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NANOPARTICLES WITH ENHANCED MUCOSAL PENETRATION
OR DECREASED INFLAMMATION
ABSTRACT

Nanoparticles formed by emulsion of one or more core polymers, one
or more surface altering materials, and one or more low molecular weight
emulsifiers have been developed. The particles are made by dissolving the
one or more core polymers in an organic solvent, adding the solution of the
one or more core polymers to an aqueous solution or suspension of the
emulsifier to form an emulsion, and then adding the emulsion to a second
solution or suspension of the emulsifier to effect formation of the
nanoparticles. In the preferred embodiment, the molecular weight of the
emulsifiers is less than 1500, 1300, 1200, 1000, 800, 600, or 500 amu.
Preferred emulsifiers include cholic acid sodium salt, dioctyl sulfosuccinate
sodium, hexadecyltrimethyl ammonium bromide, saponin, TWEEN® 20,
TWEEN® 80, and sugar esters. The surface altering materials are present in
an amount effective to make the surface charge of the particles neutral or
essentially neutral when the one or more emulsifiers are charged. The
emulsifiers have an emulsification capacity of at least about 50%, preferably

at least 55, 60, 65, 70, 75, 80, 85, 90, or 95%.
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NANOPARTICLES WITH ENHANCED MUCOSAL PENETRATION
OR DECREASED INFLAMMATION

FIELD OF THE INVENTION

This invention is in the field of nanoparticles, particularly
nanoparticles that rapidly penetrate, mucus, such as human mucus, and
methods of making and using thereof.

BACKGROUND OF THE INVENTION

Localized delivery of therapeutics via biodegradable nanoparticles
often provides advantages over systemic drug administration, including
reduced systemic side effects and controlled drug levels at target sites.
However, controlled drug delivery at mucosal surfaces has been limited by
the presence of the protective mucus layer.

Mucus is a viscoelastic gel that coats all exposed epithelial surfaces
not covered by skin, such as respiratory, gastrointestinal, nasopharyngeal,
and female reproductive tracts, and the surface of eye. Mucus efficiently
traps conventional particulate drug delivery systems via steric and/or
adhesive interactions. As a result of mucus turnover, most therapeutics
delivered locally to mucosal surfaces suffer from poor retention and
distribution, which limits their efficacy. Biodegradable nanoparticles that
penetrate deep into the mucus barrier can provide improved drug
distribution, retention and efficacy at mucosal surfaces.

Dense coatings of low molecular weight polyethylene glycol (PEG)
allow nanoparticles to rapidly penetrate through highly viscoelastic human
mucus secretions. The hydrophilic and bioinert PEG coating effectively
minimizes adhesive interactions between nanoparticles and mucus
constituents. Biodegradable mucus-penetrating particles (MPPs) have been
prepared by physical adsorption of certain PLURONICs, such as F127, onto
pre-labricated mucoadhesive nanoparticles. In addition, MPPs have been
prepared by nanoprecipitation using diblock copolymers of poly(sebacic
acid) and PEG.

However, the scope of biodegradable MPPs prepared by

nanoprecipitation is limited because it requires dissolution of the drug and
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polymer in water-miscible solvents. Numerous hydrophobic drugs may
benefit from local delivery by MPPs, due to serious systemic side effects,
however their poor solubility in water-miscible organic solvents limits
efficient encapsulation into MPPs by nanoprecipitation.

Other classes of emerging drugs, including nucleic acids, peptides
and proteins, possess immense potential to treat diseases at mucosal sites.
However, these hydrophilic drugs cannot be easily formulated into MPPs by
nanoprecipitation. Emulsion solvent evaporation is widely used to efficiently
encapsulate both hydrophilic drugs (water-in-oil-in-water double emulsion)
and hydrophobic drugs (oil-in-water single emulsion) into biodegradable
nanoparticles, however, the resulting particles are mucoadhesive when the
conventional emulsifier, polyvinyl alcohol (PVA), is used.

There exists a need for new methods of preparing mucus-penetrating
particles which can encapsulate a wide range of drugs into the nanoparticles
without a decrease in the mucus penetrating properties as described above.
There is a similar need for formulations which are administered via injection.
It has been determined that similar coatings to those enhancing mucosal
penetration also decrease inflammation elicited by the drug particles.

Therefore, it is an object of the invention to provide methods of
preparing particles, and the resulting particles, which can encapsulate a wide
range of drugs into the biodegradable nanoparticles without a decrease in the
mucus penetrating properties or increase in the inflammation elicited by the
particles as described above.

It is another object of the invention to provide particles, such as
nanoparticles and microparticles, with high drug loading and a dense coating
of a surface-altering material to provide effective drug delivery via a variety
of routes of administration.

Any discussion of documents, acts, materials, devices, articles or the
like which has been included in the present specilication is not Lo be taken as
an admission that any or all of these matters form part of the prior art base or
were common general knowledge in the field relevant to the present
disclosure as it existed before the priority date of each claim of this

application.
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It is an objection of the present invention to overcome or ameliorate
at least one of the disadvantages of the prior art, or to provide a useful
alternative.

SUMMARY OF THE INVENTION

Throughout this specification the word "comprise", or variations such
as "comprises"” or "comprising”, will be understood to imply the inclusion of
a stated element, integer or step, or group of elements, integers or steps, but
not the exclusion of any other element, integer or step, or group of elements,
integers or steps.

Nanoparticles formed by emulsion of one or more core polymers, one
or more surface altering materials, and one or more low molecular weight
emulsifiers have been developed. The particles are made by dissolving the
one or more core polymers in an organic solvent, adding the solution of the
one or more core polymers to an aqueous solution or suspension of the
emulsifier to form an emulsion, and then adding the emulsion to a second
solution or suspension of the emulsifier to effect formation of the
nanoparticles. The core and emulsifier can be separate, conjugated together,
or in the form of a block copolymer containing one or more blocks of the
surface altering material. In a preferred embodiment, the surface altering
material is polyethylene glycol with a molecular weight from about 1kD to
about 10kD, preferably from about 1kD to about 5kD, more preferably about
5kD. In this embodiment, the density of the polyethylene glycol, when
measured by "H NMR, is from about 1 to about 100 chains/nm?, preferably
from about 1 to about 50 chains/nm”, more preferably from about 5 to about
50 chains/nm?, most preferably from about 5 to about 25 chains/nm?.

The criticality of the molecular weight of the emulsifiers is
demonstrated by the examples. In the preferred embodiment, the molecular
weight of the one or more emulsifiers is less than 1500, 1300, 1200, 1000,
800, 600, or 500 amu. Prelerred emulsifiers include cholic acid sodium sall,
dioctyl sulfosuccinate sodium, hexadecyltrimethyl ammonium bromide,
saponin, TWEEN® 20, TWEEN® 80, and sugar esters. The surface altering
materials are present in an amount effective to make the surface charge of the

particles neutral or essentially neutral when the one or more emulsifiers are
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charged. The emulsifiers have an emulsification capacity of at least about
50%, preferably at least 55, 60, 65, 70, 75, 80, 85, 90, or 95%.

The nanoparticles are particularly useful for the delivery of
therapeutic, prophylactic, nutraceutical or diagnostic agents. These can be
administered enterally, parenterally, or topically, preferably to a mucosal
surface. In a preferred embodiment, the particles are administered by
intravenous, subcutaneous, intramuscular, intraperitoneal injection, or
subconjunctivally. In one embodiment the particles are administered to the
pulmonary tract, intranasally, intravaginally, rectally, or buccally.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1a and 1b are representative trajectories of PLA-PEG and
PCL-PEG nanoparticles containing CHA and PV A prepared by an
emulsification method. Figures 1c and 1d are graphs showing the ensemble-
averaged geometric mean square displacements (<KMSD>/ umz) as function of
time (time scale/s). Figures le and 1f are graphs showing the distributions of
the logarithms of individual particle effective diffusivities (D) at a time
scale of 1 s. Figures 1g and 1h are graphs showing the estimated fraction of
particles capable of penetrating a physiological 30um thick mucus layer over
time. Data represent three independent experiments with > 120 nanoparticles
tracked for each experiment. Error bars are presented as s.e.m.

Figures 2a and 2b show the effect of PEG MW on transport rate of
MPP in human cervicovaginal mucus: Figure 2a is a graph showing the
ensemble-averaged geometric mean square displacement <MSD/ um*> as a
function of time scale/s. Figure 2b is a graph showing the distributions of
the logarithms of individual particle effective diffusivities (Deg) at a time
scale of 1 s. Particles were prepared with the emulsification method using
PLGA-PEG (6wt% PEG). Data represent three independent experiments
with > 120 nanoparticles tracked for each experiment. Error bars are
presented as s.e.m.

Figure 3a is a graph showing the ensemble-averaged geometric mean
square displacement <MSD/ um”> as a function of time scale. Figure 3b is a
graph showing the distributions of the logarithms of individual particle

ellective dillusivities (Degr) al a time scale ol 1 s. Figure 3¢ is a graph
4
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showing the estimated fraction of particles predicted to be capable of
penetrating a 30 um thick mucus layer over time. Data represent three
independent experiments with > 120 nanoparticles tracked for each
experiment. Error bars are presented as s.e.m.

Figures 4a-c are schematics illustrating the influence of surface PEG
coverage ([I'/I'*] ) on mucus penetration of nanoparticles. Figures 4a-c
shows the preparation of PLGA-PEG nanoparticles with surface PEG
coating at increasing coverage. As surface PEG coverage increases, PEG
regime changes from mushroom (neighboring PEG chains do not overlap,
[I/T*] <1, Figure 4a), to brush (neighboring PEG chains overlap,
1<[I'/T*]<3, Figure 4b), to dense brush ([I'/T"*]>3, Figure 4c). Atlow PEG
coverage ([I'/I'*] <1, Figure 4a), mucin fibers strongly adhere to nanoparticle
core. At middle PEG coverage (1<[I'/'*]<3, Figure 4b), mucin fibers still
can partially absorb to the nanopatticle core. At high ([I'/T"*]>3, Figure 4c)
PEG coverage, the nanoparticle cores were completely shielded by the
bioinert PEG corona resulting in no absorption of mucin to nanoparticles.
Figure 4c shows that nanoparticles with low PEG coverage are immobilized
in mucus, nanoparticles with middle PEG coverage are hindered or even
immobilized in mucus, and nanoparticles with high and very high PEG
coverage are able to rapidly penetrate mucus.

DETAILED DESCRIPTION OF THE INVENTION
I. Definitions

“Nanoparticle,” as used herein, generally refers to a particle of any
shape having a diameter from about 1 nm up to, but not including, about 1
micron, more preferably from about 5 nm to about 500 nm, most preferably
from about 5 nm to about 100 nm. Nanoparticles having a spherical shape
are generally referred to as “nanospheres”.

“Mean particle size,” as used herein, generally refers to the statistical
mean particle size (diameter) of the particles in a population of particles.
The diameter of an essentially spherical particle may be referred to as the
physical or hydrodynamic diameter. The diameter of a non-spherical particle
may refer preferentially to the hydrodynamic diameter. As used herein, the

diameter of a non-spherical particle may reler (o the largest linear distance
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between two points on the surface of the particle. Mean particle size can be
measured using methods known in the art, such as dynamic light scattering.

“Mass Median Aerodynamic Diameter” (MMAD), as used herein,
refers to the median aerodynamic size of a plurality of particles. The
“aerodynamic diameter” is the diameter of a unit density sphere having the
same settling velocity, generally in air, as a powder and is therefore a useful
way to characterize an aerosolized powder or other dispersed particle or
particle formulation in terms of its settling behavior. The aerodynamic
diameter encompasses particle or particle shape, density, and physical size of
the particle or particle. MMAD can be experimentally determined by
methods known in the art, such as by cascade impaction.

“Tap Density,” as used herein, refers to a measure of the density of a
powder. Tap density can be determined using the method of USP Bulk
Density and Tapped Density, United States Pharmacopia convention,
Rockville, Md., 10th Supplement, 4950-4951, 1999. Features which can
contribute to low tap density include irregular surface texture and porous
structure.

“Monodisperse” and “homogeneous size distribution,” are used
interchangeably herein and describe a plurality of nanoparticles or
microparticles where the particles have the same or nearly the same diameter
or aerodynamic diameter. As used herein, a monodisperse distribution refers
to particle distributions in which 80, 81, 82, 83, 84, 85, 86, 86, 88, 89, 90, 91,
92,93, 94, 95% or greater of the distribution lies within 5% of the mass
median diameter or aerodynamic diameter.

“Pulmonary administration,” as used herein, refers to administration
of a pharmaceutical formulation containing an active agent into the lungs by
inhalation. As used herein, the term "inhalation" refers to intake of air to the
alveoli. The intake of air can occur through the mouth or nose. The intake of
air can occur by self-administration ol a formulation while inhaling, or by
administration via a respirator to a patient on a respirator.

“Pharmaceutically acceptable,” as used herein, refers to compounds,
materials, compositions, and/or dosage forms which are, within the scope of

sound medical judgment, suitable for use in contact with the tissues of
6
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human beings and animals without excessive toxicity, irritation, allergic
response, or other problems or complications commensurate with a
reasonable benefit/risk ratio, in accordance with the guidelines of agencies
such as the Food and Drug Administration.

“Biocompatible” and “biologically compatible,” as used herein,
generally refer to materials that are, along with any metabolites or
degradation products thereof, generally non-toxic to the recipient, and do not
cause any significant adverse effects to the recipient. Generally speaking,
biocompatible materials are materials which do not elicit a significant
inflammatory or immune response when administered to a patient.

“Molecular weight,” as used herein, generally refers to the relative
average chain length of the bulk polymer, unless otherwise specified. In
practice, molecular weight can be estimated or characterized using various
methods including gel permeation chromatography (GPC) or capillary
viscometry. GPC molecular weights are reported as the weight-average
molecular weight (Mw) as opposed to the number-average molecular weight
(Mn). Capillary viscometry provides estimates of molecular weight as the
inherent viscosity determined from a dilute polymer solution using a
particular set of concentration, temperature, and solvent conditions.

“Hydrophilic,” as used herein, refers to the property of having affinity
for water. For example, hydrophilic polymers (or hydrophilic polymer
segments) are polymers (or polymer segments) which are primarily soluble
in aqueous solutions and/or have a tendency to absorb water. In general, the
more hydrophilic a polymer is, the more that polymer tends to dissolve in,
mix with, or be wetted by water.

“Hydrophobic,” as used herein, refers to the property of lacking
affinity for, or even repelling water. For example, the more hydrophobic a
polymer (or polymer segment), the more that polymer (or polymer segment)
tends Lo not dissolve in, nol mix with, or not be weltled by walter.

“Mucus,” as used herein, refers to a viscoelastic natural substance
containing primarily mucin glycoproteins and other materials, which protects
epithelial surface of various organs/tissues, including respiratory, nasal,

cervicovaginal, gastrointestinal, rectal, visual and auditory systems.
7
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“Sputum,” as used herein, refers to highly viscoelastic mucus secretions
consist of a variety of macromolecules such as DNA, actins and other cell
debris released from dead cells in addition to mucin glycoproteins. “Sputum”
is generally present in the pathogenic airways of patients afflicted by
obstructive lung diseases, including but not limited to, asthma, COPD and
CF. “CF mucus” and “CF sputum,” as used herein, refer to mucus and
sputum, respectively, from a patient suffering from cystic fibrosis.

“Mucus Degrading Agent,” as used herein, refers to a substance
which increases the rate of mucus clearance when administered to a patient.
Mucus degrading agents are known in the art. See, for example, Hanes, J. et
al. Gene Delivery to the Lung. in Pharmaceutical Inhalation Aerosol
Technology, Marcel Dekker, Inc., New York: 489-539 (2003). Examples of
mucus degrading agents include N-acetylcysteine (NAC), which cleaves
disulfide and sulfhydryl bonds present in mucin. Other mucus degrading
agents include mugwort, bromelain, papain, clerodendrum, acetylcysteine,
bromhexine, carbocisteine, eprazinone, mesna, ambroxol, sobrerol,
domiodol, denufosol, letosteine, stepronin, tiopronin, gelsolin, thymosin 4,
neltenexine, erdosteine, and various DNases including rhDNase.

“CF Mucus-resistant/diffusive Particle,” as used herein, refers to a
particle which exhibits reduced or low mucoadhesion in CF mucus and
which therefore passes through the CF mucus at a higher rate than other
particles. Such particles may be characterized as having high diffusivity
through CF mucus. In certain embodiments, CF mucus-resistant/diffusive
particles possess an effective diffusivity in CF mucus of greater than about
0.01 um?/s, more preferably greater than about 0.5 um?/s, most preferably
greater than about 1 umZ/s. In preferred embodiments, a population of
particles may be characterized as “CF mucus-resistant/diffusive” if at least
30%, more preferably at least 40%, most preferably at least 50% of the
population of particles difluse across a 10 pm thick CF sputum layer within
one hour.

“Cystic Fibrosis” (CF), as used herein, refers to an inherited genetic
disease resulting from one or more mutations in the gene encoding the cystic

fibrosis transmembrane conductance regulator (CFTR). In patients with
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cystic fibrosis, mutations in CFTR endogenously expressed in respiratory
epithelia lead to reduced apical anion secretion causing an imbalance in ion
and fluid transport. The resulting decrease in anion transport contributes to
enhanced mucus accumulation in the lung and the accompanying microbial
infections that ultimately cause death in CF patients. In addition to
respiratory disease, CF patients typically suffer from gastrointestinal
problems and pancreatic insufficiency that, if left untreated, result in death.
Sequence analysis of the CFTR gene of CF chromosomes has revealed a
variety of disease causing mutations. To date, more than 1000 disease
causing mutations in the CF gene have been identified
(http://www.genet.sickkids.on.ca/cftr/). The most prevalent mutation is a
deletion of phenylalanine at position 508 of the CFTR amino acid sequence,
and is commonly referred to as AF508-CFTR. This mutation occurs in
approximately 70 percent of the cases of cystic fibrosis and is associated
with a severe disease. Cystic fibrosis affects approximately one in every
2,500 infants in the United States.

“Cystic Fibrosis Transmembrane Conductance Regulator” (CFTR), as
used herein, refers to a transmembrane protein critical for the maintenance of
electrolyte transport throughout the body, including respiratory and digestive
tissue. CFTR is composed of approximately 1480 amino acids that encode a
protein made up of a tandem repeat of transmembrane domains, each
containing six transmembrane helices and a nucleotide binding domain. The
gene encoding CFTR has been identified and sequenced. See Gregory, R. J.
et al. Nature 347:382386 (1990); Rich, D. P. et al. Nature 347:358-362
(1990), and Riordan, J. R. et al. Science 245:1066-1073 (1989).

“Nucleic Acid,” as used herein, refers to DNA, RNA, and nucleic
acid molecules modified to increase stability for a variety of therapeutic
purposes. One example is a gene encoding the human cystic fibrosis
transmembrane conductance regulator (CFTR) protein, analogs and variants
thereof, that can be expressed in CF individuals to correct at least in part
some of the symptoms characteristic of CF. This also include molecules
such as DNA fragments including regions for introducing corrections or

modifications into the gene, such as triple helix forming DNA, that can be
9



03 Feb 2016

2016200683

10

15

20

25

30

used to correct the endogenous CF gene in at least some of the CF patient’s
genes. It should be noted that this term is not limited to CFTR genes but
applied to every genetic material that can be used to treat, diagnose or cure
disease.

The phrases "parenteral administration" and "administered
parenterally” are art-recognized terms, and include modes of administration
other than enteral and topical administration, such as injections, and include,
but are not limited to, intravenous, intramuscular, intrapleural, intravascular,
intrapericardial, intraarterial, intrathecal, intracapsular, intraorbital,
intracardiac, intradennal, intraperitoneal, transtracheal, subcutaneous,
subcuticular, intraarticular, subcapsular, subarachnoid, intraspinal,
subconjunctivally, and intrastemal injection and infusion.

The term "surfactant” as used herein refers to an agent that lowers the
surface tension of a liquid.

The term "therapeutic agent" refers to an agent that can be
administered to prevent or treat a disease or disorder. Therapeutic agents can
be a nucleic acid, a nucleic acid analog, a small molecule, a peptidomimetic,
a protein, peptide, carbohydrate or sugar, lipid, or surfactant, or a
combination thereof.

The term "treating" or preventing a disease, disorder or condition
from occurring in an animal which may be predisposed to the disease,
disorder and/or condition but has not yet been diagnosed as having it;
inhibiting the disease, disorder or condition, e.g., impeding its progress; and
relieving the disease, disorder, or condition, e.g., causing regression of the
disease, disorder and/or condition. Treating the disease or condition includes
ameliorating at least one symptom of the particular disease or condition,
even if the underlying pathophysiology is not affected, such as treating the
pain of a subject by administration of an analgesic agent even though such
agent does not treat the cause of the pain.

The term "targeting moiety" as used herein refers to a moiety that
localizes to or away from a specific locale. The moiety may be, for example,
a protein, nucleic acid, nucleic acid analog, carbohydrate, or small molecule.

The entity may be, for example, a therapeutic compound such as a small
10
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molecule, or a diagnostic entity such as a detectable label. The locale may be
a tissue, a particular cell type, or a subcellular compartment. In one
embodiment, the targeting moiety directs the localization of an active entity.
The active entity may be a small molecule, protein, polymer, or metal. The
active entity may be useful for therapeutic, prophylactic, or diagnostic
purposes.

The term "therapeutically effective amount” refers to an amount of
the therapeutic agent that, when incorporated into and/or onto particles
described herein, produces some desired effect at a reasonable benefit/risk
ratio applicable to any medical treatment. The effective amount may vary
depending on such factors as the disease or condition being treated, the
particular targeted constructs being administered, the size of the subject, or
the severity of the disease or condition. One of ordinary skill in the art may
empirically determine the effective amount of a particular compound without
necessitating undue experimentation.

The terms "incorporated" and "encapsulated” refers to incorporating,
formulating, or otherwise including an active agent into and/or onto a
composition that allows for release, such as sustained release, of such agent
in the desired application. The terms contemplate any manner by which a
therapeutic agent or other material is incorporated into a polymer matrix,
including, for example: attached to a monomer of such polymer (by covalent,
ionic, or other binding interaction), physical admixture, enveloping the agent
in a coating layer of polymer, incorporated into the polymer, distributed
throughout the polymeric matrix, appended to the surface of the polymeric
matrix (by covalent or other binding interactions), encapsulated inside the
polymeric matrix, etc. The term "co-incorporation” or "co-encapsulation”
refers to-the incorporation of a therapeutic agent or other material and at
least one other therapeutic agent or other material in a subject composition.
IL. Mucus-penetrating nanoparticles (MPPs)

A. Core Polymer

Any number of biocompatible polymers can be used to prepare the
nanoparticles. In one embodiment, the biocompatible polymer(s) is

biodegradable. In another embodiment, the particles are non-degradable. In
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other embodiments, the particles are a mixture of degradable and non-
degradable particles.

Exemplary polymers include, but are not limited to, cyclodextrin-
containing polymers, in particular cationic cyclodextrin-containing polymers,
such as those described in U.S. Patent No. 6,509,323,

polymers prepared from lactones, such as poly(caprolactone) (PCL),

polyhydroxy acids and copolymers thereof such as poly(lactic acid)
(PLA), poly(L-lactic acid) (PLLA), poly(glycolic acid) (PGA), poly(lactic
acid-co-glycolic acid) (PLGA), poly(L-lactic acid-co-glycolic acid)
(PLLGA), poly(D,L-lactide) (PDLA), poly(D,L-lactide-co-caprolactone),
poly(D,L-lactide-co-caprolactone-co-glycolide), poly(D,L-lactide-co-PEO-
co-D,L-lactide), poly(D,L-lactide-co-PPO-co-D,L-lactide), and blends
thereof,

polyalkyl cyanoacralate,

polyurethanes,

polyamino acids such as poly-L-lysine (PLL), poly(valeric acid), and
poly-L-glutamic acid,

hydroxypropyl methacrylate (HPMA),

polyanhydrides,

polyesters,

polyorthoesters,

poly(ester amides),

polyamides,

poly(ester ethers),

polycarbonates,

polyalkylenes such as polyethylene and polypropylene,
polyalkylene glycols such as poly(ethylene glycol) (PEG), polyalkylene
oxides (PEO),

polyalkylene terephthalates such as poly(ethylene terephthalate),
ethylene vinyl acetate polymer (EVA),

polyvinyl alcohols (PVA),

polyvinyl ethers,

polyvinyl esters such as poly(vinyl acetate),
12
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polyvinyl halides such as poly(vinyl chloride) (PVC), polyvinylpyrrolidone,
polysiloxanes,
polystyrene (PS),

celluloses including derivatized celluloses such as alkyl celluloses,
hydroxyalkyl celluloses, cellulose ethers, cellulose esters, nitro celluloses,
hydroxypropylcellulose, and carboxymethylcellulose,

polymers of acrylic acids, such as poly(methyl(meth)acrylate)
(PMMA), poly(ethyl(meth)acrylate), poly(butyl(meth)acrylate),
poly(isobutyl(meth)acrylate), poly(hexyl(meth)acrylate),
poly(isodecyl(meth)acrylate), poly(lauryl(meth)acrylate),
poly(phenyl(meth)acrylate), poly(methyl acrylate), poly(isopropyl acrylate),
poly(isobutyl acrylate), poly(octadecyl acrylate) (jointly referred to herein as
"polyacrylic acids"),

polydioxanone and its copolymers,

polyhydroxyalkanoates,

polypropylene fumarate,

polyoxymethylene,

poloxamers,

poly(butyric acid),

trimethylene carbonate, and

polyphosphazenes,.

Copolymers of the above, such as random, block, or graft
copolymers, or blends of the polymers listed above can also be used.

Functional groups on the polymer can be capped to alter the
properties of the polymer and/or modify (e.g., decrease or increase) the
reactivity of the functional group. For example, the carboxyl termini of
carboxylic acid contain polymers, such as lactide- and glycolide-containing
polymers, may optionally be capped, e.g., by esterification, and the hydroxyl
termini may optionally be capped, e.g. by etherification or esterification.

Copolymers of PEG or derivatives thereof with any of the polymers
described above may be used to make the polymeric particles. In certain
embodiments, the PEG or derivatives may be located in the interior positions

of the copolymer. Alternatively, the PEG or derivatives may locate near or at
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the terminal positions of the copolymer. For example, one or more of the
polymers above can be terminated with a block of polyethylene glycol. In
some embodiments, the core polymer is a blend of pegylated polymer and
non-pegylated polymer, wherein the base polymer is the same (e.g., PLGA
and PLGA-PEG) or different (e.g., PLGA-PEG and PLA). In certain
embodiments, the microparticles or nanoparticles are formed under
conditions that allow regions of PEG to phase separate or otherwise locate to
the surface of the particles. The surface-localized PEG regions alone may
perform the function of, or include, the surface-altering agent. In particular
embodiments, the particles are prepared from one or more polymers
terminated with blocks of polyethylene glycol as the surface-altering
material.

The weight average molecular weight can vary for a given polymer
but is generally from about 1000 Daltons to 1,000,000 Daltons, 1000 Daltons
to 500,000 Dalton, 1000 Daltons to 250,000 Daltons, 1000 Daltons to
100,000 Daltons, 5,000 Daltons to 100,000 Daltons, 5,000 Daltons to 75,000
Daltons, 5,000 Daltons to 50,000 Daltons, or 5,000 Daltons to 25,000
Daltons.

Examples of preferred natural polymers include proteins such as
albumin, collagen, gelatin and prolamines, for example, zein, and
polysaccharides such as alginate.

In some embodiments, the particles may be used as nanoparticle gene
carriers. In these embodiments, the particles can be formed of one or more
polycationic polymers which complex with one or more nucleic acids which
are negatively charged.

The cationic polymer can be any synthetic or natural polymer bearing
at least two positive charges per molecule and having sufficient charge
density and molecular size to bind to nucleic acid under physiological
conditions (i.e., pH and salt conditions encountered within the body or within
cells). In certain embodiments, the polycationic polymer contains one or
more amine residues.

Suitable cationic polymers include, for example, polyethylene imine

(PED), polyallylamine, polyvinylamine, polyvinylpyridine, aminoacetalized
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poly(vinyl alcohol), acrylic or methacrylic polymers (for example, poly(N,N-
dimethylaminoethylmethacrylate)) bearing one or more amine residues,
polyamino acids such as polyornithine, polyarginine, and polylysine,
protamine, cationic polysaccharides such as chitosan, DEAE-cellulose, and
DEAE-dextran, and polyamidoamine dendrimers (cationic dendrimer), as
well as copolymers and blends thereof. In preferred embodiments, the
polycationic polymer is PEL

Cationic polymers can be either linear or branched, can be either
homopolymers or copolymers, and when containing amino acids can have
either L or D configuration, and can have any mixture of these features.
Preferably, the cationic polymer molecule is sufficiently flexible to allow it
to form a compact complex with one or more nucleic acid molecules.

In some embodiments, the polycationic polymer has a molecular
weight of between about 5,000 Daltons and about 100,000 Daltons, more
preferably between about 5,000 and about 50,000 Daltons, most preferably
between about 10,000 and about 35,000 Daltons.

B. Materials that promote diffusion through mucus

The nanoparticles preferably are coated with or contain one or more
surface altering agents or materials. “Surface-altering agents”, as used
herein refers to an agent or material which modifies one or more properties
of the particles for the surface, including, but not limited to, hydrophilicity
(e.g., makes the particles more or less hydrophilic), surface charge (e.g.,
makes the surface neutral or near neutral or more negative or positive),
and/or enhances transport in or through bodily fluids and/or tissues, such as
mucus. In some embodiments, the surface-altering material provides a direct
therapeutic effect, such as reducing inflammation.

Examples of the surface-altering agents include, but are not limited
to, proteins, including anionic proteins (e.g., albumin), surfactants, sugars or
sugar derivatives (e.g., cyclodextrin), therapeutics agents, and polymers.
Preferred polymers include heparin, polyethylene glycol (“PEG”) and
poloxomers (polyethylene oxide block copolymers). The most preferred

material is PEG.
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Examples of surfactants include, but are not limited to, L-a-
phosphatidylcholine (PC), 1 ,2-dipalmitoylphosphatidycholine (DPPC), oleic
acid, sorbitan trioleate, sorbitan mono-oleate, sorbitan monolaurate,
polyoxyethylene (20) sorbitan monolaurate, polyoxyethylene (20) sorbitan
monooleate, natural lecithin, oleyl polyoxyethylene (2) ether, stearyl
polyoxyethylene (2) ether, lauryl polyoxyethylene (4) ether, block
copolymers of oxyethylene and oxypropylene, synthetic lecithin, diethylene
glycol dioleate, tetrahydrofurfuryl oleate, ethyl oleate, isopropyl myristate,
glyceryl monooleate, glyceryl monostearate, glyceryl monoricinoleate, cetyl
alcohol, stearyl alcohol, polyethylene glycol 400, cetyl pyridinium chloride,
benzalkonium chloride, olive oil, glyceryl monolaurate, corn oil, cotton seed
oil, and sunflower seed oil, lecithin, oleic acid, and sorbitan trioleate.

In one embodiment, the particles are coated with or contain
polyethylene glycol (PEG). PEG can be applied as coating onto the surface
of the particles. Alternatively, the PEG can be in the form of blocks
covalently bound (e.g., in the interior or at one or both terminals) to the core
polymer used to form the particles. In particular embodiments, the particles
are formed from block copolymers containing PEG. In more particular
embodiments, the particles are prepared from block copolymers containing
PEG, wherein PEG is covalently bound to the terminal of the base polymer.

Representative PEG molecular weights include 300 Da, 600 Da, 1
kDa, 2 kDa, 3 kDa, 4 kDa, 6 kDa, 8 kDa, 10 kDa, 15 kDa, 20 kDa, 30 kDa,
50 kDa, 100 kDa, 200 kDa, 500 kDa, and 1 MDa and all values within the
range of 300 Daltons to 1 MDa. In preferred embodiments, the PEG has a
molecular weight of about 5kD. PEG of any given molecular weight may
vary in other characteristics such as length, density, and branching.

i. Evaluating surface density

Surface density of poly(ethylene glycol) (PEG) on nanoparticles is a
key parameter in determining their successful applications in-vivo. The
controlled delivery of drugs to mucosal surfaces is challenging because of
the presence of the protective mucus layer, and the mucus-penetrating
particles show promise at improved drug distribution, retention and efficacy

at mucosal surfaces. The dense coating of PEG on biodegradable
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nanoparticles can allow rapid penetration through mucus because of the
greatly reduced adhesive interaction between mucus constituents and
nanoparticles. However, it still remains unclear how to optimally control the
surface PEG density and to prepare biodegradable mucus-penetrating
nanoparticles for in-vivo application.

Different methods have been employed to assess the surface PEG
density on nanoparticles, including those that directly measure changes to
physiochemical properties of nanoparticles, such as surface charge and
hydrodynamic diameter. However, these methods cannot provide
quantitative information about the number of PEG chains per nm’ of the
particle surface.

In order to directly quantify the surface PEG density, various
techniques have been applied. Thermogravimetric analysis (TGA) can be
used to calculate PEG content, but it is limited to inorganic materials and
also requires the use of relatively large quantity of samples.

The reactions of dye and reagents (such as fluorescence dye) to
functional PEG were widely used for PEG quantification. In these methods,
the un-reacted PEG molecules with functional groups (such as -SH, -NH»,
etc) were quantified by fluorescent assay or colorimetric quantification after
the reaction with certain reagents, and the surface PEG density was achieved
by subtracting the un-reacted PEG portion in supernatant. However, these
methods are limited to surface PEGylation and functional PEG. Similar
methods used to quantify surface PEG density on PRINT nanoparticles by
the measurement of signal of un-reacted fluoresein-PEG in supernatant are
limited to surface modification of nanoparticles with PEG. Thus these
quantitative assays are not suitable for determining the PEG density on
biodegradable nanoparticles prepared from PEG-containing block
copolymers, such as the widely used poly(lactic-co-glycolic acid)-
poly(ethylene glycol) (PLGA-PEG) and poly(lactic acid)-poly(ethylene
glycol) (PLA-PEQG).

Nuclear magnetic resonance (NMR) can be used to assess the surface
PEG density on PEG-containing polymeric nanoparticles described herein,

both qualitatively and quantitatively (PEG peak typically observed ~3.65
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ppm). When nanoparticles are dispersed within the NMR solvent D,0, only
the surface PEG, not the PEG embedded within the core, can be directly
detected by NMR. Therefore, NMR provides a means for directly measure
the surface density of PEG.

In some embodiments, PEG surface density can be controlled by
preparing the particles from a mixture of pegylated and non-pegylated
particles. For example, the surface density of PEG on PLGA nanoparticles
can be precisely controlled by preparing particles from a mixture of
poly(lactic-co-glycolic acid) and poly(ethylene glycol) (PLGA-PEG).
Quantitative 'H nuclear magnetic resonance (NMR) can be used to measure
the surface PEG density on nanoparticles. Multiple particle tracking in
human mucus and the study of mucin binding and tissue distribution in
mouse vagina revealed that there exists a PEG density threshold, which is
approximately, 10-16 PEG chains/ 100nm°, for PLGA-PEG nanoparticles to
be effective in penetrating mucus. This density threshold may vary
depending on a variety of factors including the core polymer used to prepare
the particles, particle size, and/or molecular weight of PEG.

The density of the coating can be varied based on a variety of factors
including the surface altering material and the composition of the particle. In
one embodiment, the density of the surface altering material, such as PEG, as
measured by '"H NMR is at least, 0.1, 0.2,0.5,0.8, 1, 2, 5, 8, 10, 15, 20, 25,
40, 50, 60, 75, 80, 90, or 100 chains per nm”. The range above is inclusive
of all values from 0.1 to 100 units per nm?.

In particular embodiments, the density of the surface altering
material, such as PEG, is from about 1 to about 25 Chains/nrnz, from about 1
to about 20 chains/nmz, from about 5 to about 20 chains/nmz, from about 5 to
about 18 chains/nm?, from about 5 to about 15 chains/nm?, or from about 10

to about 15 chains/nm?>

. The concentration of the surface altering material,
such as PEG, can also be varied. In some embodiments, the target
concentration of the surface altering material, such as PEG, is at least 0.5, 1,
2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
or 25% or higher. The range above is inclusive of all values from 0.5% to

25%. In another embodiment, the concentration of the surlace altering
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material, such as PEG, in the particle is at least 0.5, 1,2, 3,4,5,6,7,8, 9,
10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25%. The range
above is inclusive of all values from 0.5% to 25%. In still other
embodiments, the surface altering material content (e.g., PEG) on the surface
of the particles is at least 0.5, 1, 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, or 25%. The range above is inclusive of all
values from 0.5% to 25%.

In particular embodiments, the density of the surface-altering material
(e.g., PEQ) is such that the that the surface-altering material (e.g. PEG)
adopted an extended brush configuration.

In other embodiments, the mass of the surface-altering moiety is at
least 1/10,000, 1/7500, 1/5000, 1/4000, 1/3400, 1/2500, 1/2000, 1/1500,
1/1000, 1/750, 1/500, 1/250, 1/200, 1/150, 1/100, 1/75, 1/50, 1/25, 1/20, 1/5,
1/2, or 9/10 of the mass of the particle. The range above is inclusive of all
vales from 1/10,000 to 9/10.

C. Emulsifier

The particles described herein contain an emulsifier, particularly a
low molecular weight emulsifier. The emulsifier is incorporated into the
particle during particle formation and therefore is a component of the
finished particle. The emulsifier can be encapsulated within the particle, be
dispersed in whole or in part within the polymer matrix (e.g., part of the
emulsifier extends out from the polymer matrix), and/or is associated (e.g.,
covalently or non-covalently) with the surface of the particle.

“Low molecular weight”, as used herein, generally refers to an
emulsifier having a molecular weight less than 1500, 1400, 1300, 1200,
1100, 1000, 900, 800, 700, 600, 500, 400, or 300 amu. In some
embodiments, the molecular weight is less than 1300 amu. In some
embodiments, the molecular weight is from about 300 amu to about 1200
amu.

The emulsifier can be positively charged, negatively charged, or
neutral. Examples of negatively charged emulsifiers include, but are not
limited to, cholic acid sodium salt (CHA, MW = 430) and dioctyl

sulfosuccinate sodium (DSS, MW = 455). Examples of positively charged
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emulsifiers include, but are not limited to, hexadecyltrimethyl ammonium
bromide (CTAB, MW = 364). Examples of neutral emulsifiers include, but
are not limited to, sapon (MW = 1191), TWEEN 20 (MW = 1,225), TWEEN
80 (MW = 1310), and sugar ester D1216 (sucrose laurate, SE, MW = 524).

In addition to having a low molecular weight, the emulsifier must be
capable of suitably stabilizing the emulsion droplets during particle
formation in order to prevent particle aggregation. The emulsification
capability of a particular emulsifier can be calculated using the equation
below and is expressed as a percent.

Emulsification capability = weight of nanoparticles/(weight of
nanoparticles + weight of aggregated particles) x 100%

In some embodiments, the emulsification capability is at least 50, 55,
060, 65, 70, 75, 80, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, or 95%. This range
is inclusive of all values between 50 and 95.

In addition to suitably stabilizing the emulsion droplets to prevent
aggregate formation, the stabilizer must be small enough to be completely
shielded at the particle surface by the surface altering material corona (e.g.,
PEGQG) to provide a neutral or near neutral surface charge. The transport of
charged particles may be hindered due to the interaction of the charged
particles with oppositely charged species in vivo. For example, the ability of
the particles to penetrate mucus rapidly is dependent, at least in part, on the
surface charge of the particles. Therefore, the emulsifier(s) must be small
enough that the emulsifier, if charged (e.g., positively or negatively), the
charge is shielded by the corona of the surface altering material (e.g., PEG)
such that the surface charge is zero or essentially zero, e.g., -10 to 10 ev, -5
toSev,-3to3ev,-2to2ev,or-1to1ev.

D. Therapeutic, prophylactic, nutraceutical and/or diagnostic
agent

1. Therapeutic agents

In some embodiments, the particles have encapsulated therein,

dispersed therein, and/or covalently or non-covalently associate with the

surface one or more therapeutic agents. The therapeutic agent can be a small
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molecule, protein, polysaccharide or saccharide, nucleic acid molecule
and/or lipid.
i Small molecule therapeutic agents

Exemplary classes of small molecule therapeutic agents include, but
are not limited to, analgesics, anti-inflammatory drugs, antipyretics,
antidepressants, antiepileptics, antiopsychotic agents, neuroprotective agents,
anti-proliferatives, such as anti-cancer agent, anti-infectious agents, such as
antibacterial agents and antifungal agents, antihistamines, antimigraine
drugs, antimuscarinics, anxioltyics, sedatives, hypnotics, antipsychotics,
bronchodilators, anti-asthma drugs, cardiovascular drugs, corticosteroids,
dopaminergics, electrolytes, gastro-intestinal drugs, muscle relaxants,
nutritional agents, vitamins, parasympathomimetics, stimulants, anorectics
and anti-narcoleptics.

ii. Nucleic acids

In some embodiments, the agent is one or more nucleic acids. The
nucleic acid can alter, correct, or replace an endogenous nucleic acid
sequence. The nucleic acid is used to treat cancers, correct defects in genes
in other pulmonary diseases and metabolic diseases affecting lung function,
genes such as those for the treatment of Parkinsons and ALS where the genes
reach the brain through nasal delivery.

Gene therapy is a technique for correcting defective genes responsible
for disease development. Researchers may use one of several approaches for
correcting faulty genes:

. A normal gene may be inserted into a nonspecific location within the
genome to replace a nonfunctional gene. This approach is most common.

. An abnormal gene could be swapped for a normal gene through
homologous recombination.

. The abnormal gene could be repaired through selective reverse
mulation, which returns the gene (o its normal {unction.

. The regulation (the degree to which a gene is turned on or off) of a
particular gene could be altered.

The nucleic acid can be a DNA, RNA, a chemically modified nucleic

acid, or combinations thereof. For example, methods for increasing stability
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of nucleic acid half-life and resistance to enzymatic cleavage are known in
the art, and can include one or more modifications or substitutions to the
nucleobases, sugars, or linkages of the polynucleotide. The nucleic acid can
be custom synthesized to contain properties that are tailored to fit a desired
use. Common modifications include, but are not limited to use of locked
nucleic acids (LNASs), unlocked nucleic acids (UNAs), morpholinos, peptide
nucleic acids (PNA), phosphorothioate linkages, phosphonoacetate linkages,
propyne analogs, 2'-O-methyl RNA, 5-Me-dC, 2'-5' linked phosphodiester
linage, Chimeric Linkages (Mixed phosphorothioate and phosphodiester
linkages and modifications), conjugation with lipid and peptides, and
combinations thereof.

In some embodiments, the nucleic acid includes internucleotide
linkage modifications such as phosphate analogs having achiral and
uncharged intersubunit linkages (e.g., Sterchak, E. P. et al., Organic Chem.,
52:4202, (1987)), or uncharged morpholino-based polymers having achiral
intersubunit linkages (see, e.g., U.S. Patent No. 5,034,506). Some
internucleotide linkage analogs include morpholidate, acetal, and polyamide-
linked heterocycles. Other backbone and linkage modifications include, but
are not limited to, phosphorothioates, peptide nucleic acids, tricyclo-DNA,
decoy oligonucleotide, ribozymes, spiegelmers (containing L nucleic acids,
an apatamer with high binding affinity), or CpG oligomers.

Phosphorothioates (or S-oligos) are a variant of normal DNA in
which one of the nonbridging oxygens is replaced by a sulfur. The
sulfurization of the internucleotide bond dramatically reduces the action of
endo-and exonucleases including 5' to 3" and 3' to 5' DNA POL 1
exonuclease, nucleases S1 and P1, RNases, serum nucleases and snake
venom phosphodiesterase. In addition, the potential for crossing the lipid
bilayer increases. Because of these important improvements,
phosphorothioates have found increasing application in cell regulation.
Phosphorothioates are made by two principal routes: by the action of a
solution of elemental sulfur in carbon disulfide on a hydrogen phosphonate,
or by the more recent method of sulfurizing phosphite triesters with either

tetraethylthiuram disulfide (TETD) or 3H-1, 2-bensodithiol-3-one 1, 1-
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dioxide (BDTD).4 The latter methods avoid the problem of elemental
sulfur's insolubility in most organic solvents and the toxicity of carbon
disulfide. The TETD and BDTD methods also yield higher purity
phosphorothioates.

Peptide nucleic acids (PNA) are molecules in which the phosphate
backbone of oligonucleotides is replaced in its entirety by repeating N-(2-
aminoethyl)-glycine units and phosphodiester bonds are replaced by peptide
bonds. The various heterocyclic bases are linked to the backbone by
methylene carbonyl bonds. PNAs maintain spacing of heterocyclic bases
that is similar to oligonucleotides, but are achiral and neutrally charged
molecules. Peptide nucleic acids are typically comprised of peptide nucleic
acid monomers. The heterocyclic bases can be any of the standard bases
(uracil, thymine, cytosine, adenine and guanine) or any of the modified
heterocyclic bases described below. A PNA can also have one or more
peptide or amino acid variations and modifications. Thus, the backbone
constituents of PNAs may be peptide linkages, or alternatively, they may be
non-peptide linkages. Examples include acetyl caps, amino spacers such as
8-amino-3,6-dioxaoctanoic acid (referred to herein as O-linkers), and the
like. Methods for the chemical assembly of PNAs are well known.

In some embodiments, the nucleic acid includes one or more
chemically-modified heterocyclic bases including, but are not limited to,
inosine, 5-(1-propynyl) uracil (pU), 5-(1-propynyl) cytosine (pC), 5-
methylcytosine, 8-oxo-adenine, pseudocytosine, pseudoisocytosine, 5 and 2-
amino-5-(2’-deoxy-B-D-ribofuranosyl)pyridine (2-aminopyridine), and
various pyrrolo- and pyrazolopyrimidine derivatives, 4-acetylcytosine, 8-
hydroxy-N-6-methyladenosine, aziridinylcytosine, 5-
(carboxyhydroxylmethyl) uracil, 5-bromouracil, 5-
carboxymethylaminomethyl-2-thiouracil, 5-
carboxymethylaminomethyluracil, dihydrouracil, N6-isopentenyladenine, 1-
methyladenine, 1-methylpseudouracil, 1-methyl guanine, 1-methylinosine,
2,2-dimethylguanine, 2-methyladenine, 2-methylguanine, 3-methylcytosine ,

N6-methyladenine, 7-methylguanine, 5-methylaminomethyluracil, 5-
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methoxy-aminomethyl-2-thiouracil, beta-D-mannosylqueosine, 5'-
methoxycarbonylmethyluracil, 5-methoxyuracil, 2-methylthio-N6-
isopentenyladenine, uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic
acid, oxybutoxosine, pseudouracil, queosine, 2-thiocytosine, 5-methyl-2-
thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, N-uracil-5-oxyacetic
acid methylester, 2,6-diaminopurine, and 2'-modified analogs such as, but
not limited to O-methyl, amino-, and fluoro-modified analogs. Inhibitory
RNAs modified with 2'-flouro (2'-F) pyrimidines appear to have favorable
properties in vitro. Moreover, one report recently suggested 2'-F modified
siRNAs have enhanced activity in cell culture as compared to 2'-OH
containing siRNAs. 2'-F modified siRNAs are functional in mice but that
they do not necessarily have enhanced intracellular activity over 2'-OH
siRNAs.

In some embodiments the nucleic acid includes one or more sugar
moiety modifications, including, but are not limited to, 2’-O-aminoethoxy,
2’-0-amonioethyl (2’-OAE), 2’-O-methoxy, 2’-O-methyl, 2-guanidoethyl
(2’-0OGE), 2’-0,4’-C-methylene (LNA), 2’-O-(methoxyethyl) (2°-OME) and
2’-0O-(N-(methyl)acetamido) (2°-OMA).

Methods of gene therapy typically rely on the introduction into the
cell of a nucleic acid molecule that alters the genotype of the cell.
Introduction of the nucleic acid molecule can correct, replace, or otherwise
alters the endogenous gene via genetic recombination. Methods can include
introduction of an entire replacement copy of a defective gene, a
heterologous gene, or a small nucleic acid molecule such as an
oligonucleotide. For example, corrective gene can be introduced into a non-
specific location within the host’s genome. This approach typically requires
delivery systems to introduce the replacement gene into the cell, such as
genetically engineered viral vectors.

Methods (o construct expression veclors containing genetic sequences
and appropriate transcriptional and translational control elements are well
known in the art. These methods include in vitro recombinant DNA
techniques, synthetic techniques, and in vivo genetic recombination.

Expression vectors generally contain regulatory sequences necessary
24



03 Feb 2016

2016200683

10

15

20

25

30

elements for the translation and/or transcription of the inserted coding
sequence. For example, the coding sequence is preferably operably linked to
a promoter and/or enhancer to help control the expression of the desired gene
product. Promoters used in biotechnology are of different types according to
the intended type of control of gene expression. They can be generally
divided into constitutive promoters, tissue-specific or development-stage-
specific promoters, inducible promoters, and synthetic promoters.

Viral vectors include adenovirus, adeno-associated virus, herpes
virus, vaccinia virus, polio virus, AIDS virus, neuronal trophic virus, Sindbis
and other RNA viruses, including these viruses with the HIV backbone.
Also useful are any viral families which share the properties of these viruses
which make them suitable for use as vectors. Typically, viral vectors
contain, nonstructural early genes, structural late genes, an RNA polymerase
M1 transcript, inverted terminal repeats necessary for replication and
encapsidation, and promoters to control the transcription and replication of
the viral genome. When engineered as vectors, viruses typically have one or
more of the early genes removed and a gene or gene/promoter cassette is
inserted into the viral genome in place of the removed viral DNA.

Gene targeting via target recombination, such as homologous
recombination (HR), is another strategy for gene correction. Gene correction
at a target locus can be mediated by donor DNA fragments homologous to
the target gene (Hu, et al., Mol. Biotech., 29:197-210 (2005); Olsen, et al., J.
Gene Med., 7:1534-1544 (2005)). One method of targeted recombination
includes the use of triplex-forming oligonucleotides (TFOs) which bind as
third strands to homopurine/homopyrimidine sites in duplex DNA in a
sequence-specific manner. Triplex forming oigonucleotides can interact with
either double-stranded or single-stranded nucleic acids. When triplex
molecules interact with a target region, a structure called a triplex is formed,
in which there are three strands of DNA [orming a complex dependent on
both Watson-Crick and Hoogsteen base-pairing. Triplex molecules are
preferred because they can bind target regions with high affinity and
specificity. It is preferred that the triplex forming molecules bind the target

molecule with a Kd less than 10'6, 10'8, 10"10, or 102,
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Methods for targeted gene therapy using triplex-forming
oligonucleotides (TFO’s) and peptide nucleic acids (PNAs) are described in
U.S. Published Application No. 20070219122 and their use for treating
infectious diseases such as HIV are described in U.S. Published Application
No. 2008050920. The triplex-forming molecules can also be tail clamp
peptide nucleic acids (tcPNAs), such as those described in U.S. Published
Application No.2011/0262406. Highly stable PNA:DNA:PNA triplex
structures can be formed from strand invasion of a duplex DNA with two
PNA strands. In this complex, the PNA/DNA/PNA triple helix portion and
the PNA/DNA duplex portion both produce displacement of the pyrimidine-
rich triple helix, creating an altered structure that has been shown to strongly
provoke the nucleotide excision repair pathway and to activate the site for
recombination with the donor oligonucleotide. Two PNA strands can also be
linked together to form a bis-PNA molecule. The triplex-forming molecules
are useful to induce site-specific homologous recombination in mammalian
cells when used in combination with one or more donor oligonucleotides
which provides the corrected sequence. Donor oligonucleotides can be
tethered to triplex-forming molecules or can be separate from the triplex-
forming molecules. The donor oligonucleotides can contain at least one
nucleotide mutation, insertion or deletion relative to the target duplex DNA.

Double duplex-forming molecules, such as a pair of
pseudocomplementary oligonucleotides, can also induce recombination with
a donor oligonucleotide at a chromosomal site. Use of
pseudocomplementary oligonucleotides in targeted gene therapy is described
in U.S. Published Application No. 2011/0262406. Pseudocomplementary
oligonucleotides are complementary oligonucleotides that contain one or
more modifications such that they do not recognize or hybridize to each
other, for example due to steric hindrance, but each can recognize and
hybridize to complementary nucleic acid strands at the target site. In some
embodiments, pseudocomplementary oligonucleotides are
pseudocomplemenary peptide nucleic acids (pcPNAs).
Pseudocomplementary oligonucleotides can be more efficient and provide

increased flexibility over methods of induced recombination such as triple-
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helix oligonucleotides and bis-peptide nucleic acids which require a
polypurine sequence in the target double-stranded DNA.
2. Diagnostic Agents

Exemplary diagnostic materials include paramagnetic molecules,
fluorescent compounds, magnetic molecules, and radionuclides. Suitable
diagnostic agents include, but are not limited to, x-ray imaging agents and
contrast media. Radionuclides also can be used as imaging agents.
Examples of other suitable contrast agents include gases or gas emitting
compounds, which are radioopaque. Nanoparticles can further include
agents useful for determining the location of administered particles. Agents
useful for this purpose include fluorescent tags, radionuclides and contrast
agents.

For those embodiments where the one or more therapeutic,
prophylactic, and/or diagnostic agents are encapsulated within a polymeric
nanoparticle and/or associated with the surface of the nanoparticle, the
percent drug loading is from about 1% to about 80%, from about 1% to
about 50%, preferably from about 1% to about 40% by weight, more
preferably from about 1% to about 20% by weight, most preferably from
about 1% to about 10% by weight. The ranges above are inclusive of all
values from 1% to 80%. For those embodiments where the agent is
associated with the surface of the particle, the percent loading may be higher
since the amount of drug is not limited by the methods of encapsulation. In
some embodiments, the agent to be delivered may be encapsulated within a
nanoparticle and associated with the surface of the particle. Nutraceuticals
can also be incorporated. These may be vitamins, supplements such as
calcium or biotin, or natural ingredients such as plant extracts or
phytohormones.

E. Properties of the particles

1. Surface charge and particle size

In order to facilitate their diffusion through mucus, the nanoparticles
described herein typically possess a near neutral surface charge. In certain
embodiments, the nanoparticle possess a {-potential of between about 10 mV

and about -10 