyacetic acid methyl 
ester, uracil-5-oxyacetic acid (V), 5-methyl-2-thiouracil, 
3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, and 2.6- 
diaminopurine. Alternatively, the antisense nucleic acid can 
be produced biologically using an expression vector into 
which a nucleic acid has been Sub-cloned in an antisense 
orientation (i.e., RNA transcribed from the inserted nucleic 
acid will be of an antisense orientation to a target nucleic acid 
of interest, described further in the following subsection). 
0067. In another embodiment, the targeting moiety may be 
a Peptide Nucleic Acid (PNA). PNAs can be used in thera 
peutic and diagnostic applications. As used herein, the terms 
"peptide nucleic acids' or “PNAs refer to nucleic acid mim 
ics, e.g., DNA mimics, in which the deoxyribose phosphate 
backbone is replaced by a pseudopeptide backbone and only 
the four natural nucleobases are retained. The neutral back 
bone of PNAS has been shown to allow for specific hybrid 
ization to DNA and RNA under conditions of low ionic 
strength. The synthesis of PNA oligomers can be performed 
using standard Solid phase peptide synthesis protocols as 
described in Hyrup et al., (1996), supra; Perry-O'Keefe et al. 
(1996) Proc. Natl. Acad. Sci. USA 93:14670-675. 
0068. In another embodiment, PNAS can be modified, e.g., 
to enhance their stability or cellular uptake, by attaching 
lipophilic or other helper groups to PNA, by the formation of 
PNA-DNA chimeras, or by the use of liposomes or other 
techniques of drug delivery known in the art. For example, 
PNA-DNA chimeras can be generated which can combine the 
advantageous properties of PNA and DNA. Such chimeras 
allow DNA recognition enzymes, e.g., RNASE H and DNA 
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polymerases, to interact with the DNA portion while the PNA 
portion would provide high binding affinity and specificity. 
PNA-DNA chimeras can be linked using linkers of appropri 
ate lengths selected in terms of base Stacking, number of 
bonds between the nucleobases, and orientation (Hyrup, 
1996, supra). The synthesis of PNA-DNA chimeras can be 
performed as described in Hyrup (1996), supra, and Finnet al. 
(1996) Nucleic Acids Res. 24(17):3357-63. For example, a 
DNA chain can be synthesized on a solid Support using stan 
dard phosphoramidite coupling chemistry and modified 
nucleoside analogs. Compounds such as 5'-(4-methoxytrityl) 
amino-5'-deoxy-thymidine phosphoramidite can be used as a 
link between the PNA and the 5' end of DNA (Maget al., 
1989, Nucleic Acids Res. 17:5973-88). PNA monomers are 
then coupled in a step-wise manner to produce a chimeric 
molecule with a 5' PNA segment and a 3' DNA segment (Finn 
et al., 1996, Nucleic Acids Res. 24(17):3357-63). Alterna 
tively, chimeric molecules can be synthesized with a 5' DNA 
segment and a 3' PNA segment (Peterser et al., 1975, Bioor 
ganic Med. Chem. Lett. 5:1119-11124). 
0069. In another embodiment of the present invention, the 
targeting moiety may comprise an oligonucleotide. The oli 
gonucleotide can include other appended groups such as pep 
tides (e.g., for targeting host cell receptors in vivo), or agents 
facilitating transport across the cell membrane (see, e.g., 
Letsinger et al., 1989, Proc. Natl. Acad. Sci. USA 86:6553 
6556; Lemaitre et al., 1987, Proc. Nat. Acad. Sci. USA 
84:648-652; PCT Publication No. WO 88/09810) or the 
blood-brain barrier (see, e.g., PCT Publication No. WO 
89/10134). In addition, oligonucleotides can be modified 
with hybridization-triggered cleavage agents (see, e.g., Krol 
et al., 1988, Bio/Techniques 6:958-976) or intercalating 
agents (see, e.g., Zon, 1988, Pharm. Res. 5:539-549). To this 
end, the oligonucleotide can be conjugated to another mol 
ecule, e.g., a peptide, hybridization triggered cross-linking 
agent, transport agent, hybridization-triggered cleavage 
agent, etc. 
0070. One aspect of the disclosure pertains to isolated 
proteins which correspond to predictive markers of the dis 
closure, and biologically active portions thereof, as well as 
polypeptide fragments suitable for use as immunogens to 
raise antibodies directed against a polypeptide corresponding 
to a predictive marker of the disclosure. Polypeptides for use 
in the disclosure can be isolated, purified, or produced using 
the gene identification information provided herein in com 
bination with routine molecular biology, protein purification 
and recombinant DNA techniques well known in the art. 
0071. The disclosure also provides chimeric or fusion pro 
teins corresponding to a marker of the disclosure. As used 
herein, a “chimeric protein’ or “fusion protein comprises all 
or part (preferably a biologically active part) of a polypeptide 
corresponding to a marker of the disclosure operably linked to 
a heterologous polypeptide (i.e., a polypeptide other than the 
polypeptide corresponding to the marker). Within the fusion 
protein, the term “operably linked' is intended to indicate that 
the polypeptide of the disclosure and the heterologous 
polypeptide are fused in-frame to each other. The heterolo 
gous polypeptide can be fused to the amino-terminus or the 
carboxyl-terminus of the polypeptide of the disclosure. Use 
ful fusion proteins can include GST, c-myc, FLAG, HA, and 
any other well known heterologous tag for use in fusion 
protein production. Such fusion proteins can facilitate the 
purification of a recombinant polypeptide of the disclosure. 
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0072. In addition, fusion proteins can include a signal 
sequence from another protein such as gp67, melittin, human 
placental alkaline phosphatase, and phoA. In yet another 
aspect, the fusion protein is an immunoglobulin fusion pro 
tein in which all or part of a polypeptide corresponding to a 
predictive marker of the disclosure is fused to sequences 
derived from a member of the immunoglobulin protein fam 
ily. The immunoglobulin fusion proteins of the disclosure can 
be used as immunogens to produce antibodies directed 
against a polypeptide of the disclosure in a subject, to purify 
ligands and in Screening assays to identify molecules which 
inhibit the interaction of receptors with ligands. 
0073. In another embodiment of the disclosure, an isolated 
polypeptide corresponding to a predictive marker of the dis 
closure, or a fragment thereof, can be used as an immunogen 
to generate antibodies using standard techniques for poly 
clonal and monoclonal antibody preparation. For example, an 
immunogen typically is used to prepare antibodies by immu 
nizing a Suitable (i.e. immunocompetent) Subject such as a 
rabbit, goat, mouse, or other mammal or vertebrate. An appro 
priate immunogenic preparation can contain, for example, 
recombinantly-expressed O chemically-synthesized 
polypeptide. The preparation can further include an adjuvant, 
Such as Freund's complete or incomplete adjuvant, or a simi 
lar immunostimulatory agent. 
0074 III. Linker 
0075. The bioconjugated nanoparticle of the present dis 
closure may also comprise a linker that attaches the QD to the 
targeting moiety indirectly. 
0076. As used herein, the term “linker denotes any 
chemical compound, which may be present between the QD 
and the targeting moiety. This linker may be removed from 
the bioconjugated nanoparticle by chemical means, by enzy 
matic means, or spontaneously. The linker may be pharma 
cologically inert or may itself provide added beneficial phar 
macological activity. The term "spacer” may also be used 
interchangeably as a synonym for linker. Linkers used in the 
present disclosure may include lipids, polypeptides, oligo 
nucleotides, polymers, and the like. 
0077 According to aspects of the disclosure, suitable link 
ers may have one or more of the following properties: Solu 
bility under intracellular conditions, stability under intracel 
lular conditions, and/or a length (e.g., a length of a carbon 
alkyl chain) that is therapeutically optimized (e.g., optimized 
to simultaneously allow compound-DNA interaction and 
compound-cellular protein interaction). In one embodiment, 
a linker may contain one or more polar or charged residues in 
order to improve solubility under intracellular conditions. In 
one embodiment, a linker may contain one or more carbamate 
(s) and/or one or more amine(s) (e.g., secondary amines) in 
order to increase solubility under intracellular conditions. 
Alternatively, or in addition, the linker may contain one or 
more sulfates. In certain embodiments of the disclosure, link 
ers may be alkyl-amino-carbamate alkyl chains of various 
lengths. In certain aspects of the disclosure linkers compris 
ing amino, diamino, Sulfate and carbamate groups are of 
particular importance. In one embodiment, a linker includes 
an alkyl chain that is 3-10 carbons in length. In certain pre 
ferred embodiments, the linker includes a six carbon alkyl 
chain. A linker may be attached (e.g., covalently) to any atom 
(e.g., any one or more of a C. N. S. O, or other atom) on the 
ligand and/or the first moiety. In certain embodiments, a polar 
or charged moiety (e.g., a carbamate, amine, Sulfate or other 
polar or charged moiety) in the linker is preferably separated 
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from the ligand (and/or first moiety) by one or more carbons 
(e.g.,2,3,4, 5, 6, etc.) so that the portion of the linker adjacent 
to the ligand (and/or the first moiety) is relatively non-polar or 
hydrophobic. This property may be useful to enhance ligand 
binding to a non-polar or hydrophobic molecule (e.g., certain 
steroid receptors). Linkers preferably do not contain bonds 
that are degraded or unstable under intracellular conditions. 
Accordingly, linkers preferably do not contain unstable or 
labile ureas, esters, or amides. 
0078. With regards to polypeptides, the composition and 
length of the linker may be determined in accordance with 
methods well known in the art and may be tested for efficacy. 
The linker is generally from about 3 to about 15 amino acids 
long, more preferably about 5 to about 10 amino acids long, 
however, longer or shorter linkers may be used or the linker 
may be dispensed with entirely. A Gly Serlinker is an exem 
plary linker. Additional sequences may also be included to 
incorporate a cleavage site to separate the QD and the immu 
noglobulin Fc or other polypeptide at Some later time. Thus, 
the linker may include a sequence that is a Substrate for 
enzyme cleavage, e.g., an endopeptidase recognition 
Sequence. 

0079 Derivatized lipids may also be used as linkers in the 
present disclosure. Addition of derivatized lipids alter the 
pharmacokinetics of the bioconjugated nanoparticle. For 
example, the addition of derivatized lipids with a targeting 
moiety of the present disclosure will allow the bioconjugated 
nanoparticles to target a specific cell, tumor, tissue, organ, or 
organ system. In certain embodiments, the derivatized lipid 
components of nanoparticle include a labile lipid-polymer 
linkage. Such as a peptide, amide, ether, ester, or disulfide 
linkage, which can be cleaved under selective physiological 
conditions, such as in the presence of peptidase or esterase 
enzymes or reducing agents. Use of Such linkages to couple 
polymers to phospholipids allows the attainment of high 
blood levels for several hours after administration, else it may 
be subject to rapid uptake by the RES system. See, e.g., U.S. 
Pat. No. 5,356,633, incorporated herein by reference. The 
pharmacokinetics and/or targeting of the bioconjugated 
nanoparticle can also be modified by altering the Surface 
charge resulting from changing the lipid composition and 
ratio. Thermal or pH release characteristics can be built into 
bioconjugated nanoparticle by incorporating thermal sensi 
tive or pH sensitive lipids as a component of the lipid vesicle 
(e.g., dipalmitoyl-phosphatidylcholine:distearyl phosphati 
dylcholine (DPPC:DSPC) based mixtures). Use of thermal or 
pH sensitive lipids allows controlled degradation of the lipid 
vesicle membrane component of the nanoparticle. 
0080. It is also within the scope of the present disclosure 
that more than one linker can be used to attach a targeting 
moiety. For example, a first linker can be attached to a QD 
followed by a second linker that is attached to the first linker. 
A third linker can be attached to the second linker and so on 
and so forth. In addition, one linker can be attached to the QD 
(e.g., biotin) and one linker can be attached to the targeting 
moiety (e.g., avidin). In this embodiment, the two linker are 
joined (e.g., biotin-avidin) to form the linker. 
0081. In accordance with the present disclosure, the linker 
should not contact the targeting moiety at an amino acid 
essential to the function, binding affinity, or activity of the 
attached targeting moiety. Cross-linkers. Such as intermediate 
cross-linkers, can be used to attach a targeting moiety to the 
QD. Examples such as Ethyl-3-(dimethylaminopropyl) car 
bodiimide (EDAC) may serve as an intermediate crosslinker. 
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Other examples of intermediate cross-linkers for use in the 
present disclosure are known in the art (see, e.g., Bioconju 
gate Techniques, Academic Press, New York (1996)). 
0082 In those instances where a short linker causes steric 
hinderance problems or otherwise affect the functioning of 
the targeting moiety, the length of the linker can be increased, 
e.g., by the addition of from about a 10 to about a 20 atom 
space, using techniques that are well known in the art (see, 
e.g., Bioconjugate Techniques (1996), Supra). One possible 
linker is activated polyethylene glycol, which is hydrophilic 
and is widely used in preparing labeled oligonucleotides. 
0083. IV. Methods and Administration 
I0084. The bioconjugated nanoparticles in accordance 
with the present disclosure can be used in numerous in vivo 
methods to treat a disease in a Subject. In each method, a 
plurality of bioconjugated nanoparticles of the present dis 
closure can be delivered to a Subject in vivo by administering 
an effective amount or concentration of the bioconjugated 
nanoparticles to the subject. FIG. 3 provides a flow chart 
outlining the overall method of the present disclosure. Simi 
larly, FIG. 4 is a schematic showing how the present disclo 
Sure can be used to treat a cancer or pathogen in a subject. As 
used herein, the term “treatment”, “treat' or “treated’ refers 
to either (i) the prevention of growth or regrowth (replication 
or re-replication in the case of a pathogen) of the tumor or 
pathogen (prophylaxis), (ii) the reduction or elimination of 
symptoms or the disease of interest (therapy) or (iii) the 
elimination or destruction of the tumor or pathogen (cure). 
The term “effects the disease' is also used synonymously 
with the term “treat.” As used herein, the term “effective 
amount refers to an amount of the bioconjugated nanopar 
ticle of the present disclosure, which is effective, either alone 
or in combination with a pharmaceutical carrier, upon single 
or multiple-dose administration to the Subject, e.g., a patient, 
at inhibiting the growth or proliferation, inducing the killing, 
or preventing the growth of hyperproliferative cells and/or 
pathogenic organism(s). Such growth inhibition or killing can 
be reflected as a prolongation of the survival of the subject, 
e.g., a patient beyond that expected in the absence of Such 
treatment, or any improvement in the prognosis of the Subject 
relative to the absence of Such treatment, e.g., decrease in 
symptoms, restoration of normal biological functions, and the 
like. As apparent to one skilled in the art, Such an amount will 
vary depending on factors that include the amount of tissue to 
be treated, the rate of contact of the bioconjugated nanopar 
ticles with the tissue, any abnormalities of the tissue that may 
affect the efficiency of the bioconjugated nanoparticles con 
tacting or binding to the cells or organism. 
I0085. In one aspect of the disclosure, the bioconjugated 
nanoparticles can be administered to the Subject by venous (or 
arterial) infusion. In venous infusion, an effective amount or 
concentration of bioconjugated nanoparticles administered to 
Subject can be that amount or concentration that is effective to 
cover at least one marker on the Surface of the target cell or 
organism. Optionally, the bioconjugated nanoparticles can be 
administered to the subject by directly injecting the biocon 
jugated nanoparticles into cells or tissue of the area being 
treated or an area proximate or peripheral to the area being 
treated. Direct injection of the bioconjugated nanoparticles 
can be performed by using, for example, a Syringe. 
I0086. The term “administering or “administered as used 
herein is meant to include both parenteral and/or oral admin 
istration, all of which are described in more detail in the 
“pharmaceutical compositions' section below. By 
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"parenteral' is meant intravenous, Subcutaneous or intramus 
cular administration. In the methods of the Subject disclosure, 
the bioconjugated nanoparticle of the present disclosure may 
be administered alone, simultaneously with one or more other 
bioconjugated nanoparticles, or the compounds may be 
administered sequentially, in either order. It will be appreci 
ated that the actual preferred method and order of adminis 
tration will vary according to, interalia, the particular prepa 
ration of bioconjugated nanoparticles being utilized, the 
particular formulation(s) of the one or more other bioconju 
gated nanoparticles being utilized, the particular tumor cells 
or pathogens being treated, and the particular host being 
treated. The optimal method and order of administration of 
the compounds of the disclosure for a given set of conditions 
can be ascertained by those skilled in the art using conven 
tional techniques and in view of the information set out 
herein. The term “administering or “administered also 
refers to oral Sublingual, buccal, transnasal, transdermal, rec 
tal, intramascular, intravenous, intraventricular, intrathecal, 
and Subcutaneous routes. In accordance with good clinical 
practice, it is preferred to administer the instant compounds at 
a concentration level which will produce effective beneficial 
effects without causing any harmful or untoward side effects. 
0087. The bioconjugated nanoparticles upon administra 
tion to the Subject will localize to the cells, tissue or organisms 
that are recognized by the targeting moiety. The time required 
for the localization of these bioconjugated nanoparticles will 
depend on several factors, including the specificity of the 
targeting moiety being used, the number of targeting moieties 
being used, the accessibility of the tumor or organism being 
treated, and the like, and can be readily determined by those 
skilled in the art. 

0088. Once localized to the cells, tissue(s) or organism(s), 
the subject can then be exposed to soft X-rays to excite the QD 
found in the bioconjugated nanoparticles. In an aspect of the 
disclosure, the QDs of the bioconjugated nanoparticles can be 
excited using a device capable of emitting electromagnetic 
radiation at a frequency of soft X-ray. As used herein, the term 
“soft X-rays' refer to those wavelengths found on the electro 
magnetic spectrum between ultraviolet light and gamma rays. 
Typical wavelengths for Soft X-rays range between 0.1 nm and 
1000 nm in length, more preferably between 1 nm and 15 nm. 
in length. 
0089. There a numerous devices known to those skilled in 
the art that are capable of generating electromagnetic radia 
tion at a frequency of soft X-rays. For example, monochro 
matic X-rays sources that have the ability to generate X-ray 
photons 18 pico seconds pulse throughout its tunable 12-50 
keV range. These electrons have the ability to be useful in 
imaging as well as to deliver therapeutic irradiation. A pro 
totype terawatt IR laser has been developed by Myxis Corp in 
Nashville, Tenn. (http://www.mxisystems.com) and is being 
studied for imaging and therapeutic applications. Among 
these applications are k-edge imaging and Auger cascade 
electron generation for cancer therapeutics. K-edge refers to 
the specific binding energy of the innermost or k-orbit elec 
tron in the atom of interest. The X-ray photon, in this case, 
matches when the k-orbit electron of iodine is knocked out of 
its orbit by tuning monochromatic X-rays to 33.2 keV. The 
ejected electron is replaced in the Korbit by an electron from 
the L-orbit. As this electron drops from the L to the K-orbit, it 
gives off a 28.3 keV characteristic photon. Likewise, the 
L-orbit electron is then replaced by an electron from the 
M-orbit. This in turn gives off a 4.3 keV photon. The N-orbit 
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follows the lead of the other shells and contributes an electron 
to the Morbit giving off a 0.6 keV 5 photon. Adding up the 
energies of these various photons comes to 33.2 keV. These 
characteristic photons interact with the matter in their sur 
rounding medium, traveling less then a few microns at most 
for the Softer X-rays, but penetrating some distances for the 
more energetic ones. This entire process is known as an Auger 
cascade. 
0090. Upon excitation by the soft X-rays, the QD will then 
emit light at a reduced frequency, preferentially as ultraviolet 
light. As used herein, the term “ultraviolet light” refers to 
those wavelength found on the electromagnetic spectrum 
between visible light and soft X-rays. Ultraviolet light encom 
passes five “subdivisions based on wavelength. These 
include: (1)NUV (also known as Near) that has a wavelength 
range of 200 nm-400 nmi; (2) UVA (also known as long wave 
or black light) that have a wavelength range of 320 to 400 nm: 
(3) UVB (also known as medium wave) that have a wave 
length range of 280 nm to 320 nmi; and (4) UVC (also known 
as short wave or germicidal) that have a wavelength range of 
below 280 nm. Those wavelength below 280 nm have also 
been further subdivided to include FUV/VUV (also known as 
far or vacuum UV) that has a wavelength range of 10 nm to 
200 nm and EUV/XUV (also known as Extreme or Deep UV) 
that has a wavelength range of 1 nm to 31 nm). Preferably, the 
ultraviolet light is of a frequency that is capable of inducing 
DNA damage within the target cell or organism and/or dis 
rupts the cellular membrane. As used herein, the term “DNA 
damage” refers to the physical modification of the DNA in a 
cell, particularly the breaking of double-stranded DNA, 
cross-linking, and thymidine dimers caused by ultraviolet 
light. Preferably, the wavelength is in the range of 1 nm to 300 
nm, preferably 10 nm to 285 nm, more preferably 30 nm to 
275 nm, and more preferably 50 nm to 250 nm. 
0091. In another aspect of the disclosure, an effective 
amount of the bioconjugated nanoparticles can be delivered 
during an operative procedure whereby the bioconjugated 
nanoparticles are delivered to the Subject being operated on, 
by for example via lavage or wash. In this scenario, the 
bioconjugated nanoparticles can be directly flushed into the 
Surgical incision (e.g., during an operation, biopsy, etc.). 
Once bound to the tumor or pathogen Surface, the bioconju 
gated nanoparticle can then be exposed to soft X-rays as 
described above. 

0092 Another aspect of the disclosure provides a method 
of designing a personalized therapy for a Subject Suffering 
from a disease. First, a sample is first obtained from the 
Subject. In the situation where the Subject has a cancer, some 
of the cancer may be removed via techniques readily known 
by those skilled in the art (e.g., biopsy, blood or bone marrow 
sample, etc.), and said samples assessed in vitro to identify 
any predictive markers. Similarly, for those Subjects Suffering 
from a pathogenic disease, a biological sample can also taken 
from the subject by techniques readily known by those skilled 
in the art (e.g., throat culture, blood sample, aerosol sample, 
etc.), and said pathogens then cultured in vitro and assessed 
for the expression of any predictive markers whereby a target 
entity can be designed. 
0093. To determine the level of expression of a predictive 
marker, a predictive marker is compared to a reference 
expression level. For example, a reference expression level 
can be a predetermined standard reference level of expression 
in order to evaluate if expression of a marker or marker set is 
informative and make an assessment for determining whether 
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the patient is responsive or non-responsive. Additionally, 
determining the level of expression of a predictive marker can 
be compared to an internal reference marker level of expres 
sion which is measured at the same time as the predictive 
marker in order to make an assessment for determining 
whether the patient is responsive or non-responsive. For 
example, expression of a distinct marker or markers which 
is/are not predictive markers of the disclosure, but which is 
known to demonstrate a constant expression level can be 
assessed as an internal reference marker level, and the level of 
the predictive marker expression is determined as compared 
to the reference. In an alternative example, expression of the 
selected predictive marker or markers in a tissue sample 
which is a non-tumor sample can be assessed as an internal 
reference marker level. The level of expression of a marker or 
markers may be determined as having increased expression in 
certain aspects. The level of expression of a marker or mark 
ers may be determined as having decreased expression in 
other aspects. The level of expression may be determined as 
no informative change in expression as compared to a refer 
ence level. In still other aspects, the level of expression is 
determined against a pre-determined standard expression 
level as determined by the methods provided herein. 
0094. The “normal level of expression of a marker is the 
level of expression of the marker in cells in a similar environ 
ment or response situation, in a patient not afflicted with 
cancer or infection with a pathogen. A normal level of expres 
sion of a marker may also refer to the level of expression of a 
“reference sample, (e.g., sample from a healthy subject not 
having the marker associated disease). A reference sample 
expression may be comprised of an expression level of one or 
more markers from a reference database. Alternatively, a 
“normal level of expression of a marker is the level of 
expression of the marker in non-tumor cells in a similar 
environment or response situation from the same patient that 
the tumor is derived from. The term “differential expression 
ofa marker refers to expression of a marker that varies in level 
across patients. 
0.095. Furthermore, in this disclosure we refer to a marker 
as “differentially expressed when its expression level is cor 
related with, or otherwise indicative of, response or non 
response to treatment. As such, those markers which are 
differentially expressed can then be chosen to be made into a 
targeting moiety, e.g. an antibody, using the methods pro 
vided herein. For example, a nucleic acid molecule encoding 
a protein corresponding to a tumor or pathogenic marker can 
be isolated and manipulated (e.g., amplified, cloned, synthe 
sized, etc.) using standard molecular biology techniques and 
the sequence information in the database records described 
herein. (e.g., described in Sambrook et al., ed., Molecular 
Cloning A Laboratory Manual, 2nd ed., Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y., 1989). More 
over, Such nucleic acids can be used, for example, as a probe 
or primer. The probe?primer typically is used as one or more 
Substantially purified oligonucleotides. The oligonucleotide 
typically comprises a region of nucleotide sequence that 
hybridizes under Stringent conditions to at least about 7. 
preferably about 15, more preferably about 25, 50, 75, 100, 
125, 150, 175,200,250, 300,350, or 400 or more consecutive 
nucleotides of a nucleic acid of the disclosure. 

0096. An antibody directed against a polypeptide corre 
sponding to a predictive marker of the disclosure (e.g., a 
monoclonal antibody) can also be used to detect the predic 
tive marker (e.g., in a cellular sample) in order to evaluate the 
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level and pattern of expression of the predictive marker. The 
antibodies can also be used diagnostically to monitor protein 
levels in tissues or body fluids (e.g. in a tumor sample) as part 
ofa clinical testing procedure, e.g., to, for example, determine 
the efficacy of a given treatment regimen. Detection can be 
facilitated by coupling the antibody to a detectable substance. 
Examples of detectable Substances include various enzymes, 
prosthetic groups, fluorescent materials, luminescent materi 
als, bioluminescent materials, and radioactive materials. 
Examples of Suitable enzymes include horseradish peroxi 
dase, alkaline phosphatase, B-galactosidase, or acetylcho 
linesterase; examples of suitable prosthetic group complexes 
include streptavidin/biotin and avidin/biotin; examples of 
suitable fluorescent materials include umbelliferone, fluores 
cein, fluorescein isothiocyanate, rhodamine, dichlorotriazi 
nylamine fluorescein, dansyl chloride or phycoerythrin; an 
example of a luminescent material includes luminol; 
examples of bioluminescent materials include luciferase, 
luciferin, and aequorin, and examples of suitable radioactive 
material include ‘’I, I, S or H. 
0097 Alternatively, nucleic acid molecules can be utilized 
to generate the targeting moiety. For example, nucleic acid 
molecules encoding the monoclonal antibodies of the disclo 
Sure can be readily isolated and sequenced using procedures 
well known in the art, e.g. by using oligonucleotide probes 
that are capable of binding specifically to genes encoding the 
heavy and light chains of murine antibodies. The hybridoma 
cells of the disclosure are a preferred source of nucleic acid 
encoding the antibodies or fragments thereof. Once isolated, 
the nucleic acid is ligated into expression or cloning vectors, 
which are then transfected into host cells, which can be cul 
tured so that the monoclonal antibodies are produced in the 
recombinant host cell culture. 
0098. Once a predictive marker has been determined and a 
target entity designed, a bioconjugated nanoparticle of the 
present disclosure can then be manufactured by linking the 
newly designed targeting moiety to the biocompatible QD. 
The bioconjugated nanoparticle is then administered to the 
Subject according to methods described herein, the Subject 
then exposed to soft X-rays whereby the QD emits electro 
magnetic radiation at a frequency of ultraviolet light thereby 
disrupting the DNA of the target cellor organism, and treating 
the disease. 
0099. The present disclosure also provides a method of 
making bioconjugated nanoparticles comprising a quantum 
dot, a targeting moiety, and optionally, a linker. 
0100. One aspect of the disclosure relates to a method of 
making the bioconjugated particles of the present disclosure. 
In one embodiment, where the bioconjugated nanoparticle of 
the present disclosure comprises a targeting moiety directly 
linked to a quantum dot, the method comprises (a) contacting 
a quantum dot as described above with a targeting moiety, 
wherein the targeting moiety can directly attach to the Surface 
of the quantum dot; and (b) isolating the conjugate. Prefer 
ably, the targeting moiety is an antibody or fragment thereof, 
a protein or a fragment thereof, an antisense nucleic acid, a 
polypeptide, a peptide nucleic acid, or an oligonucleotide. In 
a preferred embodiment, the targeting moiety is attached to 
the quantum dot via a covalent bond. 
0101. In another embodiment, where the targeting moiety 

is indirectly linked to the quantum dot, the method comprises 
(a) contacting a quantum dot as described above with a linker; 
(b) isolating the wide band gap quantum dot to which is 
attached a linker; (c) contacting the quantum dot to which is 
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attached a linker with a targeting moiety; and (d) isolating the 
newly formed bioconjugated nanoparticle, wherein the tar 
geting moiety is attached to the quantum dot via the linker. 
Alternatively, the method comprises (a) contacting a targeting 
moiety with a linker; (b) isolating the target moiety to which 
is attached the linker; (c) contacting the targeting moiety to 
which is attached the linker with a quantum dot as described 
above; and (d) isolating the newly formed bioconjugated 
nanoparticle. 
01.02 
0103) Once the inventive particles have been prepared, 
they may be combined with other pharmaceutical excipients 
and/or carriers to form a pharmaceutical composition. As 
would be appreciated by one of skill in this art, the excipients 
may be chosen based on the route of administration as 
described below, the agent being delivered, time course of 
delivery of the agent, etc. 
0104 Pharmaceutical compositions of the present disclo 
Sure and for use in accordance with the present disclosure 
may include a pharmaceutically acceptable excipient or car 
rier. In Such pharmaceutical and medicament formulations, 
the carrier(s) must be pharmaceutically acceptable in the 
sense of being compatible with the other ingredients of the 
formulation and not unduly deleterious to the recipient 
thereof. The bioconjugated nanoparticle is provided in an 
amount effective to achieve the desired pharmacological 
effect, as described above, and in a quantity appropriate to 
achieve the desired daily dose. As used herein, the term “phar 
maceutically acceptable carrier” means a non-toxic, inert 
Solid, semi-solid or liquid filler, diluent, encapsulating mate 
rial, or formulation auxiliary of any type. Some examples of 
materials which can serve as pharmaceutically acceptable 
carriers are Sugars such as lactose, glucose, and Sucrose; 
starches such as corn starch and potato starch; cellulose and 
its derivatives such as sodium carboxymethyl cellulose, ethyl 
cellulose, and cellulose acetate; powdered tragacanth; malt, 
gelatin; talc, excipients such as cocoa butter and Suppository 
waxes; oils such as peanut oil, cottonseed oil; safflower oil; 
sesame oil, olive oil; corn oil and soybean oil; glycols such as 
propylene glycol; esters such as ethyl oleate and ethyl laurate; 
agar, detergents such as Tween 80; buffering agents such as 
magnesium hydroxide and aluminum hydroxide; alginic 
acid; pyrogen-free water, isotonic saline; Ringer's solution; 
ethyl alcohol; artificial cerebral spinal fluid (CSF), and phos 
phate buffer solutions, as well as other non-toxic compatible 
lubricants such as Sodium lauryl Sulfate and magnesium Stear 
ate, as well as coloring agents, releasing agents, coating 
agents, Sweetening, flavoring and perfuming agents, preser 
Vatives and antioxidants can also be present in the composi 
tion, according to the judgment of the formulator. Other Suit 
able pharmaceutically acceptable excipients include 
processing agents and drug delivery modifiers and enhancers, 
Such as, for example, calcium phosphate, magnesium Stear 
ate, talc, monosaccharides, disaccharides, starch, gelatin, cel 
lulose, methyl cellulose, Sodium carboxymethyl cellulose, 
dextrose, hydroxypropyl-..beta.-cyclodextrin, polyvinylpyr 
rolidinone, low melting waxes, ion exchange resins, and the 
like, as well as combinations of any two or more thereof. 
Other suitable pharmaceutically acceptable excipients are 
described in “Remington's Pharmaceutical Sciences.” Mack 
Pub.Co., New Jersey (1991), incorporated herein by refer 
ence. The pharmaceutical compositions of this disclosure can 
be administered to humans and/or to animals, orally, rectally, 
parenterally, intracisternally, intravaginally, intranasally, 

V. Pharmaceutical Compositions 
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intraperitoneally, topically (as by powders, creams, oint 
ments, or drops), transdermally, Subcutaneously, bucally, or 
as an oral or nasal spray. 
0105 Pharmaceutical compositions of the present disclo 
sure may be in any form suitable for the intended method of 
administration, including, for example, a Solution, a Suspen 
Sion, or an emulsion. Liquid carriers are typically used in 
preparing Solutions, Suspensions, and emulsions. Liquid car 
riers contemplated for use in the practice of the present dis 
closure include, for example, water, Saline, pharmaceutically 
acceptable organic solvent(s), pharmaceutically acceptable 
oils or fats, and the like, as well as mixtures of two or more 
thereof. The liquid carrier may contain other suitable phar 
maceutically acceptable additives such as solubilizers, emul 
sifiers, nutrients, buffers, preservatives, Suspending agents, 
thickening agents, viscosity regulators, stabilizers, and the 
like. Suitable organic solvents include, for example, mono 
hydric alcohols, such as ethanol, and polyhydric alcohols, 
Such as glycols. Suitable oils include, for example, soybean 
oil, coconut oil, olive oil, safflower oil, cottonseed oil, and the 
like. For parenteral administration, the carrier can also be an 
oily ester Such as ethyl oleate, isopropyl myristate, and the 
like. Compositions of the present disclosure may also be in 
the form of microparticles, microcapsules, liposomal encap 
Sulates, and the like, as well as combinations of any two or 
more thereof. Preferably, such pharmaceutical composition is 
in the form of a freeze-dried mixture of the two active ingre 
dients in a unit dosage form, prepared by conventional tech 
niques, which can be reconstituted with water or other suit 
able infusion liquid at the time of administration. 
0106 Injectable preparations, for example, sterile inject 
able aqueous or oleaginous Suspensions may be formulated 
according to the known art using Suitable dispersing or wet 
ting agents and Suspending agents. The sterile injectable 
preparation may also be a sterile injectable solution, Suspen 
Sion, or emulsion in a nontoxic parenterally acceptable dilu 
ent or solvent, for example, as a solution in 1,3-butanediol. 
Among the acceptable vehicles and solvents that may be 
employed are water, Ringer's solution, U.S.P. and isotonic 
sodium chloride solution. In addition, sterile, fixed oils are 
conventionally employed as a solvent or Suspending medium. 
For this purpose any bland fixed oil can be employed includ 
ing synthetic mono- or diglycerides. In addition, fatty acids 
Such as oleic acid are used in the preparation of injectables. 
0107 The injectable formulations can be sterilized, for 
example, by filtration through a bacteria-retaining filter, or by 
incorporating sterilizing agents in the form of sterile solid 
compositions which can be dissolved or dispersed in sterile 
water or other sterile injectable medium prior to use. 
0108. The bioconjugated particle of the present disclosure 
may also be in the form of a lavage. For example, an effective 
amount of the bioconjugated particles can be preoperatively 
delivered to the subject being treated, by for example intra 
venous infusion, direct injection, or through a wash. For 
example, the bioconjugated nanoparticles can be included in 
a saline wash, whereby during a Surgical procedure (e.g., a 
biopsy) the Surgeon can rinse the incision with a saline solu 
tion comprising the bioconjugated nanoparticle. 
0.109 The formulations also include those suitable for 
parental as well as nonparenteral administration; other spe 
cific administration modalities include intravenous, intraperi 
toneal, Subcutaneous, rectal, topical, ophthalmic, Subcutane 
ous, intrathecal, intra-articular, intra-arterial, Subarachnoid, 
bronchial, lymphatic, intrauterine or intramuscular, all using 
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dosage forms well known to those skilled in the pharmaceu 
tical arts. The bioconjugated nanoparticles of the present 
disclosure can be administered in Such oral dosage forms as 
capsules (each of which includes Sustained release or timed 
release formulations), pills, elixirs, powders, tinctures, Sus 
pensions, syrups and emulsions. Alternatively, the bioconju 
gated nanoparticle of the present disclosure may be adminis 
tered bronchially, via nebulization of the powder in a carrier 
gas, to form a gaseous dispersion of the powder which is 
inspired by the patient from a breathing circuit comprising a 
suitable nebulizer device. The biocompatible nanoparticle 
may also be administered alone but, as described above, gen 
erally will be administered with a pharmaceutical carrier 
selected on the basis of the chosen route of administration and 
standard pharmaceutical practice. Compounds of this disclo 
Sure can also be administered in intranasal form by topical use 
of suitable intranasal vehicles, or by transdermal routes, using 
transdermal skin patches. When compounds of this disclosure 
are administered transdermally the dosage will be continuous 
throughout the dosage regimen. Formulations Suitable for 
parental administration are preferred. 
0110. A syrup may be made by adding the chemothera 
peutic agent of the present disclosure to a concentrated aque 
ous solution of Sugar, for example Sucrose, to which may be 
also be added any accessory ingredient(s). Such accessory 
ingredient(s) may include flavorings, Suitable preservative(s), 
agents to retard crystallization of the Sugar, and agents to 
increase the Solubility of any other ingredient, such as poly 
hydroxy alcohol, for example glycerol or sorbitol. 
0111 Formulations suitable for parental administration 
conveniently comprise sterile aqueous preparation of the bio 
conjugated nanoparticle of the present disclosure, which 
preferably is isotonic with the blood of the recipient (e.g., 
physiological saline Solution). Such formulation may include 
Suspending agents and thickening agents and liposome Sot 
other microparticulate systems which are designed to target 
the chemotherapeutic agent to blood components or one or 
more organs. The formulations may be presented in unit-dose 
or multi-dose form. 

0112 Nasal spray formulations comprise purified aque 
ous solutions of the chemotherapeutic agents of the present 
disclosure with preservative agents and isotonic agents. Such 
formulations are preferably adjusted to a pH and isotonic 
state compatible with the nasal mucous membranes. 
0113 Formulations for rectal administration may be pre 
sented as a Suppository with a suitable carrier Such as cocoa 
butter, hydrogenated fats, or hydrogenated fatty carboxylic 
acids. 

0114 Ophthalmic formulations are prepared by a similar 
method to the nasal spray, except that the pH and isotonic 
factors are preferably adjusted to match that of the eye. 
0115 Topical formulations comprise the chemotherapeu 

tic agent of the present disclosure dissolved or Suspended in 
one or more media, such as mineral oil, petroleum, polyhy 
droxy alcohols, or other bases used for topical pharmaceutical 
formulations. 

0116 Transdermal formulations may be prepared by 
incorporating the chemotherapeutic agent of the present dis 
closure in a thixotropic or gelatinous carrier Such as a cellu 
losic medium, e.g., methyl cellulose or hydroxyethyl cellu 
lose, with the resulting formulation then being packed in a 
transdermal device adapted to be secured in dermal contact 
with the skin of a patient wearer. 
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0117. In some applications, it may be advantageous to 
utilize the formula (I) composition of the present disclosure in 
a “vectorized form, such as by encapsulation of the com 
pound in a liposome or other encapsulant medium, or by 
fixation of the compound, e.g. by covalent bonding, chela 
tion, or associative coordination, on a Suitable biomolecule, 
Such as those selected from proteins, lipoproteins, glycopro 
teins, and polysaccharides. 
0118. The formulations of the present disclosure may con 
Veniently be presented in unit dosage forms and may be 
prepared by any of the methods well known in the art of 
pharmacy. Such methods generally include the step of bring 
ing the active compound(s) into association with a carrier 
which constitutes one or more accessory ingredients. Typi 
cally, the formulations are prepared by uniformly and inti 
mately bringing the active compound(s) into associated with 
a liquid carrier, a finely divided solid carrier, or both, and then, 
if necessary, shaping the product into dosage forms of the 
desired formulation. 

0119 The one or more additional chemotherapeutic 
agents described here may be administered singly or in a 
cocktail containing bothagents or one of the agents with other 
therapeutic agents, including but not limited to, immunosup 
pressive agents, potentiators and side-effect relieving agents 
0.120. The pharmaceutical compositions of this disclosure 
which are found in combination may be in the dosage form of 
Solid (e.g. powder), semi-solid (e.g. gel caps, soft capsules), 
or liquid Such as, e.g., Suspensions, aerosols or the like. Pref 
erably the compositions are administered in unit dosage 
forms suitable for single administration of precise dosage 
amounts. The compositions may also include, depending on 
the formulation desired, pharmaceutically-acceptable, non 
toxic carriers or diluents, which are defined as vehicles com 
monly used to formulate pharmaceutical compositions for 
animal or human administration. The diluent is selected so as 
not to affect the biological activity of the combination. 
Examples of Such diluents are distilled water, physiological 
saline, Ringer's Solution, dextrose solution, and Hank's solu 
tion. In addition, the pharmaceutical composition or formu 
lation may also include other carriers, adjuvants, or nontoxic, 
nontherapeutic, nonimmunogenic stabilizers and the like. 
Effective amounts of such diluent or carrier will be those 
amounts which are effective to obtain a pharmaceutically 
acceptable formulation in terms of solubility of components, 
or biological activity, and the like. 
I0121. It will be appreciated that the actually preferred 
amount of the bioconjugated nanopaticles of the present dis 
closure used will vary according the specific compound being 
utilized, the particular composition formulated, the mode of 
application and the particular site of administration. Prescrip 
tion of treatment, e.g. decisions on dosage etc., is within the 
responsibility of general practitioners and other medical doc 
tors, and typically takes account of the disorder to be treated, 
the condition of the individual patient, the site of delivery, the 
method of administration and other factors known to practi 
tioners. Examples of the techniques and protocols mentioned 
above can be found in Remington's Pharmaceutical Sciences, 
16th edition, Osol, A. (ed), 1980. By way of example, and the 
compositions are preferably administered to patients in dos 
ages of between about 0.01 and 100 mg of active compound 
per kg of body weight, and more preferably between about 0.5 
and 10 mg/kg of body weight. 
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0122) According to the present disclosure, a “therapeuti 
cally effective amount of a pharmaceutical composition is an 
amount which is sufficient the desired pharmacological 
effect. 
0123 Generally the dosage required to provide an effec 

tive amount of the composition, and which can be adjusted by 
one of ordinary skill in the art, will vary, depending upon the 
age, health, physical conditional, sex, weight and extent of 
disease, of the recipient. Additionally, the dosage may be 
determined by the frequency of treatment and the nature and 
scope of the desired effect. Appropriate dosages will be deter 
mined by those of ordinary skill in the art, using routine 
methods. In treating cancer, cultured cell lines may also be 
isolated from a patient and tested for dose responsiveness 
(Trepel et al., Biochem, Biophys. Res. Commun. 156:1383 
(1988); Mahmoud et al., Life Sci., 44:367 (1989)). A similar 
technique can be used for pathogenic organisms as well using 
techniques of bacterial and viral culturing that are well known 
in the art. Typically, the dose range is from 0.001 to 100 mg of 
active compound per kilogram body weight. Preferably, the 
range is from 0.01 to 50 mg of active Substance per kilogram 
body weight. A preferred composition of the disclosure is for 
example, one Suitable for oral administration in unit dosage 
form, for example a tablet or capsule which contains from 1 
microgram to 500 mg, more preferably from 10 to 100 mg. of 
peptide in each unit dose. Such the a daily oral dose is from 1 
nanogram to 50 milligram per kg of body weight, more pref 
erably from 0.1 to 25 mg/kg, is thereby achieved. Another 
preferable composition is one suitable for parenteral admin 
istration which contains from 0.5 to 100 mg of peptide per 
mL, more preferably from 1 to 10 mg of peptide per ml of 
Solution, such that a daily parenteral dose of from 1 nanogram 
to 10 mg per kg of body weight, more preferably from 0.1 to 
10 mg/kg, is thereby achieved. 
0.124 VI. Kits 
0.125 A“kit' is any article of manufacture (e.g. a package 
or container) comprising at least one bioconjugated nanopar 
ticle of the present disclosure for the treatment or detection of 
a cancer or pathogenic infection in a subject. The article of 
manufacture may be promoted, distributed, or sold as a unit 
for performing the methods of the present disclosure. The 
reagents included in Such a kit comprise a bioconjugated 
nanoparticle comprising at least one QD conjugated with at 
least one targeting moiety that is specific for a predictive 
marker found on the Surface of a cancer cell or pathogen. In 
addition, the kits of the present disclosure may preferably 
contain instructions which describe a suitable method of 
therapy (e.g., preferred administration routes, time, fre 
quency, dosages of said bioconjugated nanoparticles, pre 
ferred methods of excitation, and the like) or detection assay. 
Such kits can be conveniently used, e.g., in clinical settings, 
hospitals, and other treatment facilities that have the proper 
equipment to carry out the methods of the present disclosure. 
0126 These and other aspects of the disclosure may 
become more readily apparent in connection with the follow 
ing representative examples which are presented for purposes 
of illustration and not by way of limitation. 

EXAMPLES 

Example 1 
Generation of Quantum Dots of the Present Disclo 

SU 

0127 Quantum dots (“ODs) comprising a ZnO core of 
about 5 nm are prepared in accordance with the procedure 
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developed by techniques known to those skilled in the art 
(see, e.g., Hines and Guyot-Sionnest J. Phys. Chem., 100, 468 
71 (1996); Peng, Z.A. etal.J. Am. Chem. Soc. 125:7100-7106 
(2001); Qu, L. H. et al. Nano Lett. 1:333-337 (2001)). A 
high-temperature coordinating solvent, TOPO, is used for the 
synthesis so that the resulting QD will be capped with a 
monolayer of TOPO molecules. 
I0128. A triblock copolymer consisting of a polybutylacry 
late segment, a polyethylacrylate segment, and a poly 
methacrylic acid segment is used. For encapsulating the QDS, 
about 25% of the free carboxylic acid groups are derivatized 
with actylamine (a hydrophobic side chain). The original 
polymer is dissolved in demethylformamide (DMF) and 
reacted with m-octylamine at a polymer/octylamine molar 
ratio of 1:40, using ethyl-3-dimethyl amino propyl carbodi 
imide (EDAC at a 3-fold excess of m-octylamine) as a cross 
linking reagent. The reaction mixture is dried with a ratovap 
(Rotavapor R-3000, Buchi Analytical). The resulting oily 
liquid is precipitated with water and rinsed with water five 
times to remove excess EDAC and other by-products. After 
vacuum drying, the octylamine-grafted polymer is resus 
pended in an ethanol-chloroform mixture and stored for use. 

Example 2 

Creation of a QD-Antibody Bioconjugated Nanopar 
ticle 

I0129. Using a 3:1 (vol/vol) chloroform/ethanol solvent 
mixture, TOPO-capped QDs are encapsulated by the 
amphiphilic triblock polymer. After Vacuum drying, the 
encapsulated QDS are Suspended in a polar solvent (aqueous 
buffer or ethanol) and are purified by gel filtration. Standard 
procedures are then used to cross-link free carboxylic acid 
groups (~100 on each polymer molecule) with amine-con 
taining ligands such as amino-PEGs, peptides and antibodies. 
Briefly, the polymer-coated QDs are activated with 1 mM 
EDAC at pH 6 for 30 min. After purification, the activated 
QDs are reacted with amino-PEG at a QD/PEG ratio of 1:6 at 
pH 8 for 20 min. and then with an O-Lym-1 antibody (see, 
e.g., Epstein, A. et al. Cancer Res. 47: 830-840) at a QD/an 
tibody molar ratio of 1:15 for 2 h. The final bioconjugated 
nanoparticles are purified by column filtration or ultracen 
trifugation at 100,000 g for 30 min. After resuspension in PBS 
buffer (pH 7), aggregated particles are removed by centrifu 
gation at 6,000 g for 10 min. 

Example 3 

Creation of a QD-Nucleic Acid Bioconjugated Nano 
particle 

0.130 Quantum dots comprising a ZnO core of about 5 mm 
are prepared in accordance with the procedure developed by 
Hines and Guyot-Sionnest (1996), supra. Thiol-modified oli 
gonucleotides are purchased or prepared using standard Syn 
thesis procedures. A 1 ml Solution of the ZnO quantum dots is 
reacted with thiol-modified oligonucleotides. The ZnO coat 
of the quantum dot contains reactive groups to which the thiol 
group of the modified oligonucleotide can bind. The Solution 
is then centrifuged at 50,000 RPM for 1 hr to pellet the 
quantum dot-oligonucleotide bioconjugates and the Superna 
tant is removed. This centrifugation step is repeated twice 
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more. The purified oligonucleotide bioconjugates are dis 
solved in PBS (pH 7.4) and stored at room temperature. 

Example 4 

Treatment of B-lymphocytic malignancies in a Sub 
ject Using a Bioconjugated Nanoparticle of the 

Present Disclosure 

0131 Bioconjugated nanoparticles prepared according to 
Examples 1-2 are administered to a Subject Suffering from a 
B-lymphocyte malignancy. Before treatment, the patient is 
evaluated for the disease via any of the many known tech 
niques currently available, including but not limited to, X-ray, 
physical exam, computer tomography as well as various in 
vitro sample analyses, including biopsy, PCR, blood-serum 
analyses and fluorescent imaging using QDS comprising the 
C-Lym-1 antibody. The dosage used for treatment is then 
based on the tumor characterization at the time of treatment 
(e.g., stage of disease, resistance of disease to other therapies, 
and the like) as well as the knowledge of those skilled in the 
art. Typical dosages will range from between 95 mg/kg and 
250 kg/mg. Dosings of the bioconjugated nanoparticles via 
intravenous injection are repeated at 2-6 week intervals. The 
median number of infusions is three (with a range of 1-16 
weeks). After an appropriate time to allow localization of the 
bioconjugated nanoparticle (between 6 h and 24 hr), the 
patient is then exposed to Soft X-ray irradiation at dosages 
ranging from 0.2 mCi/kg to 0.4 mCi/kg. The patient is then 
evaluated approximately 1, 4, 8, 12, 24.36 and 48 weeks after 
bioconjugated nanoparticle infusion and at 6-month intervals 
thereafter. 

Example 5 
Outcome Assessment 

0132 Post therapy, complete staging by X-ray, physical 
exam, computer tomography as well as various in vitro 
sample analyses, including biopsy, PCR, blood-serum analy 
ses, fluorescent imaging using ODS comprising the C-Lym-1 
antibody and a fluorophore, fluorescent imaging using QDS 
comprising an anti-apoptotic antibody (e.g., annexin) and a 
fluoropore, and the like, are performed during treatment and 
at 1-6 month intervals thereafter. The results may be classified 
to assess the responsiveness of the therapy. For example, 
responsiveness may be classified as follows: complete 
response (e.g., the complete absence of demonstrable disease 
including negative bone marrow examination; partial 
response (e.g., a decrease in the Sum of all products of all 
tumor dimensions by at least 50%, or all tumor volumes by at 
least 70%); stable disease, and progression (e.g., an increase 
of at least 25% in the size of any lesion or the development of 
new lesions). Follow-up treatment may be designed accord 
ing to the results obtained and according to the knowledge of 
those skilled in the art. 

Example 6 

Designing and Manufacturing a Customized Anti 
body for use as a Targeting Moiety 

0.133 Cancer cells are obtained from the subject and 
stored at -70° C. until use. Usually, these cells are obtained 
either from a biopsy specimen from a solid tumor or a blood 
sample from hematogenous tumors. Single cell Suspensions 
are prepared and fixed with -30°C., 70% ethanol, washed 
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with PBS and reconstituted to an appropriate volume for 
injection. Balb/c mice are immunized with 2.5x10-1x10° 
cells and boosted every third week until a final pre-fusion 
boost is performed three days prior to the splenectomy. The 
hybridomas are prepared by fusing the isolated splenocytes 
with Sp2/0 and NS1 myeloma partners. The supernatants 
from the fusions are tested for subcloning of the hybridomas. 
Noncancer cells, e.g. CCD-12CoN fibroblasts, are obtained 
from ATCC and cultured according to enclosed instructions 
(see, e.g., ATCC website at http://www.atcc.org/common/ 
documents/pdf/CellCatalog/Hybridomas.pdf for a list of pos 
sible hybridomas that can be used. Typically, the type of cells 
used correspond to the tumor type. For example, for mela 
noma tumor cells one may use CCD-12CoN fibroblasts, for a 
breast tumor, one may use MCF-12A breast cells. Determi 
nation of the appropriate cell can be readily determined by 
those skilled in the art). These non-cancer cells are plated into 
96-well microtiter plates (NUNC) 1 to 2 weeks prior to 
screening. The cancer cells are plated two or three days prior 
to screening. 
I0134. The plated noncancer cells are fixed prior to use. The 
plates are washed with 100 microliters of PBS for 10 minutes 
at room temperature and then aspirated dry. Next, 75 micro 
liters of 0.01 percent glutaraldehyde diluted in PBS is added 
to each well for five minutes and then aspirated. The plates are 
washed with 100 microliters of PBS three times at room 
temperature. The wells are emptied and 100 microliters of 
one percent human serum albumin in PBS is added to each 
well for one hour at room temperature. The plates are then 
stored at 4°C. 

0.135 Prior to the transfer of the supernatant from the 
hybridoma plates, the fixed normal cells are washed three 
times with 100 microliters of PBS at room temperature. After 
aspiration of the wash, the primary hybridoma culture Super 
natants are transferred to the fixed cell plates and incubated 
for two hours at 37°C. in an 8% CO incubator. 
0.136. After incubation the absorbed supernatant is divided 
into two 75 microliter portions and transferred to target can 
cer cell plates. Prior to the transfer, the cancer cell plates are 
washed three times with 100 microliters of PBS. The cancer 
cells are incubated with the hybridoma supernatants for 18 
hours at 37°C. in an 8% CO, incubator. 
0.137 A Live/Dead cytotoxicity assay is then performed to 
determine the specificity and effectiveness of the antibodies 
generated. Such assays are commercially available, e.g., 
Molecular Probes (Eu,OR). 
0.138. Typically, a number of rounds of screening are con 
ducted to produce a single clone hybridoma culture. For two 
rounds of Screening the hybridoma Supernatants are tested 
only against the cancer cells. In the last round of screening the 
Supernatant is tested against a number of non-cancer cells as 
well as the target cells to assess specificity. The antibodies 
may also be isotyped using a commercial isotyping kit. The 
newly isolated and purified antibody can then be attached to a 
QD of the present disclosure in accordance with the proce 
dures outlined in Examples 1-3. 
0.139. It is understood that the foregoing detailed descrip 
tion and the following examples are illustrative only and are 
not to be taken as limitations upon the scope of the disclosure. 
Various changes and modifications to the disclosed embodi 
ments, which will be apparent to those skilled in the art, may 
be made without departing from the spirit and scope of the 
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present disclosure. Further, all patents, patent applications 
and publications cited herein are incorporated herein by ref 
CCC. 

We claim: 
1. A bioconjugated nanoparticle comprising at least one 

quantum dot and at least one targeting moiety, wherein said 
quantum dot, when excited by electromagnetic radiation at a 
frequency of soft X-ray, emits electromagnetic radiation at a 
frequency of ultraviolet light. 

2. The bioconjugated nanoparticle of claim 1, wherein said 
Soft X-rays comprise electromagnetic radiation comprising a 
wavelength in the range of 0.1 nm to 200 nm. 

3. The bioconjugated nanoparticle of claim 2, wherein said 
Soft X-rays comprise electromagnetic radiation comprising a 
wavelength in the range of 1 nm to 15 nm. 

4. The bioconjugated nanoparticle of claim 1, wherein said 
ultraviolet light frequency comprises electromagnetic radia 
tion with a wavelength frequency in the range of 1 nm to 280 

. 

5. The bioconjugated nanoparticle of claim 4, wherein said 
ultraviolet light frequency comprises electromagnetic radia 
tion with a wavelength frequency in the range of 100 nm to 
260 nm. 

6. The bioconjugated nanoparticle of claim 1, wherein said 
quantum dot comprises a wide band gap. 

7. The bioconjugated nanoparticle of claim 6, wherein said 
quantum dot is comprised of an inert material. 

8. The bioconjugated nanoparticle of claim 1, wherein said 
quantum dot is selected from the group consisting of gallium 
nitride, aluminum gallium nitride, Zinc oxide, aluminum 
nitride, boron nitride and diamond. 

9. The bioconjugated nanoparticle of claim 1, wherein said 
quantum dot is in a range from 1 to 50 nm. 

10. The bioconjugated nanoparticle of claim 9, wherein 
said quantum dot is in a range from 1 to 40 nm. 

11. The bioconjugated nanoparticle of claim 10, wherein 
said quantum dot is in a range from 1 to 10 nm. 

12. The bioconjugated nanoparticle of claim 1, wherein 
said quantum dot is coated with a biocompatible material. 

13. The bioconjugated nanoparticle of claim 12, wherein 
said biocompatible material is selected from the group con 
sisting of a lipid, a carbohydrate, a polysaccharide, a protein, 
a polymer, a glycoprotein, and a glycolipid. 

14. The bioconjugated nanoparticle of claim 1, further 
comprising a linker, wherein said linker attaches said target 
ing moiety to said quantum dot. 

15. The bioconjugated nanoparticle of claim 1, wherein 
said targeting moiety has specificity to a marker expressed by 
a cancer cell or pathogen. 

16. The bioconjugated nanoparticle of claim 14, wherein 
said marker is expressed extracellularly. 

17. The bioconjugated nanoparticle of claim 14, wherein 
said targeting moiety is selected from the group consisting of 
an antibodies and fragments thereof, haptens, polypeptides, 
oligonucleotides, anti-sense RNA, Peptide Nucleic Acids, 
proteins, chimeric proteins, fusion proteins, and combina 
tions thereof. 

18. A bioconjugated nanoparticle comprising a biocompat 
ably-coated quantum dot, a linker, and a targeting moiety, 
wherein said quantum dot has a wide bandgap Such that when 
exposed to electromagnetic radiation within a wavelength 
range of 0.1 nm to 200 nm, said quantum dot will emit 
ultraviolet light in a wavelength of 100 nm to 260 nm. 
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19. A method of treating a disease in a subject in vivo using 
a bioconjugated nanoparticle comprising the steps of 

a. administering to a subject an effective amount of a bio 
compatible quantum dot conjugated to a targeting moi 
ety, wherein said targeting moiety is specific for a pre 
dictive marker of said disease; 

b. administering to said subject an effective amount of 
electromagnetic radiation, wherein said electromag 
netic radiation is at a frequency of soft-X-ray that inter 
acts with the quantum dot thereby emitting light at an 
ultraviolet frequency; and 

wherein said emission of said ultraviolet light reduces the 
effects of the disease. 

20. The method of claim 19, wherein said disease is a 
CaCC. 

21. The method of claim 19, wherein said disease is a 
pathogenic infection. 

22. The bioconjugated nanoparticle of claim 19, wherein 
said soft X-rays comprise electromagnetic radiation compris 
ing a wavelength in the range of 0.1 nm to 200 nm. 

23. The bioconjugated nanoparticle of claim 22, wherein 
said soft X-rays comprise electromagnetic radiation compris 
ing a wavelength in the range of 1 nm to 15 nm. 

24. The bioconjugated nanoparticle of claim 19, wherein 
said ultraviolet light frequency comprises electromagnetic 
radiation with a wavelength frequency in the range of 50 nm 
to 280 nm. 

25. The bioconjugated nanoparticle of claim 24, wherein 
said ultraviolet light frequency comprises electromagnetic 
radiation with a wavelength frequency in the range of 100 nm 
to 260 nm. 

26. The bioconjugated nanoparticle of claim 19, wherein 
said quantum dot comprises a wide band gap. 

27. The bioconjugated nanoparticle of claim 26, wherein 
said quantum dot is comprised of an inert material. 

28. The bioconjugated nanoparticle of claim 19, wherein 
said quantum dot is selected from the group consisting of 
gallium nitride, gallium arsenide Zinc oxide, aluminum 
nitride, boron nitride and diamond. 

29. The bioconjugated nanoparticle of claim 19, wherein 
said quantum dot is in a range from 1 to 50 nm. 

30. The bioconjugated nanoparticle of claim 29, wherein 
said quantum dot is in a range from 1 to 40 nm. 

31. The bioconjugated nanoparticle of claim 30, wherein 
said quantum dot is in a range from 1 to 10 nm. 

32. The bioconjugated nanoparticle of claim 19, wherein 
said quantum dot is coated with a biocompatible material. 

33. The bioconjugated nanoparticle of claim 32, wherein 
said biocompatible material is selected from the group con 
sisting of a lipid, a carbohydrate, a polysaccharide, a protein, 
a polymer, a glycoprotein, and a glycolipid. 

34. The bioconjugated nanoparticle of claim 19, further 
comprising a linker, wherein said linker attaches said target 
ing moiety to said quantum dot. 

35. The bioconjugated nanoparticle of claim 19, wherein 
said targeting moiety is specific for a marker of said disease. 

36. The bioconjugated nanoparticle of claim 35, wherein 
said targeting moiety is selected from the group consisting of 
an antibody or fragments thereof, haptens, polypeptides, oli 
gonucleotides, anti-sense RNA, Peptide Nucleic Acids, pro 
teins, chimeric proteins, fusion proteins, and combinations 
thereof. 
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37. A method of designing and administering a personal 
ized therapy for the treatment of a disease in a Subject com 
prising the steps of 

a. Obtaining a sample of the disease from said Subject; 
b. Culturing said sample in vitro: 
c. Determining the expression of a predictive marker; 
d. Designing a targeting moiety specific for said predictive 

marker; 
e. Attaching said targeting moiety to a quantum dot to form 

a bioconjugated bioconjugated nanoparticle, wherein 
said quantum dot has a wide band gap Such that when 
exposed to electromagnetic radiation at a soft X-ray fre 
quency, said quantum dot will emit light at an ultraviolet 
frequency; 

f. Administering said bioconjugated nanoparticle to said 
Subject; and 

g. Administering to said subject electromagnetic radiation, 
wherein said electromagnetic radiation is at a frequency 
that interacts with the quantum dot whereby said quan 
tum dot emits light at an ultraviolet frequency thereby 
treating said disease. 

38. The method of claim 37, wherein said disease is a 
CaCC. 

39. The method of claim 37, wherein said disease is a 
pathogenic infection. 

40. The bioconjugated nanoparticle of claim 37, wherein 
said soft X-rays comprise electromagnetic radiation compris 
ing a wavelength in the range of 0.1 nm to 200 nm. 

41. The bioconjugated nanoparticle of claim 40, wherein 
said soft X-rays comprise electromagnetic radiation compris 
ing a wavelength in the range of 1 nm to 15 nm. 

42. The bioconjugated nanoparticle of claim 37, wherein 
said ultraviolet light frequency comprises electromagnetic 
radiation with a wavelength frequency in the range of 1 nm to 
280 nm. 

43. The bioconjugated nanoparticle of claim 42, wherein 
said ultraviolet light frequency comprises electromagnetic 
radiation with a wavelength frequency in the range of 100 nm 
to 260 nm. 

44. The bioconjugated nanoparticle of claim 37, wherein 
said quantum dot comprises a wide band gap. 

45. The bioconjugated nanoparticle of claim 44, wherein 
said quantum dot is comprised of an inert material. 

46. The bioconjugated nanoparticle of claim 37, wherein 
said quantum dot is selected from the group consisting of 
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gallium nitride, gallium arsenide Zinc oxide, aluminum 
nitride, boron nitride and diamond. 

47. The bioconjugated nanoparticle of claim 37, wherein 
said quantum dot is in a range from 1 to 50 nm. 

48. The bioconjugated nanoparticle of claim 47, wherein 
said quantum dot is in a range from 1 to 40 nm. 

49. The bioconjugated nanoparticle of claim 48, wherein 
said quantum dot is in a range from 1 to 10 nm. 

50. The bioconjugated nanoparticle of claim 37, wherein 
said quantum dot is coated with a biocompatible material. 

51. The bioconjugated nanoparticle of claim 50, wherein 
said biocompatible material is selected from the group con 
sisting of a lipid, a carbohydrate, a polysaccharide, a protein, 
a polymer, a glycoprotein, and a glycolipid. 

52. The bioconjugated nanoparticle of claim 37, further 
comprising a linker, wherein said linker attaches said target 
ing moiety to said quantum dot. 

53. The bioconjugated nanoparticle of claim 37, wherein 
said targeting moiety is specific for a marker of said disease. 

54. The bioconjugated nanoparticle of claim 53, wherein 
said targeting moiety is selected from the group consisting of 
an antibody or fragments thereof, haptens, polypeptides, oli 
gonucleotides, anti-sense RNA, Peptide Nucleic Acids, pro 
teins, chimeric proteins, fusion proteins, and combinations 
thereof. 

55. A method of making a bioconjugated nanoparticle 
according to claim 1 comprising the steps of 

a. Contacting said quantum dot with a targeting moiety, 
wherein said contacting results in said targeting moiety 
being linked to said quantum dot; 

b. Isolating said newly formed bioconjugated nanoparticle. 
56. The method of claim 55, wherein said targeting moiety 

is linked to said quantum dot via a covalent bond. 
57. A method of making of making a bioconjugated nano 

particle according to claim 1 comprising the steps of 
a. Contacting said quantum dot with a linker, wherein said 

quantum dot is linked to said linker, 
b. Isolating said quantum dot that is linked to said linker, 
c. Contacting said quantum dot linked to said linker with a 

targeting moiety, wherein said targeting moiety is linked 
to said linker; 

d. Isolating said newly formed bioconjugated nanoparticle. 
58. The method of claim 57, wherein said linkages are via 

covalent bonds. 


