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having a core-shell type arrangement; for instance, a nano 
structure core may be surrounded by a shell including a mate 
rial. Such as a lipid bilayer, and may include other compo 
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SYNTHETICNANOSTRUCTURES 
INCLUDING NUCLECACDS AND/OR 

OTHERENTITIES 

RELATED APPLICATIONS 

This application is a divisional which claims the benefit 
under 35 U.S.C. S 120 of U.S. application Ser. No. 13/522, 
827, entitled “SYNTHETIC NANOSTRUCTURES 
INCLUDING NUCLEICACIDS AND/OR OTHER ENTI 
TIES” filed on Oct. 15, 2012, which is a national stage filing 
under 35 U.S.C. S371 of international application PCT/ 
US2011/021753, filed Jan. 19, 2011, which was published 
under PCT Article 21(2) in English, and claims the benefit of 
priority under 35 U.S.C. S 119(e) of United States Provisional 
Patent Application Ser. No. 61/296,373, entitled “MIXED 
MONOLAYER GOLDNANOPARTICLES FOR CANCER 
THERAPEUTICS, filed Jan. 19, 2010, and claims the ben 
efit of priority under 35 U.S.C. S 119(e) of U.S. Provisional 
Patent Application Ser. No. 61/365.987, entitled “NANO 
PARTICLES FOR TREATMENT OF ATHEROSCLERO 
SIS AND/OR OTHER INDICATIONS'', filed Jul. 20, 2010 
and claims the benefit of priority under 35 U.S.C. S 119(e) of 
U.S. Provisional Patent Application Ser. No. 61/424,904, 
entitled NANOSTRUCTURES INCLUDING NUCLEIC 
ACIDS AND/OR OTHER ENTITIES”, filed Dec. 20, 2010, 
the contents of which are hereby incorporated by reference 
herein in their entireties. 

GOVERNMENT SUPPORT 

This invention was made with government Support under 
grant number U54 CA119341 awarded by the National Insti 
tutes of Health. The government has certain rights in the 
invention. 

FIELD OF INVENTION 

The present invention generally relates to synthetic nano 
structures including nucleic acids and/or other entities. The 
nanostructures may be used for therapeutic and/or diagnostic 
applications. 

BACKGROUND 

Nonviral nanoparticle (NP) formulations are being devel 
oped to address hurdles inherent to the targeted cellular deliv 
ery of short therapeutic nucleic acid (NA) oligonucleotides 
(e.g. antisense-DNA (AS-DNA), siRNA, and microRNA). 
Chemical approaches are being employed to endow various 
synthetic NP platforms with ever-increasing biomimetic 
capacity to enhance the NPs ability to overcome interfacial 
hurdles that arise when cellular biological systems are 
exposed to synthetic nanostructures. Although there has been 
progress in the area of nucleic acid delivery and gene regula 
tion, improvements would find application in a number of 
different fields. 

SUMMARY OF THE INVENTION 

The present invention generally relates to nanostructures 
including nucleic acids and/or other entities. The nanostruc 
tures may be used for therapeutic and/or diagnostic applica 
tions. The nanostructures may find utility for the targeted in 
vivo delivery of nucleic acid therapeutics for any number of 
disease processes, including, but not limited to, atherosclero 
sis, inflammation, and cancer. The Subject matter of the 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
present invention involves, in Some cases, interrelated prod 
ucts, alternative solutions to a particular problem, and/or a 
plurality of different uses of one or more systems and/or 
articles. 

Several methods are disclosed herein of administering a 
Subject with a compound for prevention or treatment of a 
particular condition. It is to be understood that in each Such 
aspect of the invention, the invention specifically includes, 
also, the compound for use in the treatment or prevention of 
that particular condition, as well as use of the compound for 
the manufacture of a medicament for the treatment or preven 
tion of that particular condition. 

In another aspect, the present invention is directed to a 
method of making one or more of the embodiments described 
herein, for example, structures including nanoparticle-tem 
plated biomimetics. In another aspect, the present invention is 
directed to a method of using one or more of the embodiments 
described herein. The structures, in Some embodiments, may 
include a nanoparticle-templated biomimetic of high density 
lipoprotein (“HDL NP). For example, the structure may 
have the same or similar shape, size, and/or density as an 
HDL, and/or the structure may include surface features and/ 
or Surface concentrations that resemble endogenous HDLS, 
for example the presence of Apo A-1 (apolipoprotein) and/or 
Apo A-II, and/or their components. The structure, in some 
embodiments, may include phospholipids that resemble 
those found in endogenous HDLS. In some embodiments, the 
structure may include a nanostructure core formed of gold; it 
should be understood, however, that other nanostructure 
cores and materials can be used as templates to form biomi 
metic structures in other embodiments. 
One aspect of the invention is generally directed to the 

fabrication, directed tailoring, and in vitro characterization of 
biomimetic nanostructures which naturally interface with 
biological systems to deliver nucleic acids. High density lipo 
proteins (HDL) are naturally circulating human nanostruc 
tures with a multitude of beneficial functions. HDLS naturally 
target specific cell types including endothelial cells, mac 
rophages, and hepatocytes. Using a bottom-up synthetic 
approach, structures with similar size, shape, and/or Surface 
chemistry to natural mature spherical HDLS may be prepared, 
as discussed herein, to form structures such as HDL NPs. In 
some embodiments, the HDL NPs function comparably to 
their natural counterparts in biological systems to efflux and 
transport cholesterol. Accordingly, in one set of embodi 
ments, structures such as HDLNPs may be used to assess how 
biomimicry may be used to Successfully integrate functional 
hybrid nucleic acid-HDLNPs (NA-HDLNPs) into biological 
systems for nucleic acid delivery. 
One aspect of the invention is generally directed to spheri 

cal NP-templated HDL biomimetic structures. The binding 
constant of these structures to cholesterol may be, for 
example, less than the concentration of total cholesterol in 
vivo. In some embodiments, the binding constant of these 
structures to cholesterol may be less than about K-10 mM. 
These structures may be engineered to mimic endogenous 
spherical HDLs. For example, in some embodiments, the 
structures have a binding constant to cholesterol (or another 
lipid such as a triglyeride) that is substantially similar to that 
of endogenous HDL. The surface components of the HDL NP 
structures, in one set of embodiments, includes those of natu 
ral HDL. For example, 2-3 copies of Apo A-1 may be embed 
ded within a layer of NP-adsorbed phospholipids, in one 
embodiment. The HDL NP structures may have any suitable 
size, e.g., as described herein. In some embodiments, the 
HDL NPs can enhance reverse cholesterol transport from 
cells, such as both murine (J774) and human (THP-1) mac 
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rophages grown in culture. Furthermore, a portion of the HDL 
NPs may be taken up by the cells where they have significant 
cytoplasmic localization. The structures also include one or 
more different nucleic acids in Some embodiments. 

In some embodiments, the structures are modified to 
include more than one functionality. For example, the struc 
tures may be surface-functionalized with thiol end-modified 
oligonucleotides (i.e. DNA, RNA, siRNA, mRNA, etc.). 
Structures may also be surface functionalized with thiol 
modified oligosable to regulate gene expression. These struc 
tures may have increased affinity for complementary nucleic 
acids compared to unmodified oligonucleotides, reduced Sus 
ceptibility to nuclease degradation, have greater than 80%, 
85%, 90%, 95%, 97%, or 99% cellular uptake, and/or exhibit 
little or no toxicity. The surface density of bound oligonucle 
otides to the structures may also be controlled, e.g., to show 
gene knockdown. Oligonucleotides such as DNA, RNA, or 
siRNA may be attached to a nanostructure core using tech 
niques such as electrostatic adsorption orchemisorption tech 
niques, for example, Au—SH conjugation chemistry. 
One set of embodiments is generally directed to certain 

nanomaterial structures capable of addressing macrophages 
and hepatocytes for unique and highly potent dual activity. 
Thus, the structures may function in both cell types. Design of 
Such structures may involve, for example, balancing the Sur 
face coverage of siRNA so as to not, potentially, decrease the 
capacity for the structure to mediate reverse cholesterol efflux 
and vice versa. 

In one set of embodiments, a series of structures are pro 
vided. In one embodiment, a structure comprises a nanostruc 
ture core, a shell comprising a lipid surrounding and attached 
to the nanostructure core, and an oligonucleotide adapted to 
regulate gene expression associated with at least a portion of 
the shell. The structure may be adapted to sequester choles 
terol. 

In another embodiment, a structure comprises a nanostruc 
ture core, a hydrophobic shell Surrounding the nanostructure 
core, and an oligonucleotide adapted to regulate gene expres 
sion associated with at least a portion of the shell. The struc 
ture may be adapted to sequester cholesterol. 

In another embodiment, a structure comprises a nanostruc 
ture core, and a cholesterol-modified oligonucleotide associ 
ated with the nanostructure core. 

In another embodiment, a nanostructure comprising an 
oligonucleotide adapted to regulate gene expression, a lipid, 
and an apolipoprotein. 

In another embodiment, a nanostructure comprises an oli 
gonucleotide adapted to regulate gene expression and apoli 
poprotein A1. 

In some instances, a method includes delivering a structure 
described herein to a subject or a biological sample, and 
regulating gene expression in the Subject or biological 
sample. 

In some embodiments, a pharmaceutical composition is 
provided. The composition may include a structure described 
herein and one or more pharmaceutically acceptable carriers, 
additives, and/or diluents. 

In some embodiments, a kit for diagnosing, preventing, 
treating or managing a disease or bodily condition is pro 
vided. The kit may include a composition comprising a plu 
rality of structures described herein, and instructions for use 
of the composition for diagnosing, preventing, treating or 
managing a disease or bodily condition. 

In certain embodiments, the structures described herein are 
single entities that can be used as both a therapeutic and a 
diagnostic agent. 
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In another set of embodiments, a series of methods are 

provided. In one embodiment, a method for diagnosing, pre 
venting, treating or managing a disease or bodily condition. 
The methods involves administering to a Subject a therapeu 
tically-effective amount of a composition comprising a struc 
ture described herein, e.g., a structure comprising a nano 
structure core comprising an inorganic material and a shell 
Surrounding and attached to the nanostructure core. The 
structure may be adapted to sequester cholesterol (or other 
lipids or molecules in certain embodiments). The method 
may include allowing the structure to sequester cholesterol, 
e.g., at least 2, at least 3, at least 5, 20, or 50 molecules of 
cholesterol. The cholesterol may be, for example, esterified 
cholesterol or free cholesterol. In other embodiments, a 
method involves allowing the structure to sequester mol 
ecules of a particular type or composition, e.g., at least 5, 20, 
or 50 molecules of a particular type or composition. The 
structure may be adapted to regulate gene expression in 
sample or a patient. 

Other advantages and novel features of the present inven 
tion will become apparent from the following detailed 
description of various non-limiting embodiments of the 
invention when considered in conjunction with the accompa 
nying figures. In cases where the present specification and a 
document incorporated by reference include conflicting and/ 
or inconsistent disclosure, the present specification shall con 
trol. If two or more documents incorporated by reference 
include conflicting and/or inconsistent disclosure with 
respect to each other, then the document having the later 
effective date shall control. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Non-limiting embodiments of the present invention will be 
described by way of example with reference to the figures, 
which are schematic and are not intended to be drawn to scale. 
In the figures, each identical or nearly identical component 
illustrated is typically represented by a single numeral. For 
purposes of clarity, not every component is labeled in every 
figure, nor is every component of each embodiment of the 
invention shown where illustration is not necessary to allow 
those of ordinary skill in the art to understand the invention. 

FIG. 1 shows an example of a structure that can be used to 
deliver nucleic acids and/or other entities according to one set 
of embodiments; 

FIGS. 2A and 2B show methods for fabricating various 
structures that can be used to deliver nucleic acids and/or 
other entities according to embodiments described herein; 

FIG.3 shows a method for fabricating structures including 
one or more apolipoproteins and one or more oligonucle 
otides according to one set of embodiments; 47 lists SEQID 
NOS: 1 through 4 from top to bottom; 

FIG. 4 shows a method for fabricating structures including 
different components that form a shell of the structure accord 
ing to one set of embodiments; 57 is SEQID NO: 7): 

FIG. 5 shows results of toxicity experiments of structures 
delivered to human umbilical vein endothelial cells (HU 
VECs) according to one set of embodiments: 

FIG. 6 shows micro RNA-210 regulation by structures in 
HUVECs induced to express miR-210 using CoCl hypoxia 
induction according to one set of embodiments; 

FIGS. 7A-7C are electron micrographs showing murine 
J774 cells transected with structures described hereinaccord 
ing to one set of embodiments; 

FIG. 8A shows relative expression of miR-210 levels in 
HUVECs according to one set of embodiments: 
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FIG. 8B shows LDH toxicity toward HUVECs according 
to one set of embodiments; 

FIG. 8C shows miR-210 knock down in HUVECs using 
structures described herein according to one set of embodi 
ments; 

FIGS. 9A-9D are fluorescent confocal microscopy images 
showing cellular distribution of structures described herein in 
PC3 cells according to one set of embodiments: 

FIGS.9E-9Hare transmission electron microscopy (TEM) 
images showing cellular distribution of structures described 
herein in PC3 cells; 

FIG. 10 shows toxicity data for various structures 
described herein according to one set of embodiments; 

FIG. 11 shows the results of chemically inducing hypoxia 
in PC3 cells by exposing them to cobalt chloride according to 
one set of embodiments; 

FIG. 12 shows relative miR-210 expression in PC3 cells 
after treatment with various structures described herein in 
serum-containing and serum-free media according to one set 
of embodiments; 

FIG. 13A shows relative miR-210 expression in PC3 cells 
after treatment with various structures described herein 
according to one set of embodiments; 

FIG. 13B shows a western blot assessment of E2F3a, a 
target of miR-210, showing that treatment of PC3 cells with 
certain structures described herein de-represses E2F3a 
according to one set of embodiments; 

FIG. 14 shows a time course of miR-210 knockdown in 
PC3 cells treated with various structures described herein 
according to one set of embodiments; 

FIG. 15 shows examples of components that can be used to 
allow release of nucleic acids from structures described 
herein according to one set of embodiments; 

FIGS. 16A and 16B are transmission electron microscope 
images of mixed-monolayer functionalized nanoparticles 
according to one set of embodiments; and 

FIG. 17 shows LnCaP prostate cancer cells transected with 
mixed monolayer functionalized nanoparticles according to 
one set of embodiments. 

DETAILED DESCRIPTION 

Articles, compositions, kits, and methods relating to nano 
structures, including synthetic nanostructures, are provided. 
Certain embodiments described herein include structures 
having a core-shell type arrangement; for instance, a nano 
structure core may be surrounded by a shell including a mate 
rial. Such as a lipid bilayer, and may include other compo 
nents such as oligonucleotides. In some embodiments, the 
structures, when introduced into a subject, can be used to 
deliver nucleic acids and/or can regulate gene expression. 
Accordingly, the structures described herein may be used to 
diagnose, prevent, treat or manage certain diseases or bodily 
conditions. In some cases, the structures are both a therapeu 
tic agent and a diagnostic agent. 

Seamless integration of nano-biomaterials into biological 
systems is important for non-viral delivery of nucleic acids. 
Fabrication of such materials is important in order to fully 
realize the potential of nucleic acid-based therapies. One 
aspect of the invention combines a biomimetic nanostructure 
platform with rational nucleic acid chemistry to synthesize 
gene-regulating biomaterials. In some embodiments, hybrid 
nucleic acid-biomimetic structures can be fabricated to Suc 
cessfully navigate the bio-nano interface for targeted and 
chemically triggered release of regulatory nucleic acids. 
Anchoring the platform, in one set of embodiments, is a 
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6 
synthetic nanoparticle-templated structure, such as a nano 
particle-templated biomimetic of high density lipoprotein 
(“HDLNP). 

Lipoproteins circulate in the human body and transport 
hydrophobic molecules (e.g., cholesterol). HDLs have 
myriad of beneficial physiologic functions including, most 
notably, the prevention of atherosclerotic cardiovascular dis 
ease. Functionally, HDLS naturally target specific cell types 
(e.g., endothelial cells, macrophages, hepatocytes), are inter 
nalized by them, may transfer cholesterol, and are then re 
introduced into the circulation. In some embodiments, by 
using a nanoparticle scaffold as a nanostructure core, the 
Surface protein and lipid components of naturally occurring 
mature spherical HDL can be assembled. From the standpoint 
of size, shape, and Surface chemistry, the resultant HDL struc 
ture may be a mimic of natural HDL. At the core may be a 
nanoparticle. Such as an inorganic nanoparticle (e.g., an 
AuNP) with potential for biomolecule attachment, such as 
nucleic acids (e.g., oligonucleotides). The inorganic nanopar 
ticle can be optionally removed to produce a hollow or par 
tially-hollow core in some embodiments. 

Although much of the description herein refers to gold 
nanoparticles (e.g., as use as templates or nanostructure 
cores), it should be understood that this is by way of example 
only, and that other structures and materials can be used as 
templates or nanostructure cores. 

In one set of embodiments, synthetic methods for attaching 
nucleic acids to the surface of nanoparticles (e.g., HDL NPs) 
are described. Solid phase nucleic acid synthesis may be 
employed to produce a suite of DNA or RNA oligonucle 
otides end-modified with functional groups, such as choles 
terol and alkyl-thiols, for attachment to nanostructure cores. 
Systematic tailoring of a nanostructure core with oligonucle 
otides can be used to obtain control over surface chemical 
composition. It is believed that the surface chemistry at least 
partially controls certain bio-nano interfacial interactions. 

In another set of embodiments, solid-phase DNA chemis 
try is used to tailor synthetic oligonucleotides for DNA-nano 
particle (e.g., HDLNP) attachment. For instance, nucleic acid 
release from the resulting structure may be useful in certain 
applications. In yet another set of embodiments, the present 
invention is directed to the gene regulating capacity of the 
nucleic acid-modified nanostructures in cell culture. In rela 
tively high throughput, the function of such structures can be 
assessed in a model system to show structure-function rela 
tionships. Importantly, the functional impact that deviation 
from biomimicry imparts may be inferred by surface chem 
istry (e.g., nucleic acid release mechanism), and can be 
directly tested to derive a mechanism for optimal bio-integra 
tion of a hybrid DNA-HDL NPs. 

Specifically, in Some embodiments, the present invention is 
directed to the de novo synthesis of biomimetic HDL nano 
structures (HDL NPs), and an evaluation of their ability to 
deliver targeted gene regulatory oligonucleotides (e.g., cho 
lesterylated oligonucleotides) to the cell cytoplasm. Cancer 
cells are dependent upon cholesterol delivery by HDL in 
order to maintain cell membrane biosynthesis and integrity. 
Thus, a cellular model of androgen insensitive prostate cancer 
(PC3) was employed for these studies. Data demonstrate that 
HDLAuNPs with surface-adsorbed cholesterylated antisense 
DNA (chol-DNA-HDL AuNPs) effectively deliver targeted 
chol-DNA to the cell cytoplasm, avoid endosomal sequestra 
tion, and regulate a model RNA target. The bottom-up syn 
thesis of chol-DNA-HDLAuNPs provides a biomimetic plat 
form for effective cellular NA delivery. 

In another set of embodiments, the present invention is 
generally directed to therapeutic agents for the treatment of 
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atherosclerosis and other indications. The therapeutic agent, 
in one set of embodiments, targets cells such as macrophages 
(cholesterol uptake and inflammation) and hepatocytes (pro 
duction of cholesterol-rich low density lipoprotein (LDL)). 
Certain embodiments are directed to hybrid nanoparticle 
based high density lipoprotein mimetic structures (e.g., HDL 
NPs). The agent may be used as a cholesterol scavenger 
(targeting macrophages) and/or as a gene-regulating thera 
peutic (targeting hepatocytes). In some embodiments, the 
surface of the HDL NPs may be tailored with nucleic acids, 
for example, siRNA (e.g., to regulate targeted gene expres 
sion in hepatocytes). In addition to mimicking the activity of 
natural HDL with regard to enhancing reverse cholesterol 
transport, Such structures may reduce the production of low 
density lipoprotein (LDL) in hepatocytes through HDL NP 
mediated delivery of siRNA targeting the production of apo 
lipoprotein B-100 (Apo B-100), the mainstructural protein of 
LDL. 

Current approaches to therapeutic gene regulation with 
oligonucleotide (e.g., DNA or siRNA) functionalized AuNPs 
demonstrate that the nanoparticles are taken up by cells 
through energy-dependent endocytosis. The consequence of 
this process is that many of the nanoparticles may be trapped 
in endoSomes and do not maximally concentrate in the cyto 
plasm. For therapeutic approaches that require conjugate 
nanostructures to interact with targeted and pathologically 
up-regulated intracellular mRNA targets, for example, this 
can serve to limit therapeutic efficacy. As such, one problem 
addressed by the structures described herein is the sub-cellu 
lar localization of the structures. The structures may be used 
to deliver nucleic acids to the cytoplasm within cells to 
achieve high gene regulating capacity. 

Previous research using phospholipid vesicles, or lipo 
Somes, have shown that phospholipids are effective drug 
delivery agents. In some cases, liposomes are able to perme 
ate through cell membranes. However, studies have also 
shown that these phospholipid particles (about 100 nm in 
diameter) pass through the cell membrane generating tempo 
rary holes in the cell membrane, which can be cytotoxic. In 
Some embodiments by using structures described herein, this 
cytotoxicity may be reduced or avoided. These structures 
may, in Some cases, permeate the cell membrane and avoid 
endosomal sequestration. In some embodiments in which the 
structures include both nucleic acids and lipids, interactions 
with cells can be tailored by optimizing the nucleic acid:lipid 
ratio of the structures and by rationally tailoring the surface 
chemistry of the structures. 

Although much of the description herein refers to struc 
tures acting as biomimetics of high density lipoprotein, the 
articles and methods described herein may be useful for form 
ing mimetics of other entities, including naturally-occurring 
entities, that may provide Some therapeutic, diagnostic, and/ 
or other beneficial effect. Structures that mimic naturally 
occurring entities may be used to target specific cell types to 
treat or diagnose certain indications. Some Such biomimetic 
structures may include nucleic acids, and may be used for 
nucleic acid delivery, tailored nucleic acid release, and/or can 
be used to regulate gene expression in the target. 

The illustrative embodiment of FIG. 1 includes a structure 
10 having a core 16 and a shell 20 surrounding the core. In 
embodiments in which the core is a nanostructure, the core 
includes a Surface 24 to which one or more components can 
be optionally attached. For instance, in some cases, core 16 is 
a nanostructure surrounded by shell 20, which includes an 
inner surface 28 and an outer surface 32. The shell may 
include one or more components 34. Such as a plurality of 
lipids, which may optionally associate with one another and/ 
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8 
or with surface 24 of the core. Structure 10 may optionally 
include one or more components 36, Such as a protein or other 
entity, and optionally one or more nucleic acids 37 and 38 
(e.g., oligonucleotides), which may be used for nucleic acid 
delivery and/or to regulate gene expression in a sample or 
patient in some embodiments. As shown illustratively in FIG. 
1, nucleic acid 37 may be adsorbed (e.g., physisorbed) to a 
portion of the shell and nucleic acid 38 may be covalently or 
near-covalently bonded to surface 24 of the shell. 
Components 34 (e.g., lipids) may be associated with the 

core by being covalently attached to the core, physisorbed, 
chemisorbed, or attached to the core through ionic interac 
tions, hydrophobic and/or hydrophilic interactions, electro 
static interactions, van der Waals interactions, or combina 
tions thereof. In one particular embodiment, the core includes 
a gold nanostructure and the shell is attached to the core 
through a gold-thiol bond. Optionally, components 34 can be 
crosslinked to one another. Crosslinking of components of a 
shell can, for example, allow the control of transport of spe 
cies into the shell, or between an area exterior to the shell and 
an area interior of the shell. For example, relatively high 
amounts of crosslinking may allow certain Small, but not 
large, molecules to pass into or through the shell, whereas 
relatively low or no crosslinking can allow larger molecules 
to pass into or through the shell. Additionally, the components 
forming the shell may be in the form of a monolayer or a 
multilayer, which can also facilitate or impede the transport or 
sequestering of molecules. In one exemplary embodiment, 
shell 20 includes a lipid bilayer that is arranged to sequester 
cholesterol. 

It should be understood that a shell which surrounds a core 
need not completely surround the core, although such 
embodiments may be possible. For example, the shell may 
surround at least 50%, at least 60%, at least 70%, at least 80%, 
at least 90%, or at least 99% of the surface area of a core. In 
Some cases, the shell Substantially Surrounds a core. In other 
cases, the shell completely surrounds a core. The components 
of the shell may be distributed evenly across a surface of the 
core in Some cases, and unevenly in other cases. For example, 
the shell may include portions (e.g., holes) that do not include 
any material in some cases. If desired, the shell may be 
designed to allow penetration and/or transport of certain mol 
ecules and components into or out of the shell, but may 
prevent penetration and/or transport of other molecules and 
components into or out of the shell. The ability of certain 
molecules to penetrate and/or be transported into and/or 
across a shell may depend on, for example, the packing den 
sity of the components forming the shell and the chemical and 
physical properties of the components forming the shell. As 
described herein, the shell may include one layer of material 
(e.g., a monolayer), or multilayers of materials in some 
embodiments. 

Structure 10 may also include one or more components 36 
Such as proteins, nucleic acids, and bioactive agents which 
may optionally impart specificity to the structure. One or 
more components 36 may be associated with the core, the 
shell, or both; e.g., they may be associated with Surface 24 of 
the core, inner surface 28 of the shell, outer surface 32 of the 
shell, and/or embedded in the shell. For example, one or more 
components 36 may be associated with the core, the shell, or 
both through covalent bonds, physisorption, chemisorption, 
or attached through ionic interactions, hydrophobic and/or 
hydrophilic interactions, electrostatic interactions, van der 
Waals interactions, or combinations thereof. In one particular 
embodiment, shell 20 is in the form of a lipoprotein assembly 
or structure which includes both proteins and lipids that are 
covalently or non-covalently bound to one another. For 
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example, the shell may be in the form of an apolipoprotein 
assembly that serves as an enzyme co-factor, receptor ligand, 
and/or lipid transfer carrier that regulates the uptake of lipids. 
As described herein, the components of structure 10 may be 
chosen Such that the Surface of the structure mimics the gen 
eral surface composition of HDL, LDL, or other structures, 
and may be used to sequester cholesterol or other structures in 
Some embodiments. 

In one set of embodiments, the structures includes one or 
more nucleic acid 37 and/or 38 (e.g., an oligonucleotide) that 
may be adapted and arranged to regulate gene expression in a 
sample or subject, as described in more detail below. 

It should be understood that components and configura 
tions other than those described herein may be suitable for 
certain structures and compositions, and that not all of the 
components shown in FIG. 1 are necessarily present in some 
embodiments. 

FIGS. 2A and 2B show general approaches for fabricating 
certain structures described herein. The structures may be 
used, in some embodiments, to both sequester cholesteroland 
to deliver nucleic acids and/or to regulate gene expression in 
a sample or patient. Specifically, FIG. 2A shows a structure 11 
that includes a shell 20 and adsorption (e.g., physisorption) of 
nucleic acids 37 (e.g., oligonucleotides) onto a portion of the 
shell. The nucleic acid may be adsorbed to an inner portion, 
outer portion, interior portion of the shell and/or combina 
tions thereof. In some embodiments, nucleic acid 37 is an 
oligonucleotide adapted to regulate gene expression in a 
sample or patient. 
As shown illustratively in FIG. 2A, structure 11 may 

include a core 16 substantially surrounded by shell 20. The 
shell may include a first layer formed of components 34A and 
a second layer formed of components 34B. In some embodi 
ments, components 34A and/or 34B are lipids, such as phos 
pholipids or other entities described herein. In other embodi 
ments, components 34A and/or 34B are components other 
than lipids, as described in more detail below. Structure 11 
also includes one or more components 36 (e.g., a protein Such 
as an apolipoprotein) associated with the shell. In some 
embodiments, components 36 are first introduced to core 16, 
which may be a nanostructure core, followed by components 
34A and 34B which form the shell of structure 11. Compo 
nent 36 may first associate with the Surface of the core (e.g., 
by absorption or by other interactions), and in Some cases, 
may associate with a portion, but not all of the Surface of the 
core. The addition of components 34A and/or 34B may dis 
place portions of component 36 from the surface of the core, 
and/or may associate with portions of the core surface where 
portions of component 36 are not present. Structure 11 may 
be formed by the addition of one or more nucleic acids 37. 
which may associate with an outer component 34B of the 
shell, with an inner component 34A of the shell, between the 
inner and outer components, or combinations thereof. 

FIG. 2B shows a method for forming a structure 12 that 
includes one or more nucleic acids 38 (e.g., oligonucleotides) 
that are covalently or near-covalently attached to a Surface of 
a core. The nucleic acid may be attached to the surface of the 
core directly, or via an intervening layer (e.g., a passivating 
layer). In some embodiments, nucleic acid 38 is an oligo 
nucleotide adapted to regulate gene expression in a sample or 
patient. A method of fabricating structure 12 may include, for 
example, introducing one or more components 36 (e.g., a 
protein Such as anapolipoprotein) to a core 16. Component 36 
may, in Some embodiments, associate with a portion, but not 
all of the surface of the core. The resulting entity may then be 
subjected to a nucleic acid 38 that is end-modified with a 
functional group that allows it to associate with the Surface of 
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10 
the core. The resulting entity may then be subjected to com 
ponents 34A and/or 34B, which, in some embodiments, may 
displace at least a portion of component 36 from the surface of 
the core, and/or may associate with portions of the core Sur 
face where portions of component 36 are not present. 

FIG. 3 shows a method for forming structures 13 which 
includes a core 16 surrounded by a shell 20 that includes a 
lipid bilayer and a protein 46, Such as apolipoprotein A1, 
embedded in the lipid bilayer. Structure 13 may be a biomi 
metic of endogenous high density lipoprotein (e.g., in terms 
of shape, size and Surface chemistry) in some embodiments. 
Specific examples of components that can be used to form the 
lipid bilayer include phospholipids 44A and 44B. One or 
more oligonucleotides 47 (SEQ ID NOS: 1 through 4 from 
top to bottom), which may be used to regulate gene expres 
sion in a sample or patient, can be absorbed onto a portion of 
the shell. Although specific components 46 (e.g., APO-A1), 
44A and 4.4B (e.g., phospholipids), and 47 (e.g., oligonucle 
otides; SEQ ID NOS: 1 through 4 from top to bottom) are 
shown, other components can be used in other embodiments. 
Examples of Such components are provided in more detail 
herein. 

It should be understood that compositions and methods 
described herein for treating a sample or patient, especially 
those for delivering nucleic acids and/or for regulating gene 
expression, may involve the use of any suitable structure or 
combination of structures, whether the nucleic acids are 
adsorbed onto a portion of the structure or covalently/near 
covalently attached to a portion of the structure. In certain 
embodiments, nucleic acids adsorbed to a surface of the struc 
ture core, e.g., regardless of the binding constant, are more 
likely to passively diffuse or exchange from the surface of the 
structure compared to embodiments in which the nucleic acid 
is end-modified with Suitable groups for covalent or near 
covalent coupling to a Surface of the structure. As such, in 
Some embodiments, methods involving covalent or near-co 
Valent attachment of nucleic acids may allow for the particle 
surface chemistry to be more easily controlled. Furthermore, 
in some cases, the addition of structures having adsorbed 
nucleic acids into serum-containing matrices (cell culture or 
blood) may result in transfer of the adsorbed nucleic acid 
from the structure to other serum lipoproteins or albumin 
Covalent or near covalent coupling of the nucleic acid to a 
Surface of the structure may, in Some embodiments, provide 
for a more stable structures with regard to nucleic acid reten 
tion. In other embodiments where it is desirable to release 
nucleic acids from the structure to its surrounding environ 
ment, structures including adsorbed nucleic acids may be 
used. 

FIG. 4 shows a method for fabricating structures having a 
mixed layer of components. Shell 20 includes components 
54A and 54B which form a single layer (e.g., a monolayer) on 
the surface of core 16. Examples of specific chemical com 
pounds that can be used as components 54A and 54B are 
shown in the figure. As shown illustratively in FIG. 4, com 
ponent 54A may be a phospholipid that imparts hydropho 
bicity to the outer surface of the core. Such components may 
lie adjacent components 54B, which may include a functional 
group that can allow attachment of one or more bioactive 
agents such as a nucleic acid 57 (e.g., an oligonucleotide Such 
as the one shown specifically in the figure, SEQID NO: 7). 
Although specific chemical compounds are shown in the 
figure, it should be understood that this is by way of example 
only, and that other chemical compounds can be used as 
components 54A, 54B, and 57 in other embodiments. 
A core, such as core 16 shown in FIGS. 1-4 (e.g., a nano 

structure core or a core that is at least partially hollow), may 
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have any suitable shape and/or size. For instance, the core 
may be substantially spherical, non-spherical, oval, rod 
shaped, pyramidal, cube-like, disk-shaped, wire-like, or 
irregularly shaped. The core may have a largest cross-sec 
tional dimension (or, sometimes, a smallest cross-section 
dimension) of, for example, less than or equal to about 500 
nm, less than or equal to about 250 nm, less than or equal to 
about 100 nm, less than or equal to about 75 nm, less than or 
equal to about 50 nm, less than or equal to about 40 nm, less 
than or equal to about 35 nm, less than or equal to about 30 
nm, less than or equal to about 25 nm, less than or equal to 
about 20 nm, less than or equal to about 15 nm, less than or 
equal to about 10 nm, or less than or equal to about 5 nm. In 
Some cases, the core has an aspect ratio of greater than about 
1:1, greater than 3:1, or greater than 5:1. In other cases, the 
core has an aspect ratio of less than about 10:1, less than 5:1, 
or less than 3:1. As used herein, "aspect ratio” refers to the 
ratio of a length to a width, where length and width measured 
perpendicular to one another, and the length refers to the 
longest linearly measured dimension. 
A nanostructure core may be formed from any Suitable 

material. For instance, in one embodiment, a nanostructure 
core comprises an inorganic material. The inorganic material 
may include, for example, a metal (e.g., Ag, Au, Pt, Fe, Cr, Co. 
Ni, Cu, Zn, Ti, Pd and other metals), a semiconductor (e.g., 
Rh, Ge, silicon, silicon compounds and alloys, cadmium 
Selenide, cadmium sulfide, indium arsenide, and indium 
phosphide), or an insulator (e.g., ceramics such as silicon 
oxide). The inorganic material may be present in the core in 
any suitable amount, e.g., at least 1 wt %, 5 wt %, 10 wt %, 25 
wt %, 50 wt %, 75 wt %, 90 wt %, or 99 wt %. In one 
embodiment, the core is formed of 100 wt % inorganic mate 
rial. The nanostructure core may, in Some cases, be in the form 
of a quantum dot, a carbon nanotube, a carbon nanowire, or a 
carbon nanorod. In some cases, the nanostructure core com 
prises, or is formed of, a material that is not of biological 
origin. In some embodiments, a nanostructure includes one or 
more organic materials such as a synthetic polymer and/or a 
natural polymer. Examples of synthetic polymers include 
non-degradable polymers such as polymethacrylate and 
degradable polymers such as polylactic acid, polyglycolic 
acid and copolymers thereof. Examples of natural polymers 
include hyaluronic acid, chitosan, and collagen. In certain 
embodiments, the nanostructure core does not include a poly 
meric material (e.g., it is non-polymeric). 
The surface of the nanostructure core may include the 

material used to form the interior portions of the core, or the 
Surface of the nanostructure core may be passivated by one or 
more chemicals to facilitate attachment of components (e.g., 
components that form a shell). 

In some cases, core 16 is hollow and therefore does not 
include a nanostructure core. Thus, in Some Such and other 
embodiments, structure 10 includes a shell that can optionally 
allow components (e.g., bioactive agents, cholesterol) to pass 
to and from core 16 and an environment 40 outside of the 
shell. In contrast to certain existing hollow structures (e.g., 
liposomes) which typically have a largest cross-sectional 
dimension of greater than about 100 nm due to the steric 
hindrance of the components forming the shell, structures 10 
having a hollow core (e.g., a partially or wholly hollow core) 
may be very Small, e.g., having a largest cross-sectional 
dimension of less than about 100 nm, or even less than about 
50 nm. For example, liposomes that include a lipid bilayer 
comprising phospholipids are difficult to fabricate having a 
size of less than 100 nm since the phospholipids become 
limited sterically, thus making it difficult or impossible to 
form bilayered hollow structures with small radii of curva 
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ture. Using a nanostructure core as a template for phospho 
lipids or other molecules, and then removing the nanostruc 
ture core, may result in hollow or at least partially hollow 
structures with small radii of curvature. Examples of methods 
that can used to form hollow cores are described in more 
detail in International Patent Publication No. WO/2009/ 
131704, filed Apr. 24, 2009 and entitled, “Nanostructures 
Suitable for Sequestering Cholesterol and Other Molecules, 
which is incorporated herein by reference in its entirety for all 
purposes. 

Structures described herein, which may include a shell 
Surrounding a core, may also have any Suitable shape and/or 
size. For instance, a structure may have a shape that is Sub 
stantially spherical, oval, rod-shaped, pyramidal, cubed-like, 
disk-shaped, or irregularly shaped. The largest cross-sec 
tional dimension (or, sometimes, a smallest cross-section 
dimension) of a structure may be, for example, less than or 
equal to about 500 nm, less than or equal to about 250 nm, less 
than or equal to about 100 nm, less than or equal to about 75 
nm, less than or equal to about 50 nm, less than or equal to 
about 40 nm, less than or equal to about 35 nm, less than or 
equal to about 30 nm, less than or equal to about 25 nm, less 
than or equal to about 20 nm, less than or equal to about 15 
nm, or less than or equal to about 5 nm. The structure may also 
have an aspect ratio Substantially similar to the aspect ratio of 
the core. 
A shell of a structure can have any suitable thickness. For 

example, the thickness of a shell may be at least 10 Ang 
stroms, at least 0.1 nm, at least 1 nm, at least 2 nm, at least 5 
nm, at least 7 nm, at least 10 nm, at least 15 nm, at least 20 nm, 
at least 30 nm, at least 50 nm, at least 100 nm, or at least 200 
nm (e.g., from the inner surface to the outer surface of the 
shell). In some cases, the thickness of a shell is less than 200 
nm, less than 100 nm, less than 50 nm, less than 30 nm, less 
than 20 nm, less than 15 nm, less than 10 nm, less than 7 nm, 
less than 5 nm, less than 3 nm, less than 2 nm, or less than 1 
nm (e.g., from the inner Surface to the outer Surface of the 
shell). The shell may have a combination of the above-noted 
ranges. 

Those of ordinary skill in the art are familiar with tech 
niques to determine sizes of structures and particles. 
Examples of Suitable techniques include dynamic light scat 
tering (DLS) (e.g., using a Malvern Zetasizer instrument), 
transmission electron microscopy, Scanning electron micros 
copy, electroresistance counting and laser diffraction. Other 
Suitable techniques are known to those or ordinary skill in the 
art. Although many methods for determining sizes of nano 
structures are known, the sizes described herein (e.g., largest 
or Smallest cross-sectional dimensions, thicknesses) refer to 
ones measured by dynamic light scattering. 
The shell of a structure described herein may comprise any 

Suitable material. Such as a hydrophobic material, a hydro 
philic material, and/or an amphiphilic material. Although the 
shell may include one or more inorganic materials such as 
those listed above for the nanostructure core, in many 
embodiments the shell includes an organic material Such as a 
lipid or certain polymers. 
The components of a shell may be charged in Some cases, 

e.g., to impart a charge on the Surface of the structure. In other 
cases, the components of a shell or the Surface of the structure 
is uncharged. The Surface charge of a structure may be mea 
Sured by its Zeta potential. In some cases, a structure has a Zeta 
potential of, for example, between -2 mV and +2 mV. 
between -5 mV and +5 mV, between -7 mV and +7 mV. 
between -10 mV and +10 mV, between -20 mV and +20 mV. 
between -30 mV and +30 mV, between -40 mV and +40 mV. 
between -50 mV and +50 mV, between -60 mV and +60 mV. 
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between 0 mV and +5 mV, between +10 mV and +30 mV. 
between +30 mV and +40 mV, between +40 mV and +60 mV. 
or between +60 mV and +80 mV. In some cases, the Zeta 
potential of a structure described herein is less than or equal to 
-2 mV, less than or equal to -5 mV. less than or equal to -7 
mV. less than or equal to -10 mV. less than or equal to -20 
mV. less than or equal to -30 mV. less than or equal to -40 
mV. less than or equal to -50 mV, or less than or equal to -60 
mV. In other embodiments, the Zeta potential of a structure 
described herein is +2 mV or greater, +5 mV or greater, +7 
mV or greater, +10 mV or greater, +20 mV or greater, +30 mV 
or greater, +40 mV or greater, +50 mV or greater, or +60 mV 
or greater. Other values of Zeta potential are also possible. 

In one set of embodiments, a structure described herein or 
a portion thereof. Such as a shell of a structure, includes one or 
more natural or synthetic lipids or lipid analogs (i.e., lipo 
philic molecules). One or more lipids and/or lipid analogues 
may form a single layer or a multi-layer (e.g., a bilayer) of a 
structure. In some instances where multi-layers are formed, 
the natural or synthetic lipids or lipid analogs interdigitate 
(e.g., between different layers). Non-limiting examples of 
natural or synthetic lipids or lipid analogs include fatty acyls, 
glycerolipids, glycerophospholipids, sphingolipids, saccha 
rolipids and polyketides (derived from condensation of ketoa 
cyl subunits), sterol lipids and prenol lipids (derived from 
condensation ofisoprene Subunits), fatty acids (e.g., tri-, di-, 
and monoglycerides), Sterol-containing metabolites (e.g., 
cholesterol), and derivatives thereof. 

In one particular set of embodiments, a structure described 
herein includes one or more phospholipids. The one or more 
phospholipids may include, for example, phosphatidylcho 
line, phosphatidylglycerol, lecithin, B, y-dipalmitoyl-C-leci 
thin, sphingomyelin, phosphatidylserine, phosphatidic acid, 
N-(2,3-di(9-(Z)-octadecenyloxy)-prop-1-yl-N,N,N-trim 
ethylam monium chloride, phosphatidylethanolamine, lyso 
lecithin, lysophosphatidylethanolamine, phosphatidylinosi 
tol, cephalin, cardiolipin, cerebrosides, dicetylphosphate, 
dioleoylphosphatidylcholine, dipalmitoylphosphatidylcho 
line, dipalmitoylphosphatidylglycerol, dioleoylphosphati 
dylglycerol, palmitoyl-oleoyl-phosphatidylcholine, 
di-stearoyl-phosphatidylcholine, Stearoyl-palmitoyl-phos 
phatidylcholine, di-palmitoyl-phosphatidylethanolamine, di 
Stearoyl-phosphatidylethanolamine, di-myrStoyl-phosphati 
dylserine, di-oleyl-phosphatidylcholine, 1,2-dipalmitoyl-sn 
glycero-3-phosphothioethanol, and combinations thereof. In 
Some cases, a shell (e.g., a bilayer) of a structure includes 
50-200 natural or synthetic lipids or lipid analogs (e.g., phos 
pholipids). For example, the shell may include less than about 
500, less than about 400, less than about 300, less than about 
200, or less than about 100 natural or synthetic lipids or lipid 
analogs (e.g., phospholipids), e.g., depending on the size of 
the structure. In certain embodiments, a structure described 
herein includes one or more phospholipids that resemble 
those found in endogenous HDLS. 

Non-phosphorus containing lipids may also be used such 
as Stearylamine, docecylamine, acetyl palmitate, and fatty 
acid amides. In other embodiments, other lipids such as fats, 
oils, waxes, sterols, and fat-soluble vitamins (e.g., vitamins 
A, D, E and K) can be used to form portions of a structure 
described herein. 
A portion of a structure described herein such as a shell or 

a Surface of a nanostructure may optionally include one or 
more alkyl groups, e.g., an alkane-, alkene-, or alkyne-con 
taining species, that optionally imparts hydrophobicity to the 
structure. An “alkyl group refers to a saturated aliphatic 
group, including a straight-chain alkyl group, branched-chain 
alkyl group, cycloalkyl (alicyclic) group, alkyl Substituted 
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cycloalkyl group, and cycloalkyl Substituted alkyl group. The 
alkyl group may have various carbon numbers, e.g., between 
C and Cao, and in Some embodiments may be greater than Cs. 
Co. Cls. Co., C2s, Cao, or Css. In Some embodiments, a 
straight chain or branched chain alkyl may have 30 or fewer 
carbonatoms in its backbone, and, in some cases, 20 or fewer. 
In some embodiments, a straight chain or branched chain 
alkyl may have 12 or fewer carbonatoms in its backbone (e.g., 
C-C for straight chain, C-C for branched chain), 6 or 
fewer, or 4 or fewer. Likewise, cycloalkyls may have from 
3-10 carbon atoms in their ring structure, or 5, 6 or 7 carbons 
in the ring structure. Examples of alkyl groups include, but 
are not limited to, methyl, ethyl, propyl, isopropyl, cyclopro 
pyl, butyl, isobutyl, tert-butyl, cyclobutyl, hexyl, cyclohexyl, 
and the like. 
The alkyl group may include any suitable end group, e.g., 

a thiol group, a silane group, an amino group (e.g., an unsub 
stituted or Substituted amine), an amide group, an imine 
group, a carboxyl group, or a Sulfate group, which may, for 
example, allow attachment of a ligand to a nanostructure core 
directly or via a linker. For example, where inert metals are 
used to form a nanostructure core, the alkyl species may 
include a thiol group to form a metal-thiol bond. In some 
instances, the alkyl species includes at least a second end 
group. For example, the species may be bound to a hydro 
philic moiety Such as polyethylene glycol. In other embodi 
ments, the second end group may be a reactive group that can 
covalently attach to another functional group (e.g., a carboxy 
lic acid that allows attachment of a bioactive agent Such as a 
nucleic acid). In some instances, the second end group can 
participate in a ligand/receptor interaction (e.g., biotin/ 
streptavidin). 

In some embodiments, the shell includes a polymer. For 
example, an amphiphilic polymer may be used. The polymer 
may be a diblock copolymer, a triblock copolymer, etc., e.g., 
where one block is a hydrophobic polymer and another block 
is a hydrophilic polymer. For example, the polymer may be a 
copolymer of an O-hydroxy acid (e.g., lactic acid) and poly 
ethylene glycol. In some cases, a shell includes a hydrophobic 
polymer, Such as polymers that may include certain acrylics, 
amides and imides, carbonates, dienes, esters, ethers, fluoro 
carbons, olefins, Sytrenes, vinyl acetals, vinyl and vinylidene 
chlorides, vinyl esters, vinyl ethers and ketones, and vinylpy 
ridine and vinylpyrrolidones polymers. In other cases, a shell 
includes a hydrophilic polymer, such as polymers including 
certain acrylics, amines, ethers, styrenes, vinyl acids, and 
vinyl alcohols. The polymer may be chargedoruncharged. As 
noted herein, the particular components of the shell can be 
chosen so as to impart certain functionality to the structures. 
Where a shell includes an amphiphilic material, the mate 

rial can be arranged in any Suitable manner with respect to the 
core and/or with each other. For instance, the amphiphilic 
material may include a hydrophilic group that points towards 
the core and a hydrophobic group that extends away from the 
core, or, the amphiphilic material may include a hydrophobic 
group that points towards the core and a hydrophilic group 
that extends away from the core. Bilayers of each configura 
tion can also be formed. 

In some cases, the components that form a shell of a struc 
ture described herein are chosen, at least in part, on the 
molecular weight of the component. In some cases, the shell 
comprises, or is substantially formed of a component having 
a molecular weight of, for example, less than or equal to 
50,000 g/mol, less than or equal to 25,000 g/mol, less than or 
equal to 15,000 g/mol, less than or equal to 10,000 g/mol, less 
than or equal to 7,000 g/mol, less than or equal to 5,000 g/mol, 
less than or equal to 2,000 g/mol, less than or equal to 1,000 
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g/mol, or less than or equal to 500 g/mol. In other embodi 
ments, the molecular weight of a component is 1,000 g/mol or 
greater, 2,000 g/mol or greater, 5,000 g/mol or greater, 7.000 
g/mol or greater, 10,000 g/mol or greater, 15,000 g/mol or 
greater, 25,000 g/mol or greater, or 50,000 g/mol or greater. 
The component may be in the form of a polymer or a non 
polymer (e.g., a lipid). Such as those described herein. 

In certain embodiments, a structure comprises a shell 
including a mixed layer (e.g., mixed monolayer) of compo 
nents. For example, in one embodiment, the shell may include 
at least two types of lipids (e.g., a first lipid and a second lipid) 
such as those described herein, which form a mixed layer 
(e.g., a monolayer). In some embodiments including certain 
structures having a shell comprising a bilayer configuration, 
at least one of the layers may include a mixture of first and 
second components. In one set of embodiments, the shell may 
include a lipid such as those described herein (e.g., a first 
component), and a compound including an alkyl group Such 
as those described herein (e.g., a second component) that can 
be attached to a nanostructure core, and the two components 
may form a mixed layer (e.g., monolayer). The alkyl group 
may have various carbon numbers, e.g., between C and Co. 
and may optionally have attached to it one or more Suitable 
end groups, e.g., a thiol group, a silane group, an amino group 
(e.g., an unsubstituted or Substituted amine), an amide group, 
an imine group, a carboxyl group, or a sulfate group, which 
may, for example, allow attachment of the group to a nano 
structure core directly or via a linker. In some cases, one of the 
components in a mixed layer includes one end for attachment 
to a nanostructure core, and a second end for attachment to a 
bioactive agent such as a nucleic acid. Other types of compo 
nents can also be included in a mixed layer of a shell. In 
certain embodiments, a mixed layer may include 3 or more, or 
4 or more different components that form the layer. In some 
cases, the mixed layer is a self-assembled monolayer. 

In embodiments in which there are 2 or more components 
that form a layer, each component may be present in the layer 
in an amount of, for example, at least 5%, at least 10%, at least 
20%, at least 30%, at least 40%, at least 50%, at least 60%, at 
least 70%, at least 80%, or at least 90% of the layer by weight. 
For instance, in a 2-component system, the percentage of a 
first component relative to the total amount of first and second 
components in a mixed layer (by weight) may be, for 
example, at least 5%, at least 10%, at least 20%, at least 30%, 
at least 40%, at least 50%, at least 60%, at least 70%, at least 
80%, or at least 90%. In other embodiments, in a 2-compo 
nent system, the percentage of a first component relative to 
the total number of first and second components in a mixed 
layer may be, for example, at least 5%, at least 10%, at least 
20%, at least 30%, at least 40%, at least 50%, at least 60%, at 
least 70%, at least 80%, or at least 90%. 

In one set of embodiments, the structures described herein 
are constructed and arranged to sequester, transport, or 
exchange certain molecules to and/or from a subject or a 
biological sample. The structure, which may include one or 
more nucleic acids, may also function to deliver nucleic acids, 
release nucleic acids, and/or regulate gene expression in the 
sample or patient. Thus, certain structures herein may have 
multiple functions. 

In one set of embodiments, the structures described herein, 
whether including a nanostructure core or a hollow core, is 
constructed and arranged to sequester, transport, or exchange 
certain molecules to and/or from a subject or a biological 
sample. For instance, when introduced into a subject, a struc 
ture may interact with one or more components in the Subject 
Such as cells, tissues, organs, particles, fluids (e.g., blood), 
and portions thereof. The interaction may take place, at least 
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in part, through the shell of the structure, and may involve, for 
example, the exchange of materials (e.g., proteins, peptides, 
polypeptides, nucleic acids, nutrients) from the one or more 
components of the Subject to the structure, and/or from struc 
ture to the one or more components of the Subject. In some 
such embodiments, the shell of the structure can be designed 
to include components with properties that allow favorable 
interaction (e.g., binding, adsorption, transport) with the one 
or more materials from the subject. For example, the shell 
may include components having a certain hydrophobicity, 
hydrophilicity, Surface charge, functional group, specificity 
for binding, and/or density to facilitate particularinteractions, 
as described herein. In certain embodiments, one or more 
materials from a subject are sequestered by the structure, and 
the structure may facilitate excretion, breakdown, and/or 
transport of the material. The excretion, breakdown, and/or 
transport of the material can lead to certain beneficial and/or 
therapeutic effects. As such, the structures described herein 
can be used for the diagnosis, prevention, treatment or man 
agement of certain diseases or bodily conditions. 

In one particular set of embodiments, a structure described 
herein is constructed and arranged to sequester cholesterol 
(and/or other lipids). Without wishing to be bound by theory, 
it is hypothesized that certain structures described herein can 
sequester cholesterol through hydrophobic interactions with 
a hydrophobic layer (e.g., a lipid layer Such as a lipid bilayer) 
of the structure. For example, in Some cases, cholesterol can 
bind to a surface of the structure (e.g., to the outer surface of 
the shell) through hydrophobic interactions. In other cases, 
the cholesterol can be transported from an outer surface of the 
shell to an inner surface of the shell and/or to the core of the 
structure. The cholesterol can also be imbedded in the shell, 
e.g., between two layers of the shell. Optionally, structures 
described herein may include one or more apolipoproteins 
(e.g., apoliprotein-A1), proteins, or peptides, which may 
facilitate the sequestering of cholesterol and/or other lipids. 
The structures described herein may also sequester choles 
terol by removing cholesterol and phospholipids from a cell, 
or from other circulating lipoprotein species. Cholesterol 
sequestered by structures described herein may, in some 
embodiments, be esterified enzymatically (e.g., by lecithin: 
acyl CoA transferase (LCAT)) to form a cholesteryl ester that 
may migrate towards the center of the structure. As described 
herein, structures that are adapted to sequester cholesterol 
may also function to deliver nucleic acids and/or regulate 
gene expression in a patient or sample. 

Additionally, without wishing to be bound by theory, it is 
believed that certainstructures described herein can sequester 
cholesterol from high concentrations of cholesterol (e.g., 
plaques) and transfer it to the liver directly or indirectly. For 
example, cholesterol may be sequestered from areas of high 
concentrations of cholesterol (e.g., plaques) by direct efflux 
of cholesterol from the plaque, or any components of the 
plaque, into or onto the structures described herein. In some 
such embodiments, the cholesterol that is sequestered by the 
structures is transported directly to the liver by the structures. 
In other embodiments, other circulating lipoprotein species 
(e.g., LDL) may participate in cholesterol exchange. For 
example, in Some cases, free cholesterol or esterified choles 
terol is transferred from other lipoproteins to the structures 
described herein. In other cases, once free cholesterol or 
esterified cholesterol is sequestered by the structures 
described herein, the cholesterol can be transferred from the 
structures to the other lipoprotein species, which may ulti 
mately end up in the liver. Thus, in such embodiments, the 
structures described herein can augment reverse cholesterol 
transport indirectly. Furthermore, in the case where free cho 
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lesteroloresterified cholesterol is sequestered from the struc 
tures described herein to other lipoprotein species, the struc 
tures may further sequester cholesterol from, for example, 
areas of high cholesterol content, plaques, circulating lipo 
proteins, or other physiologic sites of high cholesterol con- 5 
centration. It should be understood, however, that the struc 
tures described herein may remove cholesterol and/or other 
molecules by other routes, such as through urine, and the 
invention is not limited in this respect. In some embodiments, 
the structures can sequester cholesterol by these or other 10 
routes, and may also function to deliver nucleic acids and/or 
regulate gene expression prior, during, or after the sequester 
ing process. 
The amount of a molecule (e.g., cholesterol or other lipids) 

sequestered by a structure and/or a composition described 15 
herein may depend on, for example, the size of the structure, 
the biology and Surface chemistry of the particle, as well as 
the method of administration. For instance, if the structures 
are circulated indefinitely from the periphery to the liver and 
out again, relative few cholesterol molecules need to be 20 
sequestered by each structure in order for the composition to 
be effective, since the structures are recycled. On the other 
hand, ifa composition is used, for example, as a cholesterol or 
bile-salt binding resin orally, each structure may sequester a 
larger number of cholesterol to increased cholesterol uptake. 25 
Also, if the structures are of a size such that they are rapidly 
excreted (e.g., through the liver or urine) after sequestering 
cholesterol, a high uptake of cholesterol per structure, and/or 
continuous infusion may be implemented. As such, a single 
structure described herein, which may be incorporated into a 30 
pharmaceutical composition or other formulation, may be 
able to sequester any suitable number of a particular type of 
molecule (e.g., lipids such as cholesterol; Steroids Such as 
estrogen, progesterone, and testosterone; bile salts, etc.) dur 
ing use, e.g., at least 2, at least 5, at least 10, at least 20, at least 35 
30, at least 50, at least 100, at least 200, at least 500, at least 
1,000, at least 2,000, at least 5,000, or at least 10,000 mol 
ecules, which may depend on the size (e.g., Surface area 
and/or Volume) of the structure, the particular application, 
and the method of administration. In some cases, such num- 40 
bers of molecules can be bound to the structure at one par 
ticular instance. 

In some cases, a single structure has a binding constant for 
cholesterol, K, of for example, less than or equal to about 50 
mM, less than or equal to about 15 mM, less than or equal to 45 
about 10 mM, less than or equal to about 5 mM, less than or 
equal to about 1 mM, less than or equal to about 100LM, less 
than or equal to about 10 uM, less than or equal to about 1 uM, 
less than or equal to about 0.1 uM, less than or equal to about 
50 nM, less than or equal to about 15 nM, less than or equal to 50 
about 10 nM, less than or equal to about 7 nM, less than or 
equal to about 5 nM, less than or equal to about 4 nM, less than 
or equal to about 2 nM, less than or equal to about 1 nM, less 
than or equal to about 0.1 nM, less than or equal to about 10 
pM, less than or equal to about 1 pM, less than or equal to 55 
about 0.1 pM, less than or equal to about 10 fM, or less than 
or equal to about 1 fM. In some embodiments, the structures 
have a binding constant for cholesterol less than the concen 
tration of total cholesterol in vivo. In some cases, the total 
cholesterol is the amount of circulating cholesterol. In certain 60 
embodiments, the structures have a binding constant for cho 
lesterol substantially similar to that of endogenous HDL. 
Methods for determining the amount of cholesterol seques 
tered and binding constants are provided in more detail below. 

In certain embodiments, the molecules that are sequestered 65 
by the structures described herein cause the structure to grow 
in size (e.g., cross-sectional area, Surface area and/or Vol 

18 
ume), e.g., depending on the number of molecules seques 
tered. The molecules may associate with a surface of a struc 
ture, be imbedded in a shell of a structure, be transported to a 
core of the structure, or combinations thereof, as described 
herein. As such, the size of a structure (e.g., cross-sectional 
area, Surface area and/or Volume) can increase by at least 5%, 
at least 10%, at least 20%, at least 30%, at least 50%, at least 
70%, or at least 100%, from a time prior to sequestration 
compared to a time after/during sequestration in some 
embodiments. 

It should be understood, however, that while many of the 
embodiments herein are described in the context of seques 
tering cholesterol or other lipids, the invention is not limited 
as such and the structures, compositions, kits, and methods 
described herein may be used to sequester other molecules 
and/or to prevent, treat, or manage other diseases or bodily 
conditions, optionally in combination with nucleic acid deliv 
ery and/or gene regulation. 
As described herein, the structures described herein may 

optionally include one or more proteins, polypeptides and/or 
peptides (e.g., synthetic peptides, amphiphilic peptides). In 
one set of embodiments, the structures include proteins, 
polypeptides and/or peptides that can increase the rate of 
cholesterol transfer or the cholesterol-carrying capacity of the 
structures. The one or more proteins or peptides may be 
associated with the core (e.g., a surface of the core or embed 
ded in the core), the shell (e.g., an inner and/or outer Surface 
of the shell, and/or embedded in the shell), or both. Associa 
tions may include covalent or non-covalent interactions (e.g., 
hydrophobic and/or hydrophilic interactions, electrostatic 
interactions, Van der Waals interactions). 
An example of a suitable protein that may associate with a 

structure described herein is an apolipoprotein, Such as apo 
lipoprotein A (e.g., apo A-I, apo A-II, apo A-IV, and apo A-V). 
apolipoprotein B (e.g., apo B48 and apo B100), apolipopro 
tein C (e.g., apo C-I, apo C-II, apo C-III, and apo C-IV), and 
apolipoproteins D, E, and H. Specifically, apo A, apo A and 
apo E promote transfer of cholesterol and cholesteryl esters to 
the liver for metabolism and may be useful to include in 
structures described herein. Additionally or alternatively, a 
structure described herein may include one or more peptide 
analogues of an apolipoprotein, Such as one described above. 
A structure may include any Suitable number of e.g., at least 
1, 2, 3, 4, 5, 6, or 10, apolipoproteins or analogues thereof. In 
certain embodiments, a structure includes 1-6 apolipopro 
teins, similar to a naturally occurring HDL particle. Of 
course, other proteins (e.g., non-apolipoproteins) can also be 
included in structures described herein. 

In certain embodiments, structures describe herein may 
exhibit a binding affinity to macrophages and hepatocytes 
Substantially equal to the binding affinity of endogenous 
HDL. In some cases, the structures described herein com 
prises a density of an apolipoprotein (e.g., Apo A-1) that is 
within 30%, within 20%, or within 10% of the density of the 
apolipoprotein on endogenous HDL. 

Optionally, one or more enzymes may also be associated 
with a structure described herein. For example, lecithin-cho 
lesterol acyltransferase is an enzyme which converts free 
cholesterol into cholesteryl ester (a more hydrophobic form 
of cholesterol). In naturally-occurring lipoproteins (e.g., 
HDL and LDL), cholesteryl ester is sequestered into the core 
of the lipoprotein, and causes the lipoprotein to change from 
a disk shape to a spherical shape. Thus, structures described 
herein may include lecithin-cholesterol acyltransferase to 
mimic HDL and LDL structures. Other enzymes such as 
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cholesteryl ester transfer protein (CETP) which transfers 
esterified cholesterol from HDL to LDL species may also be 
included. 

In some cases, one or more bioactive agents are associated 
with a structure or a composition described herein. The one or 
more bioactive agents may optionally be released from the 
structure or composition (e.g., long-term or short-term 
release). Bioactive agents include molecules that affect a 
biological system and include, for example proteins, nucleic 
acids, therapeutic agents, vitamins and their derivatives, viral 
fractions, lipopolysaccharides, bacterial fractions and hor 
mones. Other agents of interest may include chemotherapeu 
tic agents, which are used in the treatment and management of 
cancer patients. Such molecules are generally characterized 
as antiproliferative agents, cytotoxic agents and immunosup 
pressive agents and include molecules such as taxol, doxoru 
bicin, daunorubicin, Vinca-alkaloids, actinomycin and etopo 
side. 

Other examples of bioactive agents include cardiovascular 
drugs, respiratory drugs, sympathomimetic drugs, cholino 
mimetic drugs, adrenergic or adrenergic neuron blocking 
drugs, analgesics/antipyretics, anesthetics, antiasthmatics, 
antibiotics, antidepressants, antidiabetics, antifungals, anti 
hypertensives, anti-inflammatories (e.g., glucocorticoids 
Such as prednisone), nucleic acid species (e.g., anti-sense and 
siRNA species against inflammatory mediators), antine 
oplastics, antianxiety agents, immunosuppressive agents, 
immunomodulatory agents, antimigraine agents, sedatives/ 
hypnotics, antianginal agents, antipsychotics, antimanic 
agents, antiarrhythmics, antiarthritic agents, antigout agents, 
anticoagulants, thrombolytic agents, antifibrinolytic agents, 
hemorheologic agents, antiplatelet agents, anticonvulsants, 
antiparkinson agents, antihistamines/antipruritics, agents 
useful for calcium regulation, antibacterials, antivirals, anti 
microbials, anti-infectives, bronchodialators, hypoglycemic 
agents, hypolipidemic agents, agents useful for erythropoie 
sis stimulation, antiulcer/antireflux agents, antinauseants/an 
tiemetics and oil-soluble vitamins, cholesterol agents (e.g., 
statins such as Lipitor, Zocor, which may be known to lower 
cholesterol levels), or combinations thereof. 

In some embodiments, one or more nucleic acids is asso 
ciated with a structure described herein. A nucleic acid 
includes any double Strand or single strand deoxyribonucleic 
acid (DNA) or ribonucleic acid (RNA) of variable length. 
Nucleic acids include sense and anti-sense Strands. Nucleic 
acid analogs such as phosphorothioates, phosphoramidates, 
phosphonates analogs are also considered nucleic acids and 
may be used. Nucleic acids also include chromosomes and 
chromosomal fragments. 

In some cases, the nucleic acid is an oligonucleotide. A 
nucleic acid or oligonucleotide may be associated with a 
structure described herein in any Suitable manner (e.g., with 
the core, a shell, or combination thereof) as discussed herein. 
The nucleic acid or oligonucleotide may be adapted and 
arrange to regulate gene expression in a sample or a patient. 
Any suitable technique may be used to attach a nucleic acid or 
an oligonucleotide to a portion of a structure described herein, 
for instance, electrostatic adsorption techniques, chemisorp 
tion techniques, gold-thiol conjugation chemistry, or the like. 
In some instances, the nucleic acid or oligonucleotide is 
covalently or near-covalently bonded to the nanostructure 
core or to the shell. In other instances, the nucleic acid or 
oligonucleotide is covalently attached to cholesterol (e.g., 
5'-cholesteryl DNA) and associated in any suitable manner 
with a structure described herein. The nucleic acid or oligo 
nucleotide may include, for example, DNA, RNA, or the like, 
and may be single stranded or double stranded. In some cases, 
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the nucleic acid or oligonucleotide may be antisense DNA. 
Specific examples of RNA include, without limitation, 
siRNA, mRNA, miRNA, tRNA, etc. In some cases, for 
example, the RNA may be siRNA or other types of RNA 
selected to regulate gene expression in a cell to which the 
nanoparticle is targeted. In certain embodiments, the nucleic 
acid or oligonucleotide is synthetic. In some cases, the 
nucleic acid or oligonucleotide is cholesterylated. 
As noted above, a nucleic acid compound or oligonucle 

otide described herein may be single or double stranded. A 
double stranded compound may also include regions of over 
hang or non-complementarity, where one or the other of the 
Strands is single stranded. A single stranded compound may 
include regions of self-complementarity, meaning that the 
compound forms a so-called "hairpin' or “stem-loop' struc 
ture, with a region of double helical structure. A nucleic acid 
or oligonucleotide may comprise a nucleotide sequence that 
is complementary to a region consisting of no more than 
1000, no more than 500, no more than 250, no more than 100 
or no more than 50, 35, 30, 25, 22, 20, 18, 15, 12, 10, 8, 6, 5, 
4, or 3 nucleotides (nucleotide bases or nucleobases) of the 
full-length nucleic acid sequence or ligand nucleic acid 
sequence. The region of complementarity may be at least 8 
nucleotides, and optionally at least 10 or at least 15 nucle 
otides, optionally between 15 and 25 nucleotides, or option 
ally between 3 and 20 nucleotides (e.g., between 3 and 10 
nucleotides, or between 3 and 10 nucleotides). A region of 
complementarity may fall within an intron, a coding sequence 
or a noncoding sequence of the target transcript, such as the 
coding sequence portion. 
A nucleic acid described herein (which may be associated 

with a nanostructure) may have a length of about 3 to about 
1000 nucleotides (nucleotide bases or nucleobases) or base 
pairs in length, about 3 to about 700 nucleotides or base pairs 
in length, about 4 to about 500 nucleotides or base pairs in 
length, about 3 to about 200 nucleotides or base pairs in 
length, about 3 to about 150 nucleotides or base pairs in 
length, about 3 to about 100 nucleotides or base pairs in 
length, about 3 to about 75 nucleotides or base pairs in length, 
about 10 to about 50 nucleotides or base pairs in length, about 
10 to about 40 nucleotides or base pairs in length, about 10 to 
about 30 nucleotides or base pairs in length, about 10 to about 
25 nucleotides or base pairs in length, about 3 to about 30 
nucleotides or base pairs in length, about 3 to about 20 nucle 
otides or base pairs in length, or about 3 to about 10 nucle 
otides or base pairs in length. In some embodiments, a nucleic 
acid includes about 200 nucleotides or base pairs in length or 
less, about 150 nucleotides or base pairs in length or less, 
about 100 nucleotides or base pairs in length or less, about 75 
nucleotides or base pairs in length or less, about 50 nucle 
otides or base pairs in length or less, about 30 nucleotides or 
base pairs in length or less, about 25 nucleotides or base pairs 
in length or less, about 20 nucleotides or base pairs in length 
or less, about 15 nucleotides or base pairs in length or less, or 
about 10 nucleotides or base pairs in length or less. Other 
lengths are also possible. As described herein, the nucleic 
acid may be single stranded in some embodiments, and 
double stranded in other embodiments. 

In certain embodiments, structures described herein may 
include very short oligonucleotides that can be used to bind a 
target. For example, microRNAs may bind to 3'-UTRs 
through “seed sequence' pairings that may be as short as 3 or 
4 bases long. 

In certain embodiments, a targeted sequence may have a 
length Such as one described above with respect to a nucleic 
acid that can be associated with a structure described herein. 
For example, a targeted sequence may have a length of about 
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3 to about 1000 nucleotides in length, about 3 to about 700 
nucleotides in length, about 4 to about 500 nucleotides in 
length, about 3 to about 200 nucleotides in length, about 3 to 
about 150 nucleotides in length, about 3 to about 100 nucle 
otides in length, about 3 to about 75 nucleotides in length, 
about 10 to about 50 nucleotides in length, about 10 to about 
40 nucleotides in length, about 10 to about 30 nucleotides in 
length, about 10 to about 25 nucleotides in length, about 3 to 
about 30 nucleotides in length, about 3 to about 20 nucle 
otides in length, or about 3 to about 10 nucleotides in length. 
Other lengths are also possible. 
A nucleic acid or oligonucleotide may be a DNA (particu 

larly for use as an antisense), RNA or RNA:DNA hybrid. Any 
one strand may include a mixture of DNA and RNA, as well 
as modified forms that cannot readily be classified as either 
DNA or RNA. For example, in some cases, the nucleic acid is 
single stranded, and is a hybrid of RNA and DNA nucleo 
bases. Likewise, a double stranded compound may be DNA: 
DNA, DNA:RNA or RNA:RNA, and any one strand may also 
include a mixture of DNA and RNA, as well as modified 
forms that cannot readily be classified as either DNA or RNA. 
For example, in Some cases, the nucleic acid is a duplex with 
one, or the other, or both strands made of RNA and DNA 
nucleobases. The nucleic acid or oligonucleotide associated 
with a structure described herein may be recombinant in some 
embodiments. 
The nucleic acidor oligonucleotide associated with a struc 

ture described herein may include any of a variety of modi 
fications, including one or modifications to the backbone (the 
Sugar-phosphate portion in a natural nucleic acid, including 
internucleotide linkages) or the base portion (the purine or 
pyrimidine portion of a natural nucleic acid). For example, in 
Some cases one or more of the nucleobases used to fabricate 
the nucleic acid are modified with certain chemical moieties 
Such as, for example, phosphorthioate, morpholino. 2'-F, and 
2'-OMe. In some embodiments, the nucleic acid is modified 
with a fluorophore, or other imaging agent (e.g., gadolinium, 
radionuclide). For example, the nucleic acid may include a 
fluorophore that is adapted to change in fluorescence intensity 
upon binding to a target protein or a small molecule. In 
another example, an antisense nucleic acid compound may, in 
some embodiments, have a length of about 3 to about 30 
nucleotides and may contain one or more modifications to 
improve characteristics such as stability in the serum, in a cell 
or in a place where the compound is likely to be delivered. In 
the case of an RNAi construct, the strand complementary to 
the target transcript may be RNA or modifications thereof. 
The other strand may be RNA, DNA or any other variation. 
The duplex portion of double stranded or single stranded 
“hairpin’ RNAi construct may have a length of for example, 
18 to 40 nucleotides in length and optionally about 20 to 30 
nucleotides in length for example. Catalytic or enzymatic 
nucleic acids may, in some cases, be ribozymes or DNA 
enzymes and may also contain modified forms. 

In certain embodiments, nucleic acid or oligonucleotide 
associated with a structure described herein is modified with 
a lipid, such as one described herein. For example, a nucleic 
acid or oligonucleotide may be cholesterylated, e.g., the 
nucleic acid may comprise a 5'-cholesteryl DNA or 3'-cho 
lesteryl DNA. 
The nucleic acids or oligonucleotides associated with the 

structures described herein can be fabricated using any Suit 
able method, including those methods described herein and 
those known to one of ordinary skill in the art. The nucleic 
acids or oligonucleotides may optionally be modified in any 
Suitable manner to facilitate attachment to a portion of a 
structure described herein. For example, as noted above, in 
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one embodiment, a nucleic acid or oligonucleotide, prior to 
attachment, has an end modified to include a cholesterol 
function group. In another embodiment, a nucleic acid or 
oligonucleotide, prior to attachment, has an end modified to 
include an alkylthiol. Other modifications are also possible 
such as those described herein. 

Nucleic acid compounds and oligonucleotides, when asso 
ciated with a structure as described herein, may regulate or 
modulate expression (e.g., inhibit expression) of the target by 
at least about 50%, at least about 60%, at least about 70%, at 
least about 80%, or at least about 90% when contacted with a 
biological sample or patient under physiological conditions 
and at a concentration where a nonsense or sense control has 
little or no effect. In some embodiments, nucleic acid com 
pounds and oligonucleotides, when associated with a struc 
ture as described herein, may regulate or modulate expression 
(e.g., inhibit expression) of the target by at least about 50% 
more, at least about 60% more, at least about 70% more, at 
least about 80% more, or at least about 90% more than the 
same nucleic acid compounds and oligonucleotides that are 
not associated with structures described herein (e.g., free 
nucleic acid compounds and oligonucleotides) when con 
tacted with a biological sample or patient under physiological 
conditions. 

In some embodiments, certain structures described herein 
that can regulate gene expression of a target in one or more of 
the above-noted ranges is a structure that mimics endogenous 
HDL. For instance, the structure may include a nucleic acid 
and/or oligonucleotide and a core Substantially Surrounded by 
a shell comprising a lipid (e.g., a phospholipid) and an apo 
lipoprotein. Such a structure may regulate gene expression of 
a target by at least about 50% more, at least about 60% more, 
at least about 70% more, at least about 80% more, or at least 
about 90% more, when contacted with a biological sample or 
patient under physiological conditions, than either 1) a simi 
lar structure that mimics HDL but does not include the nucleic 
acid compounds and/or oligonucleotides; or, in other embodi 
ments, 2) the same nucleic acid compounds and/or oligo 
nucleotides associated with a structure that does not mimic 
endogenous HDL. 

In some cases, structures described herein, which may 
include one or more nucleic acid compounds or oligonucle 
otides, may have relatively high cellular uptake. For example, 
for a composition including a plurality of structures that is 
delivered to cells, at least 80%, at least 85%, at least 90%, at 
least 95%, at least 97%, or at least 99% of the structures in a 
composition may be uptaken by the cells. 

In certain embodiments, structures described herein, which 
may include one or more nucleic acid compounds or oligo 
nucleotides, may have relatively low endosomal sequestra 
tion (e.g., a relatively high percentage of the structures may 
reside in the cytoplasm of the cell) upon delivery of the 
structures to cells. For example, at least 50%, at least 60%, at 
least 70%, at least 80%, at least 85%, at least 90%, at least 
95%, at least 97%, or at least 99% of the structures that enter 
into a cell may reside in the cytoplasm of the cell. As 
described herein, avoidance of endosomal sequestration may 
allow the structures to have a greater therapeutic effect. 

It should be understood that the components described 
herein, such as the lipids, phospholipids, alkyl groups, poly 
mers, proteins, polypeptides, peptides, enzymes, bioactive 
agents, nucleic acids, and species for targeting described 
above, may be associated with a structure in any Suitable 
manner and with any Suitable portion of the structure, e.g., the 
core, the shell, or both. For example, one or more Such com 
ponents may be associated with a surface of a core, an interior 
of a core, an inner Surface of a shell, an outer Surface of a shell, 
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and/or embedded in a shell. Furthermore, such components 
can be used, in Some embodiments, to facilitate the exchange 
and/or transport of materials (e.g., proteins, peptides, 
polypeptides, nucleic acids, nutrients) from one or more com 
ponents of a Subject (e.g., cells, tissues, organs, particles, 
fluids (e.g., blood), and portions thereof) to a structure 
described herein, and/or from the structure to the one or more 
components of the Subject. In some cases, the components 
have chemical and/or physical properties that allow favorable 
interaction (e.g., binding, adsorption, transport) with the one 
or more materials from the subject. 

Additionally, the components described herein, Such as the 
lipids, phospholipids, alkyl groups, polymers, proteins, 
polypeptides, peptides, enzymes, bioactive agents, nucleic 
acids, and species for targeting described herein, may be 
associated with a structure described herein prior to admin 
istration to a Subject or biological sample and/or after admin 
istration to a Subject or biological sample. For example, in 
Some cases a structure described herein includes a core and a 
shell which is administered in vivo or in vitro, and the struc 
ture has a greater therapeutic effect after sequestering one or 
more components (e.g., an apolipoprotein) from a subject or 
biological sample. That is, the structure may use natural com 
ponents from the Subject or biological sample to increase 
efficacy of the structure after it has been administered. 

In some embodiments, structures described herein can 
include a modular nucleic acid component for controlling the 
release of nucleic acid from the structure (e.g., nanostructure 
core surface) by various stimuli. The stimuli may include, for 
example, ex vivo (e.g., light), physiologic (e.g., reducing 
intracellular environment), or pathologic (e.g., reactive oxy 
gen species or low pH) triggers. Tuning the properties of the 
structure may also be used to facilitate release of nucleic acids 
from the structure. For example, portions of the shell (e.g., 
lipids Such as phospholipids), charge of the structure (e.g., 
Surface of the structure), presence and/or absence of proteins, 
and/or ligands attached to Surface adsorbed nucleic acids 
(e.g., cholesterol, other lipids, etc.) can be modified, in some 
embodiments, to facilitate release of a nucleic acid from the 
structure. Nucleic acid triggered release mechanisms may be 
used to provide a way to test the mechanism of action of the 
structure once inside cells, compare materials with different 
release chemistries, and/or address bio-nano interfacial chal 
lenges (e.g., endosomal sequestration) that may surface after 
initial testing. 

In Some embodiments, structures that can be used to 
release nucleic acids may be fabricated using, for example, 
Au—S coupling of oligonucleotides (e.g. DNA) to the Sur 
face of the nanostructure core. Example of components that 
can be used with structures described herein for nucleic acid 
release are described in Example 5 in connection with FIG. 
15. In some embodiments, the structure may effectively 
sequester the gene regulating portion of the nucleic acid 
sequence on the surface of the core or within the shell of a 
structure, and the gene regulating portion may not be avail 
able to the intracellular cytoplasmic machinery required to 
regulate gene expression. For example, the shell of the struc 
ture Surrounding the core may prevent or inhibit the nucleic 
acid from being exposed to the intracellular cytoplasmic 
machinery required to regulate gene expression, but the struc 
ture may be adapted to release the nucleic acid upon trigger 
ing. Advantageously, the timing of nucleic acid release can be 
controlled by such a method. Furthermore, in some embodi 
ments, by sequestering the nucleic acid within the shell of the 
structure Such that the nucleic acid is not exposed or is mini 
mally exposed to the surface of the structure, breakdown of 
the nucleic acid by nucleases can be prevented or reduced. 
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Accordingly, in some cases, nucleic acids and oligonucle 
otides, when associate with a structure as described herein, 
may have reduced Susceptibility to nuclease degradation. 

In one set of embodiments, a method of treatment includes 
delivering a plurality of structures described herein to a 
sample or patient, wherein the structure includes a shell (e.g., 
comprising a lipid or other entity) Substantially Surrounding a 
core and an oligonucleotide adapted to regulate gene expres 
Sion. The method also includes releasing the oligonucleotide 
from the structure to the sample or patient, and regulating 
gene expression in the sample or patient. 

In some embodiments, the structures, compositions, and 
methods described herein can be used for targeting, Such that 
the structures described herein can be delivered to specific 
target sites. Targeting may include, in Some embodiments, 
functionalizing the structure with one or more ligands or 
receptors specific for a particular target site or sites. For 
instance, a structure described herein may include a ligand for 
a receptor (or a receptor for a ligand) that is expressed on the 
Surface of a site to be targeted. Examples of specific Surface 
components include antibodies (including antibody frag 
ments and derivatives), plaque markers, specific cell Surface 
markers, Small molecules (e.g., folate), and aptamers, i.e., a 
nucleic acid able to specifically bind a specific target mol 
ecule. Such as a biological moiety (e.g., RNA aptamers and 
DNA aptamers). Examples of specific targets in atheroscle 
rotic plaques and in vascular endothelial cells in the vicinity 
of the plaque include but are not limited to: fibrin, macroph 
ages, VCAM-1, E-selectin, integrin alphabetas, P-selec 
tin and P-selectinglycoprotein ligand-1 (PSGL-1). Further 
more, a protein component of the structures described herein 
could be modified and used as the targeting molecule, e.g. 
Apo E, or Apo A. The structures may also include certain 
groups (e.g., asialo groups) for targeting specific Small mol 
ecules. 

In one aspect, structures such as those described herein 
may be targeted to macrophages or hepatocytes, or other 
immune cells. In one set of embodiments, for example, struc 
tures may be targeted to macrophages for the treatment of 
atherosclerosis. For example, the structures may be able to 
sequester cholesterol from macrophages to treat atheroscle 
rosis and similar conditions implicating cholesterol and/or 
macrophages. The structures may also be adapted to deliver 
nucleic acids and/or regulate gene expression in the sample or 
patient. 

In one set of embodiments, the structures, compositions 
and methods described herein are used to diagnose, prevent, 
treat or manage diseases or bodily conditions associated with 
abnormal lipid levels. For instance, high density lipoprotein is 
a dynamic serum nanostructure protective against the devel 
opment ofatherosclerosis and resultant illnesses such as heart 
disease and stroke. By administering certain compositions 
and methods described herein, such as those including struc 
tures that mimic naturally occurring HDL, circulating serum 
HDL levels (e.g., low HDL levels) may be increased. This can 
provide a promising therapeutic approach to, for example, 
preventing and potentially reversing atherosclerosis by aug 
menting reverse cholesterol transport. In other embodiments, 
compositions and methods described herein may be used to 
decrease LDL levels (e.g., decrease high LDL levels) or tem 
porarily increase LDL levels, e.g., by using structure that 
mimics naturally occurring LDL. Furthermore, in certain 
embodiments, diagnosis, prevention, treatment or manage 
ment of diseases or bodily conditions associated with abnor 
mal lipid levels may involve using the structures, composi 
tions and methods described herein to augment reverse 
cholesterol transport (e.g., directly or indirectly) by way of 
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augmenting the flux of cholesterol through and out of the 
body. Such diagnosis, prevention, treatment, or methods of 
managing diseases or bodily conditions may include using 
the structures to regulate gene expression of a target and/or to 
deliver nucleic acids. Accordingly, certain structures 
described herein may both sequester cholesterol and function 
as a gene-regulating therapeutic. 

With consideration given to mortality and world-wide 
prevalence, the significance of atherosclerosis is profound. 
Atherosclerosis is a chronic infiltrative and inflammatory dis 
ease of the systemic arterial tree caused by excess circulating 
cholesterol. Cholesterol is not soluble in the aqueous milieu 
of the human body, thus travels by way of dynamic nanopar 
ticle carriers known as lipoproteins (LPs). The main LP car 
riers of cholesterol are low density lipoprotein (LDL) and 
high density lipoprotein (HDL). LDL originates in the liver 
and high circulating levels promote atherosclerosis and 
increase the risk of cardiovascular disease. Therapeutic LDL 
lowering has been shown to reduce cardiovascular disease 
mortality. Conversely, HDL is well-known to promote 
reverse cholesterol transport (RCT) from sites of peripheral 
deposition (macrophage foam cells) to the liver for excretion. 
Accordingly, high HDL levels inversely correlate with car 
diovascular disease risk. There is intense interest in therapeu 
tic strategies to harness the beneficial effects of HDL to 
address the substantial cardiovascular disease burden that 
exists despite current LDL lowering therapies. Structures 
described herein may be used, in some embodiments, to 
mimic endogenous HDL So as to treat atherosclerosis and to 
deliver nucleic acids and/or regulate gene expression at the 
same time. For example, in one set of embodiments, the 
structures described herein are capable of exhibiting the bio 
mimetic characteristics of HDL with regard to cholesterol 
sequestration from macrophages, and are also surface-modi 
fied to deliver duplexed siRNA to hepatocytes for diminish 
ing Apo B-100 protein expression, thereby inhibiting LDL 
production. Accordingly, the structures may function in two 
or more cell types. Design of Such structures having dual 
functionality may involve balancing the Surface coverage of 
siRNA (or other oligonucleotide) so as to not, potentially, 
decrease the capacity for the particle to mediate reverse cho 
lesterol efflux and vice versa. 

In one particular embodiment, structures, compositions 
and methods described herein are used for treating athero 
Sclerosis. Treating atherosclerosis may include performing a 
therapeutic intervention that results in reducing the choles 
terol content of at least one atherosclerotic plaque, or prophy 
lactically inhibiting or preventing the formation or expansion 
of an atherosclerotic plaque. Generally, the volume of the 
atherosclerotic plaque, and hence the degree of obstruction of 
the vascular lumen, will also be reduced. In some embodi 
ments, the structures, compositions and methods are useful 
for treating atherosclerotic lesions associated with familial 
hyperlipidemias. 

The compositions and methods described herein may 
reduce the cholesterol content of atherosclerotic plaques and/ 
or the volume of atherosclerotic plaques. The cholesterol 
content may be reduced by, for example, at least 10%-30%, at 
least 30%-50%, and in some instances at least 50%-85% or 
more. The Volume of the atherosclerotic plaques may also be 
reduced. The reduction in plaque Volume may be, for 
example, at least 5%-30%, often as much as 50%, and in some 
instances 75% or more. Methods of determining the reduction 
of cholesterol content of atherosclerotic plaques and/or the 
Volume of atherosclerotic plaques are known to those of ordi 
nary skill in the art, and include intravascular ultrasound and 
magnetic resonance imaging. 
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Other diseases or bodily conditions associated with abnor 

mal lipid levels which could benefit from the structures and/or 
compositions described herein include, for example, phlebo 
Sclerosis or any venous condition in which deposits of 
plaques containing cholesterol or other material are formed 
within the intima or inner media of veins, acute coronary 
Syndromes, angina including, stable angina, unstable angina, 
inflammation, sepsis, vascular inflammation, dermal inflam 
mation, congestive heart failure, coronary heart disease 
(CHD), ventricular arrythmias, peripheral vascular disease, 
myocardial infarction, onset of fatal myocardial infarction, 
non-fatal myocardial infarction, ischemia, cardiovascular 
ischemia, transient ischemic attacks, ischemia unrelated to 
cardiovascular disease, ischemia-reperfusion injury, 
decreased need for revascularization, coagulation disorders, 
thrombocytopenia, deep vein thrombosis, pancreatitis, non 
alcoholic steatohepatitis, diabetic neuropathy, retinopathy, 
painful diabetic neuropathy, claudication, psoriasis, critical 
limb ischemia, impotence, dyslipidemia, hyperlipidemia, 
hyperlipoproteinemia, hypoalphalipoproteinemia, hypertrig 
lyceridemia, any Stenotic condition leading to ischemic 
pathology, obesity, diabetes including both Type I and Type 
II, ichtyosis, stroke, Vulnerable plaques, lower-limb ulcer 
ation, severe coronary ischemia, lymphomas, cataracts, 
endothelial dysfunction, Xanthomas, end organ dysfunction, 
vascular disease, vascular disease that results from Smoking 
and diabetes, carotid and coronary artery disease, regress and 
shrink established plaques, unstable plaques, vessel intima 
that is weak, unstable vessel intima, endothelial injury, endot 
helial damage as a result of Surgical procedures, morbidity 
associated with vascular disease, ulcerations in the arterial 
lumen, restenosis as a result of balloon angioplasty, protein 
storage diseases (e.g., Alzheimer's disease, prion disease), 
diseases of hemostasis (e.g., thrombosis, thrombophilia, dis 
seminated intravascular coagulation, thrombocytopenia, hep 
arin induced thrombocytopenia, thrombotic thrombocy 
topenic purpura.), rheumatic diseases (e.g., multiple 
Sclerosis, Systemic lupus erythematosis, sjogren's syndrome, 
polymyositis/dermatomyositis, Scleroderma), neuroligical 
diseases (e.g., Parkinson's disease, Alzheimer's disease), and 
subindications thereof. As described herein, such conditions 
may be treated or managed using the structures described 
herein, which may optionally be adapted to regulate gene 
expression of a target and/or to deliver nucleic acids. Certain 
methods of treatment or management of Such diseases or 
conditions involve using the structures described herein to 
both sequester cholesterol and function as a gene-regulating 
therapeutic. 

Structures, compositions, and methods described herein 
may diagnose, prevent, treat, or manage diseases or bodily 
conditions associated with abnormal lipid levels, by, for 
example, decreasing triglycerides levels, increasing or 
decreasing the level of other lipids, increasing plaque stability 
or decreasing the probability of plaque rupture, increasing or 
decreasing vasodilation, treating or preventing inflammation, 
treating or preventing inflammatory diseases or an inflamma 
tory response, strengthening or stabilizing Smooth muscle 
and vessel intima, stimulating efflux of extracellular choles 
terol for transport to the liver, modulating immune responses, 
mobilizing cholesterol from atherosclerotic plaques, modify 
ing any membrane, cell, tissue, organ, and extracellular 
region and/or structure in which compositional and/or func 
tional modifications would be advantageous, and/or regulat 
ing genes that express proteins that are associated with a 
disease or bodily condition. Combinations of two or more 
Such methods can also be used to diagnose, prevent, treat, or 
manage diseases or bodily conditions. 
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In another set of embodiments, the structures, composi 
tions and methods described herein are used for treating a 
Subject having a vascular or a cardiovascular condition or is at 
risk of developing a cardiovascular condition are provided. 
Vascular conditions are conditions that involve the blood 
vessels (arteries and Veins). Cardiovascular conditions are 
conditions that involve the heart and the blood vessels asso 
ciated with the heart. Examples of vascular conditions 
include diabetic retinopathy, diabetic nephropathy, renal 
fibrosis, hypertension, atherosclerosis, arteriosclerosis, ath 
erosclerotic plaque, atherosclerotic plaque rupture, cere 
brovascular accident (stroke), transient ischemic attack 
(TIA), peripheral artery disease, arterial occlusive disease, 
vascular aneurysm, ischemia, ischemic ulcer, heart valve 
Stenosis, heart valve regurgitation and intermittent claudica 
tion. Examples of cardiovascular conditions include coronary 
artery disease, ischemic cardiomyopathy, myocardial 
ischemia, and ischemic or post-myocardial ischemia revas 
cularization. 

Structures, compositions and methods described herein 
can also be used for treating a subject at risk for developing a 
cardiovascular condition. The degree of risk of a cardiovas 
cular condition depends on the multitude and the severity or 
the magnitude of the risk factors that the subject has. Risk 
charts and prediction algorithms are available for assessing 
the risk of cardiovascular conditions in a human Subject based 
on the presence and severity of risk factors. One commonly 
used algorithm for assessing the risk of a cardiovascular con 
dition in a human Subject based on the presence and severity 
of risk factors is the Framingham Heart Study risk prediction 
score. A human Subject is at an elevated risk of having a 
cardiovascular condition if the subject’s 10-year calculated 
Framingham Heart Study risk score is greater than 10%. 
Another method for assessing the risk of a cardiovascular 
event in a human Subject is a global risk score that incorpo 
rates a measurement of a level of a marker of systemic inflam 
mation, such as CRP, into the Framingham Heart Study risk 
prediction score. Other methods of assessing the risk of a 
cardiovascular event in a human Subject include coronary 
calcium scanning, cardiac magnetic resonance imaging, and/ 
or magnetic resonance angiography. 
The structures, compositions and methods described 

herein may also be useful for prophylactic treatments. Pro 
phylactic treatments may be useful following invasive vascu 
lar procedures. For instance, vascular regions having injured 
endothelium are at increased risk for developing atheroscle 
rotic plaques. Therefore, invasive vascular procedures. Such 
as coronary angioplasty, vascular bypass grafting, and other 
procedures that injure the vascular endothelial layer, may be 
practiced in conjunction with the methods of the present 
invention. As the invasive procedure injures the endothelium, 
the structures may act to remove cholesterol from the injured 
region and inhibit or prevent plaque formation of expansion 
during endothelial healing. 

Hyperlipidemias may also be treated by the compositions 
and methods described herein. Administration of structures, 
alone or bound to a protein Such as apo-A1 and apo-A2, to 
individuals having hypoalphalipoproteinemia from genetic 
or secondary causes, familial combined hyperlipidemia, and 
familial hypercholesterolemia is a useful treatment. 

In another set of embodiments, the structures described 
herein may be used for treating cancer. Cancer cells may be 
dependent upon cholesterol delivery by HDL in order to 
maintain cell membrane biosynthesis and integrity. As such, 
structures described herein may be adapted to mimic endog 
enous HDL Such that they can target cancer cells. The struc 
tures may also function to regulate gene expression once 
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inside the cancer cells. For example, in one particular 
embodiment, the structures may include one or more oligo 
nucleotides adapted to reduce intracellular miR-210 levels. 
Reducing intracellular miR-210 levels has been shown to 
inhibit angiogenesis in human umbilical vein endothelial 
cells, as well as induce apoptosis in cancer cell types. In 
another example, structures described herein may include an 
oligonucleotide that selectively binds to mRNA sequences 
within cancer cells to regulate gene expression. For example, 
a structure may include a nucleic acid sequence (e.g., anti 
Survivin oligonucleotide) that regulates the expression of Sur 
vivin, an anti-apoptotic protein near universally upregulated 
in human cancer. The anti-Survivin oligonucleotide has the 
potential to selectively bind intracellular survivin mRNA, 
knockdown Survivin protein expression, and induce cancer 
cell death. Structures described herein may also include other 
oligonucleotides to treat cancer. 

In some cases, the structures may be used as contrast agents 
in combination with one or more other functions such as 
sequestering cholesterol, delivering nucleic acids, and/or 
regulating gene expression. For example, the nanostructure 
core of the structure may comprise a material Suitable for use 
as a contrast agent (e.g., gold, iron oxide, a quantum dot, 
radionuclide, etc.). In other embodiments, the shell may 
include a contrast agent. For instance, a nanoparticle or other 
suitable contrast agent may be embedded within the lipid 
bilayer of the shell, or associated with an inner or outer 
Surface of the shell. The contrast agents may be used to 
enhance various imaging methods known to those in the art 
such as MRI, X-ray, PET, CT, etc. 

In some embodiments, structures described herein may be 
used as intracellular diagnostic sensors. For instance, as 
described herein, structures including nucleic acids associ 
ated therewith may be delivered to the cytoplasm of cells 
where they regulate the expression of target RNA sequences 
and their protein targets. The ability to deliver nucleic acids 
intact to the cell cytoplasm provides an opportunity to not 
only regulate RNA targets, but also to detect them. For 
instance, in some embodiments, delivery of a "molecular 
beacon', where 3' and 5' fluor-quencher pairs are in close 
proximity due to hairpin self-hybridization may be used to 
detect an intracellular target mRNA through complementary 
binding to the beacon and relief of fluorescent quenching. In 
other embodiments, short nucleic acids may be designed to 
detect the presence of intracellular proteins (e.g., aptamers) or 
Small molecules (e.g., ATP-Sensor) through changes in fluo 
rescence that occur due to target protein or Small molecule 
binding, respectively. The structures described herein may be 
made to deliver nucleic acid sensors for a broad range of 
biomolecules that provide a convenient readout of their pres 
ence, for example, through increased fluorescence upon tar 
get molecule binding. 

In some embodiments, a composition is introduced to a 
Subject or a biological sample, and the structures of the com 
position and/or the Subject or biological sample are exposed 
to assay conditions that can determine a disease or condition 
of the subject or biological sample. At least a portion of the 
structures may be retrieved from the subject or biological 
sample and an assay may be performed with the structures 
retrieved. The structures may be assayed for the amount and/ 
or type of molecules bound to or otherwise sequestered by the 
structures. For example, in one set of embodiments, a com 
petition assay is performed, e.g., where labeled cholesterol is 
added and displacement of cholesterol is monitored. The 
more measured uptake of labeled cholesterol, the less bound 
un-labeled free cholesterol is present. This can be done, for 
example, after a composition comprising the structures 
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described herein are administered to a Subject or a biological 
sample, and the structures are Subsequently retrieved from the 
Subject or biological sample. This method can be used, for 
example, where the structures are to be used as a diagnostic 
agent to see how much cholesterol (unlabeled) it has seques 
tered in a Subject or biological sample. 

Other methods can also be used to determine the amount of 
cholesterol sequestered by structures described herein. In 
Some cases, labeled cholesterol (e.g., fluorescently-labeled 
cholesterol such as NBD-cholesterol, or radioactive choles 
terol) can be used. Labeled cholesterol can be added to the 
structures either in vitro or in vitro. By adding structures 
without labeled cholesterol and measuring the fluorescence 
increase upon binding, one can calculate the binding constant 
of labeled cholesterol to the structure. In addition, to remove 
the cholesterol from the structure, one can dissolve the par 
ticle (e.g., KCN) and then measure the resultant fluorescence 
in Solution. Comparing to standard curve can allow determi 
nation of the number of cholesterol molecules per particle. 
Other methods such as organic extraction and quantitative 
mass spectrometry can also be used to calculate amount of 
cholesterol sequestered by one or more structures described 
herein. 
As described herein, the inventive structures may be used 

in “pharmaceutical compositions' or “pharmaceutically 
acceptable' compositions, which comprise a therapeutically 
effective amount of one or more of the structures described 
herein, formulated together with one or more pharmaceuti 
cally acceptable carriers, additives, and/or diluents. The phar 
maceutical compositions described herein may be useful for 
diagnosing, preventing, treating or managing a disease or 
bodily condition such as those described herein, including but 
not limited to ones associated with regulating gene expres 
Sion. In some cases, the structures and compositions can be 
used for both diagnosis and therapeutic purposes. It should be 
understood that any suitable structures described herein can 
be used in Such pharmaceutical compositions, including 
those described in connection with the figures. In some cases, 
the structures in a pharmaceutical composition have a nano 
structure core comprising an inorganic material and a shell 
Substantially surrounding and attached to the nanostructure 
COC. 

The pharmaceutical compositions may be specially formu 
lated for administration in Solid or liquid form, including 
those adapted for the following: oral administration, for 
example, drenches (aqueous or non-aqueous Solutions or Sus 
pensions), tablets, e.g., those targeted for buccal, Sublingual, 
and systemic absorption, boluses, powders, granules, pastes 
for application to the tongue; parenteral administration, for 
example, by Subcutaneous, intramuscular, intravenous or epi 
dural injection as, for example, a sterile Solution or Suspen 
Sion, or Sustained-release formulation; topical application, 
for example, as a cream, ointment, or a controlled-release 
patch or spray applied to the skin, lungs, or oral cavity; 
intravaginally or intrarectally, for example, as a pessary, 
cream or foam; Sublingually: ocularly; transdermally; or 
nasally, pulmonary and to other mucosal Surfaces. 
The phrase “pharmaceutically acceptable' is employed 

herein to refer to those structures, materials, compositions, 
and/or dosage forms which are, within the scope of Sound 
medical judgment, Suitable for use in contact with the tissues 
of human beings and animals without excessive toxicity, irri 
tation, allergic response, or other problem or complication, 
commensurate with a reasonable benefit/risk ratio. 
The phrase “pharmaceutically-acceptable carrier as used 

herein means a pharmaceutically-acceptable material, com 
position or vehicle. Such as a liquid or Solid filler, diluent, 
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excipient, or solvent encapsulating material, involved in car 
rying or transporting the Subject compound from one organ, 
orportion of the body, to another organ, orportion of the body. 
Each carrier must be “acceptable' in the sense of being com 
patible with the other ingredients of the formulation and not 
injurious to the patient. Some examples of materials which 
can serve as pharmaceutically-acceptable carriers include: 
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; polyols. Such as glycerin, Sorbitol, mannitol and poly 
ethylene glycol; esters, such as ethyl oleate and ethyl laurate; 
agar, buffering agents, such as magnesium hydroxide and 
aluminum hydroxide; alginic acid; pyrogen-free water, iso 
tonic saline: Ringer's solution; ethyl alcohol; pH buffered 
Solutions; polyesters, polycarbonates and/or polyanhydrides; 
and other non-toxic compatible Substances employed in phar 
maceutical formulations. 

Wetting agents, emulsifiers and lubricants, such as Sodium 
lauryl Sulfate and magnesium Stearate, as well as coloring 
agents, release agents, coating agents, Sweetening, flavoring 
and perfuming agents, preservatives and antioxidants can 
also be present in the compositions. 

Examples of pharmaceutically-acceptable antioxidants 
include: water soluble antioxidants, such as ascorbic acid, 
cysteine hydrochloride, Sodium bisulfate, sodium met 
abisulfite, sodium sulfite and the like; oil-soluble antioxi 
dants, such as ascorbyl palmitate, butylated hydroxyanisole 
(BHA), butylated hydroxytoluene (BHT), lecithin, propyl 
gallate, alpha-tocopherol, and the like; and metal chelating 
agents, such as citric acid, ethylenediamine tetraacetic acid 
(EDTA), sorbitol, tartaric acid, phosphoric acid, and the like. 
The structures described herein may be orally adminis 

tered, parenterally administered, Subcutaneously adminis 
tered, and/or intravenously administered. In certain embodi 
ments, a structure or pharmaceutical preparation is 
administered orally. In other embodiments, the structure or 
pharmaceutical preparation is administered intravenously. 
Alternative routes of administration include Sublingual, intra 
muscular, and transdermal administrations. 

Pharmaceutical compositions described herein include 
those Suitable for oral, nasal, topical (including buccal and 
Sublingual), rectal, vaginal and/or parenteral administration. 
The formulations may conveniently be presented in unit dos 
age form and may be prepared by any methods well known in 
the art of pharmacy. The amount of active ingredient which 
can be combined with a carrier material to produce a single 
dosage form will vary depending upon the host being treated, 
and the particular mode of administration. The amount of 
active ingredient that can be combined with a carrier material 
to produce a single dosage form will generally be that amount 
of the compound which produces a therapeutic effect. Gen 
erally, this amount will range from about 1% to about 99% of 
active ingredient, from about 5% to about 70%, or from about 
10% to about 30%. 
The inventive compositions suitable for oral administra 

tion may be in the form of capsules, cachets, pills, tablets, 
lozenges (using a flavored basis, usually Sucrose and acacia or 
tragacanth), powders, granules, or as a solution or a Suspen 
sion in an aqueous or non-aqueous liquid, or as an oil-in 
water or water-in-oil liquid emulsion, or as an elixir or syrup, 
or as pastilles (using an inert base. Such as gelatin and glyc 
erin, or Sucrose and acacia) and/or as mouth washes and the 
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like, each containing a predetermined amount of a structure 
described herein as an active ingredient. An inventive struc 
ture may also be administered as a bolus, electuary or paste. 

In solid dosage forms of the invention for oral administra 
tion (capsules, tablets, pills, dragees, powders, granules and 
the like), the active ingredient is mixed with one or more 
pharmaceutically-acceptable carriers, such as Sodium citrate 
or dicalcium phosphate, and/or any of the following: fillers or 
extenders, such as starches, lactose. Sucrose, glucose, manni 
tol, and/or silicic acid; binders, such as, for example, car 
boxymethylcellulose, alginates, gelatin, polyvinyl pyrroli 
done. Sucrose and/or acacia; humectants, such as glycerol; 
disintegrating agents. Such as agar-agar, calcium carbonate, 
potato or tapioca starch, alginic acid, certain silicates, and 
Sodium carbonate; Solution retarding agents, such as paraffin; 
absorption accelerators, such as quaternary ammonium com 
pounds; wetting agents, such as, for example, cetyl alcohol, 
glycerol monostearate, and non-ionic Surfactants; absor 
bents, such as kaolin and bentonite clay; lubricants, such as 
talc, calcium Stearate, magnesium Stearate, Solid polyethyl 
ene glycols, sodium lauryl Sulfate, and mixtures thereof, and 
coloring agents. In the case of capsules, tablets and pills, the 
pharmaceutical compositions may also comprise buffering 
agents. Solid compositions of a similar type may also be 
employed as fillers in Soft and hard-shelled gelatin capsules 
using Such excipients as lactose or milk Sugars, as well as high 
molecular weight polyethylene glycols and the like. 
A tablet may be made by compression or molding, option 

ally with one or more accessory ingredients. Compressed 
tablets may be prepared using binder (for example, gelatin or 
hydroxypropylmethyl cellulose), lubricant, inert diluent, pre 
servative, disintegrant (for example, sodium starch glycolate 
or cross-linked sodium carboxymethyl cellulose), Surface 
active or dispersing agent. Molded tablets may be made in a 
suitable machine in which a mixture of the powdered struc 
ture is moistened with an inert liquid diluent. 

The tablets, and other solid dosage forms of the pharma 
ceutical compositions of the present invention, such as drag 
ees, capsules, pills and granules, may optionally be scored or 
prepared with coatings and shells, such as enteric coatings 
and other coatings well known in the pharmaceutical-formu 
lating art. They may also be formulated so as to provide slow 
or controlled release of the active ingredient therein using, for 
example, hydroxypropylmethyl cellulose in varying propor 
tions to provide the desired release profile, other polymer 
matrices, liposomes and/or microspheres. They may be for 
mulated for rapid release, e.g., freeze-dried. They may be 
sterilized by, for example, filtration through a bacteria-retain 
ing filter, or by incorporating sterilizing agents in the form of 
sterile solid compositions that can be dissolved in sterile 
water, or some other sterile injectable medium immediately 
before use. These compositions may also optionally contain 
opacifying agents and may be of a composition that they 
release the active ingredient(s) only, or in a certain portion of 
the gastrointestinal tract, optionally, in a delayed manner. 
Examples of embedding compositions that can be used 
include polymeric Substances and waxes. The active ingredi 
ent can also be in micro-encapsulated form, if appropriate, 
with one or more of the above-described excipients. 

Liquid dosage forms for oral administration of the struc 
tures described herein include pharmaceutically acceptable 
emulsions, microemulsions, Solutions, dispersions, Suspen 
sions, syrups and elixirs. In addition to the inventive struc 
tures, the liquid dosage forms may contain inert diluents 
commonly used in the art, Such as, for example, water or other 
Solvents, Solubilizing agents and emulsifiers, such as ethyl 
alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, 
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benzyl alcohol, benzyl benzoate, propylene glycol. 1,3-buty 
lene glycol, oils (in particular, cottonseed, groundnut, corn, 
germ, olive, castor and sesame oils), glycerol, tetrahydrofuryl 
alcohol, polyethylene glycols andfatty acid esters of sorbitan, 
and mixtures thereof. 

Besides inert diluents, the oral compositions can also 
include adjuvants such as wetting agents, emulsifying and 
Suspending agents, Sweetening, flavoring, coloring, perfum 
ing and preservative agents. 

Suspensions, in addition to the active compounds, may 
contain Suspending agents as, for example, ethoxylated isos 
tearyl alcohols, polyoxyethylene Sorbitol and Sorbitan esters, 
microcrystalline cellulose, aluminum metahydroxide, bento 
nite, agar-agar and tragacanth, and mixtures thereof. 

Formulations of the pharmaceutical compositions 
described herein (e.g., for rectal or vaginal administration) 
may be presented as a Suppository, which may be prepared by 
mixing one or more compounds of the invention with one or 
more Suitable nonirritating excipients or carriers comprising, 
for example, cocoa butter, polyethylene glycol, a Suppository 
wax or a salicylate, and which is solid at room temperature, 
but liquid at body temperature and, therefore, will melt in the 
body and release the structures. 

Dosage forms for the topical or transdermal administration 
of a structure described herein include powders, sprays, oint 
ments, pastes, foams, creams, lotions, gels, solutions, patches 
and inhalants. The active compound may be mixed under 
sterile conditions with a pharmaceutically-acceptable carrier, 
and with any preservatives, buffers, or propellants which may 
be required. 
The ointments, pastes, creams and gels may contain, in 

addition to the inventive structures, excipients, such as animal 
and vegetable fats, oils, waxes, paraffins, starch, tragacanth, 
cellulose derivatives, polyethylene glycols, silicones, bento 
nites, silicic acid, talc and Zinc oxide, or mixtures thereof. 

Powders and sprays can contain, in addition to the struc 
tures described herein, excipients such as lactose, talc, silicic 
acid, aluminum hydroxide, calcium silicates and polyamide 
powder, or mixtures of these Substances. Sprays can addition 
ally contain customary propellants, such as chlorofluorohy 
drocarbons and Volatile unsubstituted hydrocarbons, such as 
butane and propane. 

Transdermal patches have the added advantage of provid 
ing controlled delivery of a structure described herein to the 
body. Dissolving or dispersing the structure in the proper 
medium can make Such dosage forms. Absorption enhancers 
can also be used to increase the flux of the structure across the 
skin. Either providing a rate controlling membrane or dispers 
ing the structure in a polymer matrix or gel can control the rate 
of such flux. 

Ophthalmic formulations, eye ointments, powders, solu 
tions and the like, are also contemplated as being within the 
Scope of this invention. 

Pharmaceutical compositions described herein suitable for 
parenteral administration comprise one or more inventive 
structures in combination with one or more pharmaceuti 
cally-acceptable sterile isotonic aqueous or nonaqueous solu 
tions, dispersions, Suspensions or emulsions, or sterile pow 
ders which may be reconstituted into sterile injectable 
Solutions or dispersions just prior to use, which may contain 
Sugars, alcohols, antioxidants, buffers, bacteriostats, solutes 
which render the formulation isotonic with the blood of the 
intended recipient or Suspending or thickening agents. 

Examples of Suitable aqueous and nonaqueous carriers, 
which may be employed in the pharmaceutical compositions 
described herein include water, ethanol, polyols (such as 
glycerol, propylene glycol, polyethylene glycol, and the like), 
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and Suitable mixtures thereof, vegetable oils, such as olive oil, 
and injectable organic esters, such as ethyl oleate. Proper 
fluidity can be maintained, for example, by the use of coating 
materials. Such as lecithin, by the maintenance of the required 
particle size in the case of dispersions, and by the use of 
Surfactants. 

These compositions may also contain adjuvants such as 
preservatives, wetting agents, emulsifying agents and dis 
persing agents. Prevention of the action of microorganisms 
upon the inventive structures may be facilitated by the inclu 
sion of various antibacterial and antifungal agents, for 
example, paraben, chlorobutanol, phenol Sorbic acid, and the 
like. It may also be desirable to include isotonic agents. Such 
as Sugars, Sodium chloride, and the like into the compositions. 
In addition, prolonged absorption of the injectable pharma 
ceutical form may be brought about by the inclusion of agents 
which delay absorption Such as aluminum monostearate and 
gelatin. 

Delivery systems suitable for use with structures and com 
positions described herein include time-release, delayed 
release, Sustained release, or controlled release delivery sys 
tems, as described herein. Such systems may avoid repeated 
administrations of the structures in many cases, increasing 
convenience to the Subject and the physician. Many types of 
release delivery systems are available and known to those of 
ordinary skill in the art. They include, for example, polymer 
based systems such as polylactic and/or polyglycolic acid, 
polyanhydrides, and polycaprolactone; nonpolymer systems 
that are lipid-based including sterols such as cholesterol, cho 
lesterol esters, and fatty acids or neutral fats such as mono-, 
di- and triglycerides; hydrogel release systems; silastic sys 
tems; peptide based systems; wax coatings; compressed tab 
lets using conventional binders and excipients; or partially 
fused implants. Specific examples include, but are not limited 
to, erosional systems in which the composition is contained in 
a form within a matrix, or diffusional systems in which an 
active component controls the release rate. The compositions 
may be as, for example, microspheres, hydrogels, polymeric 
reservoirs, cholesterol matrices, or polymeric systems. In 
Some embodiments, the system may allow Sustained or con 
trolled release of the active compound to occur, for example, 
through control of the diffusion or erosion/degradation rate of 
the formulation. In addition, a pump-based hardware delivery 
system may be used in some embodiments. The structures 
and compositions described herein can also be combined 
(e.g., contained) with delivery devices such as Syringes, pads, 
patches, tubes, films, MEMS-based devices, and implantable 
devices. 

Use of a long-term release implant may be particularly 
Suitable in some cases. "Long-term release.” as used herein, 
means that the implant is constructed and arranged to deliver 
therapeutic levels of the composition for at least about 30 or 
about 45 days, for at least about 60 or about 90 days, or even 
longer in Some cases. Long-term release implants are well 
known to those of ordinary skill in the art, and include some 
of the release systems described above. 

Injectable depot forms can be made by forming microen 
capsule matrices of the structures described herein in biode 
gradable polymers such as polylactide-polyglycolide. 
Depending on the ratio of structure to polymer, and the nature 
of the particular polymer employed, the rate of release of the 
structure can be controlled. Examples of other biodegradable 
polymers include poly(orthoesters) and poly(anhydrides). 
When the structures described herein are administered as 

pharmaceuticals, to humans and animals, they can be given 
per se or as a pharmaceutical composition containing, for 
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example, about 0.1% to about 99.5%, about 0.5% to about 
90%, or the like, of structures in combination with a pharma 
ceutically acceptable carrier. 
The administration may be localized (e.g., to a particular 

region, physiological system, tissue, organ, or cell type) or 
systemic, depending on the condition to be treated. For 
example, the composition may be administered through 
parental injection, implantation, orally, vaginally, rectally, 
buccally, pulmonary, topically, nasally, transdermally, Surgi 
cal administration, or any other method of administration 
where access to the target by the composition is achieved. 
Examples of parental modalities that can be used with the 
invention include intravenous, intradermal, Subcutaneous, 
intracavity, intramuscular, intraperitoneal, epidural, or 
intrathecal. Examples of implantation modalities include any 
implantable or injectable drug delivery system. Oral admin 
istration may be useful for some treatments because of the 
convenience to the patient as well as the dosing schedule. 

Regardless of the route of administration selected, the 
structures described herein, which may be used in a suitable 
hydrated form, and/or the inventive pharmaceutical compo 
sitions, are formulated into pharmaceutically-acceptable dos 
age forms by conventional methods known to those of skill in 
the art. 
The compositions described herein may be given in dos 

ages, e.g., at the maximum amount while avoiding or mini 
mizing any potentially detrimental side effects. The compo 
sitions can be administered in effective amounts, alone or in a 
combinations with other compounds. For example, when 
treating cancer, a composition may include the structures 
described herein and a cocktail of other compounds that can 
be used to treat cancer. 
The phrase “therapeutically effective amount’ as used 

herein means that amount of a material or composition com 
prising an inventive structure which is effective for producing 
Some desired therapeutic effect in a Subject at a reasonable 
benefit/risk ratio applicable to any medical treatment. 
Accordingly, a therapeutically effective amount may, for 
example, prevent, minimize, or reverse disease progression 
associated with a disease or bodily condition. Disease pro 
gression can be monitored by clinical observations, labora 
tory and imaging investigations apparent to a person skilled in 
the art. A therapeutically effective amount can be an amount 
that is effective in a single dose or an amount that is effective 
as part of a multi-dose therapy, for example an amount that is 
administered in two or more doses oran amount that is admin 
istered chronically. 
The effective amount of any one or more structures 

described herein may be from about 10 ng/kg of body weight 
to about 1000 mg/kg of body weight, and the frequency of 
administration may range from once a day to once a month. 
However, other dosage amounts and frequencies also may be 
used as the invention is not limited in this respect. A subject 
may be administered one or more structure described herein 
in an amount effective to treat one or more diseases or bodily 
conditions described herein. 
An effective amount may depend on the particular condi 

tion to be treated. One of ordinary skill in the art can deter 
mine what an effective amount of the composition is by, for 
example, methods such as assessing liver function tests (e.g. 
transaminases), kidney function tests (e.g. creatinine), heart 
function tests (e.g. troponin, CRP), immune function tests 
(e.g. cytokines like IL-1 and TNF-alpha), etc. The effective 
amounts will depend, of course, on factors such as the severity 
of the condition being treated; individual patient parameters 
including age, physical condition, size and weight; concur 
rent treatments; the frequency of treatment; or the mode of 
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administration. These factors are well known to those of 
ordinary skill in the art and can be addressed with no more 
than routine experimentation. In some cases, a maximum 
dose be used, that is, the highest safe dose according to Sound 
medical judgment. 

Actual dosage levels of the active ingredients in the phar 
maceutical compositions described herein may be varied so 
as to obtain an amount of the active ingredient that is effective 
to achieve the desired therapeutic response for a particular 
patient, composition, and mode of administration, without 
being toxic to the patient. 

The selected dosage level will depend upon a variety of 
factors including the activity of the particular inventive struc 
ture employed, the route of administration, the time of admin 
istration, the rate of excretion or metabolism of the particular 
structure being employed, the duration of the treatment, other 
drugs, compounds and/or materials used in combination with 
the particular structure employed, the age, sex, weight, con 
dition, general health and prior medical history of the patient 
being treated, and like factors well known in the medical arts. 
A physician or veterinarian having ordinary skill in the art 

can readily determine and prescribe the effective amount of 
the pharmaceutical composition required. For example, the 
physician or veterinarian could start doses of the structures 
described herein employed in the pharmaceutical composi 
tion at levels lower than that required to achieve the desired 
therapeutic effect and then gradually increasing the dosage 
until the desired effect is achieved. 

In some embodiments, a structure or pharmaceutical com 
position described herein is provided to a subject chronically. 
Chronic treatments include any form of repeated administra 
tion for an extended period of time, such as repeated admin 
istrations for one or more months, between a month and a 
year, one or more years, or longer. In many embodiments, a 
chronic treatment involves administering a structure or phar 
maceutical composition repeatedly over the life of the sub 
ject. For example, chronic treatments may involve regular 
administrations, for example one or more times a day, one or 
more times a week, or one or more times a month. In general, 
a suitable dose such as a daily dose of a structure described 
herein will be that amount of the structure that is the lowest 
dose effective to produce a therapeutic effect. Such an effec 
tive dose will generally depend upon the factors described 
above. Generally doses of the structures described hereinfor 
a patient, when used for the indicated effects, will range from 
about 0.0001 to about 100 mg per kg of body weight per day. 
The daily dosage may range from 0.001 to 50 mg of com 
pound per kg of body weight, or from 0.01 to about 10 mg of 
compound per kg of body weight. However, lower or higher 
doses can be used. In some embodiments, the dose adminis 
tered to a subject may be modified as the physiology of the 
Subject changes due to age, disease progression, weight, or 
other factors. 

If desired, the effective daily dose of the active compound 
may be administered as two, three, four, five, six or more 
Sub-doses administered separately at appropriate intervals 
throughout the day, optionally, in unit dosage forms. For 
example, instructions and methods may include dosing regi 
mens wherein specific doses of compositions, especially 
those including structures described herein having a particu 
lar size range, are administered at specific time intervals and 
specific doses to achieve reduction of cholesterol (or other 
lipids) and/or treatment of disease while reducing or avoiding 
adverse effects or unwanted effects. 

While it is possible for a structure described herein to be 
administered alone, it may be administered as a pharmaceu 
tical composition as described above. The present invention 
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also provides any of the above-mentioned compositions use 
ful for diagnosing, preventing, treating, or managing a dis 
ease or bodily condition packaged in kits, optionally includ 
ing instructions for use of the composition. That is, the kit can 
include a description of use of the composition for participa 
tion in the disease or bodily condition. The kits can further 
include a description of use of the compositions as discussed 
herein. The kit also can include instructions for use of a 
combination of two or more compositions described herein. 
Instructions also may be provided for administering the com 
position by any suitable technique, such as orally, intrave 
nously, or via another known route of drug delivery. 
The kits described herein may also contain one or more 

containers, which can contain components such as the struc 
tures, signaling entities, and/or biomolecules as described. 
The kits also may contain instructions for mixing, diluting, 
and/or administrating the compounds. The kits also can 
include other containers with one or more solvents, Surfac 
tants, preservatives, and/or diluents (e.g., normal saline (0.9% 
NaCl), or 5% dextrose) as well as containers for mixing, 
diluting or administering the components to the sample or to 
the patient in need of Such treatment. 
The compositions of the kit may be provided as any Suit 

able form, for example, as liquid solutions or as dried pow 
ders. When the composition provided is a dry powder, the 
powder may be reconstituted by the addition of a suitable 
solvent, which may also be provided. In embodiments where 
liquid forms of the composition are used, the liquid form may 
be concentrated or ready to use. The solvent will depend on 
the particular inventive structure and the mode of use or 
administration. Suitable solvents for compositions are well 
known and are available in the literature. 
The kit, in one set of embodiments, may comprise one or 

more containers such as vials, tubes, and the like, each of the 
containers comprising one of the separate elements to be used 
in the method. For example, one of the containers may com 
prise a positive control in the assay. Additionally, the kit may 
include containers for other components, for example, buffers 
useful in the assay. 
As used herein, a “subject' or a “patient” refers to any 

mammal (e.g., a human). Examples of Subjects or patients 
include a human, a non-human primate, a cow, a horse, a pig, 
a sheep, a goat, a dog, a cat or a rodent such as a mouse, a rat, 
a hamster, or a guinea pig. Generally, the invention is directed 
toward use with humans. A subject may be a Subject diag 
nosed with a certain disease or bodily condition or otherwise 
known to have a disease or bodily condition. In some embodi 
ments, a subject may be diagnosed as, or known to be, at risk 
of developing a disease or bodily condition. In some embodi 
ments, a subject may be diagnosed with, or otherwise known 
to have, a disease or bodily condition associated with abnor 
mal lipid levels, as described herein. In certain embodiments, 
a subject may be selected for treatment on the basis of a 
known disease or bodily condition in the Subject. In some 
embodiments, a subject may be selected for treatment on the 
basis of a Suspected disease or bodily condition in the Subject. 
In some embodiments, the composition may be administered 
to prevent the development of a disease or bodily condition. 
However, in Some embodiments, the presence of an existing 
disease or bodily condition may be suspected, but not yet 
identified, and a composition of the invention may be admin 
istered to diagnose or prevent further development of the 
disease or bodily condition. 
A "biological sample, as used herein, is any cell, body 

tissue, or body fluid sample obtained from a subject. Non 
limiting examples of body fluids include, for example, lymph, 
saliva, blood, urine, and the like. Samples of tissue and/or 
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cells for use in the various methods described herein can be 
obtained through standard methods including, but not limited 
to, tissue biopsy, including punch biopsy and cell scraping, 
needle biopsy; or collection of blood or other bodily fluids by 
aspiration or other Suitable methods. 
The following examples are intended to illustrate certain 

embodiments of the present invention, but are not to be con 
strued as limiting and do not exemplify the full scope of the 
invention. 

EXAMPLES 

Example 1 

This example describes methods for chemically tailoring 
the surface of hybrid structures in the form of DNA-HDL 
AuNPs so as to control the ratio of surface components. The 
DNA-HDL AuNPs may function to both sequester choles 
terol and deliver nucleic acids or regulate gene expression. 

Five nm diameter citrate-stabilized Au NPs (Ted Pella) 
were used to template spherical synthetic HDL AuNPs using 
two synthetic approaches (FIGS. 2A and 2B). 
HDL AuNPs were fabricated in solutions of HO/ethanol 

(EtOH). AuNPs, DNA, APOAI, and each of the phospholip 
ids are soluble and stable in HO/EtOH (up to 50% EtOH). 
This method allows for individual surface components to be 
added step-wise to the HDL AuNPs, and the removal of 
unreacted components and EtOH. 

In a typical HDL AuNP synthesis, citrate-stabilized gold 
nanoparticles (80 nM, 5+0.75 nm, Ted Pella, Inc.) in aqueous 
solution are mixed with 5-fold excess of purified human 
APOA1 (400 nM, Biodesign International) in a glass vial. 
This solution is allowed to mix overnight at room temperature 
while stirring. Next, a 1:1 ratio of 1,2-dipalmitoyl-sn-glyc 
ero-3-phosphoethanolamine-N-3-(2-pyridyldithio)propi 
onate: 1-2-dipalmitoyl-sn-glycero-3-phosphocholine 
(Avanti Polar Lipids) each in 100-fold excess with respect to 
the concentration of AuNPs was prepared in chloroform. The 
phospholipid mixture is then added to the aqueous AuNP/ 
APOA1 solution which results in a layered mixture. The 
mixture is vortexed and briefly sonicated which results in a 
pink and frothy mixture. The mixture is gradually heated to 
~65°C. in order to evaporate the chloroform. After allowing 
the solution to cool, purification of the HDL-AuNPs is 
accomplished via centrifugation (15,800 gx45 min) and re 
suspension in NanopureTM water. 

In the case of the first synthetic method (FIG. 2A), HDL 
AuNPs were fabricated as described above and increasing 
concentrations of 5'-cholesterylated DNA (chol-DNA) were 
added to the HDL AuNPs. For example, chol-DNA-HDL 
AuNPs were fabricated by adding a 100-fold molar excess of 
cholesteryl-DNA to the HDL AuNPs. All oligonucleotides 
were fabricated using standard phosphoramidite chemistry 
(Expedite 8909) and purified using reverse phase HPLC 
(Varian ProStar 210). The sequences used are shown in Table 
1 (SEQID NOS: 1 through 4 from top to bottom). Following 
a 4-hour incubation, DNA-HDL AuNPs were distributed into 
1 mLaliquots and centrifuged (15,800 gx45min) to remove 
DNA not bound to the HDL AuNP surface, the supernatant 
decanted, and then the DNA-HDL AuNPs were re-suspended 
in -30 uL of phosphate buffered saline (1xPBS, 0.15MNaCl, 
0.01M phosphate buffer, pH-7.5). The aliquots were vor 
texed and briefly sonicated to ensure full suspension of the 
chol-DNA-HDL AuNP pellet. Concentrated solutions of 
chol-DNA-HDL AuNPs were combined to yield a final con 
centration of ~1 uM. Particle concentrations were measured 
using a UV-Vis spectrophotometer (Agilent 8453). The 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

38 
W=520 nm for 5 nm AuNPs and the extinction co-efficient, 
e=9.696x10 M' cm. Particles were stored at 4°C. until 
SC. 

3'-fluorophore labeled (e.g. Cyanine 3 or 5) DNA was used 
to quantify the amount of DNA bound to the HDL AuNP 
surface. Also, using the fluorescently labeled DNA, a binding 
isotherm was constructed to calculate the K for cholesterol 
DNA to the Surface of the HDL AuNPs. 

For the second synthetic method (FIG. 2B), synthesis was 
initiated in HO where 5 nm AuNPs were first surface func 
tionalized with APOAI. APOAI adsorbs to the Surface of the 
AuNPs; however, when adding alkyl-thiol oligos, which bind 
tightly to the AuNP Surface, ligand exchange may drive 
APOAI off the surface. To some degree, surface adsorption of 
APOAI and thiol-modified DNA can be controlled by stoichi 
ometry. In the event that thiol-DNA loading is compromised 
by rapid APOAI release, primary amines on APOAI can be 
modified to thiol groups using Traut’s reagent, which may 
ensure APOAI attachment while not impairing function. 
Traut's modification of APOAI has been used for HDL 
AuNPs with no appreciably differences noted in cholesterol 
efflux assays when compared to HDL AuNPs and natural 
APOAI (data not shown). The NaCl concentration was 
increased to near physiologic (0.15 M, slowly increasing so as 
not to irreversibly de-stabilize the colloid), whereupon thiol 
DNA (antago-miR-210/control) was added in increasing sto 
ichiometric amounts with reference to the AuNPs. Finally, 
PLs were added in ethanolic solution to functionalize remain 
ing sites on the developing DNA-HDL AuNP surface. Final 
constructs were purified using centrifugation. In some cases, 
centrifugation may promote irreversible nanoparticle aggre 
gation in which case either dialysis or a combination of fil 
tration/dialysis (diafiltration) can be used for purification. 

TABLE 1. 

Sequence Name Sequence 

chol-antago-miR 
21 O 

5' - Cholesteryl-TEG- (A) o-TCA 
GCC GCT GTC ACA CGC ACA G-3 

SEO ID NO: 1 

chol-antago-miR 
210-Fluor (F) 

5' - Cholesteryl-TEG- (A) 10-TCA 
GCC GCT, GTC ACA CGC ACA G-3' 
SEO ID NO: 2 

chol - control 
antago-miR 

5' - Cholesteryl-TEG- (A) o- CCC 
CGT AAT. CTT CAT AAT CCG. AG-3' 

SEO ID NO: 3 

chol - control-antago 
miR-Fluor (F) 

5' - Cholesteryl-TEG- (A) o-GCC 
TTA CGC TAC CCG GAG ACC A-3' 
SEO ID NO: 4 

Example 2 

This example shows that structures in the form of DNA 
HDL AuNPs have low toxicity and can be used to regulate 
gene expression in cells. The DNA was electrostatically phy 
sisorbed onto a phospholipid bilayer shell of the structures. 
HDL AuNPs were fabricated using the method described 

in Example 1 in connection with FIG. 2A, and then mixed 
with DNA antago-miR5 terminally modified with choles 
terol. The resultant DNA-HDLAuNPs were centrifuged (x3) 
for purification away from unbound cholesterol-labeled 
DNA. The added DNAs are reverse complement “antago 
miR' molecules of targeted microRNA-210. MicroRNA-210 
is the pathognomic hypoxia regulated microRNA. Reducing 
intracellular miR-210 levels has been shown to inhibit angio 
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genesis in human umbilical vein endothelial cells (HUVECs), 
as well as induce apoptosis in cancer cell types. AS HDL 
AuNPs naturally target endothelial cells, HUVECs were used 
for these experiments. Cellular hypoxia was chemically 
induced using cobalt chloride (CoCl2), a well established 
mechanism for promoting HIF-1C, driven expression from 
hypoxia response elements where miR-210 is a well-known 
product. DNA-HDL AuNP treatment did not cause cell tox 
icity as measured with a lactate dehydrogenase (LDH) assay 
(FIG. 5). Measured with RT-PCR following total RNA 
extraction from treated versus untreated cells, antago-miR 
210-HDL AuNPs function to target miR-210, versus 
scrambled controls, and significantly reduce HUVEC miR 
210 levels (FIG. 6). 

Example 3 

This example shows a comparison between the use of 
hybrid DNA-HDL-AuNP structures and DNA-AuNP struc 
tures for intracellular nucleic acid regulation. 
DNA-HDL AuNPs were fabricated with either DNA 

antagomiR-210 oligonucleotides (SEQ ID NO: 5,5-tcagc 
cgctgtgacacgcacag-alo-SH-3) or control DNA oligonucle 
otides (SEQ ID NO: 6.5-ccccgtaatcteataatccgag-alo-SH 
3). The control oligonucleotides do not have sequence 
complementarity to known expressed human RNA 
sequences. MiR-210 has been shown to be upregulated under 
hypoxic cellular conditions where it functions to regulate and 
calibrate the global cellular response to normoxia-hypoxia. 
HUVECs were studied which were chemically induced to a 
hypoxic state by using cobalt chloride (CoCl2,300 micromo 
lar). Under these conditions, miR-210 levels were highly 
increased. Either 13 nm gold nanoparticles (AuNPs) surface 
functionalized with the DNA reverse complement of miR 
210, known as antago-miR-210 (sequence above) according 
to standard procedures (Rosi et al. Science, 2006, 312, p. 
1027), or HDL AuNPs co-loaded with antago-miR-210 
sequences (sequence above) were fabricated. In the case of 
the antago-miR-210-HDLAuNPs, the DNA antago-miR-210 
sequences were electrostatically physisorbed to the Surface of 
the HDL AuNPs. In each case, the final conjugates were 
purified using repeated centrifugation and re-suspension in 
1x phosphate buffered saline (3x, 15,000 RPM). Control 
DNA antago-miR was fabricated and loaded to the gold nano 
particle conjugates in a similar fashion (sequence above). 
The first observation that is strikingly significant with 

regard to the Successful cytoplasmic delivery of targeted 
therapeutic nucleic acids by using a hybrid DNA-HDLAuNP 
structure, is the direct observation that a significant number of 
5 nm DNA-HDL AuNPs reside in the cytoplasmic compart 
ment of cells. FIGS. 7A-7Care electron micrographs (EM) of 
a murine macrophage (J774) grown in monolayer cell culture 
after exposure to the DNA-HDL AuNP structures (24 hour 
transfection, 50 nM HDL AuNPs). The EM demonstrates 5 
nm DNA-HDL AuNP structures that are free within the cyto 
plasmic compartment (FIGS. 7A-7B). Numerous collections 
of DNA-HDL AuNPs are seen in the cytoplasmic compart 
ment of the cell (see arrow in FIG. 7A). Magnification of the 
arrow is shown in FIG. 7B, which demonstrates a collection 
of structures within (A) and outside of (B) cytoplasmic 
vesicles. A magnified image (FIG.7C) of the areas indicated 
in A, B in FIG. 7B clearly demonstrate the structures (5 nm. 
diameter). One can contrast a group of DNA-AuNP structures 
that are within an intracellular vesicle (A), versus DNA-HDL 
AuNP structures that are free in the cytoplasm (B). This 
observation led to the hypothesis that certainstructures can be 
used Successfully for regulating intracellular RNA species 
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(e.g., endogenous microRNA (miR) or messenger RNA 
(mRNA)), such as HDL AuNP structures that also include a 
targeted nucleic acid (DNA or RNA) therapeutic (e.g. antago 
miR, siRNA, miR, etc). 
The ability of different structures to downregulate intrac 

ellular miR-210 levels upon transfection to the cells under 
CoCl induction of miR-210 was compared. miR-210 levels 
were first normalized against endogenous GAPDH, and then 
versus miR-210 in the HUVEC cells induced with CoC1, but 
not treated with AuNPs. As shown in FIG. 8A, CoCl effec 
tively increases miR-210 expression in HUVEC cells versus 
those not exposed to CoCl2. Cells exposed to antago-miR 
210 HDL AuNPs (APOA1,50 nM) demonstrate a significant 
knockdown of miR-210 levels at 24, 48, and 72 hours. At 72 
hours, it appeared that the cells are beginning to recover. The 
antago-miR-control HDL AuNPs demonstrate no decrease in 
miR-210 expression. As a means of comparison, 13 nm 
AuNPs fabricated with surface-bound antagomiR-210 and 
control sequences. Transfection of these structures (1 nM) 
resulted in modest knockdown of miR-210, while the control 
demonstrated limited knockdown, as expected. Taken 
together, these data demonstrate that nucleic acids, in this 
case DNA antagomiRs to miR-210, carried in the context of 
the HDL AuNPs (surface physisorbed in this case) can effec 
tively target and regulate intracellular nucleic acid species 
(e.g., miR-210). The control particles show minimal off-tar 
get, non-specific activity in the context of miR-210 expres 
S1O. 

Data also demonstrates that transfection of antago-miR 
210-HDL AuNPs are non-toxic. This was determined by 
assaying the cellular release of lactate dehydrogenase (LDH), 
a marker of plasma membrane disruption. In the case of loss 
of cellular plasma membrane integrity, the cytoplasmic 
enzyme lactate dehydrogenase (LDH) leaked into the cell 
culture medium. Using a colorimetric assay for LDH, differ 
ences between HUVEC cells treated with antago-miR-210 
AuNPs (13 nm diameter), previously demonstrated to be 
non-toxic to cultured cells (Massich, et al. Mol Pharm, 6(6), 
p. 1934, 2009), and antago-miR-210/control HDL-AuNPs 
were assessed. FIG.8B shows LDH toxicity toward HUVEC 
cells. The maximum possible LDH activity (lysed cells) is 
demonstrated on the far right. As shown, CoCl2 induced and 
non-induced cells show little LDH leak into the media con 
sistent with minimal plasma-membrane disruption at base 
line. Cells treated with either antago-miR-210/control AuNPs 
(13 nm, 1 nM) or the antago-miR-210/control HDL AuNPs (5 
nm, 50 nM) demonstrate no increase in cell toxicity over 
baseline. 

Furthermore, it was demonstrated (FIG. 8C), that a second 
set of structures effectively targeted and downregulated miR 
210 in HUVEC cells. These structures were fabricated simi 
larly to those above, however, they have covalently coupled 
(vs. adsorbed) DNA antago-miRs to miR-210 or control oli 
gos. As shown in FIG. 8C, miR-210 regulation is efficiently 
achieved using structures with or without phospholipids 
(PLs), that target miR-210 (a210) in HUVEC cells. In all 
cases, a 5 nm AuNP serves as the templating nanostructure 
core material, and in all cases Apollipoprotein A-I (APOAI) is 
present on the Surface of the constructs. 

Specifically, FIG. 8C shows miR-210 knockdown in 
HUVECs using structures where the antagomiR to 
microRNA-210 is end-modified with a thiol for adsorption to 
the Surface of the 5 nm AuNP at the core of the HDLAuNP. As 
shown, the positive control (HUVEC-induced) HUVEC cells 
induced with CoCl demonstrate strong miR-210 expression 
as compared to the HUVEC-uninduced. Two sets of particles 
were fabricated and transfected into CoCl2 induced HUVEC 
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cells. The first two bars demonstrate 5 nm AuNPs with 
APOAI protein and bound antagomiR-DNA to miR-210 
(5-APO-a210) versus the same construct but with non-tar 
geted control DNA (5-APO-c210). In the case of the targeted 
agent, miR-210 is reduced approximately 60%. Bars 3 and 4 5 
represent another set of constructs, similar to the first two, 
however each also contain the phospholipid bilayer used for 
the standards HDL AuNPs. As shown, 5-APO-a210-PLs, tar 
geted to knockdown miR-210, do so to the tune of about 60%. 
The control particles (5-APO-c210-PLs) do not demonstrate 10 
miR-210 knockdown. 

Overall, these data show cytoplasmic localization of HDL 
AuNPs, effective delivery of antago-miR-210 for regulating 
intracellular miR-210 expression by the antago-miR-210 
HDL AuNPs, and lack of toxicity of the antago-miR-210 15 
HDLALNPS. 

Example 4 

This example shows the use of structures such as hybrid 20 
chol-DNA-HDL AuNPs as cellular delivery vehicles for 
nucleic acids. 

High density lipoproteins avidly target cancer cells which 
over-express HDL receptors. The general need for cholesterol 
uptake by cancer cells has stimulated interest in using recom- 25 
binant lipoproteins, especially recombinant HDL, engineered 
for targeted therapeutic delivery. Advanced prostate cancer 
cells that proliferate in vivo despite systemic androgen abla 
tion appearandrogen insensitive; however, data demonstrate 
they acquire the capacity to uptake cholesterol from HDL and 30 
endogenously produce testosterone to maintain growth. 
Thus, prostate cancer represents a unique case where the dual 
need for cholesterol for both membrane integrity and test 
osterone production provides an ideal model in which to test 
gene delivery strategies leveraging an HDL biomimetic. 35 
HDL AuNPs tightly bind the fluorescent cholesterol ana 

logue, 25-N-(7-nitro-2-1,3-benzoxadiazol-4-yl)methyl 
amino-27-norcholesterol (NBD-cholesterol) (K–3.8 nM). 
HDL AuNPs may have -3 copies of apolipoprotein A-I 
(APOAI) on their surface and have an outer leaflet monolayer 40 
of Zwitterionic dipalmitoyl-phosphatidylcholine (DPPC). 
Due to the tight binding of NBD-cholesterol by biomimetic 
HDL AuNPs, the known electrostatic complexation of 
nucleic acids with phosphocholine containing phospholipids, 
and data Supporting spontaneous association and effective 45 
cellular delivery of cholesterylated nucleic acids by natural 
HDL species, we hypothesized that hybrid HDL AuNPs with 
adsorbed cholesteryl-DNA species (chol-DNA-HDL 
AuNPs) could be synthesized de novo for cellular nucleic 
acid delivery. 50 

Biomimetic HDL nanostructures that closely mimics the 
size, shape, and Surface chemistry of naturally occurring 
mature spherical HDL were fabricated with surface-immobi 
lized cholesteryl-conjugated DNA sequences using the 
method described in Example 1 and according to the steps 55 
shown in FIG.3. Briefly, an aqueous solution of colloidal gold 
nanoparticles (AuNPs, 5+/-0.15 nm) was mixed with apoli 
poprotein A-I (APOAI). A mixture of phospholipids was then 
added to the surface of the AuNPs to form biomimetic HDL 
AuNPs. The HDL AuNPs are purified by centrifugation and 60 
re-Suspension in water. The cholesterylated reverse comple 
ment DNA “antagomiR to microRNA-210 (miR-210) and 
control scrambled DNA were chosen for this experiment. The 
HDL AuNPs described above were incubated with choles 
teryl-DNA oligos (100:1, chol-DNA:AuNPs) in NanopureTM 65 
water. Following a 4-hour incubation, chol-DNA-HDL 
AuNPs were pelleted (15,800 g, 45 min), and re-suspended in 
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phosphate buffered saline (1XPBS, 0.15M NaCl, 0.01M 
phosphate buffer, pH-7.5) to remove nucleic acids not bound 
to the HDL AuNP surface. FIG. 3 shows transmission elec 
tron micrographs of an individual 5 nm AuNP and chol-DNA 
HDL ANP. 
Dynamic light scattering was used to assess the size 

increase of the structures at each step of the synthetic process. 
As expected, the hydrodynamic diameter of the structures 
increased upon APOAI addition (9+1 nm), HDL AuNP for 
mation (10+1 nm), and cholesterylated nucleic acid addition 
(11+1 nm) (Table 2). UV-Vis spectroscopy confirms the sta 
bility of the DNA-HDLAuNP structures in buffered saline. A 
surface plasmon band centered at ~520 nm, consistent with 
disperse rather than aggregated AuNPs, (ref this) demon 
strates conjugate stability following Surface functionalization 
(Table 2). Furthermore, for the chol-DNA-HDL AuNPs, a 
strong absorption band at 260 nm which is consistent with 
DNA on the conjugate Surface. 

TABLE 2 

APOAI- HDL Chol-DNA-HDL 
AllNP AllNP AllNP AllNP 

Size (nm) 6 - 2 9 - 1 10 - 1 11 - 1 
UV-Vis 523 522 524 524 
Amax (nm) 
APOAI:ANP NA 3 - O 2 - O 21 
Molar ratio 
Chol-DNA:AuNP NA NA NA 13 - 1 
Molar ratio 

The number of oligonucleotides on the surface of chol 
DNA-HDL AuNPs was quantified using fluorescently 
labeled oligonucleotides and found to be ~13 per structure. 
Finally, fluorophore-labeled apolipoprotein A-I (APOAI) 
was used to fabricate HDL AuNPs and chol-DNA-HDL 
AuNPs in order to quantify the number of APOAI molecules 
bound to the surface. Data demonstrate that there were ~2 
copies of APOAI on the surface of the chol-DNA HDL 
AuNPs and that APOAI remained bound to the structure 
surface in the presence of chol-DNA. 

Translation of mRNA is a cytoplasmic process heavily 
regulated by endogenous microRNAs (miRs). Effective regu 
lation of cytoplasmic RNAs with short nucleic acids requires 
avoidance of endosomal sequestration. The cellular uptake of 
chol-DNA-HDL AuNPs, sub-cellular localization, and an 
assessment of cellular cytotoxicity was performed as 
described above. By using chol-DNA-HDLAuNPs with fluo 
rophore labeled oligonucleotides, confocal fluorescent light 
microscopy revealed that the constructs associate with and 
rapidly enter PC3 cells (FIGS. 9A-9D). 

FIGS. 9A-9D are fluorescent confocal microscopy images 
and FIGS. 9E-9H are transmission electron microscopy 
images showing cellular distribution of chol-DNA-HDL 
AuNPs in PC3 cells. For both confocal and TEM experi 
ments, chemical hypoxia was induced in PC3 cells with 300 
uM cobalt chloride (CoCl2) for 12 hours prior to chol-DNA 
HDL AuNP treatment (50 nM, final). Left. Chol-DNA-HDL 
AuNPs fabricated with fluor-labelled DNA (AuNP) were 
incubated with cells and imaged at various time points. Kera 
tin and nuclei (“Hoescht') were stained after cellular fixation. 
Images were taken after 4 (FIG.9A), 8 (FIG.9B), 12 (FIG. 
9C), and 24 (FIG.9D) hour incubations with chol-DNA-HDL 
AuNPs. For electron microscopy images were obtained after 
16 hour chol-DNA-HDLAuNP transfection. Arrows indicate 
AuNPs in the cytoplasm of the PC3 cell. Magnifications: 
(FIG.9E) 890x, (FIG.9F) 2900x, (FIG. 9G) 6800x, (FIG. 
9H) 98000x. 
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At ~4 hours, the fluorescent signal was localized to the cell 
membrane, and Subsequently internalized into punctuate 
vesicles. The fluorescent signal then appears to distribute 
homogeneously within the cell cytoplasm prior to being 
repackaged in vesicles at ~24 hours. These data Support that 
fluor-labeled chol-DNA is present within the cell cytoplasm 
following chol-DNA-HDLAuNP treatment, but does not pro 
vide information regarding the cellular uptake of the AuNP 
component of the conjugate or its sub-cellular location. Fol 
lowing cell treatment with chol-DNA-HDL AuNPs (16 hrs), 
transmission electron microscopy (TEM) demonstrates that 
AuNPs are present in the cell cytoplasm and free of endoso 
mal sequestration (FIGS.9E-9H). This is a significant finding 
which, without being bound by any theory, may be due to the 
ensemble properties of the HDL AuNP phospholipids com 
plexed with cholesterylated DNA, and/or presence of the 
amphiphilic APOAI protein, Small conjugate size, and Sur 
face charge. Finally, the toxicity of the chol-DNA-HDL 
AuNPs was investigated by using a lactate dehydrogenase 
(LDH) release assay. Following treatment, there was no 
observed toxicity above background levels, even at chol 
DNA-HDL AuNP concentrations well above that needed for 
target RNA regulation (FIG. 10). FIG. 10 shows that HDL 
AuNP treatment, DNA-HDLAuNP treatment, and DNA only 
treatment were not cytotoxic. 

The ability of chol-DNA-HDL AuNPs to regulate target 
RNA was assessed in a cancer-relevant cell culture system: 
androgen insensitive human prostate cancer cells (PC3) Sub 
jected to chemical hypoxia. Cellular hypoxia is a defining 
feature of cancer. Hypoxia inducible factor-1 alpha (HIF-1C...) 
is a transcription factor through which cancer cells directly 
respond to hypoxia. Hypoxia was chemically induced in PC3 
cells by exposing them to cobalt chloride (CoCl, 300 uMI) 
which stabilizes HIF-1C. (FIG. 11). 

Stabilized HIF-1C. translocates to the cell nucleus and 
induces transcription from hypoxia response elements (HRE) 
in target genes. Directly regulated by HIF-1C. binding to an 
upstream HRE. microRNA-210 is the most well-known 
microRNA induced by hypoxia. The E2F transcription factor 
3 (E2F3A) has been shown to be negatively regulated by 
miR-210, and was chosen as the protein for analysis in this 
model system. 

In order to confirm targeted function of the chol-DNA 
HDL AuNPs, real-time quantitative PCR (RT-qPCR) was 
performed to measure miR-210 levels in PC3 cells. U6 small 
nuclear RNA was used as an endogenous control. Initial cell 
treatments were conducted in serum-free media to avoid 
potentially confounding chol-DNA uptake by lipoproteins 
present in serum. As a means of comparison, similar experi 
ments were conducted in serum containing media (FIG. 12). 
As shown in FIG. 13A, treatment with miR-210 targeted 

chol-DNA-HDL AuNPs results in an 80% reduction in cel 
lular miR-210 levels as compared to HDL-AuNP only con 
trol, and a 55% reduction as compared to free antagomiR 
210. Free cholesteryl-DNA was added on an equimolar basis 
to the cholesteryl-DNA adsorbed to the surface of the chol 
DNA-HDL AuNPs. HDL AuNPs (vehicle control), 
scrambled chol-DNA-HDL AuNPs, and the free scrambled 
chol-DNA did not appreciably change miR-210 levels (FIG. 
13A). At 72 hours, it appears that the miR-210 levels begin to 
recover (FIG. 14). 

In order to verify delivery and function of antagomiR-210 
at the protein level, Western blotting was performed for 
E2F3A following treatment with chol-DNA-HDLAuNPs. As 
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which is repressed upon chemical hypoxia induction with 
CoCl2, as expected. (Giannakakis, Cancer Cell Bio) Treat 
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ment of PC3 cells with 10 nM chol-DNA-HDL AuNPs Sur 
face conjugated with the anti-miR to miR-210 results in a 
de-repression of E2F3A expression which is superior to that 
of free chol-DNA anti-miR-210 added at ~10-fold molar 
excess. Vector only HDL AuNPs, scrambled chol-DNA HDL 
AuNP, and free control scrambled sequences do not result in 
de-repression. 

FIGS. 13A and 13B show RT-PCR and Western blot 
assessments of chol-DNA-HDLAuNP-mediated knockdown 
of miR-210. (FIG. 13A) At the miR-210 level, chol-DNA 
HDL AuNP antagomiR-210 treatment significantly reduces 
miR-210 expression in the setting of CoCl2, both in compari 
son to HDL AuNP alone and in comparison to an equimolar 
dose of the free chol-antagomiR-210 (P<0.01, n=3). (FIG. 
13B) Western blot of E2F3a, a target of miR-210, demon 
strates that chol-DNA-HDLAuNP antagomiR-210 treatment 
de-represses E2F3A (top). GAPDH was used as protein con 
trol (bottom). 

These data provide compelling evidence for hybrid chol 
DNA-HDL AuNP structures as cellular delivery vehicles for 
nucleic acids. Chol-DNA-HDLAuNPs enterPC3 cells, avoid 
endosomal sequestration, do not demonstrate cellular toxic 
ity, and, in this experiment, function to specifically target 
intracellular miR-210 and de-repress its known target, 
E2F3A. 
The HDL AuNP platform provides significant control over 

the synthetic process, and the platform is general with regard 
to the identity of nucleic acid, lipid content, final conjugate 
size, and Surface chemistry. Each of these factors is known to 
be important to nanoparticle function at the bio-nano inter 
face. Furthermore, the biomimetic HDL AuNP platform may 
provide advantages with regard to systemic pharmacokinet 
ics, cell targeting, and receptor-mediated conjugate uptake 
through known HDL receptors, such as Scavenger receptor 
type B-1 (SR-B1). As such, hybrid biomimetic lipoprotein 
agents may find significant utility for the targeted in vivo 
delivery of nucleic acid therapeutics for any number of dis 
ease processes, including atherosclerosis, inflammation, and 
CaCC. 

Materials and Methods 
DNA and APOAI Quantification: To measure amount of 

DNA on the DNA-HDLAuNP surface oligonucleotides with 
fluorescent modifiers were used (Table 1: SEQ ID NOs: 1 
through 4 from top to bottom). HDL-AuNPs were synthe 
sized using the procedure described above and their concen 
tration was determined by UV-Vis. Gold nanoparticles were 
oxidized with KCN (40 mM, final) in order to liberate fluo 
rescently bound DNA and the fluorescence of the solution 
was measured. The number of DNA strands per particle was 
determined by comparing the obtained fluorescence measure 
ments to that of a standard curve prepared with known con 
centrations of fluor-labeled DNA. 

Quantification of the number of APOAI molecules was 
performed similarly using fluorescently labeled APOAI. 
APOAI was labeled with Alexa-488 using a commercially 
available protein labeling kit (Invitrogen) according to the 
manufacturers instruction. 
Dynamic Light Scattering/UV-Vis: HDL-AuNPs were 

diluted to 10 nM concentration in water. Dynamic light scat 
tering (DLS) measurements were performed using a Zeta 
sizer Nano ZS (Malvern). The hydrodynamic diameter is 
reported according to the number function. Stability of HDL 
AuNPs to aggregation in water and buffered saline solutions 
was measured using an Agilent 8453 UV-Vis spectrophotom 
eter. 

Cell Culture: Prostate adenocarcinoma cells (PC3) were 
obtained from American Type Cell Culture (ATCC, CRL 



US 9,216,155 B2 
45 

1435) and grown in RPMI 1640 medium supplemented with 
10% fetal bovine serum (FBS) and 1% penicillin streptomy 
cin (Invitrogen, 11835-030). Cells were cultured in T75 flasks 
and sub-cultured into 6, 12, or 24 well plates. The cells were 
incubated at 37° C. in 5% CO. According to experimental 5 
protocol, cells were cultured in serum free containing 
medium as well as under chemically induced hypoxia. To 
chemically induce hypoxia, 300 uM cobalt chloride (CoCl2) 
was added to medium at least 12 hours prior to treatment. As 
described herein, CoCl2 treatment leads to a significant sta- 10 
bilization of HIF-1C. and RT-qPCR data demonstrates a sig 
nificant increase in miR-210 levels. 

Light Microscopy: Live cell imaging observations were 
made at 37°C. using a Zeiss LSM 510 confocal microscope 
equipped with a 63x1.4NA objective and an airstream stage 15 
incubator (Nevtek). 

Cells were grown on glass coverslips in RPMI 1640 
medium supplemented with 10% FBS and 1% penicillin 
streptomycin. Chemical hypoxia induction in PC3 cells was 
initiated by adding 300 LM (final) cobalt chloride (CoCl2) to 20 
the cell culture medium 12 hours prior to treatment. PC3 cells 
were treated with DNA-HDL AuNPs (50 nM, final) and 
imaged at varying time points. Prior to imaging, cell culture 
media was removed and the cells were washed with 1xPBS. 
Next, the cells were fixed in 3.7% formaldehyde (FA) in 25 
1xPBS, and processed for immunofluorescence. The cells 
were stained with antibodies directed against pan-cytokeratin 
used at a 1:100 dilution (c-11, Sigma, c2931). Secondary 
antibodies were donkey anti-mouse alexa-568 used at a 1:100 
dilution (Invitrogen). Hoechst was used to stain the nuclei of 30 
cells and was added along with the secondary antibody. Cov 
erslips were placed faced down on glass slides in a mixture of 
50% glycerol with 0.01 mg/mL p-phenylenediamine. Cover 
slips were sealed with clear nailpolish (Electron Microscopy 
Sciences). Slides were protected from light and stored at -20° 
C. prior to confocal imaging. 

Electron Microscopy: Cells: PC3 cells were cultured on 
Thermonex coverslips in RPMI 1640 medium supplemented 
with 10% fetal bovine serum and 1% penicillin streptomycin. 
Hypoxia was chemically induced by adding 300 uM (final) 
CoCl to culture medium 12 hours prior to transfection. Cells 
were treated with 50 nM (final) DNA-HDL AuNPs. Follow 
ing incubation with the DNA-HDL AuNPs, the cells were 
washed twice with 1xPBS and then immersed in 2% 
paraformaldehyde/2.5% gultaraldehyde in 0.1M sodium 
cacodylate buffer (SCB). The cells were then rinsed with 
0.1M SCB and placed in secondary fixative containing 2% 
osmium tetraoxide in 0.1MSCB. Next, cells were rinsed with 
distilled water and stained with 3% uranyl acetate. The fixed 
samples were rinsed with distilled water and then dehydrated 
in ascending grades of ethanol. Propylene oxide was used as 
a transitional buffer, and tissues were embedded in Epon 812 
and Araldite resin. Samples were placed in a 60° C. oven to 
cure. The blocks were sectioned using an ultramicrotome and 
then mounted on grids for TEM imaging. TEM images were 
obtained using a FEI Tecnai Spirit G2 operating at 120 kV. 

Particles: TEM particle samples were prepared using 200 
mesh carbon-film coated copper grids (Electron Microscopy 
Sciences). Two samples were prepared. A small aliquot of 5 
nm diameter AuNPs and chol-DNA-HDL AuNPs were spot 
ted to grids, excess was removed with filter paper, and the 
samples were allowed to dry. The samples were then stained 
with 3% uranyl acetate (15 mins) prior to imaging. TEM 
images were obtained using a FEI Tecnai Spirit G2 operating 
at 120 kV. 

Cytotoxicity: Cell cytotoxicity experiments were con 
ducted using a commercially available enzymatic colorimet 
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ric lactate dehydrogenase (LDH) assay according to the 
manufacturer's protocol (Roche Applied Sciences). LDH is 
an intracellular enzyme that is released into the cell culture 
media following cell death. The old cell growth media col 
lected at various time points for the treated as well as 
untreated cell pools were spun down at 300 g for 10 minutes, 
to remove cell debris. These supernatant of the media samples 
were subsequently assayed for LDH levels. To establish the 
maximum LDH levels, one untreated and non-hypoxia simu 
lated cell pool was lysed by introduction of 1% Triton-X 100 
into the cell growth media. Fresh PC3 cell growth media was 
used as a blank. Samples were twenty-fold diluted with assay 
medium (1% Serum in DMEM). LDH activity was measured 
by adding the working reagent according to the manufactur 
er's protocol, and the samples were incubated at room tem 
perature for 30 mins LDH levels were quantified spectropho 
tometrically. 
RT-qPCR for miR-210: PC3 cells were cultured according 

to the protocol above. Following treatment, the cells were 
lysed and total RNA was extracted using TRIZolR) reagent 
(Invitrogen). Total RNA was quantified and its integrity 
assessed using the NanoDrop Technologies ND-100 spectro 
photometer by measuring absorbances at 260 nm and 280 nm 
Samples with Aeo/Aso ratio between 1.8 and 2.0 were used 
for analysis. Subsequently, the total RNA samples were 
diluted to a concentration of 2ng/ul. Using TaqManTM RT Kit 
and TaqManTM U6-snRNA and hsa-miR-210 RT probes, 10 
ng of total RNA from each sample was reverse transcribed 
(RT) in 15ul total reaction volumes, as per the manufacturers 
protocol. Next, RT samples were used to setup 20 ul final 
volume qPCR reactions, in 384 well plates using TaqManTM 
PCR Master Mix and TaqManTM U6-snRNA and hsa-miR 
210 probes, as per the manufacturer's protocols. The qPCR 
reaction was carried out using an ABI Prism Model 7900HT. 
Data was analyzed using the comparative C, method using U6 
Small nuclear RNA as an endogenous control. 

Western Blot: PC3 cells were cultured as above until 
approximately 80% confluent. The cells were treated with 
targeted and scrambled control chol-DNA (100 and 500 nM), 
HDL AuNP vector (10 and 50 nM), and targeted and 
scrambled control chol-DNA-HDL AuNPs (10 and 50 nM). 
PC3 cells were exposed for 24 hours. Next, the cells were 
washed x2 with 1xPBS. Total cellular protein was extracted 
using mammalian protein extraction reagent (M-PER, 
Thermo) according to the manufacturer's protocol. The pro 
tein concentration from each sample was measured using 
Coomassie protein staining according to the Bradford assay 
using a bovine serum albumin (BSA) standard curve and 
colorimetric readout at 570 nm (BioRad). The total protein 
concentrations from each sample were made equivalent (20 
ug), mixed with loading buffer, and then Subjected to electro 
phoretic separation. A 4-20% Tris-HCL Criterion polyacry 
lamide gel was used for separation (200V. ~1 hour). The gel 
was transferred to a nitrocellulose membrane overnight at 4 
C. Following transfer, the membrane was washed in water (5 
min) and then allowed to dry for ~1 hour. The membrane was 
re-wetted in methanol and then transferred to Ponceau stain 
X5 mins Following a brief rinse, the membrane was imaged 
(Epson Scanner). Prior to immunoblotting, the membrane was 
washed in TBST (Tween 0.1%)x20 mins Blocking of the 
membrane was then completed using 5% milk/TBST for 1 
hour. The primary E2F3A antibody (polyclonal, rabbit, C-18 
Santa Cruz. 1:200) was added and allowed to incubate over 
night at 4°C. The membrane is then washed for 10 minutes in 
TBSTx3. The secondary antibody (goat anti-rabbit IgG, 
HRP-conjugate, 1:10,000, Jackson ImmunoResearch) is then 
added in 5% milk/TBST and allowed to incubate x1 hour at 
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room temperature (RT). Finally, the membrane was devel 
oped with ECL Plus (GE Healthcare) colorimetric reagent for 
5 mins at RT. The membrane was then imaged. GAPDH was 
used as a control. GAPDH immunoblotting was performed 
similarly to E2F3A. The GAPDH antibody (mouse, 1:20, 
000) is HRP-conjugated (Sigma), and was allowed to incu 
bate for 1 hour at RT. 

Example 5 

This prophetic example shows methods that can be used to 
release nucleic acids from structures described herein. In 
particular, nucleic acid-HDL AuNPs with a modular nucleic 
acid component may be used for controlling the release of 
nucleic acid from the AuNP surface by various stimuli such 
as, for example, ex vivo (e.g. light), physiologic (e.g. reduc 
ing intracellular environment), or pathologic (e.g. reactive 
oxygen species or low pH) triggers. 
DNA-HDL AuNP structures may be fabricated using 

Au—S coupling of DNA oligonucleotides to the surface of a 
Au nanostructure core such that the structure effectively 
sequesters the gene regulating portion of the DNA sequence 
on the surface of the structure, and fail to make it available to 
the intracellular cytoplasmic machinery required to regulate 
gene expression. Engineering nucleic acid triggered release 
mechanisms into the DNA-HDL AuNP platform provides a 
way to test the mechanism of action of the DNA-HDL AuNP 
structures once inside cells, compare materials with different 
release chemistries, and introduce flexibility into the platform 
to address bio-nano interfacial challenges (e.g. endosomal 
sequestration) that may surface after initial testing. 

In one set of embodiments, DNA-HDL AuNP structures 
fabricated under this objective will proceed according to FIG. 
2B and FIG. 15. As shown in FIG. 15, functionalized oligo 
nucleotides, represented by component 59, can be fabricated 
to include, for example, four distinct units 60, 62. 64 and 66. 
In one set of embodiments, block 60 is an end-modification 
that can allow component 59 to attach to a portion of a 
structure (e.g., a shell or a nanostructure core). Block 62 is a 
linker that may attach block 60 to a release linker, represented 
by block 64. The release linker may allow the coupling and 
release of a regulatory nucleic acid 66 from component 59. 
Examples of specific chemical compounds that can be used 
for each of units 60, 62, 64 and 66 are shown in FIG. 15. 
PEG-polyethyleneglycol and SPDP-N-succinimidyl-3-(2- 
pyridyldithio)propionate. 

Solid-phase phosphoramidite chemistry is an example of a 
method that can be used to fabricate functionalized oligo 
nucleotides. Directed manipulation of each block will be 
conducted in order to determine how each changes nucleic 
acid release and, ultimately, in vitro function. First, 3'-thiol 
end modifications (block 60) can be manipulated in order to 
drive the attachment and loading of DNA to the AuNP sur 
face. Manipulation of the 3'-thiol moiety, for example, may be 
used to optimize the loading of all DNA-HDL AuNP surface 
components. Next, and showing the example of intracellular 
reduction and disulfide ligand exchange as the method of 
nucleic acid release, a release linker, block 64, will be sys 
tematically varied, including removed, in order to test, spe 
cifically, how the chemical identity of the linker impacts 
nucleic acid release. In the case of a disulfide, glutathione 
mediated ligand exchange and nucleic acid release will be 
studied in Solution in order to Systematically assess how the 
tether impacts release form the surface of DNA-HDLAuNPs. 
Next, different tethers (block 62), including none, will be 
added between the thiol (block 60) and linking (block 64) 
elements in order to assess how tether length changes nucleic 
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acid release. There are a number of thiol, tether, and linking 
chemistries directly compatible with phosphoramidite chem 
istry and solid phase synthesis, and others that can be manu 
ally added using straight-forward conjugation chemistries 
(e.g. EDC/NHS). FIG. 15 demonstrates some common phos 
phoramidites and combinatorial cross-linking strategies. 

Finally, the regulatory nucleic acid represents the unit 66. 
For these experiments, single-stranded DNA will be focused 
on due to the broad potential applications of DNA introduced 
into cells and due to its stability. The DNA antago-miR-210 
and scrambled sequences will be studied, although other oli 
gonucleotides Such as those described herein can be used. In 
each case, straight-forward assessment of nucleic acid release 
will take place in Solution using appropriate chemical gradi 
ents (e.g. pH or glutathione titration) or light. DNA stability 
may be enhanced by binding to the surface of the AuNP. 
While nucleic acid stability on AuNPs is related to density, 
the HDL AuNP platform may provide advantages by seques 
tering the nucleic acid within the phospholipid layer, and 
preventing access by nucleases. This may well depend upon 
other properties of the attached oligo including tether length. 
By using standard fluorescence assays and melting transition 
assays, both the stability and recognition properties of the 
immobilized DNA oligonucleotide will be measured. 

Example 6 

This example describes a structure with a shell having a 
mixed monolayer configuration to allow for covalent bonding 
of therapeutic oligonucleotides to the core of the structure. 
A mixed monolayer structure may allow for covalent bond 

ing of therapeutic oligonucleotides to the nanostructure core 
via a linking element, in this case the carboxylic acid group of 
mercaptohexadecanoic acid (MHA). By integrating MHA 
with phospholipids, t nucleic acid sequences can be conju 
gated to nanoparticles and, in Some cases, may overcome 
endosomal sequestration. 1-Ethyl-3-3-dimethylaminopro 
pylcarbodiimide hydrochloride and N-hydroxysulfosuccin 
imide (EDC/NHS) chemistry is a well-established method of 
activating carboxylic groups to increase their reactivity 
toward primary amines, thus generating a stable amide bond. 
Here, EDC/NHS was used to facilitate amide bond formation 
between the carboxylic acid group of MHA and an oligo 
nucleotide end-modified with a primary amine. 
The use of short nucleic acid sequences to selectively bind 

to mRNA sequences within cells is a well established method 
of gene regulation. In this example, a DNA sequence shown 
to regulate the expression of Survivin, an anti-apoptotic pro 
tein near universally upregulated in human cancer, was cho 
Sen as the model nucleic acid therapeutic. Mixed monolayer 
AuNPs covalently coupled to anti-survivin oligonucleotides 
have the potential to selectively bind intracellular survivin 
mRNA, knockdown Survivin protein expression, and induce 
cancer cell death. 
Materials and Methods 

Synthesis of a Mixed-Monolayer Nanoparticle of Phos 
pholipids and MHA: 
The schematic for the synthesis of the mixed-monolayer 

AuNP is shown in FIG. 4. Thiol modified phospholipids, 
1.2-bis(11-mercaptoundecanoyl)-sn-glycero-3-phosphocho 
line (C10) and 1.2-bis(16-mercaptohexadecanoyl)-sn-glyc 
ero-3-phosphocholine (C15), and mercaptohexadecanoic 
acid (MHA) were adsorbed onto the surface of 10 nm AuNPs. 
In a typical synthesis, 10 nm AuNPs were suspended in a 1:1 
mixture of ethanol and water and mixed with a 100-fold 
excess of appropriate lipids. Solutions of lipids and AuNPs 
were mixed overnight. Unreacted lipids were removed from 
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solutions of conjugated lipid-AuNPs using dialysis 10 kD 
molecular weight cut off (MWCO), SnakeSkin dialysis tub 
ing (Thermo Scientific). Various ratios of lipid (C10 or C15) 
to MHA were employed in order to optimize coupling of 
oligonucleotides to the nanostructure core surface. 

Nanostructure Characterization: Dynamic light scattering 
(DLS, Malvern) measurements were used to confirm chemi 
cal functionalization of the AuNPs by demonstrating an 
increase in hydrodynamic diameter. Transmission electron 
microscopy (TEM, FEI Spirit) was used to image the lipid 
layer on the surface of the AuNPs. The lipid layer was iden 
tified using uranyl acetate staining. Finally, the use of sodium 
bicarbonate was used to qualitatively verify the presence of 
the carboxylic end-groups of AuNP surface adsorbed MHA 
molecules. 

Immobilization of DNA: The antisense survivin oligo 
nucleotide sequence was chosen for this experiment (SEQID 
NO: 7,5'-CCCAGCCTTCCAGCTCCTTG-3). The sequence 
was synthesized using standard Solid phase phosphoramidite 
chemistry, and capped with a 5' amine group for EDC/NHS 
coupling to the carboxylic acid moiety of MHA. A 3’ fluoro 
phore label (fluoroescein) was used in order to easily quantify 
conjugate AuNP loading of oligonucleotides and to serve as 
visual labels for cell culture experiments. Modified antisense 
oligonucleotides were purified using high performance liquid 
chromatography. Coupling of antisense Survivin DNA to the 
Surface of mixed-monolayer AuNPs was determined using a 
fluorescent plate reader to measure the concentration of fluo 
rescently labeled DNA on the AuNPs. Using a standard dilu 
tion series of the labeled oligonucleotide, the approximate 
number of DNA strands per particle was determined. 

Nanoparticle Uptake in Cancer Cells: Mixed-monolayer 
structures were added to human prostate cancer cells (LnCaP) 
grown in culture, and imaged using confocal fluorescence 
microscopy. LnCaP cells were grown in monolayer cell cul 
ture to 60-80% confluence in glass bottom live-cell imaging 
dishes. Mixed-monolayer DNA-functionalized AuNPs were 
transfected at a concentration of 100 pM (12 hours) and 
compared to a control group of cells incubated with phos 
phate buffered saline (PBS). After incubation, the cell mono 
layers were washed with PBS (three times), and Leibovitz's 
media was added for confocal microscopy imaging of live 
cells. 
Results 

Nanoparticle Characterization: Dynamic light scattering 
was used to measure the size of the nanoparticles before and 
after surface modification (Table 3). Unmodified AuNPs have 
a hydrodynamic radius of 9+1 nm. Upon addition of phos 
pholipids and MHA, the diameter of the nanoparticle 
increases significantly, and Supports the presence of the 
mixed lipid monolayer on the surface of the particles. Overall, 
the hydrodynamic diameter of the C15 lipid is greater than the 
C10 lipid, which agrees with the alkyl tail length differences 
of C15 versus C10 lipids. 

TABLE 3 

Nanoparticle Lipid:MHA Hydrodynamic 
Conjugate Ratio Diameter (nm) 

10 nm ANPS 9 - 1 
C10 Conjugate 10:1 121 

20:1 121 
50:1 121 

C15 Conjugate 10:1 13 - 1 
20:1 14 + 1 
50:1 13 - 1 
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FIGS. 16A and 16B are TEM images of the C10 and C15 

lipid mixed monolayer structures, each with a 10:1 ratio of 
phospholipid to MHA. Following negative staining with ura 
nyl acetate, a halo-like ring is evident around each structure 
Supporting the presence of the mixed-monolayer on the Sur 
face of the nanostructure core. 
The presence of the carboxylic group was confirmed quali 

tatively via the addition of sodium bicarbonate and the evo 
lution of gas (carbon dioxide) bubbles. The reaction for this 
experiment is: R-COOH--NaHCO->R COONa"+HO 
(1)+CO(g). 

Immobilization of DNA: Fluorescence measurements 
demonstrate the capability of mixed-monolayer phospho 
lipid-functionalized AuNPs to bind DNA. A standard curve of 
free fluorescently labeled oligonucleotides was employed to 
determine the concentration and number of DNA sequences 
bound to the mixed-monolayer nanoparticles (Table 4). In 
general, the results show an increase in the number of oligo 
nucleotides bound to the AuNP surface as the ratio of phos 
pholipids to MHA increases. Optimal binding of oligonucle 
otides to the mixed monolayer AuNPs was observed for the 
C10 versus C15 phospholipid. 

TABLE 4 

Nanoparticle Lipid:MHA DNA per 
Conjugate Ratio Fluorescence Nanoparticle 

C10 Conjugate 10:1 2295 1 
20:1 11822 13 
50:1 15040 7 

C15 Conjugate 10:1 8961 5 
20:1 9243 9 
50:1 6357 3 

Nanoparticle Uptake in Cancer Cells: LnCaP prostate can 
cer cells were transfected with the mixed-monolayer DNA 
functionalized AuNPs and imaged using confocal micros 
copy (FIG. 17). Cells were transfected with AuNPs 
functionalized with the mixed monolayer of C10 lipids and 
MHA or C15 lipids and MHA in a 10:1 ratio. In each case, the 
mixed-monolayer AuNPs were surface functionalized with 
fluorescein-labeled DNA. The images in FIG. 17 demonstrate 
the lack of fluorescence in the control group of cells—the 
anticipated result. Co-localization of nanoparticle fluorescent 
signal and LnCaF cells in phase implies that both conjugates 
effectively interact with LnCaP cells. The sub-cellular local 
ization of the mixed-monolayer nanoparticles cannot be veri 
fied from these images. 

Results demonstrate that AuNPs can be fabricated with a 
mixed monolayer of thiol-modified phospholipids and MHA. 
By using MHA as a surface component of the AuNPs, cova 
lent coupling of amine-terminated DNA oligonucleotides can 
be achieved using well-established EDC/NHS coupling 
chemistry. The mixed-monolayer nanoparticles containing 
C10 lipids provided a suitable chemical background for the 
covalent attachment of amine-terminated oligonucleotides to 
co-adsorbed MHA molecules. Presumably, in some embodi 
ments, the longer alkyl tail length of the C15 versus C10 lipid 
may cause increased steric hindrance to productive MHA 
coupling to incoming amine-terminated DNA sequences. 

In order to determine the feasibility of using DNA-func 
tionalized mixed-monolayer AuNPs as therapeutic agents, 
their ability to be taken up into prostate cancer cells grown in 
culture was assessed. Initial cell uptake experiments imply 
that the nanoparticle conjugates interact favorably with can 
cer cells. Future studies will focus on the interaction of the 
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mixed monolayer AuNP DNA conjugates with cancer cells 
and more thoroughly assess their sub-cellular distribution and 
biological function. 

The results of this experiment demonstrate a successful 
approach of surface functionalizing AuNPs with both lipids 
and DNA in order to potentially realize the benefits of both of 
these biological molecules in the context of cellular transfec 
tion and gene regulation. 

These results also open up the possibility for future work 
involving other applications with proteins or other biologi 
cally important molecules coupled to the surface of the 
mixed-monolayer AuNPs using facile EDC/NHS coupling 
chemistry. 

While several embodiments of the present invention have 
been described and illustrated herein, those of ordinary skill 
in the art will readily envision a variety of other means and/or 
structures for performing the functions and/or obtaining the 
results and/or one or more of the advantages described herein, 
and each of such variations and/or modifications is deemed to 
be within the scope of the present invention. More generally, 
those skilled in the art will readily appreciate that all param 
eters, dimensions, materials, and configurations described 
herein are meant to be exemplary and that the actual param 
eters, dimensions, materials, and/or configurations will 
depend upon the specific application or applications for 
which the teachings of the present invention is/are used. 
Those skilled in the art will recognize, or be able to ascertain 
using no more than routine experimentation, many equiva 
lents to the specific embodiments of the invention described 
herein. It is, therefore, to be understood that the foregoing 
embodiments are presented by way of example only and that, 
within the scope of the appended claims and equivalents 
thereto, the invention may be practiced otherwise than as 
specifically described and claimed. The present invention is 
directed to each individual feature, system, article, material, 
kit, and/or method described herein. In addition, any combi 
nation of two or more Such features, systems, articles, mate 
rials, kits, and/or methods, if such features, systems, articles, 
materials, kits, and/or methods are not mutually inconsistent, 
is included within the scope of the present invention. 

All definitions, as defined and used herein, should be 
understood to control over dictionary definitions, definitions 
in documents incorporated by reference, and/or ordinary 
meanings of the defined terms. 
The indefinite articles “a” and “an, as used herein in the 

specification and in the claims, unless clearly indicated to the 
contrary, should be understood to mean “at least one.” 
The phrase “and/or” as used herein in the specification and 

in the claims, should be understood to mean “either or both 
of the elements so conjoined, i.e., elements that are conjunc 
tively present in Some cases and disjunctively present in other 
cases. Multiple elements listed with “and/or should be con 
strued in the same fashion, i.e., "one or more' of the elements 
so conjoined. Other elements may optionally be present other 
than the elements specifically identified by the “and/or 
clause, whether related or unrelated to those elements spe 
cifically identified. Thus, as a non-limiting example, a refer 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 7 

<21 Os SEQ ID NO 1 
&211s LENGTH: 32 

&212s. TYPE: DNA 
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ence to A and/or B, when used in conjunction with open 
ended language such as "comprising can refer, in one 
embodiment, to A only (optionally including elements other 
than B); in another embodiment, to B only (optionally includ 
ing elements other than A); in yet another embodiment, to 
both A and B (optionally including other elements); etc. 
As used herein in the specification and in the claims, 'or' 

should be understood to have the same meaning as “and/or 
as defined above. For example, when separating items in a 
list, 'or' or “and/or shall be interpreted as being inclusive, 
i.e., the inclusion of at least one, but also including more than 
one, of a number or list of elements, and, optionally, addi 
tional unlisted items. Only terms clearly indicated to the 
contrary, such as “only one of or “exactly one of” or, when 
used in the claims, “consisting of will refer to the inclusion 
of exactly one element of a number or list of elements. In 
general, the term “or as used herein shall only be interpreted 
as indicating exclusive alternatives (i.e. “one or the other but 
not both') when preceded by terms of exclusivity, such as 
“either,” “one of “only one of” or “exactly one of.” “Con 
sisting essentially of when used in the claims, shall have its 
ordinary meaning as used in the field of patent law. 
As used herein in the specification and in the claims, the 

phrase “at least one.” in reference to a list of one or more 
elements, should be understood to mean at least one element 
selected from any one or more of the elements in the list of 
elements, but not necessarily including at least one of each 
and every element specifically listed within the list of ele 
ments and not excluding any combinations of elements in the 
list of elements. This definition also allows that elements may 
optionally be present other than the elements specifically 
identified within the list of elements to which the phrase “at 
least one' refers, whether related or unrelated to those ele 
ments specifically identified. Thus, as a non-limiting 
example, “at least one of A and B (or, equivalently, “at least 
one of A or B.’ or, equivalently “at least one of A and/or B) 
can refer, in one embodiment, to at least one, optionally 
including more than one, A, with no B present (and optionally 
including elements other than B); in another embodiment, to 
at least one, optionally including more than one, B, with no A 
present (and optionally including elements other than A); in 
yet another embodiment, to at least one, optionally including 
more than one, A, and at least one, optionally including more 
than one, B (and optionally including other elements); etc. 

It should also be understood that, unless clearly indicated 
to the contrary, in any methods claimed herein that include 
more than one step or act, the order of the steps or acts of the 
method is not necessarily limited to the order in which the 
steps or acts of the method are recited. 

In the claims, as well as in the specification above, all 
transitional phrases Such as "comprising.” “including. "car 
rying,” “having.” “containing,” “involving,” “holding.” 
“composed of and the like are to be understood to be open 
ended, i.e., to mean including but not limited to. Only the 
transitional phrases "consisting of and "consisting essen 
tially of shall be closed or semi-closed transitional phrases, 
respectively, as set forth in the United States Patent Office 
Manual of Patent Examining Procedures, Section 2111.03. 
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- Continued 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Oligonucleotide 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: Cholesteryl-TEG 

<4 OOs, SEQUENCE: 1 

aaaaaaaaaa totagocgctg. t cacacgcac ag 

<210s, SEQ ID NO 2 
&211s LENGTH: 32 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Oligonucleotide 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: Cholesteryl-TEG 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (19) . . (19) 
<223 is OTHER INFORMATION: Fluorescent Label 

<4 OOs, SEQUENCE: 2 

aaaaaaaaaa totagocgctg. t cacacgcac ag 

<210s, SEQ ID NO 3 
&211s LENGTH: 33 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Oligonucleotide 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: Cholesteryl-TEG 

<4 OOs, SEQUENCE: 3 

aaaaaaaaaa ccc.cgtaatc tt cataatcc gag 

<210s, SEQ ID NO 4 
&211s LENGTH: 32 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Oligonucleotide 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: Cholesteryl-TEG 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (2O) . . (2O) 
<223 is OTHER INFORMATION: Fluorescent label 

<4 OOs, SEQUENCE: 4 

aaaaaaaaaa gcc titacgct acccggagac ca 

<210s, SEQ ID NO 5 
&211s LENGTH: 32 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Oligonucleotide 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (32) ... (32) 
223 OTHER INFORMATION: -SH 

32 
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- Continued 

<4 OOs, SEQUENCE: 5 

t cagcc.gctg tacacgcac agaaaaaaaa aa 

SEQ ID NO 6 
LENGTH: 33 
TYPE: DNA 

ORGANISM: Artificial sequence 
FEATURE: 
OTHER INFORMATION: 
FEATURE: 

NAMEAKEY: misc feature 
LOCATION: (33) . . (33) 
OTHER INFORMATION: -SH 

Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 6 

cc.ccgtaatc tt cataatcc gagaaaaaaa aaa 

<210s, SEQ ID NO 7 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Oligonucleotide 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
223 OTHER INFORMATION: NH2 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (2O) . . (2O) 
<223 is OTHER INFORMATION: Fluorescent label 

<4 OO > SEQUENCE: 7 

cc.ca.gc.ctitc cagctic cttg 

What is claimed is: 
1. A method for inhibiting gene expression comprising: 
delivering a structure to a subject or a biological sample in 

an effective amount for inhibiting gene expression in the 
Subject or biological sample, the structure comprising a 
nanostructure core; a shell comprising a lipid Surround 
ing and attached to the nanostructure core or a hydro 
phobic shell Surrounding the nanostructure core; and an 
oligonucleotide adapted to regulate gene expression 
associated with at least a portion of the shell, wherein the 
structure is adapted to sequester cholesterol, wherein the 
oligonucleotide inhibits gene expression of a target by at 
least about 50%, at least about 60%, at least about 70%, 
at least about 80%, or at least about 90% under physi 
ological conditions and at a concentration where a non 
sense or sense control has little or no effect, wherein the 
oligonucleotide is a cholesterol-oligonucleotide 
adsorbed to a surface of the shell. 

2. A method for promoting cellular uptake of an oligo 
nucleotide comprising: 

delivering a oligonucleotide structure to a Subject or a 
biological sample in an effective amount for promoting 
cellular uptake of the oligonucleotide in the subject or 
biological sample, the structure comprising a nanostruc 
ture core; a shell comprising a lipid surrounding and 
attached to the nanostructure core or a hydrophobic shell 
Surrounding the nanostructure core; and an oligonucle 
otide adapted to regulate gene expression associated 
with at least a portion of the shell, wherein the structure 
is adapted to sequester cholesterol wherein the structure 
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promotes the cellular uptake of the oligonucleotide, 
wherein the oligonucleotide is electrostatically physio 
sorbed to a surface of the shell. 

3. The method of claim 2, wherein the oligonucleotides 
have greater than 80%,85%, 90%.95%.97%, or 99% cellular 
uptake. 

4. The method of claim 1, wherein the structure has low 
endosomal sequestration. 

5. The method of claim 4, wherein the low endosomal 
sequestration refers to at least 50%, at least 60%, at least 70%, 
at least 80%, at least 85%, at least 90%, at least 95%, at least 
97%, or at least 99% of the structures found within in the 
cytoplasm of the cell. 

6. The method of claim 1, wherein the structure has a 
binding constant to cholesterol, Kd of less than or equal to 
about 10 mM. 

7. The method of claim 1, wherein the lipid bilayer com 
prises 50-200 phospholipids. 

8. The method of claim 1, wherein at least a portion of the 
lipid bilayer is covalently bound to the core. 

9. The method of claim 1, wherein at least a portion of the 
lipid bilayer is physisorbed to the core. 

10. The method of claim 1, further comprising a protein 
associated with at least a portion of the structure. 

11. The method of claim 1, wherein the structure has a 
largest cross-sectional dimension of less than or equal to 
about 50 nm, 35 nm, or 30 nm. 

12. The method of claim 1, wherein the structure comprises 
a core that is hollow or at least partially hollow. 

13. The method of claim 1, wherein the nanostructure core 
comprises a metal, or is Substantially formed from a metal. 
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14. The method of claim 13, wherein the nanostructure 
core comprises gold. 

15. The method of claim 1, wherein the oligonucleotide is 
selected from the group consisting of an oligonucleotide 
adapted to reduce intracellular miR-210 levels, an anti-sur 
vivin oligonucleotide and an Apo B-100 siRNA. 

16. The method of claim 1, wherein the structure is admin 
istered in a single or divided dose according to a dosing 
schedule. 

17. The method of claim 1, wherein the oligonucleotides 
have a length of about 8 to about 500 nucleotides or base pairs 
in length, between about 10 to about 200 nucleotides or base 
pairs in length, about 10 to about 150 nucleotides or base pairs 
in length, about 10 to about 100 nucleotides or base pairs in 
length, about 10 to about 75 nucleotides or base pairs in 
length, or about 10 to about 50 nucleotides or base pairs in 
length. 

18. The method of claim 1, wherein the oligonucleotide is 
single stranded. 

19. The method of claim 1, wherein the oligonucleotide is 
double stranded. 
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20. The method of claim 1, wherein the oligonucleotide 

comprises antisense DNA, siRNA, or microRNA. 
21. The method of claim 2, wherein the oligonucleotide 

modulates expression of a target gene by at least about 50%, 
at least about 60%, at least about 70%, at least about 80%, or 
at least about 90% when contacted with a biological sample or 
patient under physiological conditions and at a concentration 
where a nonsense or sense control has little or no effect. 

22. The method of claim 1, wherein the oligonucleotide is 
adsorbed onto a portion of the shell. 

23. The method of claim 22, wherein the oligonucleotide is 
adsorbed to an inner portion, outer portion, interiorportion of 
the shell and/or combinations thereof. 

24. The method of claim 1, wherein the oligonucleotide is 
attached to the Surface of the core through an intervening 
layer Such as a passivating layer. 

25. The method of claim 1, wherein the subject has cancer 
or the biological cell is associated with a cancer. 

26. The method of claim 25, wherein the cancer is prostate 
2O CaCe. 


