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(57) ABSTRACT 

Compositions comprising a polymeric micellar nanoparticle 
composition comprising a block or graft copolymer com 
prising at least one polycationic polymer and at least one 
polyethylene glycol (PEG) polymer having an average 
molecular weight less than 1 kDa, and at least one nucleic 
acid, wherein the graft or block copolymer and at least one 
nucleic acid are complexed and condensed into a shaped 
micellar nanoparticle that is stable in biological media are 
disclosed. The presently disclosed Subject matter also pro 
vides a method for preparing the presently disclosed poly 
meric micellar nanoparticle compositions, a method for 
targeting at least one metastatic cancer cell in a subject, and 
a method for treating a disease or condition using the 
presently disclosed polymeric micellar nanoparticle compo 
sitions. 
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COMPOSITIONS OF NUCLEC 
ACID-CONTAINING NANOPARTICLES FOR 

IN VIVO DELIVERY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 62/161,546, filed May 14, 2015, 
which is incorporated herein by reference in its entirety. 

FEDERALLY SPONSORED RESEARCH OR 
DEVELOPMENT 

0002 This invention was made with government support 
under U54CA151838, R01 GMO73937, and R21 EB013274 
awarded by the National Institutes of Health (NIH). The 
government has certain rights in the invention. 

INCORPORATION-BY-REFERENCE OF 
MATERIAL SUBMITTED ELECTRONICALLY 

0003. This application contains a sequence listing. It has 
been submitted electronically via EFS-Web as an ASCII text 
file entitled “111232-00517 ST25.txt”. The sequence listing 
is 1,059 bytes in size, and was created on Apr. 29, 2016. It 
is hereby incorporated by reference in its entirety 

BACKGROUND 

0004 Gene therapy remains an exciting strategy for 
therapeutic delivery in a number of disease applications, 
including cancer, metabolic disorders, and immune deficien 
cies (Ginn et al. (2013).J. Gene Medicine 15, 65-77; Hashida 
et al. (2001) Advanced Drug Delivery Reviews 52, 187-196: 
Pack et al. (2005) Nature Reviews Drug Discovery 4, 
581-593; Peer et al. (2007) Nature Nanotechnology 2, 751 
760). While viral-based methods have been the major gene 
carrier for these applications, evident by their use in approxi 
mately 70% of gene therapy clinical trials to date (Ginn et 
al. (2013) J. Gene Medicine 15, 65-77), safety concerns 
motivate the need to engineer alternative gene delivery 
systems (Yin et al. (2014) Nature Reviews. Genetics 15, 
541-55). 
0005. Non-viral gene delivery strategies have been devel 
oped to overcome these significant limitations posed by viral 
vectors, namely the potential for immune responses, car 
cinogenesis, limited DNA payload size, and difficulty of 
large-scale vector production (Yin et al. (2014) Nature 
Reviews. Genetics 15, 541-55; Baum et al. (2006) Human 
gene therapy 17, 253-63; Bessis et al. (2004) Gene Therapy 
11 Suppl 1, S10-7: Bouard et al. (2009) British Journal of 
Pharmacology 157, 153-65; Thomas et al. (2003) Nature 
Reviews. Genetics 4, 346-58). Nonviral vectors include 
naked DNA, liposome/DNA complexes, and polymer/DNA 
nanoparticles (Pack et al. (2005) Nature Reviews Drug 
Discovery 4:581-93; Wong et al. (2007) Progress in Polymer 
Science 32:799-837; Zhanget al. (2012) Molecular Therapy 
20:1298-304). However, low transfection efficiency, particu 
larly in vivo, limits the effectiveness of non-viral gene 
carriers (Zhang et al. (2012) Molecular Therapy 20:1298 
304). 
0006 Nanoparticles comprise the main class of non-viral 
carriers, because of their ability to protect the DNA from 
degradation, target specific cells and tissues, and improve 
intracellular delivery of the payload (Pack et al. (2005) 
Nature Reviews Drug Discovery (2005) 4, 581-593: Bae and 
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Park (2011).J. of Controlled Release: Official Journal of the 
Controlled Release Society 153, 198-205; Bertrand et al. 
(2014) Advanced Drug Delivery Reviews 66, 2–25; Chauhan 
and Jain (2013) Nature Materials 12, 958–62: Mura et al. 
(2013) Nature Materials 12, 991-1003: Park (2013) ACS 
Nano 7,7442-7). 
0007 Cationic polymers are commonly used to condense 
plasmid DNA into nanoparticles through electrostatic inter 
actions (Pack et al. (2005) Nature Reviews Drug Discovery 
4, 581-593; Harada-Shiba et al. (2002) Gene Therapy 9, 
407-14; Schaffert and Wagner (2008) Gene Therapy 15, 
1131-8; Thomas and Klibanov (2003) Applied Microbiology 
and Biotechnology 62, 27-34). Polymeric nanoparticles 
effectively deliver genetic material in vitro, although their 
performance in vivo has demonstrated varying degrees of 
efficacy following intravenous administration, often show 
ing transgene expression primarily in the lung (Davis (2002) 
Current Opinion in Biotechnology 13, 128-31; Goula et al. 
(1998) Gene Therapy 5, 1291-5). These mixed results are 
likely due to the interaction between cationic nanoparticles 
and serum components, leading to rapid aggregation, entrap 
ment in capillary beds, and/or capture and clearance by the 
mononuclear phagocytic system (MPS) (Hsu and Uludag 
(2012) J. of Drug Targeting 20, 301-28; Jones et al. (2013) 
Molecular Pharmaceutics, 10, 4082-98; Morille et al. 
(2008) Biomaterials 29, 3477-96; Wiethoffetal. (2003).J. of 
Pharm. Sci. 92, 203-17). Of the numerous polymers devel 
oped for gene therapy applications, linear polyethylenimine 
(IPEI) remains one of the most popular due to its demon 
strated efficiency in both cell culture and various animal 
models (Bonnet et al. (2008) Pharm. Res. 25, 2972-2982: 
Brissault et al. (2006) Bioconjugate Chemistry, 17, 759-765) 
particularly following local administration (Kang et al. 
(2009) BMC Cancer 9, 126; Lavergne et al. (2004) J. of 
Immunology 173,3755-62; Hine et al. (2012) Mol. Therapy: 
the Journal of the American Society of Gene Therapy 20, 
347-55), although it still Suffers from aggregation issues in 
physiological media (Jere et al. (2009) Expert Opinion on 
Drug Delivery 6, 827-34; Patnaik and Gupta (2013) Expert 
Opinion on Drug Delivery 10, 215-228). 
0008 Surface coating of polymer/DNA nanoparticles has 
been widely used to improve their stability in biological 
environments, such as those encountered following systemic 
administration. One popular Surface coating strategy has 
been PEGylation, typically through the use of block or graft 
copolymers comprised of a polycation chain and a polyeth 
ylene glycol (PEG) chain to form a core-shell, polyelectro 
lyte complex micelle assembly (Harada-Shiba et al. (2002) 
Gene Therapy 9, 407-14; Itaka and Kataoka (2011) Current 
Gene Therapy 11, 457-65). PEGylated nanoparticles dem 
onstrate enhanced stability in serum, reducing aggregation, 
increasing circulation time, and decreasing MPS clearance 
after intravenous injection (Nomoto et al. (2011) Journal of 
Controlled Release: Official Journal of the Controlled 
Release Society 151, 104-109; Alexis et al. (2008) Molecu 
lar Pharmaceutics 5,505-15; Petersen et al. (2002) Biocon 
jugate Chemistry 13, 845-54). 
0009. In addition to the stability improvements conferred 
by PEGylation, recent work has highlighted the importance 
PEG in the ability to control the shape of polymer/DNA 
nanoparticles for gene therapy applications. For example, 
using a PEG-polyphosphoramidate (PPA) block copolymer, 
DNA nanoparticle shape can be controlled through variation 
of Solvent polarity during nanoparticle formation, ranging 



US 2016/0331845 A1 

from spherical to rod-like and worm-like shapes (Jiang et al. 
(2013) Advanced Materials 25, 227-232). Experimental 
studies and molecular dynamics simulations highlighted the 
important role of PEG in shape formation, as particles 
prepared without the PEG block did not demonstrate an 
ability to tune the shape of polymer/DNA micelles. Similar 
results have been recently observed for PEG-polycation 
graft copolymers, including PPA and lPEI, where increasing 
the PEG grafting degree led to shape variation from more 
condensed spherical and short rod shapes to longer rod and 
worm-like shapes (Williford et al. (2014) Journal of Mate 
rials Chemistry 2, 8106-8109; Wei et al. (2015) ACS Bio 
materials Science & Engineering). 
0010 While PEGylation provides significant benefits 
during circulation and transport of nanoparticle delivery 
systems, several drawbacks exist for Successful gene deliv 
ery both in vitro and in vivo. The dense PEG layer and 
accompanying near-neutral Surface charge significantly 
decreases interaction with the target cells of interest (Pozzi 
et al. (2014) Nanoscale 6, 2782-2792; Hatakeyama et al. 
(2011) Adv. Drug Deliv Rev. 63, 152-60; Geet al. (2014) 
Biomaterials 35, 3416-3426). Because of the lowered cell 
uptake, transgene expression mediated by PEGylated nano 
particles has been observed to drop by several orders of 
magnitude (Hatakeyama et al. (2011) Adv. Drug Deliv Rev. 
63, 152-60). 

SUMMARY 

0011. The practice of the present invention will typically 
employ, unless otherwise indicated, conventional techniques 
of cell biology, cell culture, molecular biology, transgenic 
biology, microbiology, recombinant nucleic acid (e.g., 
DNA) technology, immunology, and RNA interference 
(RNAi) which are within the skill of the art. Non-limiting 
descriptions of certain of these techniques are found in the 
following publications: Ausubel, F., et al., (eds.), Current 
Protocols in Molecular Biology, Current Protocols in Immu 
nology, Current Protocols in Protein Science, and Current 
Protocols in Cell Biology, all John Wiley & Sons, N.Y., 
edition as of December 2008; Sambrook, Russell, and 
Sambrook, Molecular Cloning. A Laboratory Manual, 3" 
ed., Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, 2001; Harlow, E. and Lane, D., Antibodies—A 
Laboratory Manual, Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, 1988: Freshney, R. I., “Culture of 
Animal Cells, A Manual of Basic Technique', 5th ed., John 
Wiley & Sons, Hoboken, N.J., 2005. Non-limiting informa 
tion regarding therapeutic agents and human diseases is 
found in Goodman and Gilman's The Pharmacological 
Basis of Therapeutics, 11th Ed., McGraw Hill, 2005, Kat 
Zung, B. (ed.) Basic and Clinical Pharmacology, McGraw 
Hill/Appleton & Lange 10" ed. (2006) or 11th edition (July 
2009). Non-limiting information regarding genes and 
genetic disorders is found in McKusick, V. A.: Mendelian 
Inheritance in Man. A Catalog of Human Genes and Genetic 
Disorders. Baltimore: Johns Hopkins University Press, 1998 
(12th edition) or the more recent online database: Online 
Mendelian Inheritance in Man, OMIMTM. McKusick-Na 
thans Institute of Genetic Medicine, Johns Hopkins Univer 
sity (Baltimore, Md.) and National Center for Biotechnology 
Information, National Library of Medicine (Bethesda, Md.). 
as of May 1, 2010, World Wide Web URL: http://www.ncbi. 
nlm.nih.gov/omim/ and in Online Mendelian Inheritance in 
Animals (OMIA), a database of genes, inherited disorders 
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and traits in animal species (other than human and mouse), 
at http://omia.angis.org.au/contact.shtml. The Kinetochore, 
Springer, 2009. All patents, patent applications, and other 
publications (e.g., Scientific articles, books, websites, and 
databases) mentioned herein are incorporated by reference 
in their entirety. In case of a conflict between the specifica 
tion and any of the incorporated references, the specification 
(including any amendments thereof, which may be based on 
an incorporated reference), shall control. Standard art-ac 
cepted meanings of terms are used herein unless indicated 
otherwise. Standard abbreviations for various terms are used 
herein. 
0012. In one aspect, the presently disclosed subject mat 
ter provides a polymeric micellar nanoparticle composition, 
comprising: (a) a block or graft copolymer comprising at 
least one polycationic polymer and at least one polyethylene 
glycol (PEG) polymer having an average molecular weight 
less than 1 kDa; and (b) at least one nucleic acid; wherein the 
graft or block copolymer and the at least one nucleic acid are 
complexed and condensed into a shaped micellar nanopar 
ticle that is stable in biological media. 
0013. In some embodiments, (i) the at least one PEG 
polymer has a molecular weight ranging from about 400 Da 
to about 1 kDa; or (ii) the at least one PEG polymer has a 
molecular weight ranging from about 500 Da to about 700 
Da; or (iii) the copolymer is a graft copolymer and the at 
least one PEG polymer has a graft density ranging from 
about 0.25 mol % to about 10 mol%; or (iv) the at least one 
PEG polymer is terminated with a functional group selected 
from the group consisting of a terminal acrylate group, a 
terminal alkoxy group, a terminal amino group, terminal 
carboxyl group, a terminal hydroxyl group, a terminal 
maleimide group, a terminal methacrylate group, a terminal 
methoxy group, a terminal 2-pyridyldithio (SPDP) group, a 
terminal thiol group, a negatively charged terminal group, or 
amphoteric group, or combinations thereof. 
0014. In some embodiments, the shaped micellar nano 
particle is selected from the group consisting of a spheri 
cally-shaped micellar nanoparticle, a rod-shaped micellar 
nanoparticle, and a worm-shaped micellar nanoparticle. 
0015. In some embodiments, the composition further 
comprises a ligand conjugated to the at least one PEG 
polymer and/or the functional group. In some embodiments, 
(i) the ligand is selected from the group consisting of a 
diagnostic agent, an imaging agent, a targeting agent, a 
theranostic agent, a therapeutic agent, and combinations 
thereof, or (ii) the ligand is selected from the group con 
sisting of a DNA, RNA, polypeptide, antibody, antibody 
fragment, antigen, carbohydrate, protein, peptide, enzyme, 
amino acid, hormone, steroid, vitamin, drug, virus, polysac 
charide, lipid, lipopolysaccharide, glycoprotein, lipoprotein, 
nucleoprotein, oligonucleotide, immunoglobulin, albumin, 
hemoglobin, coagulation factor, peptide hormone, protein 
hormone, non-peptide hormone, interleukin, interferon, 
cytokine, peptides comprising a tumor-specific epitope, cell, 
cell-surface molecule, cell adhesion peptide, cell-binding 
peptide, cell receptor ligand, Small organic molecule, Small 
organometallic molecule, nucleic acid, oligonucleotide, 
transferrin, metabolites thereof, and antibodies or agents that 
bind to any of the above substances; or (iii) the ligand is 
detectable using an imaging modality selected from the 
group consisting of bioluminescence imaging, fluorescence 
imaging, magnetic resonance imaging (MRI), positron emis 
sion tomography (PET). X-ray computed tomography (CT), 
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single-photon emission computed tomography (SPECT), 
and combinations thereof, or (iv) the ligand comprises a 
peptide comprising the amino acid sequence Ac-CCRRYV 
VLPRWLC (SEQ ID NO: 1), cyclic RGD-thiol peptide 
(cRGD), or a peptide comprising the amino acid sequence 
YIGSR (SEQ ID NO:3); or (v) the ligand comprises a 
moiety that binds to a tumor-specific antigen; or (vi) the 
ligand comprises a prostate-specific membrane antigen 
(PSMA)-binding moiety. 
0016. In some embodiments, (i) the at least one polyca 
tionic polymer is selected from the group consisting of linear 
polyethylenimine (LPEI), poly-lysine, poly-arginine, poly 
histidine, chitosan, branched PEI, a poly (beta-aminoester), 
a polyphosphoester (PPE), and polyphosphoramidate (PPA); 
or (ii) the at least one polycationic polymer is LPEI; or (iii) 
the at least one polycationic polymer is not branched PEI; or 
(iv) the graft copolymer is not a branched PEI(25 kDa)-g- 
linear PEG(550 Da) copolymer, wherein n is the average 
number of PEG blocks per one PEI macromolecule and n is 
equal to 35. 
0017. In some embodiments, (i) the LPEI has a molecular 
weight ranging from about 2 kDa to about 50 kDa; or (ii) the 
LPEI has a molecular weight of about 22 kDa. 
0018. In some embodiments, (i) the at least one nucleic 
acid has a length ranging from about 10 bases to about 10 
kilobases (kb); or (ii) the at least one nucleic acid is selected 
from the group consisting of an antisense oligonucleotide, 
cDNA, genomic DNA, guide RNA, plasmid DNA, vector 
DNA, mRNA, miRNA, piRNA, shRNA, and siRNA; or (iii) 
the at least one nucleic acid comprises an expression vector 
encoding at least one reporter gene operably linked to a 
promoter, or (iv) the at least one nucleic acid comprises an 
expression vector encoding at least one antigen epitope 
operably linked to a promoter. 
0019. In some embodiments, (i) the reporter gene is 
selected from the group consisting of a bioluminescent 
reporter gene, a fluorescent reporter gene, a PET reporter 
gene, and combinations thereof, or (ii) the promoter is 
selected from the group consisting of a constitutively active 
promoter, an inducible promoter, a tissue-specific promoter, 
and a tumor-specific promoter, or (iii) the expression vector 
further comprises a therapeutic gene; or (iv) the expression 
vector further comprises an antigen gene. In some embodi 
ments, (i) the therapeutic gene is selected from the group 
consisting of a cytotoxic gene, an immunomodulator gene, 
a Suicide gene, and a tumor Suppressor gene; or (ii) the 
antigen gene encodes at least one antigen against infectious 
diseases, allergens, or cancer cells. 
0020. In some embodiments, the composition further 
comprises a therapeutic agent or a chemotherapeutic agent. 
0021. In some embodiments, the micellar nanoparticle 
composition targets at least one target cancer cell. In some 
embodiments, (i) the cancer cell comprises a metastatic 
cancer cell; or (ii) the cancer cell is selected from the group 
consisting of a breast cancer cell, a cervical cancer cell, a 
melanoma cancer cell, and a prostate cancer cell. 
0022. In some embodiments, the micellar nanoparticle 
composition exhibits a transfection efficiency of the at least 
one target cancer cell of between 10-fold and 100-fold 
greater than a micellar nanoparticle composition comprising 
a PEG polymer having an average molecular weight greater 
than 1 kDa. 
0023. In certain aspects, the presently disclosed subject 
matter provides a method for preparing a polymeric micellar 
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nanoparticle composition comprising a block or graft copo 
lymer comprising at least one polycationic polymer and at 
least one polyethylene glycol (PEG) polymer having an 
average molecular weight less than 1 kDa, and at least one 
nucleic acid; wherein the graft or block copolymer and the 
at least one nucleic acid are complexed and condensed into 
a shaped micellar nanoparticle that is stable in biological 
media, the method comprising: (a) mixing a first Solution 
comprising the block or graft copolymer together with a 
second solution comprising the at least one nucleic acid to 
form a third solution comprising the block or graft copoly 
mer and the at least one nucleic acid; and (b) allowing the 
block or graft copolymer and the at least one nucleic acid to 
self-assemble into the polymeric micellar nanoparticle. 
0024. In some embodiments, the presently disclosed sub 
ject matter provides a transfection agent for transfecting a 
cell with at least one nucleic acid, the transfection agent 
comprising a polymeric micellar nanoparticle composition 
comprising a block or graft copolymer comprising at least 
one polycationic polymer and at least one polyethylene 
glycol (PEG) polymer having an average molecular weight 
less than 1 kDa, and at least one nucleic acid; wherein the 
graft or block copolymer and the at least one nucleic acid are 
complexed and condensed into a shaped micellar nanopar 
ticle that is stable in biological media, wherein the polymeric 
micellar nanoparticle composition is prepared by the method 
comprising: (a) mixing a first Solution comprising the block 
or graft copolymer together with a second solution compris 
ing the at least one nucleic acid to form a third solution 
comprising the block or graft copolymer and the at least one 
nucleic acid; and (b) allowing the block or graft copolymer 
and the at least one nucleic acid to self-assemble into the 
polymeric micellar nanoparticle. In some embodiments, the 
transfection agent modulates expression of at least one gene 
in a cell, tissue, or subject. 
0025. In some embodiments, the method for targeting at 
least one metastatic cancer cell in a subject comprises 
administering the transfection agent to a subject, wherein the 
polymeric micellar nanoparticle composition comprises a 
ligand that binds to a tumor-specific antigen on the Surface 
of the at least one metastatic cancer cell, and wherein the 
ligand binds to the tumor-specific antigen on the Surface of 
the at least one metastatic cancer cell after administration of 
the transfection agent to the Subject, thereby targeting the at 
least one metastatic cancer cell in the Subject. In some 
embodiments, (i) targeting the at least one metastatic cancer 
cell comprises treating a metastatic cancer in the Subject; or 
(ii) targeting the at least one metastatic cancer cell comprises 
detecting, diagnosing, and/or imaging a metastatic cancer in 
the subject. 
0026. In some embodiments, the polymeric micellar 
nanoparticle composition further comprises a chemothera 
peutic agent and/or at least one nucleic acid encoding a 
therapeutic gene that inhibits the growth, proliferation and/ 
or Survival of the at least one metastatic cancer cell. In some 
embodiments, the polymeric micellar nanoparticle compo 
sition further comprises an imaging agent and/or at least one 
nucleic acid encoding a reporter gene operably linked to a 
tumor-specific promoter. In some embodiments, the reporter 
gene is selected from the group consisting of a biolumines 
cent reporter gene, a fluorescent reporter gene, a CT reporter 
gene, an MRI reporter gene, a PET reporter gene, a SPECT 
reporter gene, and combinations thereof. 
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0027. In some embodiments, targeting at least one meta 
static cancer cell in a Subject further comprises imaging the 
Subject after administering the transfection agent using an 
imaging modality selected from the group consisting of 
bioluminescent imaging, fluorescent imaging, CT, MRI, 
PET, SPECT, X-ray, and combinations thereof. 
0028. In other aspects, the presently disclosed subject 
matter provides a method for treating a disease or condition, 
the method comprising administering to a Subject in need of 
treatment thereof, a polymeric micellar nanoparticle com 
position comprising a block or graft copolymer comprising 
at least one polycationic polymer and at least one polyeth 
ylene glycol (PEG) polymer having an average molecular 
weight less than 1 kDa, and at least one nucleic acid; 
wherein the graft or block copolymer and the at least one 
nucleic acid are complexed and condensed into a shaped 
micellar nanoparticle that is stable in biological media, or a 
pharmaceutical composition thereof, in an amount effective 
for treating the disease or condition. 
0029. In some aspects, the presently disclosed subject 
matter provides a method for preventing a disease or con 
dition, the method comprising administering to a subject in 
need of prophylactic treatment thereof, a polymeric micellar 
nanoparticle composition comprising a block or graft copo 
lymer comprising at least one polycationic polymer and at 
least one polyethylene glycol (PEG) polymer having an 
average molecular weight less than 1 kDa, and at least one 
nucleic acid; wherein the graft or block copolymer and the 
at least one nucleic acid are complexed and condensed into 
a shaped micellar nanoparticle that is stable in biological 
media, or a pharmaceutical composition thereof, in an 
amount effective for preventing the disease or condition. 
0030 Certain aspects of the presently disclosed subject 
matter having been stated hereinabove, which are addressed 
in whole or in part by the presently disclosed subject matter, 
other aspects will become evident as the description pro 
ceeds when taken in connection with the accompanying 
Examples and Figures as best described herein below. 

BRIEF DESCRIPTION OF THE FIGURES 

0031 Having thus described the presently disclosed sub 
ject matter in general terms, reference will now be made to 
the accompanying Figures, which are not necessarily drawn 
to Scale, and wherein: 
0032 FIG. 1A, FIG. 1B, and FIG. 1C show TEM images 
of IPEI-g-PEGeo/DNA micelles prepared with 0.5% 
PEG (FIG. 1A), 2% PEG (FIG. 1B), and 8% PEG 
(FIG. 1C). All scale bars represent 200 nm: 
0033 FIG. 2 shows the stability of lPEI-g-PEGeo/ 
DNA micelles with different PEG grafting degrees following 
30 minute incubation in 150 mM salt or 5% (volume/ 
volume) FBS, as compared to lPEI/DNA control nano 
particles; 
0034 FIG. 3 shows in vitro transfection of HeLa cells 48 
hours following treatment of IPEI-g-PEGs/DNA nano 
particles and of IPEI-g-PEGoo/DNA nanoparticles at 
different PEG grafting degrees. # indicates that expression 
was below detectable limit of the assay; 
0035 FIG. 4 shows in vivo transfection of Balb/c mice in 
major organs 2 days following treatment of IPEI-g- 
PEG, s/DNA nanoparticles and of IPEI-g-PEGoo/DNA 
nanoparticles prepared with 0.25% PEG grafting degree. if 
indicates that expression was below detectable limit of the 
assay; 
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0036 FIG. 5A and FIG. 5B show in vitro transfection of 
MDA-MB-231 cells overexpressing CVB3 integrin 48 hours 
following treatment of lPEI22k-g-PEG500/DNA nanopar 
ticles (FIG. 5A) and lPEI-g-PEG/DNA nanoparticles 
(FIG. 5B) with different shapes with and without conjuga 
tion of cyclic RGD cell adhesion peptide: 
0037 FIG. 6A, FIG. 6B, FIG. 6C, FIG. 6D, FIG.6E, FIG. 
6F, FIG. 6G, and FIG. 6H show TEM images of IPEI-g- 
PEG/DNA nanoparticles (FIG. 6A, FIG. 6B, and FIG. 
6C) and lPEI-g-PEGoo/DNA nanoparticles (FIG. 6D, FIG. 
6E, and FIG. 6F) with 0.5% (FIG. 6A and FIG. 6D), 2% 
(FIG. 6B and FIG. 6E), and 8% (FIG. 6C and FIG. 6F) PEG 
grafting degrees. All scale bars represent 200 nm. In vitro 
transfection efficiency of IPEI-g-PEG/DNA nanoparticles 
with varying PEG molecular weight and grafting degrees 
(FIG. 6G); In vivo transfection efficiency of lPEI-g-PEG 
(0.5%)/DNA nanoparticles in Balb/c mice (FIG. 6H): 
0038 FIG. 7A, FIG. 7B, FIG.7C, FIG.7D, FIG. 7E, FIG. 
7F, FIG. 7G, and FIG. 7H show TEM images of IPEI-g- 
PEG/DNA nanoparticles (FIG. 7A, FIG. 7B, FIG.7C and 
FIG. 7D) and lPEI-g-PEG/DNA nanoparticles (FIG. 7E, 
FIG. 7F, FIG. 7G and FIG. 7H) prepared with 0.25% PEG 
grafting degree (FIG. 7A and FIG. 7E), 1% PEG grafting 
degree (FIG. 7B and FIG. 7F), 2% PEG grafting degree 
(FIG. 7C and FIG. 7G), and 8% PEG grafting degree (FIG. 
7D and FIG. 7H). All scale bars=200 nm: 
0039 FIG. 8A and FIG. 8B show average major and 
minor axis lengths (FIG. 8A) and aspect ratios (FIG. 8B) of 
lPEI-g-PEG/DNA nanoparticles and lPEI-g-PEG/DNA 
nanoparticles prepared with different grafting degrees. Each 
bar represents meanistandard division (n-100 particles): 
0040 FIG.9A, FIG.9B, FIG.9C, and FIG.9D show zeta 
potential of IPEI-g-PEG/DNA (FIG. 9A) and lPEI-g- 
PEG/DNA nanoparticles (FIG. 9B) in DI water and 150 
mM NaCl solution. Each bar represents meanistandard 
division (n=3). Size of IPEI-g-PEG/DNA (FIG. 9C) and 
lPEI-g-PEG/DNA (FIG. 9D) nanoparticles after 15 min 
incubation in DI water, 150 mM NaCl, and 5% serum, 
respectively. Each bar represents meantstandard division 
(n-3); 
0041 FIG. 10A and FIG. 10B show transfection effi 
ciency (FIG. 10A) and cellular uptake efficiency (FIG. 10B) 
of lPEI-g-PEG/DNA and lPEI-g-PEG/DNA nanopar 
ticles in PC3 cells. Each bar represents meanistandard 
division (n-3); 
0042 FIG. 11A and FIG. 11B show the transfection 
efficiency of IPEI-g-PEG/DNA and lPEI-g-PEG/DNA 
nanoparticles in MDA-MB-231 cells (FIG. 11A) and HeLa 
cells (FIG. 11B). Each bar represents meanistandard divi 
sion (n-3); 
0043 FIG. 12A, FIG. 12B, FIG. 12C, and FIG. 12D show 
DNA release from lPEI-g-PEG/DNA and lPEI-g-PEG/ 
DNA nanoparticles prepared with 0.25% PEG grafting 
degree (FIG. 12A), 1% PEG grafting degree (FIG. 12B), 2% 
PEG grafting degree (FIG. 12C), and 8% PEG grafting 
degree (FIG. 12D) after treatment with increasing concen 
trations of heparin sulfate in 150 mM NaCl solution for 15 
min. Each point represents meantstandard division (n-3); 
0044 FIG. 13 shows the transfection efficiency of IPEI 
g-PEG/DNA nanoparticles bearing methoxy-terminated or 
hydroxyl-terminated PEG corona in PC3 cells. Each bar 
represents meant standard division (n-3); 
004.5 FIG. 14A and FIG. 14B show the transfection 
efficiency in PC3 cells mediated by lPEI-g-PEGs/DNA 
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(FIG. 14A) and lPEI-g-PEG/DNA (FIG. 14B) nanopar 
ticles with and without Surface-conjugated cell binding 
peptide RYVVLPR (SEQ ID NO:2). Each bar represents 
meanistandard division (n-3); 
0046 FIG. 15A and FIG. 15B show the transfection 
efficiency of lPEI-g-PEGs/DNA (FIG. 15A) and lPEI-g- 
PEG/DNA (FIG. 15B) nanoparticles in MDA-MB-231 
Of" cells comparing nanoparticles with and without con 
jugation of cell binding peptide cRGD. Each bar represents 
meanistandard division (n-3); 
0047 FIG. 16A, FIG. 16B, FIG. 16C, FIG. 16D, FIG. 
16E, FIG. 16F, and FIG. 16G show a schematic illustration 
of the critical factors for shape control in lPEI-g-PEG/DNA 
micelle assembly (FIG. 16A) and TEM images showing the 
shape variations at 0.5% PEG grafting degree (FIG. 16B and 
FIG. 16E), 2% PEG grafting degree (FIG. 16C and FIG. 
16F), and 8% PEG grafting degree (FIG. 16D and FIG.16G) 
for PEG2000 and PEG700, respectively. All scale bars-200 
nm, 
0048 FIG. 17A and FIG. 17B show the surface charge of 
IPEI-g-PEG/DNA micelles prepared with different PEG 
grafting degrees (FIG. 17A) and colloidal stability of IPEI 
g-PEGzoo/DNA nanoparticles as measured by dynamic light 
scattering after 15 min incubation in 150 mM salt and 5% 
(vol/vol) serum conditions (FIG. 17B); 
0049 FIG. 18A and FIG. 18B show transgene expression 
in PC3 prostate cancer cells following transfection with 
lPEI-g-PEG/DNA micelles prepared with PEG700 and 
PEG2000 at different grafting degrees (FIG. 18A) and in 
vivo transfection in different organs of Balb/c mice follow 
ing i.v. injection of spherical lPEI-g-PEG/DNA micelles 
equivalent to 40 ug of plasmid DNA (FIG. 18B). PEG 
grafting degree was fixed at 0.25%. it indicates no detectable 
gene expression levels; 
0050 FIG. 19A and FIG. 19B show a schematic of ligand 
conjugation to copolymer/DNA micelles (FIG. 19A) and in 
vitro transfection efficiency of IPEI-g-PEG/DNA micelles in 
MDA-MB-231-CVB3 cells at 48 hours after transfection 
(FIG. 19B). Micelles were prepared using lPEI-g-PEG with 
PEGs and PEGoo at different grafting degrees to yield 
different shapes, and with or without RGD ligands conju 
gated to PEG terminal; 
0051 FIGS. 20A, 20B, 20O, and 20D show in vivo 
bioluminescence images of PC3 metastatic prostate cancer 
(PCa)-bearing mice following i.v. injection of jetPEI/DNA 
and lPEI-g-PEGoo/DNA micelles containing firefly 
luciferase-expressing plasmid under the control of tumor 
specific promoter (Bhang, Nat. Med. 2011; 17:123-129) 
(FIG. 20A); quantitative comparison of bioluminescence 
signal in liver and lung for lPEI-g-PEG/DNA micelles 
and jetPEI/DNA nanoparticles (FIG. 20B); in vitro trans 
fection of PC3 cells following treatment with lPEI-g- 
PEG soo/DNA micelles conjugated with cell adhesion pep 
tides (FIG. 20O); and bioluminescence imaging of PCa 
bearing mice following i.v. injection of jetPEI/DNA 
nanoparticles and peptide-conjugated lPEI-g-PEG500/DNA 
micelles under the control of tumor-specific promoter (FIG. 
20D); 
0052 FIG. 21 shows the relative metabolic activity in 
PC3 cells comparing peptide-conjugated lPEI-g-PEG500/ 
DNA micelles, IPEI-g-PEG600/DNA micelles, and jetPEI/ 
DNA nanoparticles: 
0053 FIG. 22A, FIG. 22B, FIG. 22C, FIG. 22D, FIG. 
22E, FIG. 22F, FIG. 22G, FIG. 22H, FIG. 22I, FIG. 22J, 
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FIG. 22K, FIG. 22L, FIG. 22M, and FIG. 22N show 
bioluminescence imaging (BLI) of a representative mouse, 
BCa3 from the group, 24 h after the systemic delivery of 
fLuc vector ((FIG. 22A; Bhang, Nat. Med. 2011; 17: 123). 
The organs associated with the expression of luciferase from 
(FIG. 22A) (black or white circles and rectangles) were 
collected for histological correlation (FIG. 22B, FIG. 22C, 
FIG. 22D, FIG. 22E and FIG. 22F). FIG. 22B shows H&E 
and luciferase staining on cryoSections of the lung from 
BCa3, correlating with BLI light output shown in the white 
rectangle in FIG. 22A, stained lung cryoSections of a control 
mouse (control) are shown for comparison. FIG. 22C, FIG. 
22D, FIG. 22E and FIG. 22F show luciferase and H&E 
staining of the formalin-fixed, paraffin-embedded tissue sec 
tions collected from BCa3 confirms metastatic lesions 
observed with BLI. Scale bars, 100 um. FIG. 22G, FIG. 
22H, FIG.22I, FIG.22J, FIG.22K, FIG.22L, FIG.22M and 
FIG. 22N show detection and localization of metastatic 
masses by whole body SPECT-CT imaging after the sys 
temic administration of HSV1-tk vector. Images obtained 
from two representative mice, Mel-2 (FIG. 22G and FIG. 
22H) and Mel-3 (FIG. 22I, FIG. 22J, FIG. 22K, FIG. 22L, 
FIG. 22M and FIG. 22N) at 24 h after 'IFIAU injection 
are shown here. Scale bars, 10 mm; 
0054 FIG. 23A and FIG. 23B show whole-body BLI 
monitoring firefly luciferase expression in a PC3/ML pros 
tate cancer model. Two animals from each group are shown 
here as representation, that were imaged from the ventral 
view. Peak expression was observed at 48 h after adminis 
tering a spherical I-PEI-g-PEG/DNA micelles (FIG. 23A) 
and the jet-PEI control (FIG. 23B); 
0055 FIG. 24 shows in vivo transfection efficiency in 
Balb/c mice at 2 days following i.v. injection of IPEI-g- 
PEG soo/DNA nanoparticles and oflPEI-g-PEGoo/DNA 
nanoparticles prepared from copolymers with 2% PEG 
grafting degree with and without cell adhesion peptide 
(n-3); 
0056 FIG. 25A, FIG. 25B, FIG. 25C, and FIG. 25D show 
that ligand-conjugated DNA nanoparticles with short 
PEG5H grafts effectively detect metastatic prostate cancer 
lesions in vivo. FIG. 25A show in vivo bioluminescence 
imaging of PC3-ML tumor-bearing mice at 48 h following 
systemic injection of lPEI-g-PEG/DNA nanoparticles with 
or without RYVVLPR ligands compared to the positive 
control, in vivo jetPEI/DNA nanoparticles (n=4-5 per 
group). All bioluminescence images were adjusted to the 
same scale for comparison. FIG. 25B, FIG. 25C and FIG. 
25D show a comparison of luciferase expression in the lung 
(FIG. 25B), liver (FIG. 25C), and kidney (FIG. 25D) tissue 
homogenate of the same PC3-ML tumor-bearing mice at 48 
h following systemic injection of nanoparticle formulations 
(n=3-4 per group). Horizontal bar denotes the mean level of 
transgene expression. Plasmid DNA encoding firefly 
luciferase driven by the tumor-specific peg-promoter was 
used for all experiments. * p-0.05, ** p<0.01; and 
0057 FIG. 26A and FIG. 26B show the level of liver 
enzymes (FIG. 26A) aspartate transaminase (AST) and 
(FIG. 26B) alanine transaminase (ALT) following infusion 
of nanoparticles as a measure of hepatocellular toxicity in 
Balb/c mice. Enzyme levels were measured at 2 days 
following i.v. injection of lPEI-g-PEG soo/DNA nanopar 
ticles or l’EI-g-PEGoo/DNA nanoparticles prepared 
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with 0.5% and 2% PEG grafting degree with and without 
cell adhesion peptide. Green lines indicate the normal range 
of enzymes. 
0058. The patent or application file contains at least one 
drawing executed in color. Copies of this patent or patent 
application publication with color drawings will be provided 
by the Office upon request and payment of the necessary fee. 

DETAILED DESCRIPTION 

0059. The presently disclosed subject matter now will be 
described more fully hereinafter with reference to the 
accompanying Figures, in which some, but not all embodi 
ments of the inventions are shown. Like numbers refer to 
like elements throughout. The presently disclosed subject 
matter may be embodied in many different forms and should 
not be construed as limited to the embodiments set forth 
herein; rather, these embodiments are provided so that this 
disclosure will satisfy applicable legal requirements. Indeed, 
many modifications and other embodiments of the presently 
disclosed subject matter set forth herein will come to mind 
to one skilled in the art to which the presently disclosed 
Subject matter pertains having the benefit of the teachings 
presented in the foregoing descriptions and the associated 
Figures. Therefore, it is to be understood that the presently 
disclosed subject matter is not to be limited to the specific 
embodiments disclosed and that modifications and other 
embodiments are intended to be included within the scope of 
the appended claims. 
0060. The presently disclosed subject matter provides 
compositions of nucleic acid-containing polymeric nanopar 
ticles for delivery of therapeutic nucleic acids and the 
methods of preparing and using the same. The presently 
disclosed polymer nanoparticle gene delivery system com 
prising poly(ethylene glycol) PEG can effectively control 
the shape of nucleic acid-containing nanoparticles while 
maintaining the beneficial properties of improved stability in 
biological media and still exhibiting high gene delivery 
efficiency. 
0061. It has been identified for the first time that, in some 
embodiments, organic, complex core nanoparticles with 
PEG corona are only effective in transfecting cells in vivo 
when the molecular weight (MW) of PEG is less than or 
about 1,000 Da. The consensus in the current state of the art 
is that the minimal MW of PEG is 2,000 Da to achieve 
significant stability. Further, in Some embodiments, it has 
been found that the terminal group of the PEG significantly 
influences transfection efficiency only when PEG is smaller 
than 1,000 Da. The ligand-enhanced transfection is also only 
effective when PEG linkage is less than or equal to about 
1,000 Da. In addition, it has been found for the first time that 
shape control of nucleic acid-containing nanoparticles is 
possible using PEG of less than or about 1,000 Da. The 
presently disclosed nanoparticles exhibit high level of trans 
fections without noticeable toxicity. 
0062. In some embodiments, the presently disclosed 
methods involve the self-assembly of a nucleic acid, Such as 
DNA, with one or more copolymers of polycations and 
poly(ethylene glycol) with an average molecular weight of 
less than 1,000 Da, forming complex core micellar nano 
particles with controlled shapes. The DNA-containing nano 
particles have improved stability in biological media com 
pared to non-PEGylated versions and exhibit high in vitro 
and in vivo delivery efficiency. Furthermore, conjugation of 
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targeting ligands and binding peptides to the terminal end of 
PEG allows for an enhancement of nucleic acid delivery. 

I. Compositions of Nucleic Acid-Containing Nanoparticles 
for In Vivo Delivery 
0063. In some embodiments, the presently disclosed sub 
ject matter provides a polymeric micellar nanoparticle com 
position, comprising: (a) a block or graft copolymer com 
prising at least one polycationic polymer and at least one 
polyethylene glycol (PEG) polymer having an average 
molecular weight less than 1 kDa, and (b) at least one 
nucleic acid; wherein the graft or block copolymer and the 
at least one nucleic acid are complexed and condensed into 
a shaped micellar nanoparticle that is stable in biological 
media. 
0064. As used herein, the term “nanoparticle.” refers to a 
particle having at least one dimension in the range of about 
1 nm to about 1000 nm, including any integer value between 
1 nm and 1000 nm (including about 1, 2, 5, 10, 20, 50, 60, 
70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900 and 
1000 nm and all integers and fractional integers in between). 
In some embodiments, the size of the nanoparticle ranges 
from about 10 to about 500 nm in at least one dimension. In 
Some embodiments, the nanoparticle has at least one dimen 
Sion, e.g., a diameter, of about 100 nm. In some embodi 
ments, the nanoparticle has a diameter of about 200 nm. In 
Some embodiments, the nanoparticle has a diameter of about 
300 nm. In some embodiments, the nanoparticle has a 
diameter of about 400 nm. In other embodiments, the 
nanoparticle has a diameter of about 500 nm. In yet other 
embodiments, the nanoparticle has a diameter of about 1000 
nm (1 um). In Such embodiments, the particle also can be 
referred to as a “microparticle. Thus, the term “micropar 
ticle' includes particles having at least one dimension in the 
range of about one micrometer (um), i.e., 1x10 meters, to 
about 1000 um. The term “particle' as used herein is meant 
to include nanoparticles and microparticles. 
0065. It will be appreciated by one of ordinary skill in the 
art that nanoparticles suitable for use with the presently 
disclosed methods can exist in a variety of shapes, including, 
but not limited to, spheroids, rods, disks, pyramids, cubes, 
cylinders, nanohelixes, nanosprings, nanorings, rod-shaped 
nanoparticles, arrow-shaped nanoparticles, teardrop-shaped 
nanoparticles, tetrapod-shaped nanoparticles, prism-shaped 
nanoparticles, and a plurality of other geometric and non 
geometric shapes. 
0066. As used herein, a “polymer is a molecule of high 
relative molecule mass, the structure of which essentially 
comprises the multiple repetition of unit derived from mol 
ecules of low relative molecular mass, i.e., a monomer. As 
used herein, a “block copolymer is a copolymer that 
comprises two or more homopolymer Subunits linked by 
covalent bonds. The union of the homopolymer subunits 
may require an intermediate non-repeating subunit, known 
as a junction block. Block copolymers with two or three 
distinct blocks are called diblock copolymers and triblock 
copolymers, respectively. As used herein, a 'graft copoly 
mer' is a branched copolymer in which the side chains are 
structurally, either constitutionally or configurationally, dis 
tinct from the main chain. As used herein, a polymer is a 
molecule that is made of Small molecules that are arranged 
in a repeating structure to form a larger molecule. As used 
herein, a "polycationic polymer is a polymer that has at 
least one positive charge. In some embodiments, in order to 
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form an effective complex with DNA, the polymer is posi 
tively charged and comprises amino groups in the polymer 
backbone or grafted onto polymer side chains. 
0067. As used interchangeably herein, the terms “nucleic 
acids.” “oligonucleotides, and “polynucleotides’ include 
RNA, DNA, or RNA/DNA hybrid sequences of more than 
one nucleotide in either single chain or duplex form. The 
term “nucleotide' as used herein as an adjective to describe 
molecules comprising RNA, DNA, or RNA/DNA hybrid 
sequences of any length in single-stranded or duplex form. 
The term “nucleotide' is also used herein as a noun to refer 
to individual nucleotides or varieties of nucleotides, mean 
ing a molecule, or individual unit in a larger nucleic acid 
molecule, comprising a purine or pyrimidine, a ribose or 
deoxyribose Sugar moiety, and a phosphate group, or phos 
phodiester linkage in the case of nucleotides within an 
oligonucleotide or polynucleotide. The term “nucleotide' is 
also used herein to encompass “modified nucleotides' which 
comprise at least one of the following modifications: (a) an 
alternative linking group, (b) an analogous form of purine, 
(c) an analogous form of pyrimidine, or (d) an analogous 
Sugar. For examples of analogous linking groups, purine, 
pyrimidines, and Sugars, see for example PCT Patent App. 
Pub. No. WO95/04064. The polynucleotide sequences of 
the presently disclosed subject matter may be prepared by 
any known method, including synthetic, recombinant, ex 
Vivo generation, or a combination thereof, as well as utiliz 
ing any purification methods known in the art. 
0068 PEG can be included in the polymer backbone of 
the block copolymers or on the side chain in graft copoly 
mers. In some embodiments, attaching PEG to the polymer 
is useful because PEG assists in the self-assembly process 
and influences the shape of polymer nanoparticles prepared 
with nucleic acids. In some embodiments, the graft or block 
polymer and nucleic acid form a micellar nanoparticle 
structure after mixing. With the PEGylated polymer, the 
micelle is configured such that the PEG chains, which are 
strongly hydrophilic, are arranged on the outer Surface of the 
micelle to form a corona or shield around the surface of the 
nanoparticle, while the polycation segment complexes with 
the negatively charged nucleic acid through electrostatic 
interactions to form the micelle core. The corona around the 
Surface of the nanoparticle may reduce protein adsorption to 
the nanoparticle Surface, which in turn can reduce or prevent 
nanoparticle aggregation. If the nanoparticles aggregate, 
they may be too large for target cells to internalize and are 
more likely to be cleared from the body by macrophages and 
other mechanisms. Therefore, without wishing to be bound 
to any one particular theory, it is believed that the inclusion 
of PEG, particularly PEG with a molecular weight of less 
than or about 1,000 Da, into the presently disclosed nano 
particles, improves the nanoparticle stability in biological 
media. 

0069. As used herein, a “shaped micellar nanoparticle' is 
a micellar particle that has had its shape controlled by 
varying the grafting degree of PEG on the copolymer 
Surface. For polymer/DNA nanoparticles, at low grafting 
degrees, nanoparticles primarily form spherical particles. At 
intermediate grafting degrees, nanoparticles are primarily 
rod-shaped. At high grafting degrees, worm-like shapes 
predominate. As used herein the term "spherical particle' 
refers to a particle having an aspect ratio of about 1, the term 
“rod-shaped particle' refers to a particle having an aspect 
ratio of between about 2 and about 5, and the term "worm 
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shaped particle' refers to a particle having an aspect ratio 
greater than about 10. In some embodiments, the size of the 
nanoparticles can range from about 10 nm to about 1000 nm 
in at least one dimension. 

0070. In some embodiments, the nanoparticle shape can 
also be controlled by varying the polarity of the solvent 
during nanoparticle formation. In these cases, water is 
combined with a water-miscible solvent of lower polarity to 
dissolve the polymer and nucleic acid. Examples of low 
polarity solvents include, but are not limited to, dimethyl 
Sulfoxide, dimethylformamide, and p-dioxane. In addition, 
in some embodiments, adding salts, lowering the pH of the 
Solutions, and changing the temperature can be used to 
change the shape of the nanoparticle. In some embodiments, 
the shaped micellar nanoparticle is a spherically-shaped 
micellar nanoparticle. In some embodiments, the shaped 
micellar nanoparticle is a rod-shaped micellar nanoparticle. 
In some embodiments, the shaped micellar nanoparticle is a 
worm-shaped micellar nanoparticle. 
0071. As used herein, the term “complexed' means the 
joining of two or more molecules covalently or noncova 
lently (e.g., via electrostatic interactions). As used herein, 
the term “condensed” refers to making a structure denser. 
For example, the presently disclosed copolymer can be 
complexed and condensed with at least one nucleic acid to 
form a presently disclosed shaped micellar nanoparticle that 
is stable or unlikely to come apart in biological media. As 
used herein, the terms “biological media' or “physiological 
media' refer to solutions that are compatible with solutions 
found in the body of a subject. In some embodiments, the 
conditions in the biological media may be similar to physi 
ological conditions found in a part of the body of a Subject. 
In some embodiments, the conditions in the biological 
media may be different from the physiological conditions 
found in a part of the body of a subject but the conditions in 
the biological media may still allow the presently disclosed 
nanoparticles to be stable. Thus, in some embodiments, the 
presently disclosed polymeric micellar nanoparticle compo 
sitions are in aqueous media and/or under physiological 
conditions when administered to a Subject. In some embodi 
ments, the biological or physiogical media comprises a 
serum-containing media. In some embodiments, the biologi 
cal or physiological media comprises a salt-containing 
media. 

0072. In some embodiments, at least one PEG polymer of 
the presently disclosed composition has a molecular weight 
that is about or less than 1 kDa. In some embodiments, at 
least one PEG polymer has a molecular weight ranging from 
about 400 Dato about 1 kDa. In some embodiments, at least 
one PEG polymer has a molecular weight ranging from 
about 500 Da to about 700 Da. In some embodiments, at 
least one PEG polymer has a molecular weight of about 425 
Da. In some embodiments, at least one PEG polymer has a 
molecular weight of about 450 Da. In some embodiments, at 
least one PEG polymer has a molecular weight of about 475 
Da. In some embodiments, at least one PEG polymer has a 
molecular weight of about 500 Da. In some embodiments, at 
least one PEG polymer has a molecular weight of about 525 
Da. In some embodiments, at least one PEG polymer has a 
molecular weight of about 550 Da. In some embodiments, at 
least one PEG polymer has a molecular weight of about 575 
Da. In some embodiments, at least one PEG polymer has a 
molecular weight of about 600 Da. In some embodiments, at 
least one PEG polymer has a molecular weight of about 625 
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Da. In some embodiments, at least one PEG polymer has a 
molecular weight of about 650 Da. In some embodiments, at 
least one PEG polymer has a molecular weight of about 675 
Da. In some embodiments, at least one PEG polymer has a 
molecular weight of about 700 Da. In some embodiments, at 
least one PEG polymer has a molecular weight of about 725 
Da. In some embodiments, at least one PEG polymer has a 
molecular weight of about 750 Da. In some embodiments, at 
least one PEG polymer has a molecular weight of about 775 
Da. In some embodiments, at least one PEG polymer has a 
molecular weight of about 800 Da. In some embodiments, at 
least one PEG polymer has a molecular weight of about 825 
Da. In some embodiments, at least one PEG polymer has a 
molecular weight of about 850 Da. In some embodiments, at 
least one PEG polymer has a molecular weight of about 875 
Da. In some embodiments, at least one PEG polymer has a 
molecular weight of about 900 Da. In some embodiments, at 
least one PEG polymer has a molecular weight of about 925 
Da. In some embodiments, at least one PEG polymer has a 
molecular weight of about 950 Da. In some embodiments, at 
least one PEG polymer has a molecular weight of about 450 
Da. In some embodiments, at least one PEG polymer has a 
molecular weight of about 100 Da. 
0073. In some embodiments, at least one PEG polymer 
has a graft density or graft degree ranging from about 0.25 
mol % to about 10 mol %, wherein mol % refers to the 
fraction of functional side groups grafted with PEG. In some 
embodiments, at least one PEG polymer has a graft density 
or graft degree of 0.25 mol%. In some embodiments, at least 
one PEG polymer has a graft density or graft degree of 0.50 
mol%. In some embodiments, at least one PEG polymer has 
a graft density or graft degree of 0.75 mol %. In some 
embodiments, at least one PEG polymer has a graft density 
or graft degree of 1 mol%. In some embodiments, at least 
one PEG polymer has a graft density or graft degree of 2 mol 
%. In some embodiments, at least one PEG polymer has a 
graft density or graft degree of 3 mol%. In some embodi 
ments, at least one PEG polymer has a graft density or graft 
degree of 4 mol%. In some embodiments, at least one PEG 
polymer has a graft density or graft degree of 5 mol%. In 
Some embodiments, at least one PEG polymer has a graft 
density or graft degree of 6 mol%. In some embodiments, 
at least one PEG polymer has a graft density or graft degree 
of 7 mol%. In some embodiments, at least one PEG polymer 
has a graft density or graft degree of 8 mol%. In some 
embodiments, at least one PEG polymer has a graft density 
or graft degree of 9 mol%. In some embodiments, at least 
one PEG polymer has a graft density or graft degree of 10 
mol %. 

0074. In some embodiments, at least one PEG polymer of 
the presently disclosed composition is terminated with a 
functional group, Such as a terminal acrylate group, a 
terminal alkoxy group, a terminal amino group, terminal 
carboxyl group, a terminal hydroxyl group, a terminal 
maleimide group, a terminal methacrylate group, a terminal 
methoxy group, a terminal 2-pyridyldithio (SPDP) group, a 
terminal thiol group, a negatively charged terminal group, or 
amphoteric group, or combinations thereof. In some 
embodiments, a ligand is conjugated to at least one PEG 
polymer and/or the functional group. In some embodiments, 
an amino group can also be used to crosslink the polymer. 
As used herein, the term "conjugated” means to form a 
stable covalent link between two molecules. 
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0075. In some embodiments, the ligand conjugated to at 
least one PEG polymer and/or functional group is a diag 
nostic agent (an agent that can be used to diagnose a disease 
or condition) an imaging agent (an agent that can be used to 
reveal and/or define the localization of a disease or condi 
tion), a targeting agent (an agent that can target a specific 
kind of cell or tissue. Such as a cancer cell), a theranostic 
agent (an agent that can diagnose and also treat a disease or 
condition), a therapeutic agent (an agent that can treat a 
disease or condition), and the like, as well as combinations 
thereof. In some embodiments, the ligand is a DNA, RNA, 
polypeptide, antibody, antibody fragment, antigen, carbohy 
drate, protein, peptide, enzyme, amino acid, hormone, Ste 
roid, vitamin, drug, virus, polysaccharide, lipid, lipopoly 
saccharide, glycoprotein, lipoprotein, nucleoprotein, 
oligonucleotide, immunoglobulin, albumin, hemoglobin, 
coagulation factor, peptide hormone, protein hormone, non 
peptide hormone, interleukin, interferon, cytokine, peptides 
comprising a tumor-specific epitope, cell, cell-Surface mol 
ecule, cell adhesion peptide, cell-binding peptide, cell recep 
tor ligand, Small organic molecule, Small organometallic 
molecule, nucleic acid, oligonucleotide, transferrin, metabo 
lites thereof, and antibodies or agents that bind to any of the 
above Substances. In some embodiments, ligands, such as 
targeting ligands or cell binding peptides, are conjugated to 
the terminal end of the PEG to enhance cell binding. In some 
embodiments, attaching a cell-targeting ligand can enhance 
uptake to a particular cell. 
0076. As used herein, a "peptide' or “protein’ comprises 
a string of at least three amino acids linked together by 
peptide bonds. The terms “protein’ and "peptide' may be 
used interchangeably. Peptide may refer to an individual 
peptide or a collection of peptides. Inventive peptides pref 
erably contain only natural amino acids, although non 
natural amino acids (i.e., compounds that do not occur in 
nature but that can be incorporated into a polypeptide chain) 
and/or amino acid analogs as are known in the art may 
alternatively be employed. Also, one or more of the amino 
acids in an inventive peptide may be modified, for example, 
by the addition of a chemical entity such as a carbohydrate 
group, a phosphate group, a farnesyl group, an isofarnesyl 
group, a fatty acid group, a linker for conjugation, function 
alization, or other modification, etc. In a preferred embodi 
ment, the modifications of the peptide lead to a more stable 
peptide (e.g., greater half-life in vivo). These modifications 
may include cyclization of the peptide, the incorporation of 
D-amino acids, etc. None of the modifications should sub 
stantially interfere with the desired biological activity of the 
peptide. 
0077. In some embodiments, the ligand is detectable 
using an imaging modality selected from the group consist 
ing of bioluminescence imaging, fluorescence imaging, 
magnetic resonance imaging (MRI), positron emission 
tomography (PET), X-ray computed tomography (CT), 
single-photon emission computed tomography (SPECT), or 
combinations thereof. 

0078. In some embodiments, the ligand conjugated to at 
least one PEG polymer and/or functional group comprises a 
peptide comprising the amino acid sequence Ac-CCRRYV 
VLPRWLC (SEQ ID NO: 1). In some embodiments, the 
ligand conjugated to at least one PEG polymer and/or 
functional group comprises a peptide comprising the amino 
acid sequence YIGSR (SEQ ID NO:3). In some embodi 
ments, the ligand comprises a cyclic RGD-thiol peptide 
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(cRGD). In some embodiments, the peptide is present in a 
1:1 molar ratio of thiol in the peptide to SPDP terminal 
groups on the nanoparticle Surface. In some embodiments, 
the peptide is present in a 10:1 ratio, a 9:1 ratio, a 8:1 ratio, 
a 7:1 ratio, a 6:1 ratio, a 5:1 ratio, a 4:1 ratio, a 3:1 ratio, a 
2:1 ratio, a 1:2 ratio, a 1:3 ratio, a 1:4 ratio, a 1:5 ratio, a 1:6 
ratio, a 1:7 ratio, a 1:8 ratio, a 1:9 ratio, or a 1:10 molar ratio 
of thiol in the peptide to the terminal group (e.g., SPDP 
terminal group) on the nanoparticle Surface. In some 
embodiments, the ligand comprises a moiety that binds to a 
tumor-specific antigen, an antigenic Substance produced in 
tumor cells that can be used as a tumor marker. In some 
embodiments, the ligand comprises a prostate-specific mem 
brane antigen (PSMA)-binding moiety. 
0079. In some embodiments, at least one polycationic 
polymer of the presently disclosed composition is linear 
polyethylenimine (LPEI), poly-lysine, poly-arginine, poly 
histidine, chitosan, branched PEI, a poly (beta-aminoester), 
a polyphosphoester (PPE), polyphosphoramidate (PPA), and 
the like. In some embodiments, the molecular weight of the 
polycation ranges from about 1 kDa to about 50 kDa. In 
Some embodiments, at least one polycationic polymer is 
LPEI. In some embodiments, the LPEI has a molecular 
weight ranging from about 2 kDa to about 50 kDa. In some 
embodiments, the LPEI has a molecular weight of about 22 
kDa. In some embodiments, at least one polycationic poly 
mer is not branched PEI. In some embodiments, the graft 
copolymer is not a branched PEI(25 kDa)-g-linear PEG(550 
Da), copolymer, wherein n is the average number of PEG 
blocks per one PEI macromolecule and n is equal to 35. As 
used herein, a “branched copolymer consists of a single 
main chain with one or more polymeric side chains. 
0080. In some embodiments, the presently disclosed 
composition comprises at least one nucleic acid having a 
length ranging from about 10 bases to about 10 kilobases 
(kb). In some embodiments, the at least one nucleic acid has 
a length of 11 bases, 12 bases, 13 bases, 14 bases, 15 bases, 
16 bases, 17 bases, 18 bases, 19 bases, 20 bases, 21 bases, 
22 bases, 23 bases, 24 bases, 25 bases, 26 bases, 27 bases, 
28 bases, 29 bases, 30 bases, 31 bases 32 bases, 33 bases, 34 
bases, 35 bases, 36 bases, 37 bases 38 bases, 39 bases, 40 
bases, 41 bases, 42 bases, 43 bases, 44 bases, 45 bases, 46 
bases, 47 bases, 48 bases, 49 bases, 50 bases, 60 bases, 64 
bases, 70 bases, 72 bases, 75 bases, 80 bases, 90 bases, 96 
bases, 99 bases, 100 bases, 200 bases, 250 bases, 300 bases, 
325 bases, 350 bases, 375 bases, 400 bases, 425 bases, 450 
bases, 475 bases, 500 bases, 600 bases, 700 bases, 750 bases, 
800 bases, 850 bases, 900 bases, 1 kb, 1.1 kb, 1.2 kb, 1.3 kb, 
1.4 kb, 1.5 kb, 1.6 kb, 1.7 kb, 1.8 kb, 1.9 kb, 2 kb, 1.1 kb, 
1.2 kb, 1.3 kb, 1.4 kb, 1.5 kb, 1.6 kb, 1.7 kb, 1.8 kb, 1.9 kb, 
2 kb, 2.1 kb, 2.2 kb, 2.3 kb, 2.4 kb, 2.5 kb, 2.6 kb, 2.7 kb, 
2.8 kb, 2.9 kb, 3 kb, 3.1 kb, 3.2 kb, 3.3 kb, 3.4 kb, 3.5 kb, 
3.6 kb, 3.7 kb, 3.8 kb, 3.9 kb, 4 kb, 4.1 kb, 4.2 kb, 4.3 kb, 
4.4 kb, 4.5 kb, 4.6 kb, 4.7 kb, 4.8 kb, 4.9 kb, 5 kb, 5.1 kb, 
5.2 kb, 5.3 kb, 5.4 kb, 5.5 kb, 5.6 kb, 5.7 kb, 5.8 kb, 5.9 kb, 
6 kb, 6.1 kb, 6.2 kb, 6.3 kb, 6.4 kb, 6.5 kb, 6.6 kb, 6.7 kb, 
6.8 kb, 6.9 kb, 7 kb, 7.1 kb, 7.2 kb, 7.3 kb, 7.4 kb, 7.5 kb, 
7.6 kb, 7.7 kb, 7.8 kb, 7.9 kb, 8 kb, 8.1 kb, 8.2 kb, 8.3 kb, 
8.4 kb, 8.5 kb, 8.6 kb, 8.7 kb, 8.8 kb, 8.9 kb, 9 kb, 9.1 kb, 
9.2 kb, 9.3 kb, 9.4 kb, 9.5 kb, 9.6 kb, 9.7 kb, 9.8 kb, 9.9 kb, 
10 kb, 11 kb, 12 kb, 13 kb, 14 kb, 15 kb, 16 kb, 17 kb, 18 
kb, 19 kb, 20 kb, 21 kb, 22 kb, 23 kb, 24 kb, or 25 kb or 
greater. In some embodiments, the presently disclosed com 
position comprises at least one nucleic acid having a length 
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of at least 15 kilobases, at least 20 kilobases, or at least 25 
kilobases or more. In some embodiments, at least one 
nucleic acid includes, but is not limited to, an antisense 
oligonucleotide, cDNA, genomic DNA, guide RNA, plas 
mid DNA, vector DNA, mRNA, miRNA, piRNA, shRNA, 
and siRNA. In some embodiments, at least one nucleic acid 
is selected from the group consisting of an antisense oligo 
nucleotide, cDNA, genomic DNA, guide RNA, plasmid 
DNA, vector DNA, mRNA, miRNA, piRNA, shRNA, and 
siRNA. In some embodiments, the nucleic acid is DNA and 
the DNA is supercoiled. In some embodiments, the nucleic 
acid is DNA and the DNA is linear. In some embodiments, 
the nucleic acid is DNA and the DNA is a minicircle DNA. 

I0081. The amount of cationic polymer can be calculated 
with an N/P ratio, where N is the amino groups, or amino 
group equivalents, in the cationic polymer and P is the 
number of phosphate groups in the nucleic acid. In some 
embodiments, the N/P ratio ranges from about 0.1 to about 
20. In some embodiments, the N/P ratio ranges from about 
1 to about 20. In some embodiments, the NFP ratio is less 
than 10. In some embodiments, the NFP ratio is less than 9. 
In some embodiments, the NFP ratio is about 8. 
I0082. As used herein, a “small interfering RNA or 
“siRNA is defined as an agent which functions to inhibit 
expression of a target gene, e.g., by RNA interference 
(RNAi). Other molecules capable of mediating sequence 
specific RNAi include, but are not limited to, double 
stranded RNA (dsRNA), microRNA (miRNA), short hairpin 
or small hairpin RNA (shRNA), short interfering oligonucle 
otide, and post-transcriptional gene silencing RNA (ptg 
sRNA). An siRNA may be chemically synthesized, may be 
produced by in vitro transcription, or may be produced 
within a host cell. In some embodiments, siRNA is a double 
stranded RNA (dsRNA) molecule of about 15 to about 40 
nucleotides in length. siRNA interferes with the expression 
of specific genes with complementary nucleotide sequences 
in Some cases by causing gene silencing or a reduction in 
gene expression. This may occur by promoting RNA inter 
ference through degradation or specific post-transcriptional 
gene silencing (PTGS) of the target messenger RNA 
(mRNA). Piwi-interacting RNAs (piRNAs) form RNA 
protein complexes through interactions with piwi proteins. 
As used herein, “gene silencing is a general term that refers 
to the ability to prevent the expression of a certain gene. 
I0083. In some embodiments, the presently disclosed 
composition comprises at least one nucleic acid comprising 
an expression vector encoding at least one reporter gene 
operably linked to a promoter. In some embodiments, at 
least one nucleic acid comprises an expression vector encod 
ing at least one antigen epitope operably linked to a pro 
moter. As used herein, the term “antigen epitope” refers to 
the part of an antigen that is recognized by the immune 
system, such as by antibodies, B cells, or T cells. In some 
embodiments, the antigen epitope is a tumor-specific antigen 
epitope, such as a prostate-specific membrane antigen 
(PSMA) epitope. In some embodiments, the tumor-specific 
antigen has epitopes that are recognized by T cells and/or 
epitopes that are recognized by B cells. 
I0084. A number of suitable expression vectors are well 
known and conventional in the art. Suitable vectors can 
contain a number of components, including, but not limited 
to one or more of the following: an origin of replication; a 
selectable marker gene; one or more expression control 
elements, such as a transcriptional control element (e.g., a 
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promoter, an enhancer, a terminator), and/or one or more 
translation signals. The term “operably linked’ refers to the 
association of nucleic acid sequences on a single nucleic 
acid fragment so that the function of one is affected by the 
other. For example, a promoter is operably linked with a 
coding sequence when it is capable of affecting the expres 
sion of that coding sequence (i.e., that the coding sequence 
is under the transcriptional control of the promoter). 
0085. A “gene, as used herein, refers to a polynucleotide 
containing at least one open reading frame that is capable of 
encoding a particular protein after being transcribed and 
translated. As used herein, a “gene product' is the biochemi 
cal material, either RNA or protein, resulting from expres 
sion of a gene. A measurement of the amount of gene 
product is sometimes used to infer how active a gene is. As 
used herein, “gene expression' is the process by which 
information from a gene is used in the synthesis of a 
functional gene product. As used herein, a “reporter gene’ 
refers to a gene that produces a gene product that is easily 
detected. Examples of reporter genes include, but are not 
limited to, bioluminescent, fluorescent, computed tomogra 
phy (CT), magnetic resonance imaging (MRI), positron 
emission tomography (PET), single-photon emission com 
puted tomography (SPECT) reporter genes, and the like. In 
Some embodiments, the reporter gene is a bioluminescent 
reporter gene (e.g., firefly luciferase. In some embodiments, 
the reporter gene is a fluorescent reporter gene (e.g., green 
fluorescent protein). In some embodiments, the reporter 
gene is a PET reporter gene. 
I0086. In some embodiments, the presently disclosed 
composition comprises a promoter that is a constitutively 
active promoter and is usually active. In some embodiments, 
the promoter is an inducible promoter that is active in 
response to specific stimuli. In some embodiments, the 
promoter is a tissue-specific promoter that is active in 
specific tissues. In some embodiments, the promoter is a 
tumor-specific promoter that is active specifically in tumor 
cells. 

0087. In some embodiments, the expression vector of the 
presently disclosed composition further comprises a thera 
peutic gene. In some embodiments, the therapeutic gene 
itself can be used to treat a disease or condition, Such as by 
correcting a gene mutation. In some embodiments, the 
therapeutic gene can be used to express a gene product and 
the gene product is used to treat a disease or condition. In 
Some embodiments, the therapeutic gene is a cytotoxic gene 
that directly or indirectly kills a particular cell, such as a 
cancer cell. In some embodiments, the therapeutic gene is an 
immunomodulator gene that increases or decreases an 
immune response. In some embodiments, the therapeutic 
gene is a Suicide gene that causes a cell to kill itself. In some 
embodiments, the therapeutic gene is a tumor suppressor 
gene that may reduce uncontrolled cell growth, for example. 
As used herein, as it relates to a subject, by “disease' or 
“condition' is meant any dysfunction or disorder that dam 
ages or interferes with the normal function of a cell, tissue, 
or Organ. 

0088. In some embodiments, the presently disclosed 
composition further comprises a therapeutic agent. In some 
embodiments, the composition further comprises a chemo 
therapeutic agent. As used herein, a therapeutic agent' or a 
“therapeutic gene' is an agent or gene, respectively, that can 
be used to treat a disease or condition. A “chemotherapeutic 
agent' is used to connote a compound or composition that is 
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administered in the treatment of cancer. Chemotherapeutic 
agents useful in methods, compositions, and kits disclosed 
herein include, but are not limited to, alkylating agents such 
as thiotepa and cyclophosphamide; alkyl Sulfonates Such as 
buSulfan, improsulfan and piposulfan; aziridines Such as 
benzodopa, carboquone, meturedopa, and uredopa; ethylen 
imines and methylamelamines including altretamine, trieth 
ylenemelamine, trietylenephosphoramide, triethylenethio 
phosphaoramide and trimethylolomelamime; nitrogen 
mustards such as chlorambucil, chlomaphazine, cholophos 
phamide, estramustine, ifosfamide, mechlorethamine, 
mechlorethamine oxide hydrochloride, melphalan, novem 
bichin, phenesterine, prednimustine, trofosfamide, uracil 
mustard; nitroSureas such as carmustine, chlorozotocin, 
fotemustine, lomustine, nimustine, ranimustine; antibiotics 
Such as aclacinomysins, actinomycin, authramycin, azaser 
ine, bleomycins, cactinomycin, calicheamicin, carabicin, 
caminomycin, carzinophilin, chromomycins, dactinomycin, 
daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, 
doxorubicin, epirubicin, esorubicin, idarubicin, marcello 
mycin, mitomycins, mycophenolic acid, nogalamycin, 
olivomycins, peplomycin, potfiromycin, puromycin, que 
lamycin, rodorubicin, Streptonigrin, streptozocin, tubercidin, 
ubenimex, Zinostatin, Zorubicin; anti-metabolites Such as 
methotrexate and 5-fluorouracil (5-FU); folic acid analogues 
Such as denopterin, methotrexate, pteropterin, trimetrexate; 
purine analogs such as fludarabine, 6-mercaptopurine, thia 
miprine, thioguanine: pyrimidine analogs such as ancit 
abine, azacitidine, 6-azauridine, carmofur, cytosine arabino 
side, dideoxyuridine, doxifluridine, enocitabine, floxuridine, 
5-FU; androgens such as calusterone, dromoStanolone pro 
pionate, epitiostanol, mepitiostane, testolactone; anti 
adrenals such as aminoglutethimide, mitotane, triloStane; 
folic acid replenishers such as folinic acid; aceglatone; 
aldophosphamide glycoside; aminolevulinic acid; amsa 
crine; bestrabucil; bisantrene; ediatraxate; defofamine; 
demecolcine; diaziquone; elformithine; elliptinium acetate; 
etoglucid, gallium nitrate; hydroxyurea; lentinan; 
lonidamine; mitoguaZone; mitoxantrone; mopidamol; nitra 
crine; pentostatin: phenamet, pirarubicin; podophyllinic 
acid; 2-ethylhydrazide; procarbazine; PSK, razoxane: sizo 
furan; Spirogermanium; tenuaZonic acid; triaziquone; 2.2". 
2"-trichlorotriethylamine; urethan; vindesine; dacarbazine: 
mannomustine, mitobronitol; mitolactol; pipobroman; gacy 
tosine; arabinoside (Ara-C); taxoids, e.g. paclitaxel and 
docetaxel; chlorambucil; gemcitabine; 6-thioguanine; mer 
captopurine; platinum analogs such as cisplatin and carbo 
platin; vinblastine; platinum: etoposide; ifosfamide; mito 
mycin C; mitoxantrone; Vincristine; Vinorelbine; navelbine; 
novantrone; teniposide; daunomycin; aminopterin: Xeloda; 
ibandronate; CPT11: topoisomerase inhibitor RFS 2000; 
difluoromethylomithine; retinoic acid; esperamicins; 
capecitabine; and pharmaceutically acceptable salts, acids or 
derivatives of any of the above. Chemotherapeutic agents 
also include anti-hormonal agents that act to regulate or 
inhibit hormone action on tumors such as anti-estrogens 
including for example tamoxifen, raloxifene, aromatase 
inhibiting 4(5)-imidazoles, 4-hydroxytamoxifen, trioxifene, 
keoxifene, LY 1 17018, onapristone, and toremifene (Fares 
ton); and anti-androgens such as flutamide, nilutamide, 
bicalutamide, leuprolide, and goserelin; and pharmaceuti 
cally acceptable salts, acids or derivatives of any of the 
above. 
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0089. In some embodiments, the expression vector of the 
presently disclosed composition further comprises an anti 
gen gene. In some embodiments, the antigen gene encodes 
at least one antigen against infectious diseases, allergens, or 
cancer cells. As used herein, the term “infectious disease' 
refers to a disease or disorder caused by an organism, Such 
as a bacterium, virus, fungus, or parasite. Examples of 
infectious diseases include, but are not limited to, respiratory 
infections, HIV/AIDS, gastrointestinal diseases, tuberculo 
sis, malaria, measles, pertussis, tetanus, meningitis, syphilis, 
hepatitis A and B, and tropical diseases. As used herein, the 
term “allergen” refers to a substance that causes an allergic 
reaction, Such as pollen (e.g., microspores of weeds, trees, 
grasses, etc.), Vapor, gas, food, beverage (or a component 
thereof), drug, toxin, microbial antigen (e.g., viral, viral split 
antigen, bacterial, parasitic, fungal, and combinations 
thereof), dander, animal-derived compounds, dust (e.g., dust 
having LPS or dust mite feces), polypeptide, carbohydrate, 
nucleic acid, or any other agent capable of eliciting an 
allergic reaction. 
0090. Examples of antigen genes include, but are not 
limited to, genes encoding for hepatitis B virus Surface 
antigens, Shigella sonnei form IO-Ps antigens, prostate 
specific membrane antigen (PSMA), CfB integrin, mela 
noma tumor antigens, HER-2/neu gene product, estrogen 
receptor, milk fat globulin, p53 tumor Suppressor protein, 
mucin antigens; telomerases, nuclear matrix proteins, pros 
tatic acid phosphatase, papilloma virus antigens, and anti 
gens associated with cancers described herein. 
0091. In some embodiments, the expression vector of the 
presently disclosed composition further comprises at least 
one origin of replication. In some embodiments, the expres 
sion vector further comprises a nuclear antigen. In some 
embodiments, the expression vector further comprises tran 
Scriptional amplification machinery. 
0092. In some embodiments, the presently disclosed 
micellar nanoparticle composition targets at least one target 
cell. In some embodiments, at least one target cell comprises 
a cancer cell. In some embodiments, the cancer cell com 
prises a metastatic cancer cell. In some circumstances, 
cancer cells will be in the form of a tumor; such cells may 
exist locally within an animal, or circulate in the blood 
stream as independent cells, for example, leukemic cells. 
Cancer as used herein includes newly diagnosed or recurrent 
cancers, including without limitation, blastomas, carcino 
mas, gliomas, leukemias, lymphomas, melanomas, 
myeloma, and sarcomas. Cancer as used herein includes, but 
is not limited to, head cancer, neck cancer, head and neck 
cancer, lung cancer, breast cancer, prostate cancer, colorectal 
cancer, esophageal cancer, stomach cancer, leukemia/lym 
phoma, uterine cancer, skin cancer, endocrine cancer, uri 
nary cancer, pancreatic cancer, gastrointestinal cancer, ovar 
ian cancer, cervical cancer, and adenomas. In some 
embodiments, the cancer comprises Stage 0 cancer. In some 
embodiments, the cancer comprises Stage I cancer. In some 
embodiments, the cancer comprises Stage II cancer. In some 
embodiments, the cancer comprises Stage III cancer. In 
Some embodiments, the cancer comprises Stage IV cancer. 
In some embodiments, the cancer is refractory and/or meta 
static. In some embodiments, the cancer cell is a breast 
cancer cell. In some embodiments, the cancer cell is a 
cervical cancer cell. In some embodiments, the cancer cell is 
a melanoma cancer cell. In some embodiments, the cancer 
cell is a prostate cancer cell. 
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0093. In some embodiments, the presently disclosed 
micellar nanoparticle composition contacts at least one 
target cell, the micellar nanoparticle composition is taken up 
by the at least one target cell and/or transfects the at least one 
target cell with the at least one nucleic acid. The term 
“contacting as used herein refers to any action that results 
in at least one nanoparticle of the presently disclosed subject 
matter physically contacting at least one target cell. In some 
embodiments, the micellar nanoparticle composition exhib 
its a transfection efficiency of at least one target cell of 
between 10-fold and 100-fold greater than a micellar nano 
particle composition comprising a PEG polymer having an 
average molecular weight greater than 1 kDa. In some 
embodiments, the micellar nanoparticle composition exhib 
its a transfection efficiency of at least one target cell of at 
least 100-fold greater than a micellar nanoparticle compo 
sition comprising a PEG polymer having an average 
molecular weight greater than 1 kDa. 

II. Methods for Preparing Nucleic Acid-Containing 
Nanoparticles for In Vivo Delivery 

0094. In some embodiments, the presently disclosed sub 
ject matter provides a method for preparing a polymeric 
micellar nanoparticle composition of the presently disclosed 
Subject matter, the method comprising: (a) mixing a first 
Solution comprising the block or graft copolymer together 
with a second solution comprising the at least one nucleic 
acid to form a third solution comprising the block or graft 
copolymer and the at least one nucleic acid; and (b) allowing 
the block or graft copolymer and the at least one nucleic acid 
to self-assemble into the polymeric micellar nanoparticle. 
0.095. In some embodiments, the nucleic acid and the 
cationic polymer can be prepared by dissolving the nucleic 
acid or the cationic polymer in a liquid. Such as water, buffer, 
or other solution that allows for the stability of the nucleic 
acid or the cationic polymer. In some embodiments, in order 
to form nanoparticles, the solution of polymer is mixed with 
the solution of nucleic acid. In some embodiments, mixing 
is done by pipetting or Vortexing the mixture. In some 
embodiments, the mixing is performed for less than a 
minute, such as for about 10 seconds. In some embodiments, 
after mixing, the Solution is allowed to rest. In some embodi 
ments, the solution is allowed to rest for more than about 1 
minute, such as for about 5, 10, 15, 20 or longer minutes. In 
some embodiments, the solution is allowed to rest for about 
10 minutes. 

III. Methods for Targeting a Cell and Treating a Subject 
Using the Nucleic Acid-Containing Nanoparticles 

0096. The presently disclosed micellar nanoparticles can 
be used to deliver nucleic acids in vitro and in vivo. For 
example, in Some embodiments, cells in culture can be 
transfected with the nanoparticles. In some embodiments, 
the presently disclosed Subject matter provides a transfection 
agent for transfecting a cell with at least one nucleic acid, 
comprising a polymeric micellar nanoparticle according to 
the presently disclosed subject matter or produced according 
to the presently disclosed methods. 
0097. In some embodiments, the presently disclosed sub 
ject matter provides a method of modulating expression of 
at least one gene in a cell, tissue, or Subject, the method 
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comprising administering an effective amount of the trans 
fection agent of the presently disclosed subject matter to the 
cell, tissue, or Subject. 
0098. The subject treated by the presently disclosed 
methods in their many embodiments is desirably a human 
subject, although it is to be understood that the methods 
described herein are effective with respect to all vertebrate 
species, which are intended to be included in the term 
“Subject.'” Accordingly, a “subject' can include a human 
Subject for medical purposes, such as for the treatment of an 
existing condition or disease or the prophylactic treatment 
for preventing the onset of a condition or disease, or an 
animal Subject for medical, veterinary purposes, or devel 
opmental purposes. Suitable animal Subjects include mam 
mals including, but not limited to, primates, e.g., humans, 
monkeys, apes, and the like; bovines, e.g., cattle, oxen, and 
the like; Ovines, e.g., sheep and the like; caprines, e.g., goats 
and the like; porcines, e.g., pigs, hogs, and the like; equines, 
e.g., horses, donkeys, Zebras, and the like; felines, including 
wild and domestic cats; canines, including dogs; lago 
morphs, including rabbits, hares, and the like; and rodents, 
including mice, rats, and the like. An animal may be a 
transgenic animal. In some embodiments, the Subject is a 
human including, but not limited to, fetal, neonatal, infant, 
juvenile, and adult subjects. Further, a “subject' can include 
a patient afflicted with or suspected of being afflicted with a 
condition or disease. Thus, the terms “subject' and “patient’ 
are used interchangeably herein. 
0099. In some embodiments, the presently disclosed sub 

ject matter provides a method for targeting at least one 
metastatic cancer cell in a subject, the method comprising 
administering a presently disclosed polymeric micellar 
nanoparticle composition or a polymeric micellar nanopar 
ticle composition produced according to the presently dis 
closed methods, to a subject, wherein the polymeric micellar 
nanoparticle composition comprises a ligand that binds to a 
tumor-specific antigen on the Surface of the at least one 
metastatic cancer cell, and wherein the ligand binds to the 
tumor-specific antigen on the Surface of the at least one 
metastatic cancer cell after administration of the polymeric 
micellar nanoparticle composition to the Subject, thereby 
targeting the at least one metastatic cancer cell in the Subject. 
In Some embodiments, targeting at least one metastatic 
cancer cell comprises treating a metastatic cancer in the 
Subject. 
0100. As used herein, the term “treating can include 
reversing, alleviating, inhibiting the progression of prevent 
ing or reducing the likelihood of the disease, disorder, or 
condition to which Such term applies, or one or more 
symptoms or manifestations of Such disease, disorder or 
condition (e.g., cancer). 
0101. In some embodiments, the polymeric micellar 
nanoparticle composition further comprises a chemothera 
peutic agent and/or at least one nucleic acid encoding a 
therapeutic gene that inhibits the growth, proliferation and/ 
or Survival of at least one metastatic cancer cell. As used 
herein, the term “inhibit or “inhibits' means to decrease, 
Suppress, attenuate, diminish, arrest, or stabilize the devel 
opment or progression of a disease, disorder, or condition, 
e.g. cancer, by at least 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80%, 90%. 95%, 98%, 99%, or even 100% compared 
to an untreated control Subject, cell, biological pathway, or 
biological activity. 
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0102. In some embodiments, targeting at least one meta 
static cancer cell comprises detecting, diagnosing, and/or 
imaging a metastatic cancer in the Subject. In some embodi 
ments, the polymeric micellar nanoparticle composition 
further comprises an imaging agent and/or at least one 
nucleic acid encoding a reporter gene operably linked to a 
tumor-specific promoter. Many appropriate imaging agents 
are known in the art, such as paramagnetic ions (e.g., 
chromium (III), manganese (II), iron (III), iron (II), cobalt 
(II), nickel (II), copper (II), neodymium (III), Samarium 
(III), ytterbium (III), gadolinium (III), vanadium (II), ter 
bium (III), dysprosium (III), holmium (III), erbium (III)), 
radioactive isotopes ('astatine, ''carbon, chromium, 
chlorine, cobalt, cobalt, 'copper, ''Eu, "gallium, 
hydrogen, ‘iodine, ‘iodine, iodine, 'indium, iron, 
phosphorus, rhenium, rhenium, selenium, sul 

phur, "technicium, 'yttrium), fluorochromes (e.g., Alexa 
350, Alexa 430, AMCA, BODIPY 630/650, BODIPY 650/ 
665, BODIPY-FL, BODIPY-R6G, BODIPY-TMR, 
BODIPY-TRX, Cascade Blue, Cy3, Cy5,6-FAM, Fluores 
cein Isothiocyanate, HEX, 6-JOE, Oregon Green 488, 
Oregon Green 500, Oregon Green 514, Pacific Blue, REG, 
Rhodamine Green, Rhodamine Red, Renographin, ROX, 
TAMRA, TET, Tetramethylrhodamine, Texas Red), PET and 
NMR-detectable substances (e.g., Cu-FDG, F-fluoride, 
FLT, FMISO, gallium, technetium-’m, thallium), MRI 
imaging agents (e.g., gadolinium), X-ray imaging agents 
(barium, iodide), enzymes (urease, alkaline phosphatase, 
(horseradish) hydrogen peroxidase and glucose oxidase), 
secondary binding ligands (e.g., biotin and/or avidin and 
streptavidin), and azido group molecules (e.g., 2- and 
8-azido analogues of purine nucleotides). 
0103) In some embodiments, the reporter gene comprises 
a bioluminescent reporter gene, a fluorescent reporter gene, 
a CT (computed tomography) reporter gene, an MRI (mag 
netic resonance imaging) reporter gene, a PET (positron 
emission tomography) reporter gene, a SPECT (single 
photon emission computed tomography) reporter gene, and 
combinations thereof. In some embodiments, the method 
further comprises imaging the Subject after administering 
the polymeric micellar composition using an imaging 
modality selected from the group consisting of biolumines 
cent imaging, fluorescent imaging, CT, MRI, PET, SPECT, 
X-ray, and combinations thereof. 
0104. In some embodiments, the presently disclosed sub 
ject matter provides a method for treating a disease or 
condition, the method comprising administering to a subject 
in need of treatment thereof, a presently disclosed polymeric 
micellar nanoparticle composition, a polymeric micellar 
nanoparticle composition produced according to the pres 
ently disclosed methods, or a pharmaceutical composition 
thereof, in an amount effective for treating the disease or 
condition. In some embodiments, the nanoparticles can be 
delivered using a variety of routes including intravenous 
injection, intrabiliary infusion to target the liver, Subcutane 
ous injection, intramuscular injection, and the like. 
0105. In some embodiments, the presently disclosed sub 
ject matter provides a method for preventing a disease or 
condition, the method comprising administering to a subject 
in need of prophylactic treatment thereof, a polymeric 
micellar nanoparticle composition comprising a block or 
graft copolymer comprising at least one polycationic poly 
mer and at least one polyethylene glycol (PEG) polymer 
having an average molecular weight less than 1 kDa, and at 
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least one nucleic acid; wherein the graft or block copolymer 
and the at least one nucleic acid are complexed and con 
densed into a shaped micellar nanoparticle that is stable in 
biological media, or a pharmaceutical composition thereof, 
in an amount effective for preventing the disease or condi 
tion. In some embodiments, preventing a disease or condi 
tion means generating protective immunity against the dis 
ease or condition, such as occurs when administering a 
vaccine to a subject. As used herein, the terms “prevent.” 
“preventing,” “prevention,” “prophylactic treatment” and 
the like refer to reducing the probability of developing a 
disease, disorder, or condition in a Subject, who does not 
have, but is at risk of or Susceptible to developing a disease, 
disorder, or condition. Thus, in Some embodiments, an agent 
can be administered prophylactically to prevent the onset of 
a disease, disorder, or condition, or to prevent the recurrence 
of a disease, disorder, or condition. 
0106 The term “administering as used herein refers to 
contacting a cell or portion thereof with a dose of the 
polymeric micellar nanoparticle composition. This term 
includes administration of the presently disclosed com 
pounds to a subject in which the cell or portion thereof is 
present, as well as introducing the presently disclosed com 
pounds into a medium in which a cell or portion thereof is 
cultured. 
0107 More particularly, as described herein, the pres 
ently disclosed nanoparticle compositions can be adminis 
tered to a subject for therapy by any suitable route of 
administration, including orally, nasally, transmucosally, 
ocularly, rectally, intravaginally, parenterally, including 
intramuscular, Subcutaneous, intramedullary injections, as 
well as intrathecal, direct intraventricular, intravenous, intra 
articular, intra-sternal, intra-synovial, intra-hepatic, intral 
esional, intracranial, intraperitoneal, intranasal, or intraocu 
lar injections, intracisternally, topically, as by powders, 
ointments or drops (including eyedrops), including buccally 
and Sublingually, transdermally, through an inhalation spray, 
or other modes of delivery known in the art. 
0108. The phrases “systemic administration,” “adminis 
tered systemically,” “peripheral administration' and 
“administered peripherally’ as used herein mean the admin 
istration of the presently disclosed nanoparticle composi 
tions, a compound, drug or other material. Such that it enters 
the patient’s system and, thus, is Subject to metabolism and 
other like processes, for example, Subcutaneous administra 
tion. 
0109 The phrases “parenteral administration' and 
“administered parenterally as used herein mean modes of 
administration other than enteral and topical administration, 
usually by injection, and includes, without limitation, intra 
venous, intramuscular, intarterial, intrathecal, intracapsular, 
intraorbital, intraocular, intracardiac, intradermal, intraperi 
toneal, transtracheal, Subcutaneous, Subcuticular, intraar 
ticular, Subcapsular, Subarachnoid, intraspinal and intraster 
nal injection and infusion. 
0110. The presently disclosed pharmaceutical composi 
tions can be manufactured in a manner known in the art, e.g. 
by means of conventional mixing, dissolving, granulating, 
dragee-making, levitating, emulsifying, encapsulating, 
entrapping or lyophilizing processes. 
0111 Pharmaceutical compositions for oral use can be 
obtained through a combination of nanoparticle composi 
tions with a solid excipient, optionally grinding a resulting 
mixture, and processing the mixture of granules, after add 
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ing Suitable auxiliaries, if desired, to obtain tablets or dragee 
cores. Suitable excipients include, but are not limited to, 
carbohydrate or protein fillers, such as Sugars, including 
lactose, Sucrose, mannitol, or Sorbitol; starch from corn, 
wheat, rice, potato, or other plants; cellulose, such as methyl 
cellulose, hydroxypropylmethyl-cellulose, or Sodium car 
boxymethyl cellulose; and gums including arabic and tra 
gacanth; and proteins, such as gelatin and collagen; and 
polyvinylpyrrolidone (PVP:povidone). If desired, disinte 
grating or solubilizing agents, such as cross-linked polyvinyl 
pyrrolidone, agar, alginic acid, or a salt thereof. Such as 
Sodium alginate, also can be added to the compositions. 
0112 Dragee cores are provided with suitable coatings, 
Such as concentrated Sugar Solutions, which also can contain 
gum arabic, talc, polyvinylpyrrolidone, carbopol gel, poly 
ethylene glycol (PEG), and/or titanium dioxide, lacquer 
Solutions, and Suitable organic solvents or solvent mixtures. 
Dyestuffs or pigments can be added to the tablets or dragee 
coatings for product identification or to characterize the 
quantity of nanoparticle compositions, e.g., dosage, or dif 
ferent combinations of doses. 

0113 Pharmaceutical compositions suitable for oral 
administration include push-fit capsules made of gelatin, as 
well as soft, sealed capsules made of gelatin and a coating, 
e.g., a plasticizer, Such as glycerol or Sorbitol. The push-fit 
capsules can contain active ingredients admixed with a filler 
or binder, such as lactose or starches, lubricants, such as talc 
or magnesium Stearate, and, optionally, stabilizers. In soft 
capsules, nanoparticle can be dissolved or suspended in 
Suitable liquids, such as fatty oils, liquid paraffin, or liquid 
polyethylene glycols (PEGs), with or without stabilizers. 
Stabilizers can be added as warranted. 

0114. In some embodiments, the presently disclosed 
pharmaceutical compositions can be administered by 
rechargeable or biodegradable devices. For example, a vari 
ety of slow-release polymeric devices have been developed 
and tested in vivo for the controlled delivery of drugs, 
including proteinacious biopharmaceuticals. Suitable 
examples of Sustained release preparations include semiper 
meable polymer matrices in the form of shaped articles, e.g., 
films or microcapsules. Sustained release matrices include 
polyesters, hydrogels, polylactides (U.S. Pat. No. 3,773.919; 
EP 58.481), copolymers of L-glutamic acid and gamma 
ethyl-L-glutamate (Sidman et al., Biopolymers 22:547, 
1983), poly (2-hydroxyethyl-methacrylate) (Langer et al., J. 
Biomed. Mater. Res. 15:167, 1981; Langer, Chem. Tech. 
12:98, 1982), ethylene vinyl acetate (Langer et al., Id), or 
poly-D-(-)-3-hydroxybutyric acid (EP 133,988A). 
0115 Pharmaceutical compositions for parenteral admin 
istration include aqueous solutions of nanoparticle compo 
sitions. For injection, the presently disclosed pharmaceutical 
compositions can be formulated in aqueous solutions, for 
example, in some embodiments, in physiologically compat 
ible buffers, such as Hank's solution, Ringer's solution, or 
physiologically buffered saline. Aqueous injection Suspen 
sions can contain substances that increase the Viscosity of 
the Suspension, such as sodium carboxymethyl cellulose, 
Sorbitol, or dextran. Additionally, Suspensions of nanopar 
ticle compositions or vehicles include fatty oils, such as 
sesame oil, or synthetic fatty acid esters, such as ethyl oleate 
or triglycerides, or liposomes. Optionally, the Suspension 
also can contain Suitable stabilizers or agents that increase 
the solubility of the nanoparticle compositions to allow for 
the preparation of highly concentrated Solutions. 



US 2016/0331845 A1 

0116 For nasal or transmucosal administration generally, 
penetrants appropriate to the particular barrier to be perme 
ated are used in the formulation. Such penetrants are gen 
erally known in the art. 
0117 For inhalation delivery, the agents of the disclosure 
also can be formulated by methods known to those of skill 
in the art, and may include, for example, but not limited to, 
examples of Solubilizing, diluting, or dispersing Substances 
Such as, Saline, preservatives. Such as benzyl alcohol, 
absorption promoters, and fluorocarbons. 
0118. Additional ingredients can be added to composi 
tions for topical administration, as long as such ingredients 
are pharmaceutically acceptable and not deleterious to the 
epithelial cells or their function. Further, such additional 
ingredients should not adversely affect the epithelial pen 
etration efficiency of the composition, and should not cause 
deterioration in the stability of the composition. For 
example, fragrances, opacifiers, antioxidants, gelling agents, 
stabilizers, Surfactants, emollients, coloring agents, preser 
Vatives, buffering agents, and the like can be present. The pH 
of the presently disclosed topical composition can be 
adjusted to a physiologically acceptable range of from about 
6.0 to about 9.0 by adding buffering agents thereto such that 
the composition is physiologically compatible with a Sub 
jects skin. 
0119 The presently disclosed subject matter also 
includes the use of the presently disclosed nanoparticle 
compositions in the manufacture of a medicament for treat 
ing a disease or condition, Such as cancer. 
0120 Regardless of the route of administration selected, 
the presently disclosed nanparticle compositions are formu 
lated into pharmaceutically acceptable dosage forms such as 
described herein or by other conventional methods known to 
those of skill in the art. 
0121 The term “effective amount,” as in “a therapeuti 
cally effective amount,” of a therapeutic agent refers to the 
amount of the agent necessary to elicit the desired biological 
response. As will be appreciated by those of ordinary skill in 
this art, the effective amount of an agent may vary depend 
ing on Such factors as the desired biological endpoint, the 
agent to be delivered, the composition of the pharmaceutical 
composition, the target tissue or cell, and the like. More 
particularly, the term “effective amount” refers to an amount 
Sufficient to produce the desired effect, e.g., to reduce or 
ameliorate the severity, duration, progression, or onset of a 
disease, disorder, or condition (e.g., a disease, condition, or 
disorder related to cancer), or one or more symptoms 
thereof; prevent the advancement of a disease, disorder, or 
condition, cause the regression of a disease, disorder, or 
condition; prevent the recurrence, development, onset or 
progression of a symptom associated with a disease, disor 
der, or condition, or enhance or improve the prophylactic or 
therapeutic effect(s) of another therapy. 
0122) Actual dosage levels of the active ingredients in the 
presently disclosed vaccine compositions can be varied so as 
to obtain an amount of the active ingredient that is effective 
to achieve the desired therapeutic response for a particular 
Subject, composition, route of administration, and disease, 
disorder, or condition without being toxic to the subject. The 
selected dosage level will depend on a variety of factors 
including the activity of the particular nanoparticle compo 
sition employed, the route of administration, the time of 
administration, the rate of excretion of the particular vaccine 
being employed, the duration of the treatment, other drugs, 
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vaccines and/or materials used in combination with the 
particular vaccine employed, the age, sex, weight, condition, 
general health and prior medical history of the patient being 
treated, and like factors well known in the medical arts. 
I0123. A physician having ordinary skill in the art can 
readily determine and prescribe the effective amount of the 
nanoparticle composition required. Accordingly, the dosage 
range for administration will be adjusted by the physician as 
necessary. 
0.124 Generally, doses of nanoparticle compositions will 
range from about 0.0001 to about 1000 mg per kilogram of 
body weight of the subject. In certain embodiments, the 
dosage is between about 1 ug/kg and about 500 mg/kg, more 
preferably between about 0.01 mg/kg and about 50 mg/kg. 
For example, in certain embodiments, a dose can be about 1, 
5, 10, 15, 20, or 40 mg/kg. 
0.125 Following long-standing patent law convention, 
the terms “a,” “an, and “the refer to “one or more' when 
used in this application, including the claims. Thus, for 
example, reference to “a subject' includes a plurality of 
Subjects, unless the context clearly is to the contrary (e.g., a 
plurality of subjects), and so forth. 
0.126 Throughout this specification and the claims, the 
terms “comprise.” “comprises.” and "comprising are used 
in a non-exclusive sense, except where the context requires 
otherwise. Likewise, the term “include and its grammatical 
variants are intended to be non-limiting. Such that recitation 
of items in a list is not to the exclusion of other like items 
that can be substituted or added to the listed items. 
I0127. For the purposes of this specification and appended 
claims, unless otherwise indicated, all numbers expressing 
amounts, sizes, dimensions, proportions, shapes, formula 
tions, parameters, percentages, quantities, characteristics, 
and other numerical values used in the specification and 
claims, are to be understood as being modified in all 
instances by the term “about even though the term “about 
may not expressly appear with the value, amount or range. 
Accordingly, unless indicated to the contrary, the numerical 
parameters set forth in the following specification and 
attached claims are not and need not be exact, but may be 
approximate and/or larger or Smaller as desired, reflecting 
tolerances, conversion factors, rounding off measurement 
error and the like, and other factors known to those of skill 
in the art depending on the desired properties sought to be 
obtained by the presently disclosed subject matter. For 
example, the term “about,” when referring to a value can be 
meant to encompass variations of in some embodiments, 
+100% in some embodiments +50%, in some embodiments 
+20%, in some embodiments +10%, in some embodiments 
+5%, in some embodiments +1%, in some embodiments 
+0.5%, and in some embodiments +0.1% from the specified 
amount, as such variations are appropriate to perform the 
disclosed methods or employ the disclosed compositions. 
0128. Further, the term “about when used in connection 
with one or more numbers or numerical ranges, should be 
understood to refer to all Such numbers, including all num 
bers in a range and modifies that range by extending the 
boundaries above and below the numerical values set forth. 
The recitation of numerical ranges by endpoints includes all 
numbers, e.g., whole integers, including fractions thereof, 
Subsumed within that range (for example, the recitation of 1 
to 5 includes 1, 2, 3, 4, and 5, as well as fractions thereof, 
e.g., 1.5, 2.25, 3.75, 4.1, and the like) and any range within 
that range. 



US 2016/0331845 A1 

0129. Although specific terms are employed herein, they 
are used in a generic and descriptive sense only and not for 
purposes of limitation. Unless otherwise defined, all tech 
nical and Scientific terms used herein have the same meaning 
as commonly understood by one of ordinary skill in the art 
to which this presently described subject matter belongs. 
0130. While the following terms are believed to be well 
understood by one of ordinary skill in the art, the following 
definitions are set forth to facilitate explanation of the 
presently disclosed subject matter. These definitions are 
intended to Supplement and illustrate, not preclude, the 
definitions that would be apparent to one of ordinary skill in 
the art upon review of the present disclosure. 

EXAMPLES 

0131 The following Examples have been included to 
provide guidance to one of ordinary skill in the art for 
practicing representative embodiments of the presently dis 
closed subject matter. In light of the present disclosure and 
the general level of skill in the art, those of skill can 
appreciate that the following Examples are intended to be 
exemplary only and that numerous changes, modifications, 
and alterations can be employed without departing from the 
scope of the presently disclosed subject matter. The follow 
ing Examples are offered by way of illustration and not by 
way of limitation. 

Example 1 

Synthesis of Linear 
Polyethylenimine-Graft-Polyethylene Glycol 

(IPEI-g-PEG) Copolymers 

0132 lPEI (linear polyethyleneimine, molecular weight 
22 kDa, 2.15 mg), sulfo-NHS (N-hydroxysulfosuccinimide, 
1.09 mg) and A-PEG-COOH (functional polyethylene gly 
col acetic acid, molecular weight 500, 600, 750 or 2,000 Da. 
A-equals to methoxy, hydroxyl or 2-pyridyldithio groups) 
with different amounts according to the designed grafting 
density were dissolved in 1 mL of 0.05 mol/L pH 4.75 
phosphate buffer. The pH of solution was monitored and 
kept in the range of 4.5-5 by adding either HCl or NaOH 
solution. EDC (1-ethyl-3-3-dimethylaminopropyl carbodi 
imide hydrochloride, 2.88 mg) was dissolved in 100 uL of 
ultrapure water and immediately added to the reaction 
mixture. Another 4 batches of EDC (same quantity) were 
added every other hour. The final product was purified by 
ultracentrifugation using a membrane with a molecular 
weight cutoff (MWCO) of 3,500 Da. 
Preparation of lPEI-g-PEG/DNA Micelles with Different 
Morphologies 
0.133 10 ug VR1255 plasmid DNA was dissolved in 100 
ul DI water at a concentration of 100 ug/mL. Calculated 
amounts of IPEI-g-PEG polymer corresponding to different 
N/P ratios were also dissolved in DI water, followed by 
mixing with the plasmid DNA solution via pipetting to give 
a final DNA concentration of 50 g/mL. As shown in FIG. 
1. PEG grafting degree significantly influenced nanoparticle 
shape, even for small molecular weight PEG. At low graft 
ing degree of 0.5%, particles are predominantly spherical. At 
2% PEG grafting degree, rod-shaped particles are evident, 
further elongating to worm-like shapes at 8% PEG grafting 
degree. 
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Salt and Serum Stability of lPEI-g-PEG/DNA Nanoparticles 
Prepared with Small Molecular Weight PEG 
I0134) Good serum and salt stability of IPEI-g-PEG/DNA 
micelles prepared with small molecular weight PEG is 
desired for in vitro and in vivo transfections. If the size or 
shape of micelles was altered due to dissociation or aggre 
gation upon the challenge of serum proteins or salts at 
physiological concentration, limited cell uptake, entrapment 
in capillaries or premature clearance by macrophages may 
lead to low transfection efficiency and limited biodistribu 
tion. To evaluate the serum and salt stability, lPEI-g-PEG/ 
DNA micelles were prepared as described above. The serum 
stability of the micelles was first examined after the addition 
of 5% fetal bovine serum (FBS). The particle size of these 
lPEI-g-PEG/DNA micelles before and after the addition of 
serum was characterized using a dynamic lighting scattering 
detector. After incubation with serum for 30 min, nanopar 
ticle size increased slightly, but lPEI/DNA nanoparticles 
prepared without PEG exhibited a drastic size increase, 
highlighting the importance of PEG in reducing aggregation 
(FIG. 2). The salt stability of the lPEI-g-PEG/DNA micelles 
exhibited reduced Swelling in physiological salt conditions 
compared to lpEI/DNA nanoparticles. 
In Vitro Transfection Efficiency of IPEI-g-PEG/DNA 
Micelles with Different Grafting Degrees and Molecular 
Weights 
I0135) In vitrogene transfection was performed in HeLa 
cells. Cells were maintained in Dulbecco's Modified Eagle's 
Medium supplemented with 10% fetal bovine serum at 37° 
C. and 5% CO. HeLa cells were seeded in 48-well plates at 
a density of 2x10 cells per well. After 24 h, PEI-g-PEG/ 
DNA micelles with different grafting degrees were added to 
each well at a dose of 0.5ug of plasmid DNA. After 4 h of 
incubation, the culture media was replaced. Two days later, 
the culture media were removed, and cells were washed with 
0.5 mL of phosphate buffered saline (pH 7.4). Cells were 
then lysed with a reporter lysis buffer (0.1 ml/well, Promega, 
Madison, Wis.), and subjected to two freeze-thaw cycles. 
Twenty LL of cell lysate supernatant was mixed with 100 uL 
of luciferase substrate (Promega), and the light units were 
measured on a luminometer (20/20n Single Tube luminom 
eter, Turner BioSystems, Sunnyvale, Calif.). The luciferase 
activity was converted to the amount of luciferase using 
recombinant luciferase (Promega) as the standard, and nor 
malized against protein content using the BCA protein assay 
(Bio-Rad Laboratories, Hercules, Calif.). As shown in FIG. 
3, high transfection efficiency in vitro was observed, even at 
high PEG grafting degrees, when Small molecular weight 
PEG was used. Conversely, when using 2 kDa PEG, trans 
fection levels dropped to background levels even at 2% PEG 
grafting degree. 
In Vivo Transfection Efficiency of IPEI-g-PEG/DNA 
Micelles with Different Grafting Degrees and Molecular 
Weights 
0.136. In vivo gene transfection was performed in male, 
10 week old Balb/c mice using a luciferase reporter gene. 
Nanoparticles with a dose equivalent to 40 ug of plasmid 
DNA suspended in 5% glucose solution were administered 
via intravenous injection into the lateral tail vein. After 2 
days, mice were sacrificed and major organs were collected. 
Organs were weighed and homogenized in 5 mL PBS (pH 
7.4). Twenty LL of homogenate Supernatant was mixed with 
100 uL of luciferase substrate (Promega), and the light units 
were measured on a luminometer (20/20n Single Tube 
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luminometer, Turner BioSystems, Sunnyvale, Calif.). The 
luciferase activity was then normalized against equivalent 
organ weight of the sample. As shown in FIG. 4, high 
transfection efficiency in vivo was observed for nanopar 
ticles with PEG molecular weight of 700 Da. Particles 
prepared with 2 kDa PEG at equivalent PEG grafting degree 
displayed near background levels of luciferase expression. 

Conjugation of Cell Targeting Ligand and In Vitro 
Transfection Following Ligand Conjugation 
0137 lPEI-g-PEG/DNA nanoparticles were prepared as 
described, using a PEG with terminal succinimidyl 3-(2- 
pyridyldithio)propionate (SPDP) groups. Following nano 
particle formation, a solution containing a thiolated targeting 
molecule, in this case cyclic RGD peptide, was added to the 
nanoparticle Solution at varying molar ratios of thiol on the 
ligand to SPDP on PEG. Ligand-containing particles were 
left to incubate for 4 hours prior to use. For in vitro 
transfection studies, MDA-MB-231 cells overexpressing 
CVB3 integrin (the binding domain for RGD peptide) were 
used. Cells were maintained in RPMI-1640 media supple 
mented with 10% fetal bovine serum at 37° C. and 5% CO. 
Transfection results were performed as described previously. 
As shown in FIG. 5, no increase in transfection efficiency 
was observed for any nanoparticle prepared with 2 kDa 
PEG, following conjugation of RGD peptide. For particles 
prepared with 500 Da PEG, however, significant increase in 
transfection was observed following RGD conjugation, par 
ticularly for worm-shaped nanoparticles. 

Example 2 

Introduction 

0.138. To fully harness the potential of nanoparticle 
mediated drug delivery carriers following intravenous (i.v.) 
administration, control over their transport properties during 
circulation, tissue distribution, and cellular uptake must be 
controlled and improved. Recent reports have highlighted 
the role of nanoparticle shape during each of these stages of 
delivery (Geng et al., Nat. Nanotechnol. 2007, 2:249; Chau 
han et al., Angew. Chem. Int. Ed. 2011, 50: 11417; Jiang et 
al., Adv. Mat. 2013, 25:227). Previous work has shown the 
ability to tune and control the shape of polyethylene glycol 
(PEG)-polycation copolymer/DNA nanoparticle by altering 
particle assembly conditions and copolymer structure (Jiang 
et al., Adv. Mat. 2013, 25:227). While PEG is necessary for 
controlling shape and improving particle stability in physi 
ological media, it significantly hinders the nanoparticle 
uptake and delivery efficiency. In this Example, a molecular 
design approach is reported to tune the shape of polymer/ 
DNA nanoparticles while maintaining high transfection effi 
ciency both in vitro and in vivo. 

Materials and Methods 

0139 PEG with molecular weight of 2000 (PEG) and 
600 (PEG) were grafted to linear polyethylenimine 
OPED at grafting degrees ranging from 0.25% to 8%. 
Nanoparticles were formed by pipetting equal Volumes of 
copolymer and DNA solution at an N/P ratio of 8, after 
which the mixture was incubated for 20 min at room 
temperature before characterization. Particle size, surface 
charge, and TEM imaging were carried out according to 
published protocols (Jiang et al., Adv. Mat. 2013, 25:227: 
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Jiang X. et al., Pharm. Res. 2011, 28:1317). For in vitro 
transfection experiments, nanoparticles containing 1 lug of 
luciferase pDNA were incubated with 20,000 HeLa cells per 
well for 48 h, followed by cell lysis and incubation with 
luciferase substrate (Jiang et al., Adv. Mat. 2013, 25:227; 
Jiang X. et al., Pharm. Res. 2011, 28:1317). For assessing 
the in Vivo transfection efficiency, nanoparticles containing 
40 ug luciferase DNA were injected into the tail vein of 
Balb/c mice; and organs were harvested and homogenized 
on day 3. The luminescence was measured in a luminometer 
and was normalized against the tissue weight. 

Results and Discussion 

0140. Using both PEGoo and PEG shape control of 
lPEI-g-PEG/DNA nanoparticles is evident (FIG. 6A, FIG. 
6B, FIG. 6C, FIG. 6D, FIG. 6E and FIG. 6F). At the lowest 
grafting degree of 0.25%, particles adopted a compact, 
spherical morphology. For intermediate grafting degrees, 
spherical and rod-like particles dominate; and at the highest 
grafting degrees, particles assume string-like morphology, 
although the transition between shapes happened at lower 
grafting degrees for PEGooo. In vitro transfection results 
showed that, at grafting degrees higher than 0.5%, PEGoo 
grafts dropped the transfection efficiency by 5 orders of 
magnitude to the background level. In contrast, PEGoo 
grafts maintained high transfection levels (FIG. 6G). When 
comparing the in vivo transfection efficiency of nanopar 
ticles prepared with PEGoo and PEG at 0.5% grafting 
density, near background levels were observed for PEGoo 
grafts in all tested organs, whereas PEGoo displayed sig 
nificant levels of luciferase expression (FIG. 6H). 
0.141. The presently disclosed subject matter shows that 
the shape of DNA nanoparticles can be controlled by con 
densing plasmid DNA with lPEI-g-PEG copolymers con 
taining PEG grafts as short as 600 Da. PEG molecular 
weight was identified as the key parameter determining the 
transfection efficiency of shaped DNA nanoparticles. With 
optimized PEG grafts, high levels of transfection efficiencies 
were achieved in vitro and in vivo. This nanoparticle plat 
form can be used for gene therapy applications. 

Example 3 

Introduction 

0142. In this present study, the physicochemical proper 
ties and transfection ability were specifically compared of 
nanoparticles prepared with lPEI grafted with PEG with 
molecular weight of 700 Da (PEG) to those of 2000 Da 
(PEG), the minimum PEG length typically recommended 
to afford the major benefits associated with PEGylation 
(Klutz et al. (2011) Molecular Therapy: the Journal of the 
American Society of Gene Therapy 19, 676-85; Rodlet al. 
(2013) Methods in Molecular Biology 948, 105-20). Many 
studies use PEG chain lengths much longer than this, 
ranging from 3400 Da to 20,000 Da for various DNA 
delivery applications (Nomoto et al. (2011) Journal of 
Controlled Release: Official Journal of the Controlled 
Release Society 151, 104-109; Osada, Polym J. (2014) 46, 
469-475; Yang et al. (2013) Proc. Natl. Acad. Sci. U.S.A. 
110, 14717-14722: Erbacher et al. (1999) Journal of Gene 
Medicine 1, 210-222). Here, an IPEI-g-PEG/DNA nanopar 
ticle system for effective in vivo delivery applications is 
reported, particularly for the detection of metastatic prostate 
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cancer. A series of IPEI-g-PEG carriers with different PEG 
grafting densities and PEG length (PEG7H and PEG2K) 
were used to assemble with plasmid DNA, forming various 
shaped micellar nanoparticles. Their shapes, Surface char 
acteristics, colloidal stability in salt and serum-containing 
media were correlated with their transfection efficiency in 
several cell lines, both in the absence and presence of cell 
adhesion peptides. Optimized carriers were tested following 
systemic injection in Vivo using both Balb/c mice and 
metastatic prostate cancer-bearing mice. Using these nano 
particles, the ability of short PEG grafts for successful 
nanoparticle stabilization and efficient in vivo delivery was 
demonstrated. This work identified a key parameter for the 
development of effective non-viral gene carriers with sig 
nificant potential for cancer detection and therapy. 

Materials and Methods 

0143 Synthesis and Characterization of IPEI-g-PEG 
Copolymers: 
0144 lPEI (linear polyethyleneimine, molecular weight 
22 kDa, 2.15 mg), sulfo-NHS (N-hydroxysulfosuccinimide, 
1.09 mg) and X-PEG-COOH (functional polyethylene gly 
col acetic acid, molecular weight 500, 600, 700 or 2,000 Da. 
X- represents methoxy, hydroxyl or SPDP terminal group) 
with different amounts according to the designed grafting 
density were dissolved in 1 mL of 0.05 mol/L pH4.75 
phosphate buffer. The pH of solution was monitored and 
kept in the range of 4.5-5.0 by adding either 1 M HCl or 1 
M. NaOH solution. 1-Ethyl-3-3-dimethylaminopropyl car 
bodiimide (EDC) hydrochloride (2.88 mg) was dissolved in 
100 uL of ultrapure water and immediately added to the 
reaction mixture. Another 4 batches of EDC (same quantity) 
were added every other hour. The final product was purified 
by ultracentrifugation using a membrane with a molecular 
weight cutoff (MWCO) of 3,500 Da. 
0145 Nanoparticle Formation: 
0146 Plasmid DNA, VR1255C (6400 kb), encoding the 
gene for firefly luciferase driven by the cytomegalovirus 
promoter, was kindly provided by Vical (San Diego, Calif.). 
Plasmid DNA was amplified in DH5C. E. coli and was 
purified using an EndoFree Giga Kit (Qiagen, Valencia, 
Calif.) and dissolved at 1 mg/mL in endotoxin-free TE 
buffer. For a typical nanoparticle preparation, 10 ug of DNA 
was diluted in 100 uL of DI water to give a final concen 
tration of 100 ug/mL DNA. A solution of IPEI-g-PEG was 
diluted to 100 uL in DI water to give a final N/P ratio (ratio 
of amine in lBEI to phosphate in DNA) of 8 as used in 
previous studies with PEG-polycation/DNA nanoparticles 
(Jiang et al. (2013) Advanced Materials 25, 227-232; Wil 
liford et al. (2014) Journal of Materials Chemistry 2, 
8106-8109; Wei et al. (2015) ACS Biomaterials Science & 
Engineering). The polymer solution was added to the DNA 
Solution and mixed by rapid pipetting, after which the 
polymer/DNA mixture was incubated for 10 min prior to 
further use. 
0147 Transmission Electron Microscopy: 
0148 TEM imaging of nanoparticles was done by incu 
bating 10 uL of lpEI-g-PEG/DNA nanoparticle solution onto 
an ionized nickel grid covered with a carbon film. After 10 
min, the solution was removed, and a 6-uL drop of 2% 
uranyl acetate was added to the grid. After 20s, the staining 
Solution was removed, and the grid was dried at room 
temperature. The samples were imaged with a Technai 
FEI-12 electron microscope. Nanoparticle sizes were char 
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acterized from TEM images using Image J 1.44. Aspect 
ratios were determined by dividing the length of the nano 
particle by the diameter. At least 100 nanoparticles were 
measured from TEM images for each preparation. 
0149 Zeta Potential Measurement: 
0150 Nanoparticle Zeta potential was measured using a 
Zetasizer Nano ZS90 (Malvern Instruments, Southborough, 
Mass.). An aliquot of 5 ug DNA nanoparticle solution was 
diluted to 800 uL with DI water or 150 mM sodium chloride, 
added to a DTS 1070-folded capillary cell, and measured in 
the automatic mode. 
0151. Nanoparticle Stability Characterization: 
0152 To test the stability in physiological ionic strength 
solution, a pre-determined volume of 5 MNaCl solution was 
added to 5-lug DNA dose nanoparticle solution to give a final 
NaCl concentration of 150 mM. The mixture solution was 
incubated for 15 min, and then particle size was measured 
using dynamic light scattering method with a Zetasizer Nano 
Z590. To test the stability in serum, an aliquot of nanopar 
ticle solution containing 5 ug of DNA was incubated with 
fetal bovine serum (FBS) at a final serum concentration of 
5% (v/v) for 15 min before measuring the particle size. 
(O153 DNA Release from IPEI-g-PEG/DNA Nanopar 
ticles: 
0154) The release of DNA from IPEI-g-PEG/DNA nano 
particles was assessed in the presence of heparin Sulfate as 
modified from a previously reported protocol (Ren et al. 
(2010) Biomacromolecules, 11, 3432-3439. An aliquot of 20 
uL of nanoparticles solution containing 1 ug of DNA was 
added to each well of a 96-well plate followed by the 
addition of 80 uL of 1 mg/mL ethidium bromide solution. To 
this solution, 100LL of heparin sulfate solution with increas 
ing concentrations in 300 mM NaCl solution was added to 
each well and mixed thoroughly, giving final heparin Sulfate 
concentrations ranging from 1 ug/mL to 500 g/mL in 150 
mM NaCl. The solutions were incubated at room tempera 
ture for 15 min, and the fluorescence intensity ( =510 nm, 

595 nm) was measured using a fluorescence plate 
reader (SpectraMax Gemini XPS, Molecular Devices, 
Sunnyvale, Calif.). The percentage of DNA released was 
calculated according to a calibration curve of plasmid DNA 
Subjected to the same conditions. 
0155 Ligand Conjugation to lPEI-g-PEG/DNA Nanopar 

ticles: 
0156 Ligands were conjugated to polymer/DNA nano 
particles prepared with SPDP-PEG grafts through SPDP 
thiol coupling chemistry. Cyclic RGD-thiol ligand (PCI 
3.686-PI, Peptides International, Louisville, Ky.) was 
dissolved in phosphate buffered saline (PBS) at 1 mg/mL 
according to the manufacturer's protocol. Peptide 947W 
(Ac-CCRRYVVLPRWLC (SEQ ID NO: 1), ChinaPeptides 
Co., Ltd., Shanghai, China) was dissolved in PBS at 1 
mg/mL. Briefly, lPEI-g-PEG(SPDP)/DNA nanoparticles 
were prepared as described above. Following particle incu 
bation for 10 min, a solution containing the thiolated peptide 
at a 1:1 thiol:SPDP equivalent molar ratio was added to the 
nanoparticle solution. The nanoparticles were further incu 
bated for 4 h to allow for peptide conjugation, after which 
they were used for further testing. 
(O157. In Vitro Transfection of lPEI-g-PEG/DNA Nano 
particles: 
0158. The base media for maintaining PC3/ML cells, 
MDA-MB-231 cells, and HeLa cells were F-12K Nutrient 
Mixture (Kaighn's Modification, Life Technologies, Carls 
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bad, Calif.), RPMI-1640 media, and Dulbecco's Modified 
Eagle's Medium (DMEM), respectively. All media were 
supplemented with 10% FBS and 100 U/mL penicillin/100 
ug/mL streptomycin, and cells were cultured at 37° C. and 
5% CO. At 24 h prior to the transfection experiments, cells 
were seeded in 48-well plates at a density of 2x10" cells/ 
well. Various nanoparticle solutions equivalent to 0.5 Lig of 
DNA dose were added to the cells and incubated for 4 h, 
following which the media were refreshed. After 48 h, media 
were removed, and cells were washed with 1xPBS (pH 7.4). 
One hundred pull of reporter lysis buffer (Promega, Madison, 
Wis.) was added to each well. Cells were then subjected to 
two freeze-thaw cycles. Twenty uL of cell lysate from each 
well was assayed using a luciferase assay kit (Promega, 
Madison, Wis.) on a luminometer (20/20n, Turner BioSys 
tems, Sunnyvale, Calif.). The luciferase activity was con 
verted to the amount of luciferase expressed using a recom 
binant luciferase protein (Promega) as the standard and 
normalized against the total protein content in the lysate 
using a BCA assay (Pierce, Rockford, Ill.). 
0159. In Vitro Cellular Uptake of lPEI-g-PEG/DNA 
Nanoparticles: 
(0160 Cellular uptake efficiencies were measured in PC3 
cells using tritium-labeled plasmid DNA. To prepare the 
radiolabeled DNA, plasmid DNA was methylated with CpG 
methyl transferase (M.SssL) (New England Biolabs, Ips 
wich, Mass.) and S-adenosyl-L-(methyl-3H) methionine 
(PerkinElmer, Waltham, Mass.) according to the manufac 
turer's protocol. Briefly, nuclease-free water, 10xNEB buf 
fer, S-adenosyl-L-(methyl-3H) methionine, plasmid DNA, 
and M. Sss were mixed in order. The solution was then 
incubated at 37° C. for 1 h, and the reaction was quenched 
by heating to 65° C. for 20 min. The radiolabeled DNA was 
purified using Miniprep Kit (Qiagen, Valencia, Calif.). 
Radiolabeled lPEI-g-PEG/DNA nanoparticles were pre 
pared as above by mixing radiolabeled DNA with non 
radiolabeled DNA at 1/10 DNA weight ratio. At 24 h prior 
to the transfection experiment, PC3 cells were seeded in 
48-well plates at a density of 2x10 cells/well. Nanoparticles 
containing 0.5 lug of labeled DNA were added to the cells 
according to the same protocol as described above in the 
transfection experiments. After 4 h of incubation, the media 
in each well was carefully removed, and the cells were 
washed with 200 uIl of PBS. One hundred uL of reporter 
lysis buffer was added to each well, and cells were subjected 
to two freeze-thaw cycles. Fifty uIl of cell lysate from each 
well was added to a scintillation vial and mixed with 4 mL 
of scintillation fluid. The radioactivity of each sample solu 
tion was measured on a liquid scintillation counter (TRI 
CARB 1900 TR, Packard, Downers Grove, Ill.). Cell uptake 
percentage was calculated by dividing the radioactivity (in 
DPM) of each sample with the radioactivity of the total dose 
of nanoparticles added to each well. 

Results and Discussion 

(0161 Short PEG Grafts Allow for Shape Control while 
Maintaining Stability: 
(0162 The presently disclosed subject matter closely 
examined the ability of short PEG grafts (MW-1 kDa) to 
confer nanoparticle assembly, shape control, colloidal sta 
bility, and transfection activity. Previously, few studies have 
examined the use of PEG chains with MW less than 1 kDa 
for nanoparticle surface stabilization, since PEG 2 kDa has 
been regarded as the minimum length for nanoparticle 
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stabilization. In a report by Petersen et al. on plasmid DNA 
delivery, a branched polyethylenimine (bPEI)-g-PEG copo 
lymer with 35 of PEG (550 Da) grafts per PEI chain was 
used to prepare DNA micellar nanoparticles (Bioconjugate 
Chemistry, 2002, 13, 845-54). Compared to higher molecu 
lar weight PEG grafts, 550 Da PEG-grafted bPEI showed the 
best transfection properties in vitro, albeit lower colloidal 
stability in serum containing medium. There was no further 
systematic optimization of the nanoparticles prepared with 
short PEG grafts. In this study, a series of lPEI-g-PEG/ 
DNA nanoparticles with two different PEG graft lengths— 
PEG and PEG and various PEG grafting degrees rang 
ing from 0.25% to 8% (molar percentage of PEG chains 
compared to total amount of amines on lPEI) was prepared. 
As the PEG grafting degree increases for both PEG7 and 
PEG grafts, lPEI-g-PEG/DNA nanoparticles under 
went a significant shape variation, with particles adopting a 
condensed spherical and short rod shapes at 0.25% grafting 
degree, and extending to longer worm-like shape at higher 
grafting degrees of 2% and 8%. Nanoparticle shape transi 
tion from spherical to rod-like morphology occurred at 
slightly lower grafting degree (1%) for PEG grafts and 
also led to longer worm-like shapes with higher aspect ratios 
compared to nanoparticles prepared with PEG-7 grafts. 
These results are consistent with previous results observed 
for PPA-g-PEG/DNA nanoparticles with varying PEG chain 
lengths, where longer PEG chains led to more elongated 
nanoparticle shapes at increasing PEG grafting degrees of 
2% and 4% (Wei et al. (2015) ACS Biomaterials Science & 
Engineering). Aspect ratio quantification from the TEM 
images confirmed these trends with nanoparticles prepared 
with both PEG grafts displayed aspect ratios of ~1.5 at 
0.25% grafting degree, transitioning to aspect ratios of 20 
and 36 at 8% grafting degree for PEG7 and PEG2k. 
respectively (FIG. 8). Next, the surface charge of lPEI-g- 
PEG/DNA nanoparticles in both water and 150 mM salt was 
measured. Nanoparticles prepared with PEG7H grafts main 
tained a positive surface charge greater than +30 mV in 
water; after incubation in salt, however, surface charges 
dropped significantly to +13 mV for 0.25% grafting degree. 
Similar drops were observed for all PEG7-grafted poly 
mers, whereas lPEI control particles maintained a positive 
charge of +22 mV in salt (FIG. 9A). These results indicate 
that short PEG grafts can still mask the positive surface 
charge even at low grafting degrees. It is important to note 
that the surface charge of lPEI control particles is lower in 
water compared to PEG-grafted nanoparticles, likely due 
to the fact that N/P 5 was used for lPEI control particles 
whereas N/P 8 was used for PEG-grafted nanoparticles. 
Similar results were observed for particles prepared with 
PEG grafts, although the drops in surface charge for these 
particles were greater after incubation in salt (FIG. 9B). This 
observation can be attributed to stronger charge screening 
effect of the longer PEG grafts. 
(0163 To confirm that the short, PEG grafts could 
improve the stability of lPEI-g-PEG/DNA nanoparticles, 
each series of particles was incubated in 5% serum and 150 
mM NaCl solution for 15 min. Particles prepared with both 
PEG lengths showed significant improvements in nanopar 
ticle stability compared to lPEI control particles, which 
rapidly aggregated from 100 nm in water to 1.6 Lm in 0.15 
M. NaCl solution and 2 um in 5% serum after the 15 min 
incubation period (FIG. 9C and FIG. 9D). PEG7-grafted 
particles showed slight increases in 5% serum, although size 
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generally remained below 400 nm. Only 8% PEG7 grafts 
showed significant aggregation in serum, although it is 
possible that this is due to limitations with dynamic light 
scattering measurements of non-spherical particles since 
particles with lower PEG density showed no aggregation. 
All particles prepared with PEG grafts showed no detect 
able aggregation in Salt or serum-containing media. 
0164 PEG Chain Length Significantly Influences. In 
Vitro Transfection Efficiency: 
0.165. The series of nanoparticles prepared with either 
PEG or PEG grafts were evaluated for their transfection 
efficiency in vitro using a luciferase reporter plasmid DNA 
in three separate cell lines: PC3 prostate cancer cells, 
MDA-MB-231 breast cancer cells, and HeLa cells. In all cell 
lines, PEG-grafted particles displayed higher transfection 
efficiency compared to PEG-grafted particles at similar 
grafting degrees (FIG. 10A and FIG. 11). For example, in 
PC3 cells, particles prepared with 0.25% PEG7 grafts 
showed nearly 100-fold higher transfection efficiency com 
pared to PEG-grafted particles. As the shape of these two 
particles is identical, it is likely that PEG chain length is a 
major determining factor in the differences in gene expres 
Sion. At grafting degrees of 1% or higher, PEG-grafted 
particles mediated near-background levels of gene expres 
Sion, whereas efficiency of PEG7-grafted particles was 
significantly higher. While PEG-grafted nanoparticles had 
higher aspect ratios, the overall shape of micelles prepared 
with both PEG grafts was similar, highlighting the impor 
tance of short PEG grafts in maintaining high transfection 
efficiency. Similar trends were observed in both MDA-MB 
231 cells and HeLa cells (FIG. 11), although the absolute 
level of gene expression varied between cell lines. More 
importantly, even the worm-shaped nanoparticles prepared 
with 8% PEG grafts, suggesting sufficiently high particle 
surface PEG graft density in order to confer the elongated 
morphology, maintained high transfection efficiency in 
HeLa cells. 

0166 To understand the differences in transfection 
observed when varying PEG graft length, the cellular uptake 
efficiency of each series of nanoparticles in PC3 cells was 
evaluated using tritium-labeled DNA (FIG. 10B). At 0.25% 
grafting degree, both PEG7 and PEG-grafted nanopar 
ticles exhibited high cellular uptake efficiency. At all other 
grafting degrees, PEG maintained high cellular uptake 
efficiency, whereas PEG decreased cellular uptake to near 
background levels. Uptake levels do not correlate exactly 
with the observed PC3 transfection results, which may be 
due to other barriers in the delivery process such as endo 
Somal escape, nuclear translocation, and intracellular release 
of plasmid DNA. For example, 0.25% PEG-grafted nano 
particles showed higher cell uptake but lower gene expres 
sion compared to PEG7-grafted nanoparticles, possibly due 
to incomplete cellular internalization or poor endosomal 
escape, two limitations previously associated with longer 
PEG grafts (Li et al. (2014) Biomaterials 35, 8467-8478: 
Mishra et al. (2004) EurJ Cell Biol 83,97-111). On the other 
hand, PEG7-grafted nanoparticles exhibited similarly high 
cellular uptake but reduced transfection efficiency at grafting 
degrees higher than 1%. In these cases, the worm-shaped 
nanoparticles may also suffer from poor or incomplete 
cellular internalization due to their high aspect ratio. An 
additional possibility for the differences observed in trans 
fection efficiency between PEG- and PEG-grafted 
nanoparticles is on intracellular DNA release. However, as 

Nov. 17, 2016 

shown in FIG. 12, following challenge from varying con 
centrations of heparin sulfate, nanoparticles at all PEG 
grafting degrees showed similar DNA release characteris 
tics, regardless of PEG chain length. At higher PEG grafting 
degrees, PEG-grafted particles released DNA at slightly 
lower concentrations of heparin Sulfate, indicating higher 
propensity to release the condensed DNA. As all densities of 
PEG-grafted particles demonstrated lower transfection 
efficiency compared to PEG, it is not likely that DNA 
release rate represents a major factor affecting transfection 
ability of these nanoparticles. 
0167. In addition to PEG-grafted nanoparticles, a 
series of PEG (600-Da PEG chain)-grafted particles with 
similar grafting degrees was prepared; the PEG6H grafts, 
however, were terminated with hydroxyl groups whereas the 
PEG grafts were terminated with methoxy groups. For all 
grafting degrees tested, hydroxyl-terminated lPEI-g-PEG/ 
DNA nanoparticles exhibited markedly higher transgene 
expression levels in PC3 cells (FIG. 13). These results 
Suggest that the PEG terminal end group, and hence nano 
particle Surface chemistry, significantly influence gene 
delivery efficiency. Combining a short PEG chain with 
hydroxyl terminal groups may prove beneficial for future 
gene therapy applications. 
0168 PEG Spacer Length Significantly Influences Trans 
fection Efficiency of Ligand-Conjugated Nanoparticles: 
0169 Ligand conjugation to the terminal end of PEG 
chains is a popular strategy to overcome the reduction in 
nanoparticle delivery efficiency following PEGylation strat 
egies designed to improve nanoparticle stability (Zhong et 
al. (2014) Biomacromolecules 15, 1955-69. To evaluate the 
effect of PEG chain length on transfection improvement 
following ligand conjugation, a series of lPEI-g-PEG/DNA 
nanoparticles comprised of PEGs and PEG grafts was 
prepared, containing a terminal 2-pyridyldithio (SPDP) 
group. SPDP chemistry is useful for ligand conjugation, as 
Sulfhydryl-containing molecules react with high efficiency 
to the SPDP groups (Carlsson et al. (1978) The Biochemical 
Journal 173,723-37; Hermanson (2013) Bioconjugate Tech 
niques, 3rd Edition, 1-1146). Furthermore, ligand conjuga 
tion can be performed following nanoparticle formation, 
increasing the likelihood that the ligand is effectively pre 
sented on the nanoparticle Surface as opposed to being 
embedded in the corona or core of the nanoparticles. 
0170 As a proof-of-principle, a laminin-derived peptide, 
RYVVLPR (SEQ ID NO: 2) (full sequence Ac-CCRRYV 
VLPRWLC (SEQ ID NO: 1)) was conjugated to the SPDP 
terminal groups following nanoparticle formation at a 1:1 
molar ratio of thiol in the peptide to SPDP on the nanopar 
ticle surface. This peptide has been used previously to 
promote neural stem cell adhesion on various Substrates (Li 
et al. (2014) Stem Cells Translational Medicine 3, 662-70). 
While it has not previously been reported to enhance nano 
particle delivery efficiency, certain cancer cells, including 
metastatic prostate cancer cells, up-regulate expression of 
integrins that bind to laminin (Dedhar et al. (1993) Clin Exp 
Metastas 11,391-400; King et al. (2008) Plos One 3: Nagle 
et al. (1995) Am J Pathol 146, 1498-1507). Therefore, 
RYVVLPR (SEQ ID NO: 2) peptides may be a unique 
ligand to enhance 1PEI-g-PEG/DNA nanoparticle binding to 
these cancer cells. 

(0171 Following transfection of PC3 cells in vitro, 
PEG5H-grafted nanoparticles terminated with RYVVLPR 
(SEQ ID NO: 2) peptides mediated significantly higher 
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transfection efficiency than those without ligands (FIG. 
14A). The largest increases were observed for 2% and 8% 
PEG grafting degrees, which correlates to nanoparticles with 
elongated rod-like and worm like shapes. These results are 
consistent with reports in the literature showing the impor 
tance of elongated shapes for cellular binding when conju 
gated with specific antibodies targeting breast cancer cells in 
vitro and lung and tumor tissue in vivo (Barua et al. (2013) 
Proc. Natl. Acad. Sci. U.S.A. 110, 3270-5; Kolhar et al. 
(2013) Proc. Natl. Acad. Sci. U.S.A. 110, 10753-8). In 
contrast, when RYVVLPR (SEQ ID NO: 2) peptide was 
conjugated to PEG-grafted nanoparticles, no improve 
ment in transfection efficiency was observed for all PEG 
grafting degrees tested (FIG. 14B). All tested conditions 
displayed near-background levels of transfection efficiency 
in PC3 cells. While the effect of PEG chain length on 
cellular uptake differences following ligand conjugation has 
not been systemically studied in polymeric nanoparticles, a 
recent study using liposomes reported ligand conjugation to 
short, 350-Da PEG linkers led to the greatest increase in cell 
uptake efficiency (Stefanick et al. (2013) ACS Nano, 7. 
2935-47. 

0172 To confirm that this result was specific to this 
particular ligand or cell type, cyclic RGD-thiol peptide 
(cRGD) was conjugated to the SPDP terminals and the 
transfection efficiency was evaluated in MDA-MB-231 cells 
overexpressing integrin C. B., the specific receptor associ 
ated with RGD binding (Shallal et al. (2014) Bioconjugate 
Chemistry 25, 393-405. Results from this study, shown in 
(FIG. 15), confirmed the observations in PC3 cells. Trans 
fection efficiency increases were only observed when cFGD 
was conjugated to PEGs, grafts, particularly at 8% grafting 
degree. No significant transgene expression was observed 
when cRGD peptide was conjugated to nanoparticles with 
PEG grafts. 
0173. In this study, the importance of short PEG grafts 
(MW<1 kDa) has been demonstrated for achieving balanced 
colloidal stability, shape control, and gene transfection effi 
ciency when engineering DNA compacting micellar nano 
particles for cancer imaging and therapy. The PEG grafts 
with MW as low as 500-700 Da (equivalent to an average 
degree of polymerization of 11.4-16) was effective in con 
ferring shape control ability by varying PEG grafting degree 
and increasing nanoparticle stability in Salt and serum 
containing media, displaying reduced Surface charges and 
significantly reduced aggregation, compared to IPEI/DNA 
control particles. Importantly, short PEG grafts yielded high 
transfection efficiency for these lPEI-g-PEG/DNA micellar 
nanoparticles. Moreover, hydroxyl terminal group of PEG 
grafts, as opposed to methoxyl groups, further increased 
transfection efficiency for nanoparticles with short PEG 
grafts. Finally, the short PEG grafts were also crucial to 
realizing the ligand-enhanced transfection activity for these 
micellar nanoparticles. Taken together, the presently dis 
closed subject matter provides PEG graft length and termi 
nal groups for 1PEI-g-PEG/DNA micellar nanoparticles to 
achieve shape control, high colloidal stability and high 
transfection efficiency for in vivo gene delivery applications. 

Example 4 

0.174. The presently disclosed subject matter provides 
polymer/DNA micelles via optimizing PEG graft length to 
achieve shape control and micelle stability in physiological 
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media, as well as improved transfection efficiency in vitro 
and gene delivery efficiency in vivo. 
(0175 FIG. 16A shows a schematic illustration of the 
critical factors for shape control in lPEI-g-PEG/DNA 
micelle assembly. In this study, molecular weight (MW) of 
lPEI was fixed at 22 KDa and PEG graft was chosen with 
MW of 2000 and 700 Da. By varying the grafting degree of 
PEG, copolymer/DNA micelles were generated with shapes 
ranging from more condensed spherical to more relaxed 
rod-like and worm-like morphologies. TEM images show 
the shape variations at 0.5% PEG grafting degree (FIG. 16B 
and FIG.16E), 2% PEG grafting degree (FIG.16C and FIG. 
16F), and 8% PEG grafting degree (FIG. 16D and FIG.16G) 
for PEG and PEG7 respectively. The surface charge of 
lPEI-g-PEGoo/DNA micelles prepared with different PEG 
grafting degrees (FIG. 17A) and colloidal stability of IPEI 
g-PEGzoo/DNA nanoparticles as measured by dynamic light 
scattering (FIG. 17B) are shown. 
0176 Transgene expression in PC3 prostate cancer cells 
following transfection with lBEI-g-PEG/DNA micelles pre 
pared with PEGzoo and PEGooo at different grafting degrees 
(FIG. 18A) and in vivo transfection in different organs of 
Balb/c mice following i.v. injection of spherical lpEI-g- 
PEG/DNA micelles (FIG. 18B) showed that in vitro and in 
vivo transfection efficiency is dependent on PEG molecular 
weight. In addition, RGD peptides were conjugated to 
copolymer/DNA micelles to facilitate cell binding and 
uptake (FIG. 19). It was found that in vitro transfection 
efficiency of the IPEI-g-PEG/DNA micelles in MDA-MB 
231-CVB3 cells was also dependent on PEG molecular 
weight. 
0177. In vivo bioluminescence images were taken of PC3 
metastatic prostate cancer (PCa)-bearing mice following i.v. 
injection of jetPEI/DNA and lPEI-g-PEG/DNA micelles 
containing firefly luciferase-expressing plasmid under the 
control of tumor-specific promoter and showed increased 
bioluminescence signal with the PEG grafting degree at 
0.5% and 1% (Bhang, Nat. Med. 2011; 17: 123) (FIG. 20A). 
Quantitative comparison of the bioluminescence signal in 
liver and lung for 1PEI-g-PEGoo/DNA micelles and jetPEI/ 
DNA nanoparticles (FIG.20B) showed a significant increase 
in the liverflung luminescence ratio with the 1PEI-g-PEGoo/ 
DNA micelles. In vitro transfection of PC3 cells following 
treatment with lPEI-g-PEGs/DNA micelles conjugated 
with cell adhesion peptides RGD, RYVVLPR (SEQID NO: 
2), and YIGSR (SEQID NO:3) showed increased luciferase 
expression relative to cells treated with micelles without 
ligands (FIG. 20O). Bioluminescence imaging of PCa-bear 
ing mice following i.v. injection of jetPEI/DNA nanopar 
ticles and peptide-conjugated IPEI-g-PEG soo/DNA micelles 
under the control of tumor-specific promoter is shown in 
FIG. 20D. FIG. 21 shows the relative metabolic activity in 
PC3 cells comparing peptide-conjugated lPEI-g-PEGs/ 
DNA micelles, IPEI-g-PEG/DNA micelles, and jetPEI/ 
DNA nanoparticles. 
0.178 This study identifies a set of key polymer structure 
parameters necessary for shape control of lPEI-g-PEG/DNA 
micelles, PEG MW and grafting degree, and demonstrates 
that shape control is feasible even with short PEG grafts. 
Short PEG grafts can effectively improve particle stability in 
physiological media, facilitate ligand-mediated transfection 
for micelles conjugated with cell binding peptides, and most 
importantly, lead to significant improvements in gene deliv 
ery efficiency both in vitro and in vivo. Using a mouse model 
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of human metastatic prostate cancer, Successful intravenous 
delivery of tumor-specific promoter driven plasmid DNA 
with high delivery efficiency and reduced cytotoxicity has 
been demonstrated. The conditions identified here are also 
applicable to other DNA micelle systems. This study leads 
to improved nonviral nanocarriers for gene therapy appli 
cations. 

Example 5 

Challenges Associated with Systemic Delivery of 
Imaging and Therapeutic Nanoparticles 

0179 Mortality from most malignancies derives from the 
presence of widespread metastases. Therefore, imaging and 
therapeutic strategies that can diagnose and treat both local 
ized and metastatic tumors would provide the best coverage 
and treatment outcome. For this, systemic delivery is 
required to achieve greatest access to the localized and 
metastatic tumors, particularly for Smaller tumor nodules, 
i.e., micro-metastases. The biggest challenge for systemic 
delivery of nanotherapeutics is the low colloidal stability 
and poor control of transport properties following intrave 
nous injection. Numerous nanoparticle systems for thera 
peutic delivery applications have been developed over the 
past decades (Peer et al. (2007) Nature Nanotechnology 2. 
751-760; Packet al. (2005) Nature Reviews Drug Discovery 
(2005) 4, 581-593: Davis (2009) Molecular Pharmaceutics 
6, 659-668; Davis et al. (2010) Nature 464, 1067-1140; Love 
et al. (2010) Proc. Natl. Acad. Sci. USA 107, 1864-1869; Wei 
et al. (2013) Angewandte Chemie-International Edition 52, 
5377-5381). However, of particular concern for nanopar 
ticles in gene delivery is the limited tissue distribution of the 
nanoparticles. Common gene carriers, such as polyethyl 
eneimine (PEI), are highly cationic, which often leads to 
expression of the DNA payload solely in the lungs (Navarro 
et al. (2010) Journal of Controlled Release 146, 99-105). 
Aside from tissue physiology, the main barrier remains the 
lack of control and poor understanding of nanoparticle 
transport properties in physiological media. This knowledge 
gap represents a critical challenge faced by nanotherapeutics 
following systemic administration. This study specifically 
addresses this challenge for DNA polyplex delivery systems. 
Murine Models of Human Metastatic Cancers and Detection 
by Bioluminescence Imaging (BLI) and SPECT/CT Imag 
ing (Bhang, Nat. Med. 2011; 17:123-129 and Unpublished 
Results) 
0180 Previous studies have resulted in the development 
of metastatic tumor models using human melanoma (Bhang, 
Nat. Med. 2011; 17:123-129), breast cancer (Bhang, Nat. 
Med. 2011; 17:123-129), and prostate cancer cell lines. 
Following i.v. injection of MDA-MB-231 breast cancer cells 
or PC3/ML prostate cancer cells in NOD/SCID/IL2ry" 
(NSG) mice, metastatic lesions develop in the lung, liver, 
kidney and bone. These studies have shown that systemi 
cally delivered jet-PEITM/DNA nanoparticles containing a 
plasmid vector encoding the firefly luciferase (fLuc) reporter 
driven by a tumor specific prompter can effectively detect 
metastatic tumor nodules in different tissues using both in 
vivo BLI and SPECT/CT techniques (FIG. 22: Bhang, Nat. 
Med. 2011; 17:123-129). H&E, human pan-cytokeratin, and 
anti-luciferase staining (FIG. 22A, FIG. 22B, FIG. 22C, 
FIG. 22D, FIG. 22E and FIG. 22F) on the consecutive 
sections of tissues that exhibited BLI signals in live-animal 
imaging, confirmed that the in vivo BLI offers sufficient 
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sensitivity to track metastatic lesions in these mouse models. 
To further validate this, another reporter plasmid encoding 
herpes simplex virus 1 thymidine kinase (HSV1-TK) with 
the same expression construct was delivered similarly, and 
mice were imaged by a clinical molecular imaging modality, 
single-photon emission computed tomography (SPECT)/CT 
technique following injection of 2'-fluoro-2'-deoxy-f-d-5- 
'*'Iliodouracil-arabinofuranoside ('IFIAU). Both 
malignant lung lesions and extrathoracic micro-metastases 
showed on average about 30-fold higher accumulation of 
'IFIAU than controls (FIG. 22G, FIG. 22H, FIG. 22I, 
FIG. 22J, FIG. 22K, FIG. 22L, FIG. 22M and FIG. 22N: 
Bhang, Nat. Med. 2011; 17:123-129). Recently, a prostate 
cancer metastasis model using a PC3-ML prostate cancer 
cell line has been developed using a similar protocol 
described in FIG.22A, FIG. 22B, FIG. 22C, FIG.22D, FIG. 
22E, FIG. 22F, 22G, FIG. 22H, FIG. 22I, FIG. 22J, FIG. 
22K, FIG.22L, FIG.22M and FIG.22N. Through systemic, 
jet-PEI polyplex-based delivery of similar imaging con 
structs of fluc and HSV1-tk, lesions can also be identified 
through BLI and SPECT/CT techniques with high sensitiv 
ity (data not shown). The method compares favorably to 
accepted and emerging clinical PET standards. In the pro 
posed study, these metastatic tumor models and imaging 
techniques can be used to demonstrate the shape-dependent 
delivery efficiency with the optimized DNA micelles. 

Evaluate Shape-Dependent Micelle Delivery of a 
Theranostic Gene and Subsequent Imaging/Therapy Using 
Murine Models of Human Metastatic Cancers 

0181. To demonstrate the shape-dependent delivery effi 
ciency of DNA micelles in a clinically relevant model, 
metastatic tumor models and the molecular-genetic imaging 
method developed previously (Bhang, Nat. Med. 2011; 
17: 123-129) can be adopted. NOD/SCID/IL2ry" (NSG) 
mice and two different cell lines can be used to cover several 
types of metastases. The MDA-MB-231 breast cancer cells 
(two million per mouse, i.v.) have a stronger bias in gener 
ating large lung malignancies, whereas PC3/ML prostate 
cancer cells (2 million per mouse, i.v.) primarily generate 
robust liver, kidney, and bone metastatic lesions. Use of 
these two models can cover a wide range of metastasis 
targets. These mice start to develop palpable metastatic 
legions three weeks after injection and die by about six 
weeks due to the metastatic diseases. These murine models 
can be used to test imaging and treatment tumors in the lung, 
liver, kidney and bone using a theranostic vector expressing 
firefly luciferase (fLuc) as an imaging reporter, and herpes 
simplex virus 1 thymidine kinase (HSV1-tk) as both a 
SPECT/CT imaging reporter and as a therapeutic approach 
following the injection of Gancyclovir. 
0182 For the proposed studies, a theranostic vector with 
both fluc and HSV1-tk gene driven by a constitutively 
active SV40 promoter can be used, rather than one with a 
tumor-specific promoter, to compare the intrinsic delivery 
and targeting ability of the shaped micelles. It has been 
shown that SV40 and the cancer specific promoter have 
similar promoter activities (Bhang, Nat. Med. 2011; 17:123 
129). In this plasmid vector, an EBV origin of replication 
(OriP) and Epstein-Barr nuclear antigen (EBNA-1) were 
inserted before the fluc gene and HSV1-tk gene to enable 
prolonged transgene expression without random genomic 
insertion (Young and Murray (2003) Oncogene 22, 5108 
5121) as well as a transcriptional amplification (TA) 
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machinery for elevated expression of the dual genes 
(Kishimoto et al. (2006) Nature Medicine 12, 1213-1219). 
This construct has been confirmed to enhance transgene 
expression by more than 10-fold than that without TA 
element (data not shown). 
Conjugate the Cyclic RGD Peptide or the Prostate-Specific 
Membrane Antigen (PSMA)-Binding Ligand to Shaped 
Micelles and Demonstrate their Effect on Transfection Efli 
ciency 
0183) To prompt cellular binding and uptake of DNA 
micelles, a cyclic RGD peptide has been conjugated onto the 
Surface of a set of shaped micelles using a scheme similar to 
that for DOTA conjugation, and it has been shown that 
ligand-conjugated micelles exhibited higher transfection 
efficiency; in particular it drastically increased efficiency for 
worm-like micelles. Besides testing these peptide-conju 
gated micelles, the PSMA-binding ligand can be conjugated 
to the shaped micelles and tested in tumor models generated 
from PSMA-PC3/ML cells. The densities of Surface-deco 
rated ligands can be further modulated to maximize cell 
binding and uptake, which can be measured using micelles 
prepared with H-labeled DNA. These measurements can be 
correlated with their transfection efficiencies in PSMA" and 
PSMA cancer cells. 
0184 Tumors are heterogeneous and do not always 
express what can be considered reliable, tumor-selective 
markers, Suggesting the need to incorporate multiple moi 
eties enabling concurrent targeting to different putative 
receptors. Previous studies have reported an imaging agent 
targeting both PSMA and CfB integrin, each overexpressed 
in primary tumors, neovasculature, and metastatic lesions, 
which can identify two structurally and functionally differ 
ent cancer-selective surface proteins (Shallal et al. (2014) 
Bioconjugate Chemistry 25, 393-405). Both PSMA ligand 
(Cho et al. (2012) Journal of Nuclear Medicine 53, 1883 
1891) and cyclic RGD peptide (Oe et al. (2014) Biomate 
rials 35,7887-7895) can be conjugated onto shaped micelles 
to target metastatic tumors generated with cells overexpress 
ing PSMA and/or integrin-O?3. 
Compare Delivery Efficiency of the Theranostic Vector by 
Shaped Micelles for their Ability to Image Metastatic 
Lesions at Lung, Liver, Kidney and Bone; Evaluate Efficacy 
of Evaluate Efficacy of the Therapy Via Delivered Thera 
peutic Gene 
0185 DNA micelles can be selected with optimal cellular 
uptake and transfection efficiency and favorable transport 
properties, as well as a set of micelles with other shapes as 
controls, to investigate their transgene expression efficiency 
in vivo using the metastatic models of human cancers. Once 
the metastatic tumor establish, the following experiments 
can be performed for each model with selected micelles. 
Two weeks after the cell injection, mice can be culled into 
groups. The experimental groups can receive (i.v.) shaped 
micelles formulated with the theranostic vector, such as an 
amount of 40 ug. Control groups can receive DNA/jet-PEI 
polyplexes with the same theranostic vector as a benchmark, 
micelles with an imaging vector containing fluc gene only 
(control for the treatment groups), plasmid only, and PBS 
only. By following fluc expression, the peak transgene 
expression has been identified at 48 h after the injection of 
spherical I-PEI-g-PEG/DNA micelles and jet-PEI control 
(FIG. 23). This capability helps to determine the best treat 
ment time points. The expression level outside thoracic 
regions was much higher for a spherical 1-PEI-g-PEG 
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micelle formulation than jet-PEI group, corroborated with 
less aggregation and higher colloidal stability of the DNA 
micelles in contrast with 1-PEI/DNA complexes in serum 
containing medium. 
0186 Starting 48 h after the injection of micelles, mice 
can receive Gancyclovir i.p., twice a day for 5 days (150 
mg/kg in 200 uL in 0.9% NaCl) for therapy. Metastatic 
tumor growth can be monitored by BLI before treatment and 
weekly after the treatment. At each time point (weeks 3, 4, 
and 5 post cell injection), animals can be imaged with 
'I-FIAU SPECT/CT to confirm tumor growth (offers 
enhanced tissue penetration of signals than BLI) (Bhang, 
Nat. Med. 2011; 17:123-129), and subsequently sacrificed 
for histological analyses of the tumor development and 
PCR-based analysis of gene expression. The histological 
data can be co-registered with images to assess the ability of 
imaging to detect all metastatic lesions identified by histo 
logical examination as described previously (Bhang, Nat. 
Med. 2011; 17:123-129). Tumor size can be recorded at each 
time point to score the efficacy of the therapies. The remain 
ing mice from each group can be monitored for Survival 
study to evaluate Gancyclovir-mediated therapeutic efficacy. 
The endpoint of monitoring can be the death of animal. The 
total time taken to reach the endpoint and the status of 
metastatic development for each week can be recorded. 
0187. In parallel, the shape-dependent biodistribution 
and tumor-specific uptake can be probed after i.v. injecting 
micelles prepared with tritium-labeled plasmid DNA at 2 h 
and 1 day (n=5). The differences in transport properties of 
shaped micelles between normal and tumor-bearing mice 
can be compared. Also, levels of tissue damage and toxicity 
associated with different shaped micelles can be compared 
by tissue histochemical analysis in vital organs and by blood 
chemistry for alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), and alkaline phosphatase (ALP) 
assays (Jiang et al. (2010) Journal of Controlled Release 
122, 297-304). Previous studies have shown that DNA 
micelles prepared with PEG corona resulted in minimal 
hepatic toxicity following i.v. and site-specific intrabiliary 
infusion (Jiang et al. (2007) Journal of Controlled Release 
122, 297-304). 
0188 It is hypothesized that BLI signal intensity, which 
represents fluc expression, will be higher in mice with 
untreated cancer control than in the treated experimental 
group. 7-fold and 20-fold higher bioluminescence imaging 
intensity in breast cancer and melanoma models, respec 
tively, have previously been observed (Bhang, Nat. Med. 
2011; 17:123-129), and this advanced theranostic vector is 
expected to have similar or enhanced activity in other cancer 
models. 

Example 6 

In Vivo Transfection Efficiency of 
lPEI-g-PEG/DNA Micelles with Different 

Molecular Weights Following Ligand Conjugation 

0189 In vivo gene transfection was performed in male, 
10 week old Balb/c mice using a luciferase reporter gene. 
Nanoparticles with a dose equivalent to 40 ug of plasmid 
DNA suspended in 5% glucose solution were administered 
via intravenous injection into the lateral tail vein. After 2 
days, mice were injected with 100 u, of 25 mg/mL of 
D-luciferin potassium salt (Gold Biotechnologies) and 
imaged via IVIS Spectrum under anesthesia administered 
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with isoflurane. As shown in FIG. 24, increased transfection 
efficiency due to cell binding ligand conjugation was only 
observed with PEG molecular weight of 500 Da (p<0.05). 
Particles prepared with 2 kDa PEG at equivalent PEG 
grafting degree displayed near background levels of 
luciferase expression. As shown in FIG. 25A, FIG. 25B, 
FIG. 25C, and FIG. 25D, ligand-conjugated DNA nanopar 
ticles with short PEGSH grafts effectively detected meta 
static prostate cancer lesions in vivo. 
In Vivo Hepatotoxicity of lPEI-g-PEG/DNA Micelles with 
Different Molecular Weights Following Ligand Conjugation 
0190. In prostate cancer-bearing mice, RYVVLPR-con 
jugated lPEI-g-PEG5H/DNA nanoparticles at 0.2% grafting 
degree displayed the highest levels of gene expression in 
organs with high tumor burden: liver, kidney, and lung, in 
comparison with lPEI-g-PEG5H/DNA and in vivo jetPEI 
control (FIG. 6A, FIG. 6B, FIG. 6C, FIG. 6D, FIG. 6E, FIG. 
6F, FIG. 6G, and FIG. 6H). To quantify the level of gene 
expression, major organs were collected and homogenized, 
and firefly luciferase activity was quantified using a 
luciferase assay. Compared to nanoparticles without ligands, 
RYVVLPR-conjugation improved gene expression levels by 
3.7-fold, 3.9-fold, and 2.8-fold in the lung, liver, and kidney, 
respectively (FIG. 6B, FIG. 6C and FIG. 6D). Additionally, 
compared to in vivo jetPEI control nanoparticles, RYVV 
LPR-conjugated nanoparticles increased expression levels 
by 2.3-fold, 2.3-fold, and 2.7-fold in the lung, liver, and 
kidney, respectively. It is important to note that due to the 
presence of the tumor-specific promoter driving the expres 
sion of luciferase marker gene, all detected gene expressions 
are localized to the PC3-ML prostate cancer cells. 
0191 Nanoparticles with a dose equivalent to 40 ug of 
plasmid DNA suspended in 5% glucose solution were 
administered via intravenous injection into the lateral tail 
vein. After 2 days, 400 uL of blood was collected via facial 
bleeding and plasma separator tubes (BD Microtainer) were 
used to separate plasma by centrifuging at 5000 rpm for 10 
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minutes. The concentrations of Aspartate transaminase 
(AST) and Alanine transaminase (AST) were measured as 
an indication of cell toxicity in liver. As shown in FIG. 26A 
and FIG. 26B, while jetPEI causes a high level of hepato 
toxicity, the liver enzyme levels in blood did not signifi 
cantly rise above the normal range for the particles prepared 
with PEG molecular weight of 500 Da at 0.5% and 2000 Da 
at 2% PEG, showing that the role of PEG in reducing the 
toxicity of particles is preserved with lower molecular 
weight. 
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That which is claimed: 
1. A polymeric micellar nanoparticle composition, com 

prising: 
(a) a block or graft copolymer comprising at least one 

polycationic polymer and at least one polyethylene 
glycol (PEG) polymer having an average molecular 
weight less than 1 kDa, and 

(b) at least one nucleic acid; 
wherein the graft or block copolymer and the at least one 

nucleic acid are complexed and condensed into a 
shaped micellar nanoparticle that is stable in biological 
media. 

2. The composition of claim 1, wherein: 
(i) the at least one PEG polymer has a molecular weight 

ranging from about 400 Da to about 1 kDa; or 
(ii) the at least one PEG polymer has a molecular weight 

ranging from about 500 Da to about 700 Da; or 
(iii) the copolymer is a graft copolymer and the at least 
one PEG polymer has a graft density ranging from 
about 0.25 mol % to about 10 mol %; or 

(iv) the at least one PEG polymer is terminated with a 
functional group selected from the group consisting of 
a terminal acrylate group, a terminal alkoxy group, a 
terminal amino group, terminal carboxyl group, a ter 
minal hydroxyl group, a terminal maleimide group, a 
terminal methacrylate group, a terminal methoxy 
group, a terminal 2-pyridyldithio (SPDP) group, a 
terminal thiol group, a negatively charged terminal 
group, or amphoteric group, or combinations thereof. 

3. The composition of claim 1, wherein the shaped 
micellar nanoparticle is selected from the group consisting 
of a spherically-shaped micellar nanoparticle, a rod-shaped 
micellar nanoparticle, and a worm-shaped micellar nanopar 
ticle. 

4. The composition of claim 1, further comprising a ligand 
conjugated to the at least one PEG polymer and/or the 
functional group. 

5. The composition of claim 4, wherein: 
(i) the ligand is selected from the group consisting of a 

diagnostic agent, an imaging agent, a targeting agent, a 
theranostic agent, a therapeutic agent, and combina 
tions thereof, or 

(ii) the ligand is selected from the group consisting of a 
DNA, RNA, polypeptide, antibody, antibody fragment, 
antigen, carbohydrate, protein, peptide, enzyme, amino 
acid, hormone, steroid, Vitamin, drug, virus, polysac 
charide, lipid, lipopolysaccharide, glycoprotein, lipo 
protein, nucleoprotein, oligonucleotide, immunoglobu 

lin, albumin, hemoglobin, coagulation factor, peptide 
hormone, protein hormone, non-peptide hormone, 
interleukin, interferon, cytokine, peptides comprising a 
tumor-specific epitope, cell, cell-surface molecule, cell 
adhesion peptide, cell-binding peptide, cell receptor 
ligand, Small organic molecule, Small organometallic 
molecule, nucleic acid, oligonucleotide, transferrin, 
metabolites thereof, and antibodies or agents that bind 
to any of the above Substances; or 

(iii) the ligand is detectable using an imaging modality 
Selected from the group consisting of bioluminescence 
imaging, fluorescence imaging, magnetic resonance 
imaging (MRD, positron emission tomography (PET), 
X-ray computed tomography (CT), single-photon emis 
sion computed tomography (SPECT), and combina 
tions thereof, or 

(iv) the ligand comprises a peptide comprising the amino 
acid sequence Ac-CCRRYVVLPRWLC (SEQ ID NO: 
1), cyclic RGD-thiol peptide (cRGD), or a peptide 
comprising the amino acid sequence YIGSR (SEQ ID 
NO:3); or 

(v) the ligand comprises a moiety that binds to a tumor 
specific antigen; or 

(vi) the ligand comprises a prostate-specific membrane 
antigen (PSMA)-binding moiety. 

6. The composition of claim 1, wherein: 
(i) the at least one polycationic polymer is selected from 

the group consisting of linear polyethylenimine (LPEI), 
poly-lysine, poly-arginine, poly-histidine, chitosan, 
branched PEI, a poly (beta-aminoester), a polyphos 
phoester (PPE), and polyphosphoramidate (PPA); or 

(ii) the at least one polycationic polymer is LPEI; or 
(iii) the at least one polycationic polymer is not branched 

PEI; or 
(iv) the graft copolymer is not a branched PEI(25 kDa)- 

g-linear PEG(550 Da), copolymer, wherein n is the 
average number of PEG blocks per one PEI macromol 
ecule and n is equal to 35. 

7. The composition of claim 6, wherein: 
(i) the LPEI has a molecular weight ranging from about 2 
kDa to about 50 kDa, or 

(ii) the LPEI has a molecular weight of about 22 kDa. 
8. The composition of claim 1, wherein: 
(i) the at least one nucleic acid has a length ranging from 

about 10 bases to about 10 kilobases (kb); or 
(ii) the at least one nucleic acid is selected from the group 

consisting of an antisense oligonucleotide, cDNA, 
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genomic DNA, guide RNA, plasmid DNA, vector 
DNA, mRNA, miRNA, piRNA, shRNA, and siRNA; 
O 

(iii) the at least one nucleic acid comprises an expression 
vector encoding at least one reporter gene operably 
linked to a promoter; or 

(iv) the at least one nucleic acid comprises an expression 
vector encoding at least one antigen epitope operably 
linked to a promoter. 

9. The composition of claim 8, wherein: 
(i) the reporter gene is selected from the group consisting 
of a bioluminescent reporter gene, a fluorescent 
reporter gene, a PET reporter gene, and combinations 
thereof; or 

(ii) the promoter is selected from the group consisting of 
a constitutively active promoter, an inducible promoter, 
a tissue-specific promoter, and a tumor-specific pro 
moter, or 

(iii) the expression vector further comprises a therapeutic 
gene; or 

(iv) the expression vector further comprises an antigen 
gene. 

10. The composition of claim 9, wherein: 
(i) the therapeutic gene is selected from the group con 

sisting of a cytotoxic gene, an immunomodulator gene, 
a Suicide gene, and a tumor Suppressor gene; or 

(ii) the antigen gene encodes at least one antigen against 
infectious diseases, allergens, or cancer cells. 

11. The composition of claim 1, further comprising a 
therapeutic agent or a chemotherapeutic agent. 

12. The composition of claim 1, wherein the micellar 
nanoparticle composition targets at least one target cancer 
cell. 

13. The composition of claim 12, wherein: 
(i) the cancer cell comprises a metastatic cancer cell; or 
(ii) the cancer cell is selected from the group consisting of 

a breast cancer cell, a cervical cancer cell, a melanoma 
cancer cell, and a prostate cancer cell. 

14. The composition of claim 1, wherein the micellar 
nanoparticle composition exhibits a transfection efficiency 
of the at least one target cancer cell of between 10-fold and 
100-fold greater than a micellar nanoparticle composition 
comprising a PEG polymer having an average molecular 
weight greater than 1 kDa. 

15. A method for preparing a polymeric micellar nano 
particle composition comprising a block or graft copolymer 
comprising at least one polycationic polymer and at least 
one polyethylene glycol (PEG) polymer having an average 
molecular weight less than 1 kDa, and at least one nucleic 
acid; wherein the graft or block copolymer and the at least 
one nucleic acid are complexed and condensed into a shaped 
micellar nanoparticle that is stable in biological media, the 
method comprising: 

(a) mixing a first Solution comprising the block or graft 
copolymer together with a second Solution comprising 
the at least one nucleic acid to form a third solution 
comprising the block or graft copolymer and the at least 
one nucleic acid; and 

(b) allowing the block or graft copolymer and the at least 
one nucleic acid to self-assemble into the polymeric 
micellar nanoparticle. 

16. A transfection agent for transfecting a cell with at least 
one nucleic acid, the transfection agent comprising a poly 
meric micellar nanoparticle composition comprising a block 
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or graft copolymer comprising at least one polycationic 
polymer and at least one polyethylene glycol (PEG) polymer 
having an average molecular weight less than 1 kDa, and at 
least one nucleic acid; wherein the graft or block copolymer 
and the at least one nucleic acid are complexed and con 
densed into a shaped micellar nanoparticle that is stable in 
biological media, wherein the polymeric micellar nanopar 
ticle composition is prepared by the method of claim 15. 

17. The transfection agent of claim 16, wherein the 
transfection agent modulates expression of at least one gene 
in a cell, tissue, or subject. 

18. A method for targeting at least one metastatic cancer 
cell in a subject, the method comprising administering the 
transfection agent of claim 16 to a Subject, wherein the 
polymeric micellar nanoparticle composition comprises a 
ligand that binds to a tumor-specific antigen on the Surface 
of the at least one metastatic cancer cell, and wherein the 
ligand binds to the tumor-specific antigen on the Surface of 
the at least one metastatic cancer cell after administration of 
the transfection agent to the Subject, thereby targeting the at 
least one metastatic cancer cell in the Subject. 

19. The method of claim 18, wherein: 
(i) targeting the at least one metastatic cancer cell com 

prises treating a metastatic cancer in the Subject; or 
(ii) targeting the at least one metastatic cancer cell com 

prises detecting, diagnosing, and/or imaging a meta 
static cancer in the Subject. 

20. The method of claim 18, wherein the polymeric 
micellar nanoparticle composition further comprises a che 
motherapeutic agent and/or at least one nucleic acid encod 
ing a therapeutic gene that inhibits the growth, proliferation 
and/or Survival of the at least one metastatic cancer cell. 

21. The method of claim 18, wherein the polymeric 
micellar nanoparticle composition further comprises an 
imaging agent and/or at least one nucleic acid encoding a 
reporter gene operably linked to a tumor-specific promoter. 

22. The method of claim 21, wherein the reporter gene is 
selected from the group consisting of a bioluminescent 
reporter gene, a fluorescent reporter gene, a CT reporter 
gene, an MRI reporter gene, a PET reporter gene, a SPECT 
reporter gene, and combinations thereof. 

23. The method of claim 18, further comprising imaging 
the Subject after administering the transfection agent using 
an imaging modality selected from the group consisting of 
bioluminescent imaging, fluorescent imaging, CT, MRI, 
PET, SPECT, X-ray, and combinations thereof. 

24. A method for treating a disease or condition, the 
method comprising administering to a Subject in need of 
treatment thereof, a polymeric micellar nanoparticle com 
position comprising a block or graft copolymer comprising 
at least one polycationic polymer and at least one polyeth 
ylene glycol (PEG) polymer having an average molecular 
weight less than 1 kDa, and at least one nucleic acid; 
wherein the graft or block copolymer and the at least one 
nucleic acid are complexed and condensed into a shaped 
micellar nanoparticle that is stable in biological media, or a 
pharmaceutical composition thereof, in an amount effective 
for treating the disease or condition. 

25. A method for preventing a disease or condition, the 
method comprising administering to a Subject in need of 
prophylactic treatment thereof, a polymeric micellar nano 
particle composition comprising a block or graft copolymer 
comprising at least one polycationic polymer and at least 
one polyethylene glycol (PEG) polymer having an average 
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molecular weight less than 1 kDa, and at least one nucleic 
acid; wherein the graft or block copolymer and the at least 
one nucleic acid are complexed and condensed into a shaped 
micellar nanoparticle that is stable in biological media, or a 
pharmaceutical composition thereof, in an amount effective 
for preventing the disease or condition. 
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