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AMPHIPHILIC DENDRON-COILS, MICELLES THEREOF AND USES

[0001] This application claims the benefit of U.S. Provisional Patent Application No. 61/445,627
filed February 23, 2011. The provisional application is hereby incorporated by reference in its

entirety.

Field of the Invention

[0002] The invention generally relates to the fields of drug delivery and cell capture. In
particular, the invention relates to amphiphilic dendron-coils and their use for drug delivery and/or

cell capture.

Background

[0003] Drug delivery is a scientific and pharmaceutical field that encompasses the design,
synthesis, and use of products that deliver drugs to patients. Goals for such products can include,
targeting a drug to a particular location in the patient, protecting a drug against premature
degradation, diminishing adverse side effects of a drug, and sustained release of a drug. Polymeric
micelles are products that have been pursued as drug delivery vehicles. Polymeric micelles are
small, spherical particles (<200 nm in diameter) made up of polymer chains. The polymer chains of
polymeric micelles are block copolymers (i.e., typically linear polymers that are composed of
repeating blocks of two polymers that differ in hydrophilicity, charge or polarity). Some block
copolymers that are amphiphilic block copolymers self-assemble into micelles when placed in an

appropriate solvent.

[0004] Self-assembled polymeric micelles represent one of the most promising, versatile
platforms for drug delivery. Their nanostructural features, such as thermodynamic stability, size,
and shape of self-assemblies, can be widely manipulated depending on both amphiphilicity of
materials and fabrication techniques. Self-assembly is a process in which a stable ordered ensemble
of molecules is formed through the balancing of attractive and repulsive forces between
amphiphiles at a concentration above the critical micelle concentration (CMC). " One of the most
promising types of block copolymers capable of self-assembling is the dendron-coil (DC), ! A
DC is comprised of a flexible linear polymer dendronized at one end in which amphiphilicity can be
engineered through the appropriate choice of hydrophilic and hydrophobic blocks. The highly

branched, controlled molecular architecture of the dendron allows the unique properties of
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dendrimers such as monodispersity, precise control of peripheral functional groups, and

multivalency to be integrated."!

[0005] Many groups have reported amphiphilic DCs and other dendron- based copolymers
capable of self-assembling into a wide variety of morphologies.”” Particularly, amphiphilic DCs
containing a single hydrophobic peptide block and multiple hydrophilic blocks combined through
mediation by a dendron have been shown to preferentially self-assemble into spherical micelles

with sizes less than 100 nm.™

[0006] Over the past decade, significant advances have been made in the development of
polymeric micelles to treat and detect cancer effectively[s] and various design strategies have been
implemented to enhance cancer targeting.[6’7] The hydrophilic-lipophilic balance (HLB) between
polymer chains is a crucial factor used to describe the self-assembly behavior of polymers and is
strongly associated with the degree of micellar dissociation and blood circulation time augmenting
the enhanced permeability and retention (EPR) effect. In addition, by controlling the HLB it has
been shown that a variety of morphologies can be induced (e.g. vesicular, spherical, cylindrical
micelles) via self assembly as a result of the interplay between thermodynamic forces.™ A well-
defined density of targeting ligands on the surface and their adopted geometry are also important to
produce enhanced selective binding to cancer tissues as supported by recent studies on multivalent
cancer targeting.[g’lo] In this regard, a dendron, a segment of a dendrimer, is a unique material that
not only retains the properties of its parent dendrimer (symmetry and monodispersity) but through
distinctive chemical modifications of its focal point and periphery can be hybridized with other
materials to create amphiphilic structures that self-assemble and exhibit unique biological

11
I'CSpOl’lSCS[ ].

[0007] In Oerlemans et al. 2010"', the authors review research and clinical trials on polymeric
micelles in anticancer thereapy. In Table 1 on page 2571, the review article reports that five
micelle products for anticancer therapy had been investigated in clinical trials, one of which
(Genexol-PM) has been granted FDA approval to be used in patients with breast cancer. In Table
VII on page 2583, the review article lists various multifunctional micellar formulations, including a
EGF-receptor-targeted PEG-b-PCL micelles labeled with " and a micellar formulation consisting
of folate-conjugated PEG-b-PCL loaded with doxorubicin and SPIONS, that combine two or more

the functions of targeting ligands, imaging agents and triggered release. At the end of its
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"Conclusion and Future Perspectives" section on page 2583, the authors state that "the versatility of
micelle-based drug delivery and the large number of promising preclinical studies describing
numerous approaches to optimize these nanomedicines will bring the development of a magic bullet

a major step forward. Now it is time to bring this potential into clinical practice.”

[0008] Detecting and/or capturing cells is another field that is important for cancer medicine. For
example, although recent advances in diagnostic and therapeutic methods to treat primary tumors
have resulted in a decrease in mortality from cancer over the past two years, metastasis of cancer
still poses a great challenge as patients often relapse. Disseminated and Circulating tumor cells
(DTCs and CTCs respectively) are known to induce secondary tumor formation at distant sites from
primary tumors, known as metastasis. Research efforts on diagnosis and prognosis of metastatic
cancer have been concentrated on detection of DTCs in bone marrow (BM) and CTCs in blood.
Detection of DTCs requires aspiration of BM—a process that is invasive, time-consuming, and
often painful for the patients, precluding repeated samplings that are necessary for prognosis studies
along with therapeutic treatments. Consequently, effective detection of CTCs in peripheral blood of
cancer patients holds a promise as an alternative due to its minimal invasiveness and easy sampling
(i.e., blood drawing). However, the detection of CTCs has not yet been implemented for routine
clinical practice. Unlike DTCs in BM that are relatively easy to enrich using Ficoll-based assays or
the OncoQuick approach, or other immunomagnetic enrichment procedures, CTCs are extremely
rare (estimated to be in the range of one tumor cell in the background of 106-109 normal blood

cells), presenting a tremendous challenge for efficient, clinically significant detection of CTCs.

[0009] Thus, there exists in the art a need for products and methods to efficiently detect and/or

capture circulating tumor cells, and to deliver drugs to target cells.

Summary

[0010] The present invention provides amphiphilic dendron-coils, micelles thereof and their use
for drug delivery and/or cell-capture. Micelles according to the invention comprise amphiphilic
dendron-coils. In turn, each amphiphilic dendron-coil comprises a non-peptidyl, hydrophobic core-
forming block, a polyester dendron and a poly(ethylene) glycol (PEG) moiety. The non-peptidyl,
hydrophobic core-forming block is a linear hydrophobic polymer, for example, a polycaprolactone

(PCL), poly(lactic acid) (PLA), poly(glycolic acid) (PGA) or poly(lactic-co-glycolic acid) (PLGA).
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The polyester dendron is, for example, a generation 3 (G3) to generation 5 (GS5) polyester dendron
with either an acetylene or carboxylate core. The PEG moiety is, for example, a methoxy PEG
(mPEG) moiety, amine-terminated PEG (PEG-NH,) moiety, acetylated PEG (PEG-Ac) moiety,
carboxylated PEG (PEG-COOH) moiety, thiol-terminated PEG (PEG-SH) moiety, N-
hydroxysuccinimide-actived PEG (PEG-NHS) moiety, NH,-PEG-NH, moiety or NH,-PEG-COOH
moiety. The micelles comprising amphiphilic dendron-coils are also referred to as “multivalent
dendron conjugates” and “dendron-based nanomicelles (DNMs)” at various places in the Examples

herein. The invention also provides the amphiphilic dendron-coils.

[0011] The polyester dendron is covalently modified with the linear hydrophobic polymer to
help to facilitate chain entanglement and intramolecular interactions which aid in the self-assembly
of core-shell type micelles and enable hydrophobic drug molecules to be loaded within the
micelles. The PEG moieties form a hydrophilic corona with non-fouling properties and afford

increased circulation half-life when the micelles are administered in vivo.

[0012] Biologically important properties such as biodegradability, circulation half-life,
targetability, pharmacokinetics and drug release can be controlled by varying the three components
(also referred to as the three polymer blocks) of the amphiphilic dendron-coils. Moreover, the
copolymer structure is flexible and can be easily manipulated by varying the molecular weights of
each component to fine-tune the hydrophilic-lipophilic balances (HLBs). For example, various
embodiments of the invention employ PCL, polyester dendron, and PEG with molecular weights
ranging 0.5-20 kDa, G3-G5 (~0.9-3.5 kDa), and 0.2-5 kDa, respectively. The HLBs (20 My/(My +
M), where My is the mass of the hydrophilic block and My, is the mass of the lipophilic block)
therefore widely vary from 2.22 to 19.94.

[0013] The micelles also exploit the unique structural benefits of their dendron components.
Unlike linear polymers, a dendron offers multiple surface groups enabling multivalent interactions
with other molecules. Multivalent interactions are beneficial for targeting[lz] and capturing[m uses.
The multiple surface groups can be conjugated with virtually any biologically active molecule such
as targeting, imaging, and therapeutic agents/drugs. Amphiphilic dendon-coils of the invention with
different components can be mix-and-matched in the self-assembly process of micelles to, for

example, integrate targeting, imaging and/or drug delivery (including delivery of single, dual or

multiple drugs) functions in a single micelle preparation.
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[0014] When a dendron is co-polymerized with the hydrophobic linear polymer [such as
polycaprolactone (PCL), poly(lactic acid) (PLA), poly(glycolic acid) (PGA), and poly(lactic-co-
glycolic acid) (PLGA)] in generation of the amphiphilic dendron-coils of the invention, the cone-
shaped, amphiphilic dendron-coils in turn possess advantageous structural attributes because they
form self-assembled micelles, which are thermodynamically favorable and have highly packed PEG
surface layers for increased blood circulation time. The thermodynamic stability in forming
micelles, along with the unique architecture that is easily tunable, makes the amphiphilic dendron-
coils and their self-assembled micellar structures ideal for use as a drug delivery platform and in a

cell-capture system.

[0015] The present invention also provides compositions comprising a micelle comprising
amphiphilic dendron-coils, wherein each amphiphilic dendron-coil comprises a non-peptidyl,

hydrophobic core-forming block, a polyester dendron and a poly(ethylene) glycol (PEG) moiety.

[0016]  Also provided is methods of delivering a drug (or drugs) to a patient comprising
administering a composition comprising a micelle and a pharmaceutically acceptable carrier,
wherein the micelle comprises amphiphilic dendron-coils and encapsulates the drug, and wherein
each amphiphilic dendron-coil comprises a non-peptidyl, hydrophobic core-forming block, a

polyester dendron and a poly(ethylene) glycol (PEG) moiety.

[0017] The present invention also provides methods and devices for capturing a cell from a
sample. The methods comprising the steps of : exposing the sample to an immobilized amphiphilic
dendron-coil comprising a non-peptidyl, hydrophobic core-forming block, a polyester dendron and
a poly(ethylene) glycol (PEG) moiety with a ligand conjugated to the PEG, wherein the ligand
binds to the cell; and capturing the cell by binding of the ligand to the cell.

Brief Description of the Drawing

[0018] Figure 1 shows a general overview of exemplary folic acid-conjugated amphiphilic

dendron-coils and uses thereof.

[0019] Figure 2 shows various possible supramolecular structures of amphiphilic dendron-coils.
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[0020] Figure 3 shows the chemical structure of amphiphilic dendron-coils prepared through
click chemistry between poly(caprolactone) (PCL), dendron and methoxy poly(ethylene glycol)
(mPEG) and its self-assembled structure.

[0021] Figure 4 shows the azido-functionalization of PCL3.5K (Panel A) and PCL14K (Panel B).

[0022] Figure 5 shows the synthesis of PCL-G3 via click chemistry and mPEG conjugation to
PCL-G3.

[0023] Figure 6 shows 'H-NMR spectra of PCL3.5K-G3 (Panel A) and PCL14K-G3 (Panel B)
prepared by click reaction. In the 'H-NMR spectrum of PCL3.5K-G3, the characteristic peaks of
the polyester dendron were observed at 4.40-4.18, 3.82-3.60, and 1.06. The three peaks
corresponding to the triazole formation appeared at 7.73, 5.26 and the third overlapped with the G3

3b, 13

dendron. In the case of PCL14K-G3, the peaks corresponding to the triazole ring appeared at

7.80,5.27, and 4.49.

[0024] Figure 7 shows FT-IR spectra of PCL3.5K-N3; and PCL3.5K-G3 (Panel A), PCL14K-Ns
and PCL14K-G3 (Panel B). The disappearance of the azide peak at 2095 cm™ in the FT-IR spectra

supports that the click reaction was successful.

[0025] Figure 8 shows 'H-NMR spectra of PCL3.5K-G3-mPEG2K (A) and PCL3.5K-G3-
mPEGS5K (B). The major peak representing the ethylene glycol repeating unit for mPEG appeared
at 3.62 along with the singlet corresponding to methoxy groups at 3.36. Setting the peak integration
values of PCL as a control, the conjugated mPEG integration value was close to the theoretical
number of protons needed to indicate multiple mPEG molecules were successfully introduced to the
periphery of the PCL3.5K-G3. In addition, the conjugation of mPEG5K-NH, was attributed to
higher intensity corresponding to the number of attached mPEG molecules, compared to linear

PCL-mPEG.

[0026] Figure 9 shows GPC traces of PCL3.5K, PCL3.5K-G3, PCL3.5K-G3-mPEG2K, and
PCL3.5K-G3-mPEGSK. The GPC traces represent the great shift to shorter elution time as the

molecular weights of the samples increase.

[0027] Figure 10 shows a graph of the relationship between In CMC and HLB for DC (circles)

and linear-block copolymers (squares).
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[0028] Figure 11 shows transmission elecron micrograph images of self-assembled structures.
(Panel A) PCL3.5K-G3-mPEG2K, (Panel B) PCL3.5K-G3-mPEGS5K, (Panel C) PCL14K-G3-
mPEG2K, (Panel D) PCL14K-G3-mPEGSK, (Panel E) PCL3.5K-mPEG2K, (Panel F) PCL3.5K-
mPEGSK, and (Panel G) PCL14K-mPEGSK. All samples were prepared at 0.2 mg/mL and stained
with 2% Phosphotungstic Acid (pH 7). Scale bar = 100 nm.

[0029] Figure 12 shows MD simulation results for single (Panel a) PCL3.5K-mPEG2K, (Panel b)
PC3.5K-mPEG16K and (Panel ¢) PCL3.5K-G3-mPEG2K monomers in water. (Panel d) PCL3.5K-
mPEG2K micelle (number of monomers = 128) and (Panel ) PCL3.5K-G3-mPEG2K micelle
(number of monomers = 14). PEG is shown in grey; PCL in white/black. Water is not shown for

clarity. Scale bar =5 nm.

[0030] Figure 13 shows release profiles of IMC from various micelles for 6 days. Inset: release

profiles of various micelles over the first 24 h.

[0031] Figure 14 shows MTS assay results for cell viability of KB cells after 24 h incubation
with various block copolymers. All data were expressed as the mean of triplicate cultures. All the

polymers do not exhibit significant toxicity in the range of concentrations as high as 100 puM.

[0032] Figure 15 shows 'H-NMR spectra of PCL3.5K (Panel A) and PCL14K derivatives (Panel
B). The peaks corresponding to two protons adjacent to a hydroxyl group of PCL (“¢” for PCL3.5K
and “a” for PCL14K) completely disappeared after the reactions. The peak shifts of PCL14K

between 3.7 and 3.2 were clearly observed according to each reaction step.

[0033] Figure 16 shows plots of fluorescence intensity ratios against log concentrations of
copolymers. The transition points indicate the CMC results of various PCL-G3-mPEG and PCL-
mPEG copolymers.

[0034] Figure 17 shows equilibrated conformations of individual (Panel A) PCL3.5K-mPEG2K,
(Panel B) PCL3.5K-mPEG16K, (Panel C) PCL3.5K-G3-mPEG2K, and (Panel D) PCL14K-G3-
mPEG2K molecules in water (PCL shown in white/black; G3-dendron: hidden in middle in Panel C
and D; PEG shown in grey). These structures represent the in-solution morphology of each
individual copolymer when they are not packed into micelles. Water is not shown for clarity. Panel
E shows equilibrated conformations of the individual PCL3.5K-G3-mPEG2K copolymers in the
PCL3.5K-G3-mPEG2K micelle with 14 copolymers taken from Figure 11 (Panel A).
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[0035] Figure 18 shows measurements of hydrodynamic diameter using dynamic light scattering
(DLS): PCL3.5K-G3-mPEG2K (18.6 = 3.5 nm); PCL3.5K-G3-mPEGS5K (18.3 £ 3.7 nm); PCL14K-
G3-mPEG2K (30.3 +4.9 nm); PCL14K-G3-mPEG5K (49.8 + 8.3 nm); PCL3.5K-mPEG2K (29.4 +
3.2 nm); PCL3.5K-mPEG5K (44.4 + 9.4 nm); PCL14K-mPEGS5K (94.6 £ 16.3 nm).

[0036] Figure 19 shows in Panel A, UV/Vis spectra of alpha-mangostin-loaded dendron micelles
and free apha-mangostin, and in Panel B, standard curve based on the UV spectra of free alpha-
mangostin. The loading amounts of alpha-mangostin in micelles were calculated based on the

standard.

[0037] Figure 20 shows the size distribution of the alpha-mangostin-loaded dendron micelles

measured by Dynamic light scattering (DLS).

[0038] Figure 21 shows changes in size of the alpha-mangostin-loaded dendron micelles

measured by DLS.

[0039] Figure 22 shows an example of a synthetic route to prepare FA-conjugated amphiphilic

dendron.

Detailed Description

[0040] In afirst aspect, the invention provides micelles comprising amphiphilic dendron-coils
and provides the amphiphilic dendron-coils. The amphiphilic dendron-coils each comprise three
components: a non-peptidyl, hydrophobic core-forming block, a polyester dendron and a
poly(ethylene) glycol (PEG) moiety. The hydrophobic core-forming block of the micelles is non-
peptidyl, that is, the hydrophobic core-forming block is not a peptide. In some embodiments of the
invention, a micelle comprises a single type of amphilphilic dendron-coil (i.e., the amphiphilic
dendron-coils in the micelle all have the same three components.) In some embodiments of the
invention, a micelle comprises more than one type of amphiphilic dendron-coil (i.e., the amphiphilic

dendon-coils in the micelle vary in their three components.)

[0041] In some embodiments, the non-peptidyl, hydrophobic core-forming block of the
amphiphilic dendron-coil comprises polycaprolactone (PCL), poly(lactic acid) (PLA), poly(glycolic
acid) (PGA) or poly(lactic-co-glycolic acid) (PLGA). In some embodiments, the non-peptidyl,

hydrophobic core-forming block is PCL. In some embodiments, the PCL is poly(e-caprolactone).
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In some embodiments, the non-peptidyl, hydrophobic core-forming block is PLA. In some
embodiments, the non-peptidyl, hydrophobic core-forming block is PGA. In some embodiments,
the non-peptidyl, hydrophobic core-forming block is PLGA. The non-peptidyl, hydrophobic core-
forming block has a molecular weight including, but not limited to, a molecular weight from about
0.5 kDa to about 20 kDa. In some embodiments, the non-peptidyl, hydrophobic dore-forming block
is poly(e-caprolactone) with a molecular weight of about 3.5 kDa. In some embodiments, the non-
peptidyl, hydrophobic dore-forming block is poly(g-caprolactone) has a molecular weight of 14

kDa. In some embodiments, the amphiphilic dendron-coils those disclosed in Example 2.

[0042] In some embodiments, the polyester dendron of the amphiphilic dendron-coil includes,
but is not limited to, a generation 3 to generation 5 [that is, a generation 3 (G3), a generation 4 (G4)
or a generation 5 (G5)] polyester dendron with either an acetylene or carboxylate core. In some
embodiments, the polyester dendron is a G3 dendron. In some embodiments, the polyester dendron
is a G5 dendron. In some embodiments, the polyester dendron has an acetylene core. In some
embodiments, the polyester dendron is generation 3 polyester-8-hydroxyl-1-acetylene bis-MPA
dendron. In some embodiments, the polyester dendron has a carboxylate core. Methods of
preparing and characterizing dendrons are well known in the art, and various polyester dendrons

useful in the invention may be purchased from commercial entitites.

[0043] In some embodiments, the PEG moiety of the amphiphilic dendron-coil is a methoxy
PEG (mPEG) moiety, amine-terminated PEG (PEG-NH,) moiety, acetylated PEG (PEG-Ac)
moiety, carboxylated PEG (PEG-COOH) moiety, thiol-terminated PEG (PEG-SH) moiety, N-
hydroxysuccinimide-actived PEG (PEG-NHS) moiety, NH,-PEG-NH, moiety or NH,-PEG-COOH
moiety. In some embodiments, the PEG moiety has a molecular weight including, but not limited
to, a molecular weight from about 0.2 kDa to about 5 kDa. In some embodiments, the PEG moiety
is a mPEG moiety. In some embodiments, the PEG moiety is an mPEG moiety with a molecular
weight of about 2 kDa. In some embodiments, the PEG moiety is an mPEG moiety with a

molecular weight of about 5 kDa.

[0044] In some embodiments, the micelles of the invention encapsulate or, in other words, are
loaded with one or more drugs. Drugs contemplated by the invention are discussed in more detail
below. In some embodiments, the drug is a cancer drug (i.e., a drug used to treat cancer). In some

embodiments, the drug is an anti-inflammatory drug including, but not limited to, indomethacin. In
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some embodiments, the drug is oi-mangostin. The drug o--mangostin has been reported to have

antioxidant, anti-bacterial, anti-cancer/anti-tumor and anti-allergy properties.

[0045] A "drug" is a compound that, upon administration to a patient (including, but not limited
to, a human or other animal) in a therapeutically effective amount, provides a therapeutic benefit to
the patient. Those skilled in the art will appreciate that the term "drug" is not limited to drugs that

have received regulatory approval.

[0046] Drugs contemplated by the invention include, but are not limited to, small organic
molecules, RNA, DNA, proteins, chemicals or peptides to block transcription, translation,
intracellular signaling cascades, enzymes (kinases) , proteosome activity, lipid metabolism, cell
cycle, and membrane trafficking. Drugs include agents that target proinflammatory mediators such
as cytokine and chemokine genes, enzymes involved in generation of inflammatory mediators,
receptors for cytokines, chemokines, lipid mediators, apoptosis, cytoplasmic signaling molecules
involved in inflammatory cascades, e.g., NF-kB, STAT, Talin, Rap-1; tissue injury such as
apoptosis, e.g., caspase, bcl-2; molecules important for cell activation and proliferation, e.g.,
cyclins, kinesin Eg5 ; molecules important for cell movement/migration/ invasion, e.g., small G-
proteins, cytoskeletal proteins; and oncogenes. Specific targeting of CD4 with a drug may also be
used for blocking HIV infection. Moreover, specific targeting of Ku70 may be used for killing or
suppressing cancer cells and specific targeting of Cyclin-DI may be used for blocking proliferation.
Other exemplary drugs contemplated for blocking proliferation include chemotherapy agents set out

below.

[0047] In addition, drugs for treating diseases such as viral diseases are also contemplated by the
present invention. One example of such a drug is an siRNA which serves as a virocide. This is
useful for treatment and/or prevention of HSV, HPB and HIV. Such therapeutic agents are
described in PCT/US2006/021758 and PCT/US2003/034424, each of which are incorporated by
reference in their entirety. Antiviral therapeutics also include viral entry inhibitors, viral assembly
inhibitors, viral DNA and RNA polymerase inhibitors, viral reverse transcriptase inhibitors, viral

protease inhibitors, viral integrase inhibitors, and inhibitors of viral shedding.

[0048] In some embodiments, the drug is a chemotherapy agent. Such agents include, e.g., anti-
cancer drugs such as paclitaxel, methotrexate, doxorubicin, cisplatin, carboplatin; estrogen receptor

(ER) antagonists such as, tamoxifen and its metabolites (e.g., 4-hydroxytamoxifen and endoxifen),

10
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and fulvestrant; and anti-angiogenesis agents such as canstatin, proliferin-related proteins, restin,
maspin, osteopontin, Secreted Protein Acidic and Rich in Cysteine (SPARC) protein, Vascular
Endothelial cell Growth Inhibitor (VEGI), prolactin, prothrombin, Interferon (IFN) -alpha, IFN-
beta, IFN-gamma, C-X-C motif chemokine 10 (CXCL10) , Interleukin (IL)-4, IL-12, etalloprotease
and Thrombospondin domains protein (METH)-1 and METH-2, Tissue Inhibitors of etalloproteinase
(TIMP) , cell division autoantigen 1 (CDAT1) , platelet factor-4, vasostatin, calreticulin, endostatin,
angiostatin, thrombospondin (TSP) -1 and TSP-2, Angiopoietin 2, Vascular Endothelial Growth
Factor Receptor (VEGFR)-1, and Novel SH2 -containing Protein 1 (NSP-1) . Other
chemotherapeutic agents include, but are not limited to, a Transforming Growth Factor Beta (TOI'B)
inhibitor, a gamma-type Peroxisome Proliferator-Activated Receptor (PPARYy) ligand, an
angiotensin activity inhibitor, a Platelet-Derived Growth Factor (PDGF) inhibitor, a sodium channel

inhibitor, and an apoptosis inducer.

[0049] The amount of drug present in the micelle can vary over a wide range. The drug can be
about 25% to about 75% (weight/weight ) of the total mass of the micelle (wherein the mass of the
drug is included in the total mass of the micelle). In some embodiments, the drug can be about 30%
to about 60% w/w of the total mass of the micelle (same basis) . In some embodiments, the drug can

be about 40% to about 70% w/w of the total mass of the micelle (same basis) .

[0050] In some embodiments, the micelles of the invention comprise one or more ligands
conjugated to one or more PEG moieties. Ligands contemplated by the invention are discussed in

more detail below. In some embodiments, the ligand is folic acid.

[0051] The term "ligand" refers to a compound that exhibits selectivity for a particular target
organ, tissue or cell. A ligand is capable of binding to the particular target organ, tissue, or cell. As
with the drug that may be loaded in a micelle, various ligands may be used in the micelles,
compositions and methods herein. In some embodiments, the ligand binds a cancer cell. One
example of a ligand is the vitamin folic acid (FA), which binds folate receptors that are
overexpressed in ~90% of human ovarian carcinomas. Luteinizing hormone-releasing hormone
(LHRH) is another suitable ligand. LHRH is relatively small molecule (MW 1,182 Da), with the
receptors overexpressed by breast, ovarian, and prostate cancer cells. As another example, the
ligand is a retinoid such as retinol, retinal, retinoic acid, rexinoid, or derivatives or analogs thereof.

Further examples of ligands include, but are not limited to, transferrin, RGD peptide, Herceptin,
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prostate-specific membrane antigen (PSMA)-targeting aptamers, follicle stimulating hormone
(FSH), epidermal growth factor (EGF) and the like. Other ligants include various antibodies such as
anti-CD19, anti-CD20, anti-CD24, anti-CD33, anti-CD44, Lewis-Y antibody, sialyl Lewis X
antibody, LFA-1 antibody, rituximab, bevacizumab, anti-VEGF mAb, and their fragments, dimers,
and other modified forms. In other embodiments, the ligand targets an immune cell. For targeting
immune cells, the ligand can be a ligand of e.g., a T cell surface receptor. Lectins can be used as
ligands to target mucin and the mucosal cell layer. Lectins of use in the invention include those
isolated from Abrus precatroius, Agaricus bisporus, Glycine max, Lysopersicon esculentum,
Mycoplasma gallisepticum, and Naja mocambique, as well as lectins such as Concanavalin A and

Succinyl -Concanavalin A.

[0052] In some embodiments, the ligand increases the selective delivery of the micelle to a
particular target organ, tissue or cell. Target organs may include, for example, the liver, pancreas,
kidney, lung, esophagus, larynx, bone marrow, and brain. In some embodiments, the increase in
selective delivery may be at least about two-fold as compared to that of an otherwise comparable
composition lacking the targeting agent. In some embodiments, the delivery of the micelle
containing a ligand to the target organ, tissue or cell is increased by at least 10% compared to that of
an otherwise comparable composition lacking the ligand. In some embodiments, the delivery of the
micelle to the target organ, tissue or cell is increased by at least 25% or more as compared to that of

an otherwise comparable composition lacking the ligand.

[0053] The amount of ligand present in a micelle can vary over a wide range. In some
embodiments, the ligand can be about 1% to about 50% (weight/weight) of the total mass of the
micelle (wherein the mass of the ligand is included in the total mass of the nanocore) . In other
embodiments, the ligand may be about 10% to about 30% w/w of the total mass of the micelle
(same basis) . In still other embodiments, the ligand may be about 20% to about 40% w/w of the

total mass of the micelle (same basis).

[0054] In some embodiments, the ligands may be conjugated to the micelle through a covalent
bond to PEG. A variety of mechanisms known to those skilled in the art can be used to form the
covalent bond between the ligands and PEG, e.g., a condensation reaction. Additional methods for
directly bonding one or more ligands to PEG are known to those skilled in the art, and may be

identified by routine experimentation informed by the guidance provided herein. As is known to the
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skilled artisan, chemistries include, but are not limited to, thioether, thioester, malimide and thiol,
amine-carboxyl, amine-amine, and others listed in organic chemistry manuals, such as, Elements of
Organic Chemistry, Isaak and Henry Zimmerman Macmillan Publishing Co., Inc., New York, NY.
Ligands can also be attached to PEG using a crosslinking reagent [e.g., glutaraldehyde (GAD),
bifunctional oxirane (OXR) , ethylene glycol diglycidyl ether (EGDE) , N-hydroxysuccinimide
(NHS) , and a water soluble carbodiimide, such as 1-ethyl-3- (3 -dimethylaminopropyl )
carbodiimide (EDC)]. The compositions herein can further have at least one hydrolysable linker

between the therapeutic agent and scaffold and/or targeting agent and scaffold.

[0055] Targeting efficacy of the micelles is enhanced by harnessing both mechanisms of passive

and active targeting that complement each other.

[0056] In some embodiments, the outer surface of the micelle is modified. One example of such a
modification is modification of the outer surface of the micelle with a long-circulating agent, e.g.,
glycosaminoglycans. Examples of suitable glycosaminoglycans for use include, e.g., hyaluronic
acid. The micelles may also, or alternatively, be modified with a cryoprotectant, e.g., a sugar, such
as trehalose, sucrose, mannose, glucose or HA. The term "cryoprotectant” refers to an agent that
protects a lipid particle subjected to dehydration-rehydration, freeze-thawing, or lyophilization-

rehydration from vesicle fusion and/or leakage of vesicle contents.

[0057] In some embodiments, micelles of the invention include one or more imaging agents. In
this respect, the micelles can deliver single or dual imaging agents. Many imaging agents are known
in the art (see, e.g., US Patent Nos . 5,021,236 and 4,472,509, both incorporated herein by
reference) . Non-limiting examples of paramagnetic ions of potential use as imaging agents include
chromium (IIT) , manganese (II) , iron (III) , iron (II) , cobalt (II) , nickel (II) , copper (1),
neodymium (III), samarium (III), ytterbium (III), gadolinium (III), vanadium (II), terbium (II1),
dysprosium (III), holmium (III) and erbium (III) , with gadolinium being particularly preferred. Ions
useful in other contexts, such as X-ray imaging, include but are not limited to lanthanum (III) , gold
(III) , lead (II) , and especially bismuth (III). Radioisotopes of potential use as imaging or
therapeutic agents include astatinem, carbon14, chromiumSI, chlorine® 6, cobalt57, cobaltss, coppersz,

64 67 .18 .67 .68 3. g 123 . 1 124 . 1. 25
copper , copper ', fluorine °, gallium™’, gallium™, hydrogen”, iodine ™, iodine ~", iodine ~,

11 52 188
2

e e 131 . .11 . .5 . 177 32 33 . 186 .
iodine ~°, indium ", iron ", iron 9, lutetium "', phosphorus™, phosphorus™, rhenium *, rhenium
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. 75 <125 . . . .. 111 - . .
and selenium’™. I~ is used in some embodiments, and indium " is also used in some embodiments

due to its low energy and suitability for long-range detection .

[0058] In some embodiments, the imaging agent is a secondary binding ligand or an enzyme (an
enzyme tag) that will generate a colored product upon contact with a chromogenic substrate.
Examples of suitable enzymes include urease, alkaline phosphatase, (horseradish) hydrogen
peroxidase and glucose oxidase. Preferred secondary binding ligands are biotin and avidin or
streptavidin compounds. The use of such labels is well known to those of skill in the art and is
described, for example, in US Patent Nos . 3,817,837; 3,850,752; 3,939,350; 3,996,345; 4,277,437,
4,275,149 and 4,366,241; each incorporated herein by reference in their entirety. These fluorescent
labels are preferred for in vitro uses, but may also be of utility in in vivo applications, particularly

endoscopic or intravascular detection and/or diagnostic procedures.

[0059] In some embodiments, the imaging agent is a fluorescent marker. Non-limiting examples
of photodetectable labels include ALEXA 350, ALEXA 430, AMCA, aminoacridine, BODIPY
630/650, BODIPY 650/665, BODIPY-FL, BODIPY-R6G, BODIPY-TMR, BODIPY-TR, 5 -
carboxy—41 , 5! -dichloro-2* , 7! -dimethoxy fluorescein, 5-carboxy-2"',4",5",7"-
tetrachlorofluorescein, 5-carboxyfluorescein, 5 -carboxyrhodamine , 6 -carboxyrhodamine , 6-
carboxytetramethyl amino, Cascade Blue, Cy2 , Cy3 , Cy5,6-FA , dansyl chloride, Fluorescein,
HEX, 6 -JOE, NBD (7-nitrobenz-2 -oxa-1, 3 -diazole) , Oregon Green 488, Oregon Green 500,
Oregon Green 514, Pacific Blue, phthalic acid, terephthalic acid, isophthalic acid, cresyl fast violet,
cresyl blue violet, brilliant cresyl blue, para-aminobenzoic acid, erythrosine, phthalocyanines ,
azomethines, cyanines, xanthines, succinylfluoresceins , rare earth metal cryptates, europium
trisbipyridine diamine, a europium cryptate or chelate, diamine, dicyanins, La Jolla blue dye,
allopycocyanin, allococyanin B, phycocyanin C, phycocyanin R, thiamine, phycoerythrocyanin,
phycoerythrin R, REG, Rhodamine Green, rhodamine isothiocyanate , Rhodamine Red, ROX,
TAMRA, TET, TRIT (tetramethyl rhodamine isothiol), Tetramethylrhodamine, Edans and TEXAS
RED. These and other luminescent labels may be obtained from commercial sources such as

Molecular Probes (Eugene, OR) , and EMD Biosciences (San Diego, CA) .

[0060] Chemiluminescent agents of use may include luminol, isoluminol, an aromatic acridinium

ester, an imidazole, an acridinium salt and an oxalate ester, or a bioluminescent compound such as
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luciferin, luciferase and aequorin. Diagnostic conjugates may be used, for example, in

intraoperative, endoscopic, or intravascular tumor or disease diagnosis.

[0061] It is contemplated that, as with the other modifications disclosed herein, imaging agents
can be attached to the amphiphilic dendron-coils and micelles by known methods and functional

groups.
[0062] In asecond aspect, the invention provides compositions of the micelles of the invention.

[0063] Compositions of micelles of the inventions for use in drug delivery comprise a
pharmaceutically acceptable carrier (used interchangeably with the term pharmaceutically
acceptable excipient). Such carriers include, but are not limited to, saline, buffered saline, dextrose,
water, glycerol, ethanol , and combinations thereof. The formulation should suit the mode of
administration and therefore, the formulation can be prepared with or without an agent or device for
sustained release, for delivery locally or systemically. An "effective amount" as the term is used
herein is an amount of a drug or combination of drugs sufficient to achieve a recognized medical
endpoint, e.g., a decrease in tumor size or proliferation or a decrease in the symptoms of a viral
infection. The effective amount can be determined empirically by a skilled artisan according to

established methods of measurement of relevant parameters.

[0064] The compositions herein can further include wetting or emulsifying agents, or pH
buffering agents. The composition can be a liquid solution, suspension, emulsion, tablet, pill,
capsule, sustained release formulation, or powder. The compositions can be formulated as a
suppository, with traditional binders and carriers such as triglycerides. Oral formulations can
include standard carriers such as pharmaceutical grades of mannitol , lactose, starch, magnesium

stearate, sodium saccharine, cellulose, magnesium carbonate, etc.

[0065] In some embodiments, a composition herein is formulated in accordance with routine
procedures as a pharmaceutical composition adapted for subcutaneous administration to human
beings. Typically, compositions for subcutaneous administration are solutions in sterile isotonic
aqueous buffer. Where necessary, the composition may also include a solubilizing agent and a local
anesthetic to ameliorate pain at the site of the injection. Generally, the ingredients are provided
either separately or mixed together in unit dosage form, for example, as a dry, lyophilized powder
or water-free concentrate in a hermetically sealed container such as an ampoule or sachet, for

example, indicating the quantity of active agent. Where the composition is to be administered by
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infusion, it can be dispensed with an infusion bottle containing sterile pharmaceutical grade water,
buffer, or saline. Where the composition is administered by injection, an ampoule of sterile water or
saline for injection can be provided so that the ingredients may be mixed prior to administration.
The compositions herein can in various components thereof be formulated as suppositories, which
contain active ingredient in the range of about 0.5% to about 10% by weight; oral formulations
preferably contain about 10% to about 95% active ingredient by weight. A daily dose is
administered as a single dose, or is divided into a plurality of smaller fractional doses, to be

administered several times during the day.

[0066] In a third aspect, the invention provides methods of delivering a drug to a patient
comprising administering a composition comprising a micelle of the invention and a

pharmaceutically acceptable carrier.

[0067] As used herein, a dosing schedule refers to a protocol for administering any of the
compositions as described herein, in an effective dose, administered simultaneously or within a
particular interval of each other, for example, within one day of each other, or as a combined
preparation, or separately, and includes the amount of the composition delivered per unit time such

as per day, and the duration or period of time over which each composition is administered.

[0068] Aggressive tumors inherently develop leaky vasculature with 100 to 800 nm pores due to
rapid formation of vessels that must serve the fast-growing tumor. This defect in vasculature
coupled with poor lymphatic drainage serves to enhance the permeation and retention of drug
delivery particles within the tumor region. This is often called the EPR effect. This phenomenon
provides for "passive targeting." The basis for increased tumor specificity is the differential
accumulation of drug-loaded particles in tumor tissue versus normal cells, which results from
particle size rather than binding. Normal tissues contain capillaries with tight junctions that are less
permeable to nanosized particles. Passive targeting can therefore result in increases in drug

concentrations in solid tumors of several -fold relative to those obtained with free drugs .

[0069] Passive delivery may also be directed to lymphoid organs of the mammalian immune
system, such as lymphatic vessels and spleen. These organs are finely structured and specialized in
eliminating invaders that have gained entry to tissue fluids. Nanosized particles may easily
penetrate into lymphatic vessels taking advantage of the thin walls and fenestrated architecture of

lymphatic microvessels . Passive targeting to the spleen is via a process of filtration. Indeed the

16



WO 2012/116073 PCT/US2012/026133

spleen filters the blood of foreign particles larger than 200 nm. This function facilitates splenic
targeting with nanosized particles encapsulating drug for effective treatments against several

hematological diseases.

[0070] Given that the micelles of the invention have a controlled size range, which takes
advantage of passive targeting, and also provides active targeting to reduce side effects and
cytotoxicity of the polymeric scaffold, the present invention also provides methods for preventing
or treating a disease or condition such as cancer (e.g., gastric, lung, breast, ovarian, liver,
bronchogenic, nasopharyngeal, laryngeal, pancreatic, bladder, colon, and cervical cancers) , viral
infection or other diseases that induce leaky vasculature, e.g., inflammatory diseases, macular
degeneration and diabetes. The method involves the step of administering to a subject in need
thereof a composition as described herein in an amount sufficient to decrease one or more signs or
symptoms of the disease or condition. Such symptoms can include, but are not limited to a decrease
in cancer cell proliferation, a decrease in tumor size, a decrease in the number of infective viral
units in the subject, or a decrease in vascular leakage as determined by routine methods.
Administering the composition described herein reduces signs or symptoms of the disease or
condition in a subject, compared to the signs or symptoms in subject prior to administering the

composition, or compared to a subject not receiving such treatment.

[0071] Given the instant design, the non-specific interaction of the micelle composition during
circulation will be avoided until the biodegradable micelles accumulate (due to the EPR effect) at

the tumor sites or sites of vascular leakage.

[0072] The amount of the micelle of the invention which will be effective in the treatment of a
particular disease or condition will depend on the nature of the disease or condition, and can be
determined by standard clinical techniques. The precise dose to be employed in the formulation will
also depend on the route of administration, and the seriousness of the disease or condition, and
should be decided according to the judgment of the practitioner and each patient's circumstances.
Effective doses may be extrapolated from dose-response curves derived from in vitro or animals or
animal model test systems, by one of ordinary skill in the art of pharmacology. Dosages of the
compositions to be administered to a subject are adjusted for known variations from species to
species using standard data encompassing criteria for absorption, distribution, half-life kinetics in

circulation, metabolism, excretion, and toxicology of the compositions of the embodiments herein.
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Suitable dosage ranges for administration are generally about 0.01 micrograms to about 10,000
micrograms of each active compound per kilogram body weight per day, for example, about 0.01
micrograms to about 1 microgram/kg , about 0.1 micrograms/kg to about 10 micrograms/kg, about
I microgram/kg to about 500 micrograms/kg, or about 10 micrograms/kg to about 10 mg/kg of
body weight per day. Suitable dosage ranges for administration are thus generally about 0.01

micrograms/kg body weight/day to about 10 mg/kg body weight/day.

[0073] The invention provides a pharmaceutical pack or kit comprising one or more containers
filled with one or more of the ingredients of the compositions of the invention. In such a pack, or
kit, can be found a container holding a micelle composition of the invention. Associated with such
container (s) can be various written materials such as instructions for use, or a notice in the form
prescribed by a governmental agency regulating the manufacture, use or sale of pharmaceuticals or
biological products, which notice reflects approval by the agency of manufacture, use or sale for

human administration.

[0074] In afourth aspect, the invention provides methods of capturing a cell from a sample by:
exposing the sample to an immobilized amphiphilic dendron-coil of the invention which comprises
a non-peptidyl, hydrophobic core-forming block, a polyester dendron and a poly(ethylene) glycol
(PEG) moiety with a ligand conjugated to the PEG, wherein the ligand binds to the cell; and
capturing the cell by binding of the ligand to the cell. Ligands contemplated by the invention are
discussed above. In some embodiments, the ligand is folic acid. In some embodiments, the cell is a

circulating tumor cell (CTC).

[0075] The invention also provides a devices for capturing cells from a sample. The devices
comprise immobilized amphiphilic dendron-coils of the invention which comprise a non-peptidyl,
hydrophobic core-forming block, a polyester dendron and a poly(ethylene) glycol (PEG) moiety
with a ligand conjugated to the PEG, wherein the ligand binds to the cells; and the devices capture
the cells by binding of the ligand to the cell. Again, ligands contemplated by the invention are
discussed above. In some embodiments, the ligand is folic acid. In some embodiments, the cell is a

circulating tumor cell (CTC).

[0076] In some embodiments, the device includes a channel that includes a cell capture surface
and a flow modification surface. The cell capture surface includes an amphiphilic dendron-coil of

the invention with a ligand conjugated thereto. The flow modification surface includes one or more
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structures arranged to induce a rotational flow in the a sample flowing through the channel. Using
the device in a method for capturing cells (including, but not limited to, CTCs) from a sample, the
method includes includes introducing the sample into the device under conditions that allow a cell
to bind to the ligand. The flow modification surface induces a rotational flow in the sample
allowing enhanced contact of the cells with the cell capture surface and, thus more efficient cell
capture. Use of amphiphilic dendron-coils of the invention as capturing agents in the devices and
methods decribed in WO 2010/124227 (published October 28, 2010 and incorporated by reference

herein in its entirety) are specifically contemplated.

Examples

[0077] Various aspects and advantages of the invention are illustrated in the non-limiting
examples below, wherein Example 1 describes exemplary uses of materials and methods of the
invention, Example 2 describes the preparation of exemplary amphiphilic dendron-coils (DCs) and
encapsulation of the drug indomethacin in exemplary micelles of the invention, Example 3
describes the encapsulation of the drug a-mangostin in exemplary micelles of the invention,
Example 4 describes exemplary folic acid-conjugated micelles of the invention and Example 5

describes supramolecular structures of exemplary micelles of the invention.

Example 1

[0078] In response to the need for development of effective cancer treatments, the present
invention provides two approaches: 1) cancer cell specific targeting using nanocarriers for enhanced
therapeutic indices with reduced toxicity concerns and 2) selective detection and isolation of
circulating tumor cells (CTCs) for diagnosis and prognosis of cancer metastasis. Both necessitate a
strong, selective binding to biological targets (cell surface markers for targeting or whole cells for
capturing), which may be achieved by utilizing multivalent binding. Multivalent binding properties
can be engineered and fabricated using nanotechnology that allows a single versatile material to be
used for multiple biomedical purposes. The present invention contemplates a nano-scale material
that is useful for targeting (when formulated as a drug delivery nanocarrier) as well as capturing

(when surface immobilized) cancer cells.
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[0079] Multivalent binding is the simultaneous binding event of multiple ligands to multiple
receptors in biological systems, which is central to a number of pathological processes, including
the attachment of viral, parasitic, mycoplasmal, and bacterial pathogens. These activities can
promote targeting of specific cell types. Studies with biological multivalent inhibitors have yielded
quantitative measurements of binding avidities, with increases on the order of 1 to 9 orders of
magnitude“S'm. Polyamidoamine (PAMAIA) dendrimers have been reported to be an excellent
mediator for facilitated multivalent effect because pre-organization/orientation of ligand, polymer
backbone topology, and easy deformability of the material all contribute for strong multivalent
binding to cell surfaces'' ¥, However, PAMAM dendrimers have several drawbacks such as: 1)
limited drug payloads - therapeutics can be stably carried only if chemically conjugated, and thus
the number of drugs per molecule is limited by the number of the available surface functional
groups and steric hindrance and 2) toxicity concerns due to non-biodegradability and

intramolecular charges by tertiary amines.

[0080] The present invention instead utilizes a dendron as a platform material. A dendron is
monodisperse wedge-shaped dendrimer section with multiple terminal groups and a single reactive
function at the focal point. In some embodiments, the invention contemplates the use of polyester-
16-hydroxyl-1-alkyne dendron as it has outstanding potential to facilitate the multivalent binding as
well as to be utilized for multiple biological applications[ls]. This dendron shares the advantages of
a dendrimer such as: 1) chemically well-defined structure; 2) precise control over size and number
of terminal functional groups; and 3) easy contol over possible chemistries such as introduction of
pH-, thermo-, or enzyme-sensitive linkages to control the drug release kinetics. In addition to those
advantages, this dendron uniquely provides an option of orthogonal reactions utilizing the distinct
focal point and surface groups. The peripheral groups of the dendron (see Figure 1 for chemical
structure) provide multiple, well-defined reactive sites for conjugation with targeting molecules.
Flexibility (conformability) of the dendron branches that are pre-organized in a relatively small
area facilitates localized multivalent effect, which is expected to substantially enhance
targeting/capturing efficiency of the functionalized dendron. Furthermore, amphiphilicity of
dendron will be engineered by introducing a hydrophobic or hydrophilic building block to the focal
point (alkyne) of dendron (see Figure 2) through click chemistry. The enhanced targeting efficacy
through engineered multivalent effect, along with the easy control over supramolecular structure,

makes the dendron-based nanomaterial a novel, versatile platform.
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[0081] Thus, the invention involves multiple aspects, including but not limited to, the following.
1) Preparation of multivalent dendron conjugates and optimization of multivalent effect.

[0082] A synthetic route for multivalent dendron conjugates is outlined in Figure 1 (Panel SA1).
Briefly, dendron (generation 4, Polyester-16-hydroxyl-1-acetylene bis-MPA dendron, Sigma-
Aldrich) is modified through reaction with PEG diamine (NH,-PEG-NH>) to decorate the peripheral
surface with primary amine groups, resulting in amine-terminated dendron (dendron-PEG-NH»). A
series of targeted dendron conjugates is prepared by conjugation with various amounts of a
targeting molecule. In some embodiments, the targeting molecule is folic acid (FA). After
conjugation of FA using 1-ethyl-3-(3- dimethylaminopropyl)carbodiimide (EDC) chemistry, the

.. . . e . . 14. 19-
remaining amine groups are acetylated to prevent any electrostatic, non-specific interactions 14,19

I FA has great potential for cancer targeting because folate receptors (FR) are overexpressed in
many human carcinomas'>*. Furthermore, as a low molecular weight (MW 441) ligand, FA
presumably lacks immunogenicity; still has high affinity for FR (Kp ~10™"" M), and defined
conjugation chemistry **. To determine an optimal range of number of targeting molecules
conjugated to the targeted dendron conjugates (dendron-PEG-FA), a series of experiments are
conducted. First, extensive material characterization using NMR, FT-IR, UV/Vis, dynamic light
scattering (DLS), HPL, GPC, and capillary electrophoresis (CE) are performed. Second, the surface
plasmon resonance (SPR) technique using Biacore X quantifies material design-dependent binding
events of dendron-PEG-FA at a .molecular level, using a similar method to that previously
described "I, Optimized targeted dendron conjugates self-assemble into dendron-based

nanomicelles (DNM) after further modification with a hydrophobic block (Figure 1, Panel SA2) or

immobilization on surfaces to capture target cells (Figure 1, Panel SA3).

2) Preparation of amphiphilic dendrons for micelle formulation and in vifro validation of targeting

efficacy.

[0083] As illustrated in Figure 2, the hydrophilic/hydrophobic balance between the core and
dendron blocks determines supramolecular structure (e.g., sphere, vesicle, disk, or cylinder) that is
formed via self-assembly of the amphiphilic molecules in a given solvent system **!. The nano-
scale structure derived from self-assembly is primarily .affected by several parameters: 1)
generation of the dendron; 2) size of the core; 3) relative hydrophilicity of the attached block; and

4) type of solvent used. By controlling these parameters, the morphology and size of dendron-hased
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nanocarriers can be manipulated. In some embodiments, DNM with a hydrophobic core [by
conjugation of a lipophilic polymer block such as poly(lactic acid)] and a hydrophilic PEG outer-
layer with size of 20-30 nm in diameter is anticipated to utilize both passive and active targeting for
drug delivery. Fluorescence activated cell sorter (FACS), cofocal laser scanning microscopy
(CLSM), and fluorescence resonance energy transfer (FRET) analyses are used to confirm the
consistency of the quantitative SPR data with the in vitro results using K13 cells which FR
expression can be easily regulated[14’25]. Additional FR expressing cells such as A2780, and

SKOV3 cells can also be employed to test specificity of DNM.

3) Surface immobilization of the multivalent conjugates and in vitro validation of capturing

efficiency using mixture of two or more cell lines.

[0084] Significant efforts have been made to selectively capture CFCs from the blood stream.
Although recent results using anti-EpCAM have been reported 1261, sensitivity/specificity still needs
to be improved to achieve highly sensitive capturing devices for rare cells. To this end, the strong,
localized multivalent binding mediated, for example, by dendron-PEG-FA (prepared in SAI) will

increase sensitivity of the surface to recognize target cells (Figure 1, Panel SA3).

To further increase selectivity, surfaces are first coated with non-fouling polymers such as PEG-
based self-assembled monolayers (SAMs)"*”. The reactive sites (azide group for click chemistiy)
for subsequent conjugation with dendron-PEG-FA are controlled by varying ratios and lengths
between mono- (for non-fouling) and azide-terminated bi-functional (for conjugation) PEG SAMs.
Binding kinetics between the surface and cell-mimicking microspheres (polystyrene beads coated
with FR) will be first measured using Biacore X to determine optimal surface presentation of
dendron-PEG-FA. Subsequently, in vitro validation is performed using a mixture of two cell lines:
KB cells as a CTC model and HL-60 cells as a leukocyte model.

[0085] Thus, the invention provides multivalent dendron conjugates with versatility for 1)
targeted drug delivery after formulated into DNM and 2) cell specific capturing when immobilized

on surfaces.

[0086] The targeted drug delivery platform exhibits enhanced targeting efficacy utilizing passive
and active targeting, and enhanced drug loading capacity. The multivalent dendron-mediated
binding plays a key role in enhancing the targeting efficacy of DNM. Additionally, the PEG outer-

layer prolongs the blood circulation time of the DNM and minimizes systemic clearance (24),
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resulting in selective accumulation of DNM with precisely controlled size in tumor sites through

the enhanced permeation and retention (EPR) effect.

[0087] In cell capturing products, the multivalent effect of the dendron conjugates immobilized
on non-fouling, biocompatible surfaces provides enhanced sensitivity and selectivity of the surfaces
towards target cells. Unlike currently available capturing devices, the system is transformable
platform technology since a variety of targeting agents specific to different cancer cell types can be
employed through surface modification of the conjugates and be easily immobilized through one-

step click chemistry.

Example 2

[0088] Four novel amphiphilic DCs with the general structure shown in Figure 3, along with
analogous linear-block copolymers were prepared. The amphiphilic DCs were designed with three
major functional components: (1) poly(caprolactone) (PCL) as the hydrophobic core-forming
block; (2) polyester G3-dendron with acetylene core to enable facile attachment of PCL by click
chemistry, introduce additional molecular flexibility, to achieve a localized high density of
peripheral functional groups and to mediate the combination of core- and shell-forming blocks; and
(3) methoxy poly(ethylene glycol) (mPEG) to form the hydrophilic corona. In addition, two
different molecular weights of PCL (PCL3.5K and PCLI4K) and mPEG (mPEG2K and mPEGS5K)

were used to vary HLB values of the resulting amphiphilic DCs.

[0089] The PEGylated DCs were synthesized via a multiple-step process. The terminal hydroxyl
group of PCL3.5K and PCLI4K were first converted to an azide group (PCL-N3) for subsequent
conjugation with a dendron via click chemistry (Figure 4, Panels A and B). ' Complete conversion
of the hydroxyl groups of PCL to azide was confirmed by IH-NMR (Figure S3). G3-dendron
bearing an acetylene group at the focal point was then reacted with PCL-N 3 via click chemistry
to yield 2 types of PCL-G3 (Figures 5; 6, Panels ! and B; and 7, Panels A and B). *' To achieve
high reaction yields, various click reaction conditions were tested and an optimized condition was
found (See details in Supporting Information). *? Both types of mPEG were then conjugated to

[31]

PCL-G3 following activation of surface hydroxyl groups with p-nitrophenyl chloroformate.

Changes in the structures and the molecular weights of the resulting copolymers were monitored
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by I H-NMR and GPC at each reaction step (Figures 8, Panels A and B;, 9, Panels A and B; and
Table 1).

Table 1. Molecular weight and polydispersity index (PDI) of polymers used in this study. The
molecular weights of PCL-G3-mPEG increased significantly due to multiple conjugations of mPEG
molecules to the periphery of the G3 dendron and all copolymers showed relatively narrow

polydispersity around 1.07-1.38.

Theoretical
Samples Mo M, M, ™ pPDI
PCL3.5K 3,500 - 3,500 1.03
PCL3.5K-G3 4,370 4,020 3,630 1.27
PCL3.5K-G3-mPEG2K 21,990 26,280 24,290 1.07
PCL3.5K-G3-mPEG5K 44,720 48,090 38,900 1.06
PCL14K 14,000 - 13,370 1.20
PCL14K-G3 14,870 14,780 16,370 1.27
PCL14K-G3-mPEG2K 32,490 32,000 27,710 1.16
PCL14K-G3-mPEGS5K 55,220 58,780 54,140 1.38

[a] Number-averaged molecular weight, M,, estimated by 'H-NMR.
[b], [c] Measured by GPC using triple angle laser light scattering.

[0090] Interestingly, those micelles were primarily composed of hydrophilic blocks described by
hydrophilic-lipophilic balances **' (HLB) greater than 10. Yet when the thermodynamic stability
was assessed by evaluation of the CMC, the values were in the 10® M range which is orders of
magnitude lower than linear-block copolymers with the same HLBs. **! Here, we explore this
contradiction by systematic comparison of the self-assembly properties of amphiphilic DCs and

linear-block copolymers.

[0091] We directly measured the thermodynamic stability of each amphiphilic copolymer by
measuring the CMC. P* Table 2 summarizes the CMC results along with HLB and LH-ratio of

amphiphilic DCs and linear-block copolymers.
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Table 2 Critical micelle concentrations (CMCs) of the amphiphilic copolymers with various
hydrophilic-lipophilic balances (HLBs).

Sample HLB* HL-ratio” (g;f) (1((2)1_\745[)
PCL3.5K-mPEG2K 7.27 36:64 1.32 2.40
PCL3.5K-mPEGS5K 11.76 59:41 3.29 3.75
PCL14K-mPEG2K*® 2.50 13:87 - -
PCL14K-mPEGS5K 5.26 26:74 1.62 0.82
PCL3.5K-G3-mPEG2K 16.56 77:23 4.87 3.02
PCL3.5K-G3-mPEGS5K 18.42 91:9 12.59 3.52
PCL14K-G3-mPEG2K 10.93 52:48 1.62 0.65
PCL14K-G3-mPEGSK 14.90 74:26 4,74 1.17

*HLB = 20 My/(My + M1), where My is the mass of the hydrophilic block and My, is the mass of the
lipophilic block.” The polyester dendron is considered to be part of the hydrophilic block.
bHydrophilic—lipophilic ratio. “PCL14K-mPEG2K could not be tested due to its poor water
solubility.

The CMC values of linear diblock copolymers were in good agreement with previous reports. >

31 The CMC values of the amphiphilic DCs were comparable to linear PCL-mPEG diblock
copolymers even though in some cases, the HLB for amphiphilic DCs was twice as large (~90%
hydrophilic). Amphiphilic DCs bearing PCL3.5K lipophilic blocks had similar CMC values to those
of linear PCL-mPEG copolymers despite an average increase in HLB of 8 corresponding to a 40%
increase in hydrophilicity. PCL14K-mPEGS5K with the lowest HLB of all polymers tested at 5.26
was determined to have a CMC of 0.82 x 10”7 M. Remarkably its counterpart. PCLI4K-G3-
mPEG5K with HLB of 14.90 had a CMC of 1.17 x 10" M. PCL14K-G3-mPEG2K was found to
have the lowest CMC at 0.65 x 10”7 M amongst all copolymers tested even with an HLB of 10.93.
The presence of the dendron accounted for the dramatic increase in HLB observed in the
amphiphilic DC structures, however this does not explain the preservation of low CMC values
observed. Plotting In CMC against HLB illustrates the relationship between HLB and CMC for the
linear and amphiphile DCs (Figure 10). 1361 The notable  shift to the right for the amphiphilie DCs
towards higher HLBs without subsequent increase in In CMC demonstrates that the
thermodynamic stability of the amphiphilic DCs is superior to that of linear-block copolymers.
[0092] The size and morphology of self-assembled structures of the linear-block
copolymers and amphiphilic DCs were examined using TEM and DLS. All samples were prepared

at a concentration above their CMC by the dialysis method. B35 As shown in Figure 11, TEM
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images show that all DC micelles were spherical in shape and homogeneous in size, as similarly
observed in the cases of the PCL- mPEG micelles. DC micelles (Figure 11C and D) with a longer
PCL block were smaller in diameter than the micelles with PCL3.5K (Figure 11A and B). Average
sizes of PCL3.5K-G3-mPEG2K and PCL3.5K-G3-mPEGS5K micelles measured by DLS were
approximately 18 nm. In contrast, PCL14K-G3-mPEG2K and PCL14K-G3-mPEGS5K micelles were

larger in size (30 and 50 nm, respectively).

[0093] In order to understand in molecular detail the experimental observations, we
modeled by atomistic molecular dynamics (MD) simulations single linear PCL3.5K-mPEG2K,
PCL3.5K-mPEG16K and PCL3.5K-G3-mPEG2K in monomer and micelle forms (See details in
Supporting Information). Figure 12 shows the equilibrated structures after 5 nanoseconds (ns) of
(Panel a) PCL3.5K-mPEG2K, (Panel b) PCL3.5K-mPEG16K, and (Panel ¢) PCL3.5K-G3-
mPEG2K monomers in water and each was characterized in terms of their size and shape. In all
the monomers, a compact PCL tail and an extended conformation of the PEG blocks due to their
solvation in water was observed. The sizes of the compact PCL blocks are similar in all three
cases, whereas there is a distinct difference in the sizes of the PEG layer for each. Monomers (Panel
b) and (Panel c), which have the same molecular weight of PEG blocks and identical HLBs, do not
have the same conformation of PEG blocks due to differences in molecular geometry. The
simulation revealed that the eight grafted PEG chains on the amphiphilic DC adopt a fan-like shape
(in comparison to a single PEG chain solvated in water) due to the pre-organized architecture of
the dendron allowing a conical shape to be adopted. The conical morphology is a result of the
hydrophobic effect 7' where the compaction of the PCL tail occurs to minimize the entropic loss
of” water reducing the energy at the PCL-water interface. Additionally, the observed increase in
peripheral surface area for the amphiphilic DC can be attributed to steric repulsive forces between

mPEG chains and high mPEG density.

[0094] We also simulated micellar assemblies of PCL3.5K-rnPEG2K and PCL3.5K-G3-
mPEG2K to understand the experimentally observed morphologies. Figure 12 shows micelles
formed from (Panel d) 128 monomers of PCL3.5K-mPEG2K and (Panel e) 14 monomers of
PCL3.5K-G3-mPEG2K equilibrated in water for 5 ns. Micelle aggregation number (N,,,) for each
was chosen to best represent the observed sizes of linear and DC micelles by TEM. Indeed, the
aggregation number for PCL3.5K-mPEG2K micelles were quite close to the experimentally

measured aggregation numbers of micelles with a similar structure. *® In all equilibrated micelles,
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either two or three unique regions were recognizable: PCL core and PEG corona, or PCL core,
dendron and PEG corona. The micelle cores were found to reorganize only slightly during several
ns to form a spherical shape. In a separate simulation, a PCL3.5K-G3-mPEG2K micelle with 18
monomers was prepared and showed a distorted elongated shape. Therefore, we can conclude that

spherical micelles can be observed for amphiphilic DC N, < 18.

[0095] The stability and self-assembly behaviors of amphiphilic DCs is contradictory to current
thought that copolymers with large HLBs have high CMCs. We used a simple analytic model to
examine the entropic cost associated with the confinement of hydrophilic PEG blocks when in the
micellar phase. To estimate the approximate entropic cost, it is assumed that PEG can be described
within the framework of ideal chain theory. “*! An ideal chain of length L is comprised of 1
segments, each of statistical segment length /, so that L = /n. When placed in a good solvent (such
as water), the PEG chain swells to maximize the number of polymer-fluid contacts. Configurations
of the ideal chain can be characterized by a probability distribution function which depends on the
chain end-to- end (e-t-e) distance. An ideal chain has a well defined average e-t-e distance <r>=
In " which is associated with minimum (configuration) free energy of the polymer. When the PEG
becomes confined during self-assembly process, its average e-t-e distance will increase and the free
energy cost associated with this extension is purely entropic. Entropy of a freely jointed chain with
a given e-t-e distance is proportional to the logarithm of the number of chain configurations for that
e-t-e distance. This is in turn proportional to the probability of the PEG having this e-t-e distance.
The entropy difference between PEG chains in a given conformation with different e-t-c
extensions is given by: BIAS =8 — Si= 1(13b2(r12 — rz) where S and S; are configurational
entropies associated with e-t-e extensions r and ry, kg is the Boltzmann constant and b? =

3/2nl?).

[0096] For PCL3.5K-mPEG16K polymer, the PEG block has n =363 segments, each of the
length [=3.68 A. In water, the average e-t-e distance of this polymer is <r>=/n"~70 A.

Assume that due to steric confinement the e-t-e distance of the chains in the micelle is extended by
50% from the above value of <r>, the entropic cost for this extension is 1.11 kcal/mol = 1.9 kgT.
Since every chain forming a micelle needs to pay this configurational entropic cost, the micelle
formation is not favorable for polymers with long hydrophilic blocks. Previously, we had
hypothesized that the dendron geometry facilitates self-assembly of copolymers with high HLB due

to low entropic costs. For amphiphilic DC monomers solvated in water, eight grafted PEG chains
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are forced to assume extended conformations due to their density and steric repulsion. When these
copolymers form micelles, further extensions of the PEG blocks are likely small, in good agreement
with the results of our MD simulations. Since the average e-t-e extensions of PEG of DC in
solvated and micellar phases are similar, the associated conformational entropy cost is also small
compared to the enthalpic binding, resulting in micellar phase being favored. For linear polymers,
extensions of PEG will be considerable, resulting in larger differences in conformational entropies
in monomer and aggregated states accounting for their increased CMC values compared to DCs

with the same HLBs.

[0097] There are several pieces of evidence suggesting that certain geometric constraints placed
on amphiphilic molecules enables the minimization of the free energy associated with the self-
assembly process. [40b. 41] Using geometrical relationships developed by Nagarajan'*?, it is clearly
observed that DCs will have a smaller aggregation number, g, than linear copolymers with the
same tail length. Based on Tanford’s free energy expression as described by Nagarajan'**,
minimization of free energy results in low CMCs. The high flexibility and number of PEG on the

exterior of each DC can promote the dense packing of monomers which results in a decrease in

CMC as observed in the measured dimensions for each micelle (Table 3).14

Table 3. Dependence of the total micelle diameter (da1), core diameter (dcoe) and PEG corona
diameter (dprg) based on aggregation number (N,g,) and monomer type. These values are obtained
by angular averaging (2-5 ns) of the radial extensions of the PEG chains with respect to the micelle

center of mass.

Samples Nagg dtotal (1’11’1'1) dcore (1’11’1'1) dPEG (1’11’1'1)
PCL3.5K-mPEG2K 86 12.94 11.44 0.75
PCL3.5K-mPEG2K 128 15.22 13.54 0.84
PCL3.5K-G3-

MPEG2K 14 13.42 7.68 2.87
PCL14K-G3-

MPEG2K 10 12.98 9.18 1.91

28



WO 2012/116073 PCT/US2012/026133

The results presented here support our hypothesis that the self-assembly process of amphiphilic
DCs is more thermodynamically favored than linear PCL-mPEG copolymers and that entropic
effects attribute greatly to the increased stability of amphiphilic DCs with large HLBs. In
comparison to linear-block copolymers, our results indicate that the molecular structure of the DC:
(1) enables the self-assembly process to be thermodynamically favored resulting in ultralow CMC
values and homogeneous size distributions of self-assembled structures; and (2) the entropy cost
associated with the self-assembly of DCs is much lower than linear-block copolymer counterparts
even with high HLBs due to the preorganized dendron architecture.

[0098] In order to test the capability of DC micelles as drug delivery vehicles, indomethacin
(IMC) was encapsulated into micelles. IMC loading and encapsulation percentages were calculated,

and a drug release test and cytotoxicity test were carried out.

[0099] The IMC loading and encapsulation percentages were calculated as Loading (%) =
(Measured IMC amount / Mass of IMC loaded micelle) x 100 (%) and Encapsulation (%) =
(Measured IMC amount/Theoretical IMC loading amount) X 100 (%). As shown in Table 4, the
encapsulation efficiencies (%) were significantly different between PCL3.5K-G3-mPEG2K and
PCL3.5K-G3-mPEGSK IMC loaded micelles based on a 1-way ANOVA followed by Tukey’s post-
hoc test at p<0.05.

Table 4. IMC loading and encapsulation of various micelles (n = 3).

Samples Loading (%) Encapsulation (%) MC/PCL
ratio
PCL3.5K- mPEG2K 6.7+0.3 73.9+3.3 1.62
PCL3.5K- mPEG5K 7.8+0.7 85.7+7.6 4.50
PCL14K- mPEG5K 8402 927+24 6.05
PCL3.5K-G3-mPEG2K 83 +0.5 90.8 £5.6 32.05
PCL3.5K-G3-mPEG5K  5.0+04 549+39 79.83
PCL14K-G3-mPEG2K 903+£24 102.7 £25.8 19.60
PCL14K-G3-mPEG5K 62+238 68.4+31.2 37.75
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The differences among all other samples were not statistically significant. IMC/PCL ratio
represents the moles of IMC encapsulated per mole of PCL present in the copolymer, demonstrating
that the amount of IMC encapsulated per amount of PCL was one order of magnitude greater than
that of the linear-block copolymer micelles. The IMC/PCL ratios were calculated based on
following. For the example of PCL3.5K-G3-mPEG2K, assuming 1 mg of drug encapsulated
micelle, (1 mg/21990 mg/mmol) x (3500 mg PCL/21990 mg micelle) = 7.238 x 10 mmol PCL.
Calculating the mass of IMC contained within 1 mg of micelle (loading) and converting to moles
IMC: (0.083 mg IMC) x (1 mmol/ 357.79 mg IMC) = 2.320 x 10 mmol IMC. Therefore,
IMC/PCL ratio = 2.320 x 10 mmol IMC/7.238 x 10 mmol PCL = 32.05.

[00100] Figure 13 shows controlled release of IMC from the micelles over time, There were no
difference in the IMC release profiles between PCL-G3-mPEG and PCL-mPEG micelles. A
noticeable difference was observed with the micelles with PCL14K during the first 24 h. This is
probably due to increased hydrophobic interactions between PCL and IMC as well as more packed
micellar structures leading to a slower rate of diffusion. The cytotoxicity of the various copolymers
was evaluated on KB cells after 24 h incubation by MTS assay (Figure 14). All copolymers did not

exhibit significant cytotoxicity at concentrations up to 100 uM.

[00101] Thus, we report the synthesis of four newly designed amphiphilic DCs with different
HLBs that are composed of PCL, G3 polyester dendron and mPEG. The results from a systematic
study of the self-assembly properties of amphiphilic DCs compared to the linear-block copolymers
explain that a preorganized and conical architecture of dendron can contribute to facilitate a self-
assembly of amphiphilic DCs. In particular, the self-assembling pwcess mediated by the dendron is
thermodynamically favored resulting in ultra low CMCs even at extremely high HLBs, which is
also supported by MD simulations. The DC micelles showed controlled drug release behaviors as
well good biocompatibility. The facilitated supramolecular structure formation at ultra low CMCs
and high HLBs, along with the biocompatibility, all prove that the DC micelles have great potential

for use as a versatile drug delivery platform.

Supporting Information for Example 2

Materials
[00102] Hydroxyl-terminated poly(e-caprolactone) (PCL) polymers with two different molecular
weights (M, 3500 and PDI 1.18, M, 14000 and PDI 1.20) were purchased from Polymer Source Inc.
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(Montreal, Canada). Generation 3 polyester-8-hydroxyl-1-acetylene bis-MPA dendron (G3
dendron; G3), p-toluenesulfonyl chloride (TsCl), 2-bromoethyl isocyanate (BEI), triethylamine
(TEA), trimethylamine hydrochloride (TMA), sodium azide (NaN3), anhydrous sodium sulfate,
N,N,N',N",N"-pentamethyldiethylenetriamine (PMDETA), copper bromide (CuBr), dibutyltin
dilaurate (DBTDL), and p-nitrophenyl chloroformate (p-NPC) and indomethacin (IMC) were all
provided by Sigma Aldrich Co. (St. Louis, USA). Methoxy polyethylene glycol amine (mPEG-
NH,, M,, 2000 and PDI 1.02, M,, 5000 and PDI 1.04) was purchased from JenKem Technology
USA Inc. (TX, USA). Regenerated cellulose dialysis membranes (3.5K and 12-14K MWCO) were
purchased from Spectrum Labs (CA, USA). All solvents and reagents were used without further

purification unless otherwise specified.

Synthesis of PCL3.5K-G3 dendron via click reaction

[00103] Tosylation of PCL3.5K. A terminal hydroxyl group of PCL was firstly tosylated prior to
introduction of an azide group as previously reported (Figure 4)."* PCL3.5K (1 g, 0.286 mmol)
along with TEA (200 ul, 1.43 mmol) and trimethylamine hydrochloride (14 mg, 0.143 mmol) were
dissolved in 8 mL of dichloromethane. To this solution, TsCl (272 mg, 1.430 mmol, 5 eq.)
dissolved in 2 mL of dichloromethane was added dropwise. The reaction was carried out at room
temperature for 24 h. Following the reaction, the solvent was evaporated until a viscous liquid

remained. The viscous liquid was then precipitated into cold diethyl ether, filtered, and dried in

vacuo (Yield: 90 %).

[00104] Azido-functionalization of PCL3.5K-Ts. The tosyl group of PCL3.5K-Ts was converted
into azide for subsequent click chemistry. PCL3.5K-Ts (840 mg, 0.24 mmol) was dissolved in 8
mL of dimethylformamide. To this solution, sodium azide (312 mg, 4.8 mmol, 20 eq.) was added
and reacted at room temperature for 24 h under N,. The reaction mixture was diluted with 200 mL
of dichloromethane and washed three times with 150 mL of deionized water and once with 200 mL
of brine. The organic layer was dried over anhydrous sodium sulfate, filtered, concentrated, and

precipitated into cold diethyl ether (Yield: 70 %).

[00105] Synthesis of PCL3.5K-G3 dendron. PCL3.5K-G3 dendron was synthesized via click
chemistry between PCL3.5K-N5s and G3 dendron bearing an acetylene group in the presence of
copper (I) and a base by modification of a previously reported method.”> PCL3.5K-N; (73 mg,
0.021 mmol) and G3 dendron (20 mg, 0.023 mmol, 1.1 eq.) were dissolved in 2 mL of
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dimethylformamide containing PMDETA (7.3 mg, 0.042 mmol, 2 eq.). After dissolving, copper
bromide (6 mg, 0.042 mmol, 2 eq.) was added and the reaction was carried out at 80 °C for 24 h.

Products were recovered by precipitation into cold diethyl ether and filtration (Yield: 96 %).

Synthesis of PCLL14K-G3 dendron via click reaction

[00106] Bromination of PCL14K. The terminal hydroxyl group of high molecular weight PCL
was easily converted into bromide by reaction with 2-bromoethyl isocyanate (Figure S1B).
PCL14K (1 g, 0.071 mmol) was dissolved in 15 mL of toluene containing TEA (11 ul, 0.071
mmol) with a catalytic amount of DBTDL. To this solution, 1 mL of toluene containing 2-
bromoethyl isocyanate (108 mg, 0.714 mmol, 10 eq.) was added dropwise and reacted at room
temperature for 24 h under N,. Following the reaction, the solvent was evaporated until a viscous
liquid remained. The viscous liquid was then precipitated into cold diethyl ether, filtered and dried

in vacuo (Yield: 92%).

[00107] Azido-functionalization of PCL14K-Br. The bromine group of PCL14K-Br was
converted into azide for click chemistry. PCL14K-Br (910 mg, 0.065 mmol) was dissolved in 12
mL of dimethylformamide. To this solution, sodium azide (84 mg, 1.3 mmol, 20 eq.) was added
and reacted at room temperature for 24 h under N,. The reaction mixture was diluted with 200 mL
of dichloromethane and washed three times with 150 mL of deionized water and once with 200 mL
of brine. The organic layer was dried over anhydrous sodium sulfate, filtered, concentrated and

precipitated into cold diethyl ether (Yield: 8§1%).

[00108] Synthesis of PCL14K-G3 dendron. PCL14K-G3 dendron was synthesized via click
chemistry between PCL14K-N5s and G3 dendron bearing an acetylene group in the presence of
copper (I) and a base by modification of a previously reported method."™" PCL14K-N; (200 mg,
0.0143 mmol) and G3 dendron (16 mg, 0.0157 mmol, 1.1 eq.) were dissolved in 3 mL of
dimethylformamide containing PMDETA (4.94 mg, 0.0286 mmol, 2 eq.). After dissolving, copper
bromide (4 mg, 0.0286 mmol, 2 eq.) was added and the reaction was carried out at 80 °C for 24 h.

Products were recovered by precipitation into cold diethyl ether and filtration (Yield: 95%).

mPEG conjugation to PCL-G3 dendron

[00109] mPEG conjugation was accomplished following activation of the peripheral hydroxyl
groups on PCL-G3 dendron (Figure 5).1%1 PCL-G3 dendron was dissolved in 8 mL of
dichloromethane containing pyridine (5 eq.). After adding p-NPC (5 eq.) dropwise, the reaction

32



WO 2012/116073 PCT/US2012/026133

was carried out at room temperature for 24 h. The solvent was evaporated until a viscous liquid
remained. The viscous liquid was then precipitated into cold diethyl ether, filtered and dried in
vacuo. For mPEG conjugation, a solution of the activated PCL-G3 dissolved in 1 mL of
dimethylformamide was added dropwise to 3 mL of dimethylformamide containing mPEG-NH,
(1.2 eq.) and TEA (4 eq.). The reaction was carried out at room temperature for 24 h. The solution
was then transferred into a dialysis bag (MWCO 3.5K for mPEG2K-NH; and MWCO 12-14K for
mPEGS5K-NH,), dialyzed for 2 days, and then freeze dried for 2 days (Yields: > 70%).

Synthesis of linear PCL-mPEG copolymers

[00110] 300 mg of PCL was dissolved in 8 mL of dichloromethane containing pyridine (5 eq.).
After adding p-NPC (5 eq.) dropwise, the reaction was carried out at room temperature for 24 h.
The solvent was evaporated until a viscous liquid remained. The viscous liquid was then
precipitated into cold diethyl ether, filtered and dried in vacuo (Yields: > 90%). A solution of the
activated PCL dissolved in 1 mL of dimethylformamide was added dropwise to 3 mL of
dimethylformamide containing mPEG-NH, (1.2 eq.) and TEA (4 eq.) and reacted at room
temperature for 24 h. The crude product was transferred into a dialysis bag, dialyzed for 1 day and
then freeze dried for 2 days (Yields: > 80%). For PCL14K-mPEG copolymers, the extraction
method was used due to their low HLB values (Yields: > 60%).

Polymer characterization

[00111] 'H-NMR spectra were recorded at 400 MHz (DPX-400 NMR spectrometer, Bruker
Biospin Co., MA, USA). NMR chemical shifts are reported in ppm with calibration against a
solvent signal. FT-IR spectra were recorded using FT-IR spectrophotometer (NEXUS 870, Thermo
Nicolet Co., WI, USA). GPC measurements were carried out using a 600 HPLC pump, 717plus
Autosampler, 2414 Refractive Index detector (Waters, Milford, MA, USA) and a MiniDAWN"™
TREOS triple-angle light scattering detector (Wyatt, Santa Barbara, CA, USA) using THF as the
mobile phase at 1 mL/min with Waters Styragel® HR2 and HR4E columns at 30°C.

Additional synthetic description

[00112] The terminal hydroxyl groups of both PCL3.5K and PCL14K were completely
substituted into a tosyl group and bromide, respectively (Figure 15). The identical method for both
molecular weights of PCL was first attempted, however effective substitution was not observed for

high molecular weight PCL with p-toluenesulfonyl chloride and the alternative method was chosen
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due to the high reactivity of the isocyanate group with hydroxyl groups as well as the ease of

nucleophilic substitution of bromine for azide.

[00113] G3 polyester dendron bearing an acetylene functional group at the focal point was
reacted with PCL-Nj3 via click chemistry. Although click chemistry has been shown to be efficient
under mild conditions, a variety of reaction conditions have been developed that vary in terms
copper species, bases, solvents and temperatures further increase conjugation yields."*’! The click
reaction between PCL-N3 and G3 dendron was firstly catalyzed by 0.2 equivalent amounts of CuBr
and PMDETA based on the feed molar amount of PCL-N3 in DMF at room temperature as
previously reported.”*®! However, the conjugation yield was calculated to be less than 10 % by 'H-
NMR with no appearance of characteristic protons associated with triazole formation. According to

few reports on the failure of click reactions,™*”

we investigated the efficiency of the click reaction
with a variety of conditions; copper species (CuSO,, CuBr, Cul), sodium ascorbate, bases
(PMDETA, diazobicyclo[5.4.0undec-7-ene]), solvents (DMF and THF), temperatures (30, 50, and
80 °C). It was found that the click reaction using CuBr and PMDETA in DMF at 80 °C afforded
the desired PCL-G3 products with high conjugation yields (PCL3.5K-G3: 70 %; PCL14K-G3: 80

%).

Micelle preparation and characterization

[00114] For blank micelles, 20 mg of polymer was dissolved in 2 mL of dimethylformamide.
The solution was dialyzed (MWCO 3.5K) against distilled water for 1 day and freeze dried for 2
days. IMC was chosen as a model hydrophobic drug. IMC-loaded micelles were prepared by a
dialysis method. 40 mg of polymer was dissolved in 4 mL of dimethylformamide along with 4 mg
of IMC. The polymer-IMC solution was then transferred to a dialysis membrane (MWCO 3500),
dialyzed for 24 h against 2 L of distilled water, and freeze dried for 2 days to produce IMC-loaded

micelles.

[00115] Critical micelle concentration (CMC) was determined by using a fluorescence method as
previously reported.[so] Briefly, a known amount of pyrene dissolved in acetone was added to a
series of vials and evaporated such that upon addition of 2 mL of polymer solution the
concentration of pyrene was 6 x 107 M. The copolymers dissolved in water (10° - 107 mg/L) was
added to each vial containing pyrene and before fluorescence measurement the solutions were

vortexed and incubated at room temperature for 24 h. The emission wavelength A.n,, was set at 390
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nm and the A.x was scanned from 300 nm to 400 nm using a spectrofluorophotometer (RF 1501,

Shimadzu, Japan) and the intensity ratio Is3s/I333 against log concentration was plotted. See Figure

16.

[00116] The particle size (nm) and size distribution were measured for all micelles by dynamic
light scattering (DLS) using a Nicomp 380 Zeta Potential/Particle Sizer (Particle Sizing Systems,
Santa Barbara, CA). Micelles were prepared at concentrations above their measured CMCs in
distilled water, filtered through a 0.45 wm syringe filter, and vortexed briefly before each
measurement. The micellar morphology was analyzed by transmission electron microscopy (TEM,
JEM-1220, JEOL Ltd., Japan). A drop of micellar suspension (0.2 mg/ml) after filtration (pore size,
0.45 um) was placed on a 300 mesh copper grid coated with carbon. The sample was stained with a
drop of 2 % phosphotungstic acid and dried at room temperature in a desiccator for 1 day. The
diameters of each micelle were measured by randomly selected 10 particles from each TEM image.

The average and standard deviation were calculated.

Drug release test

[00117] To determine the IMC-loading content, a small amount of IMC-loaded micelles was
dissolved in 1 mL of dimethylformamide and the concentration of IMC was determined by
measuring the UV-absorbance at 317 nm from a series of IMC standards in dimethylformamide. 10
mg of IMC-loaded micelles was suspended in 1 mL of PBS (pH 7.4, 0.01 M) and transferred to a
dialysis bag (MWCO 3.5K). Each dialysis bag was added to 30 mL of PBS and placed into a
shaking water bath (37 °C, 50 rpm). At predetermined time intervals, 10 mL of release medium was
removed and replaced with fresh PBS and frozen until all samples were collected. Samples were
then freeze-dried for 2 days, redissolved in 1 mL DMSO and centrifuged at 4000 rpm at room
temperature. The amount of IMC released was obtained by measuring the UV-absorbance of the
supernatant at 317 nm and comparing to a standard curve of IMC in DMSO. The release profile

was obtained by plotting the cumulative IMC release against time.

Cytotoxicity test

[00118] KB cell line was obtained from ATCC (Manassas, VA, USA) and grown continuously as
a monolayer in GIBCO RPMI 1640 medium (Invitrogen Corporation, Carlsbad, CA, USA) in a
humidified incubator at 37 °C and 5% CO,. RPMI was supplemented with penicillin (100

units/ml), streptomycin (100 mg/ml), and 10% heat-inactivated fetal bovine serum (FBS)
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(Invitrogen Corporation, Carlsbad, CA, USA) before use. For the assay, KB cells were seeded in
96-well plates at a density of 5 x 10° cells/well and grown in RPMI for 24 h. Cells were then
treated with different concentrations of each copolymer ranging from 0.01-100 uM. After each
incubation time, cells were washed and incubated for an additional 24 h. Cell viability was assessed
using a CellTiter 96 AQueous One Solution (MTS) Assay (Promega, Madison, WI, USA) according
to the manufacturer’s protocol. The UV absorbance was measured at 490 nm using a Labsystems
Multiskan Plus microplate reader (Labsystems, Finland). Mean cell viabilities were determined
relative to a negative control (untreated cells) and a positive control (0.1% Triton-X, Sigma-

Aldrich).

Modeling of the monomer self-assembly

[00119] We modeled by atomistic molecular dynamics (MD) simulations individual linear,
PCL3.5K-mPEG2K and PCL3.5K-mPEG16K, and branched, PCL3.5K-G3-mPEG2K and
PCL14K-G3-mPEG2K copolymers in water. Separately, we modeled micellar assemblies of
hydrated PCL3.5K-mPEG2K, PCL3.5K-G3-mPEG2K, and PCL14K-G3-mPEGK copolymers with
different aggregation numbers, N,o,. We used the NAMD package[m and the CHARMM force field
(CHARMM27, C35r revision for ethers, and general force field).[sz] In all the simulations, the
Langevin damping constant of yi a5, = 0.01 ps'1 was used to achieve a faster relaxation. Non-bonded
interactions were calculated using the cut-off distance of d = 12 A. Long-range electrostatic

interactions were calculated by the PME method"”* and the MD integration timestep was set to 2 fs.

[00120] The individual copolymer molecules were solvated and equilibrated for ~ 5-7 ns in
TIP3P water, using the NPT ensemble (VMD)PY, with periodic boundary conditions applied (P =1
bar and T = 300 K). The obtained results are shown in Fig. 2b. We also studied the conformations
of individual copolymers fully equilibrated in water, using the same conditions. In the equilibration
of PCL3.5K-mPEG2K, PCL3.5K-mPEG16K, PCL3.5K-G3-mPEG2K and PCL14K-G3-mPEG2K,
a force of F=0.01 kcal/mol/A was applied to several atoms of the PEG chains, directing toward the
hydrophobic PCL core. After ~ 0.2 ns, the PEG chains were collapsed on the hydrophobic cores.
Then, we stopped the force and equilibrated the monomers for another 10 ns. The equilibrated
conformations of the copolymers are shown in Figure 17 (Panels A-D). Figure 17 (Panel E) shows
equilibrated conformations of the individual PCL3.5K-G3-mPEG2K copolymers in the PCL3.5K-
G3-mPEG2K micelle with 14 copolymers taken from Figure 11 (Panel A). Each of the 14
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copolymers that form the micelle was translated from their packed configuration and otherwise was
not changed. The packed morphology of each of the PCL3.5K-G3-mPEG2K copolymers changes
from the largely globular shape, as observed in Figure 17 E, to a significantly conical shape,
resembling those in Figure 11 (Panel A). This conformational change aids in the formation of

spherical self-assemblies with fully PEGylated surfaces, as observed in Figure 11 (Panel A).

[00121] In the study of micellar assemblies, the monomers were initially spherically distributed
by our codes and hydrated in cells containing 30,000-530,000 atoms, with periodic boundary
conditions applied. After short minimizations, the systems were heated to T = 400 K for fast

reorganization, while the volume was kept constant. At the same time, the central force of F(F)=kf

with k = 1.0 kcal/mol/A was applied to several atoms along the PCL chains of all the copolymers, in
order to accelerate aggregation of the micellar core. After 1 ns, the systems were cooled to T = 300
K, and equilibrated at P = 1 bar for ~ 4-5 ns. The obtained micelles are shown in Fig. 3b. In order to
better understand the conformations of individual PCL3.5K-G3-mPEG2K molecules self-assembled
in the micelle, we disintegrated the 14 PCL3.5K-G3-mPEG2K micelle using VMD'! without

changing the conformation of the individual copolymer, as shown in Figure 18.

[00122] We also estimate the approximate entropic cost in the self-assembly of linear monomers,
where it is assumed that PEG chains can be described as ideal chains.”' An ideal chain of length L.
is comprised of n segments of statistical length 1, so that L. = In. When placed in a good solvent
(such as water), the ideal chain swells to maximize the number of polymer-fluid contacts.
Configurations of the ideal chain can be characterized by a probability distribution function that
depends on the chain end-to-end (e-t-e) distance. An ideal chain has a well-defined average e-t-e

distance <r> = In'"?

, which is associated with minimum (configuration) free energy of the polymer.
When the ideal (PEG) chain becomes confined during the self-assembly process, its average e-t-e
distance will increase and the free energy cost associated with this extension is purely entropic.
Entropy of a freely jointed chain with a given e-t-e distance is proportional to the logarithm of the
number of chain configurations for that e-t-e distance. This is in turn is proportional to the
probability of the PEG having this e-t-e distance. The entropy difference between PEG chains in a
given conformation with different e-t-e extensions is given by[SS] AS=S-S=kg b? (r12 - rz), where
S and S; are configurational entropies associated with the e-t-e extensions r and ry, kg is the

Boltzmann constant and b* = 3/(2n1?). For PCL3.5K-mPEG16K, the PEG block has n = 363
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repeating unts (-CH>CH,O-), each of the length | is approximately 3.68 A. In water, the average e-

2 =70 A. If we assume that due to steric confinement the e-

t-e distance of this polymer is <r> =1In
t-e distance of the chains in the micelle is extended by 50% from the above value of <r>, the
entropic cost for this extension is = 1.11 kcal/mol = 1.9 kgT. Since every chain forming a micelle
needs to pay this configurational entropy cost, the micelle formation is not favorable for polymers
with long hydrophilic blocks, but in short chains attached to dendrons this entropic costs is absent.
We can use the fact that the Gibbs energy associated with the monomer self-assembly is given by
AG = AH-T AS, where AH is the related enthalpy change. We can immediately see that, for the

same AH (hydrophobic binding in the core), long linear amphiphilic molecules tend to be less stable

when self-assembled (AS > 0) than branched dendron-based amphiphilic molecules (AS ~ 0).

Example 3
Alpha-mangostin was encapsulated into PCL3.5K-G3-mPEG2K micelles.

[00123] A solution of PCL3.5K-G3-mPEG2K and a-mangostin (15% w/w; 15 mg drug/100 mg
polymer) was prepared at 10 mg polymer/mL in DMF. The solution was dialyzed for 1 day against
a 3.5 KDa membrane in 500 mL dH,O for each 10 mg of polymer with repeated water changes to
remove unencapsulated o--mangostin. After dialysis, the dialysate was centrifuged for 10 min at
4000 RPM to remove any unencapsulated oi-mangostin. The supernatant was then collected and

lyophilized for 2 days to yield the oi-mangostin encapsulated micelles.

[00124] UV/Vis (Figure 19), loading efficiency and encapsulation efficiency were then
calculated. The loading percentage was 12.49+ 1.2 where Loading % = (Measured o-MS amount /
Mass of a-MS loaded micelle) x 100 (%), while the encapsulation percentage was 83.5 + 7.7 where

Encapsulation (%) = (Measured o--MS amount / Theoretical o--MS loading amount) x 100 (%).

[00125] Next, dynamic light scattering (DLS) analysis of 15% w/w o-mangostin PCL3.5K-G3-
mPEG2K micelle (22.7 £ 3.6 nm) was then analyzed. One mg of 15% o-mangostin drug loaded

micelles was dissolved in 1 mL of ddH20 and measured by DLS without filtration. The results are

shown in Figure 20.

[00126] Finally, the a-mangostin drug loaded micelles were tested for stability. One mg of 15%

oi-mangostin drug loaded micelles was dissolved in 1 mL of ddH20 and filtered through a 0.45 um
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syringe filter. At certain times, the size of the micelles was measured by DLS. The results are

shown in Figure 21.

Example 4

[0100] FA-conjugated PEG-G5-PCL was prepared in four steps as shown in Figure 22.

[0101] Step 1. Amino-functionalized PEG-GS5. G5 dendron (20 mg, 5.47 pmol) and pyridine
(138 mg, 1.75 mmol) were dissolved in 10 ml of DMSO and p-NPC (353 mg, 1.75 rnmol) was
dropwise added to the above solution. The reaction was carried out for 48 h at room temperature
under nitrogen atmosphere. The solution was transferred to a pre-swollen membrane (Spectra/Por,
MWCO 3.5K), dialyzed against distilled water for 24 h and subsequently lyophilized. To PEG
diamine (64-folds .molar excess over activated G5) and TEA (128-fold molar excess over activated
G5) dissolved in 20 ml of DMSO, the activated G5 solution was dropwise added and then reacted
for 24 h at room temperature under nitrogen atmosphere. After the reaction, the amino-

functionalized PEG-G5 was obtained through the same procedure above.

[0102] Step 2. Acetylation and FA conjugation of PEG-GS5. Both acetylation and FA conjugation
on the amino-functionalized PEG-GS5 dendron were sequentially performed as previously reported.
At first, the PEG-GS5 dendron were partially acetylated by reacting with acetic anhydride in
anhydrous methanol in the presence of TEA. The reaction was carried out for 24 h at room
temperature. The resulting mixture was dialyzed (MWCO 3.5K) first in phosphate buffer at pH 8.0
and then in deionized water. The purified samples were lyophilized and stored at -20°C. For FA
conjugation, the obtained product was dissolved in 10 ml of DMSO and the mixture of FA (10
molar excess over dendron) and EDC (10 molar excess over FA) was added dropwise. The
conjugation was carried out for 24 h at room temperature under nitrogen atmosphere. After dialysis

and lyophilization, FA-PEG-GS5 was obtained.

[0103] Step 3. Azido-functionalized PCL. Both PCL (0.5 g, 0.013 mmol) and p-toluenesulfonyl
chloride (10 mg, 0.091 mmol) were dissolved in 50 ml of methylene chloride. Then, TEA (18 mg,
0.182 mmol) was added dropwise to the mixture and the reaction was performed for 24 h at room
temperature under nitrogen atmosphere. The solution was precipitated into cold methanol and dried

in vacua. Tosylated PCL was converted into the azido- functionalized PCL. Sodium azide (10-fold
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molar excess over tosylated PCL) was added to a solution of tosylated PCL in DMF under nitrogen
atmosphere and the reaction was carried out for 24 h at room temperature. DMF was removed
using a rotary evaporator and the product was dissolved in methylene chloride and precipitated into

cold methanol to give the azido-functionalized PCL.

[0104] Step 4. FA-conjugated PEC-G5-PCL. FA-conjugated PEG-GS5-PCL was synthesized by
coupling azido-PCL to acetylene-dendron via click chemistry. FA-conjugated PEG-G5 was
dissolved in 10 ml of dry DMF. After adding CuBr and PMDETA as catalysts, a solution of N3-
PCL was added and reacted for 24 h at room temperature. DMF was evaporated completely and the
solution was then dissolved in methylene chloride. The solution was precipitated into cold

methanol, dried in vacua and stored at -20 °C before use.

[0105] Feed ratio: PCL-N3/FA-PEG-G5/CuBr/PMDETA = 1/1/0.2/0.2

Example 5

Supramolecular Structures of Dendron-based nanomicelles

[0106] Dendron-based nanomicelles (DNM) as a novel targeted drug delivery platform will be
prepared by four synthetic procedures; 1) PEGylation of dendron, 2) Conjugation of targeting
ligands, 3) Azido- functionalization of a hydrophobic tail, 4) Preparation of amphiphilic dendron
via click chemistry. Each step will be further optimized to control the desired properties of
nanomicelles for enhanced therapeutic efficiency. By controlling a relative balance between
hydrophobic and hydrophilic components, the obtained amphiphilic dendron (AD) molecules can
form various unique structures via self assembly. In one application, the micellar structure of AD
will be formed at concentrations above the critical micelle concentration (CMC) under aqueous
solutions."*** The copolymer composed of hydrophilic dendron and hydrophobic polyester
dissolves in an organic solvent with drugs to be encapsulated. Then, DNMs formed by a dialysis
method will he physicochemically characterized and its therapeutic efficacy will be evaluated in

vitro and in vivo.

[0107] Other supramolecular structures such as gold nanaparticles decorated with functionalized
dendrons can be prepared by spontaneous alignment of thiol-contained molecules onto the surface

of gold nanoparticles.[59] In order to achieve this surface functionalized nanostructure, an acetylene
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group of the dendron needs to be modified with heterobifunctional PEG, which possesses both
azide and thiol at each end, via click chemistry. Then, the self-assembly layers on the nano-sized
gold colloids are formed spontaneously in ethanol solution in the presence of dendron-PEG-SH.
Either a vesical or a cylindrical nanostructure can be also created by conjugation of hydrophobic
molecules to the dendron. In case of a vesicle type, a longer hydrophobic tail should be chemically
attached to a focal point of dendron already functionalized with specific ligands, which allows
strong hydrophobic interactions. Based on the estimated size of the dendron head group and the
hydrophobic length according to the theory of Israelachvili et al.l! the supranaolecular architecture
of these AD molecules eventually results in the formation of lipid bilayers.[ss] A cylindrical shape
has a similar aspect but hydrophobic modification should be carried out at the peripheral site of the
dendron. Consequently, controlling the ratio of the hydrophobic length to the hydrophilic dendron
can lead to cylindrical packing.[61] These two switchable features formed via self-assembly are
typically dependent on the hydrophobic block length toward two reactive ends of the dendron

(either core or periphery).

[0108] While the present invention has been described in terms of specific embodiments, it is
understood that variations and modifications will occur to those skilled in the art. Accordingly,
only such limitations as appear in the claims should be placed on the invention.

[0109]  All documents cited in this application are hereby incorporated by reference in their

entirety for their disclosure described.
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Claims

We claim:
1. A micelle comprising amphiphilic dendron-coils, wherein each amphiphilic dendron-coil
comprises a non-peptidyl, hydrophobic core-forming block, a polyester dendron and a

poly(ethylene) glycol (PEG) moiety.

2. The micelle of claim 1 wherein the the non-peptidyl, hydrophobic core-forming block
comprises polycaprolactone (PCL), poly(lactic acid) (PLA), poly(glycolic acid) (PGA) or
poly(lactic-co-glycolic acid) (PLGA); wherein the polyester dendron is a generation 3 to generation
5 polyester dendron with either an acetylene or carboxylate core; and wherein the PEG moiety is a
methoxy PEG (mPEG) moiety, amine-terminated PEG (PEG-NH,) moiety, acetylated PEG (PEG-
Ac) moiety, carboxylated PEG (PEG-COOH) moiety, thiol-terminated PEG (PEG-SH) moiety, N-
hydroxysuccinimide-actived PEG (PEG-NHS) moiety, NH,-PEG-NH, moiety or NH,-PEG-COOH

moiety.
3. The micelle of claim 1 wherein the non-peptidyl, hydrophobic core-forming block
comprises polycaprolactone (PCL), poly(lactic acid) (PLA), poly(glycolic acid) (PGA) or

poly(lactic-co-glycolic acid) (PLGA).

4. The micelle of claim 3 wherein the non-peptidyl, hydrophobic core-forming block

comprises PCL.

5. The micelle of claim 3 wherein the non-peptidyl, hydrophobic core-forming block

comprises PLA.

6. The micelle of claim 3 wherein the non-peptidyl, hydrophobic core-forming block

comprises PGA.

7. The micelle of claim 3 wherein the non-peptidyl, hydrophobic core-forming block

comprises PLGA.
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8. The micelle of claim 4 wherein the PCL is poly(e-caprolactone).

9. The micelle of claim 1, 2, 3, 4, 5, 6, 7 or 8 wherein the non-peptidyl, hydrophobic core-

forming block has a molecular weight from about 0.5 kDa to about 20 kDa.

10. The micelle of claim 8 wherein the poly(g-caprolactone) has a molecular weight of

about 3.5 kDa.

11. The micelle of claim 8 wherein the poly(g-caprolactone) has a molecular weight of

about 14 kDa.

12. The micelle of claim 1 wherein the polyester dendron has an acetylene core.

13. The micelle of claim 1 wherein the polyester dendron has a carboxylate core.

14. The micelle of claim 3 wherein the polyester dendron has an acetylene core.

15. The micelle of claim 3 wherein the polyester dendron has a carboxylate core.

16. The micelle of claim 4 or 8§ wherein the polyester dendron has an acetylene core.

17. The micelle of claim 10 wherein the polyester dendron has an acetylene core.

18. The micelle of claim 11 wherein the polyester dendron has an acetylene core.

19. The micelle of claim 1, 12 or 13 wherein the polyester dendron is a generation 3 (G3)

dendron.

20. The micelle of claim 1, 12 or 13 wherein the polyester dendron is a generation 4 (G4)

dendron.
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21. The micelle of claim 1, 12 or 13 wherein the polyester dendron is a generation 5 (G5)

dendron.

22. The micelle of claim 12 wherein the polyester dendron is a generation 3 polyester-8-

hydroxyl-1-acetylene bis-MPA dendron.

23. The micelle of claim 1 wherein the PEG moiety is a methoxy PEG (mPEG) moiety,
amine-terminated PEG (PEG-NH;) moiety, acetylated PEG (PEG-Ac) moiety, carboxylated PEG
(PEG-COOH) moiety, thiol-terminated PEG (PEG-SH) moiety, N-hydroxysuccinimide-actived
PEG (PEG-NHS) moiety, NH,-PEG-NH, moiety or NH,-PEG-COOH moiety.

24. The micelle of claim 3, 4, 5, 6, 7, 8, 10, 11, 12, 13, 14, 15, 16, 17, 18 or 22 wherein the
PEG moiety is a methoxy PEG (mPEG) moiety, amine-terminated PEG (PEG-NH>) moiety,
acetylated PEG (PEG-Ac) moiety, carboxylated PEG (PEG-COOH) moiety, thiol-terminated PEG
(PEG-SH) moiety, N-hydroxysuccinimide-actived PEG (PEG-NHS) moiety, NH,-PEG-NH, moiety
or NH,-PEG-COOH moiety.

25. The micelle of claim 23 wherein the PEG moiety is a mPEG moiety.

26. The micelle of claim 24 wherein the PEG moiety is a mPEG moiety.

27. The micelle of claim 23 wherein the PEG moiety has a molecular weight from about 0.2

kDa to about 5 kDa.

28. The micelle of claim 24 wherein the PEG moiety has a molecular weight from about 0.2

kDa to about 5 kDa.

29. The micelle of claim 25 wherein the mPEG moiety has a molecular weight from about

0.2 kDa to about 5 kDa.
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30. The micelle of claim 10, 11 or 22 wherein the PEG moiety is an mPEG moiety with a

molecular weight of about 2 kDa.

31. The micelle of claim 10, 11 or 22 wherein the PEG moiety is an mPEG moiety with a

molecular weight of about 5 kDa.

32. The micelle of any preceding claim further comprising one or more ligands conjugated

to one or more PEG moieties.

33. The micelle of claim 32 wherein the ligand is folic acid.

34. The micelle of any preceding claim further comprising a drug.

35. The micelle of claim 34 wherein the drug is a cancer drug.

36. The micelle of claim 34 wherein the drug is indomethacin.

37. The micelle of claim 34 wherein the drug is o--mangostin.

38. A composition comprising a micelle comprising amphiphilic dendron-coils, wherein
each amphiphilic dendron-coil comprises a non-peptidyl, hydrophobic core-forming block, a

polyester dendron and a poly(ethylene) glycol (PEG) moiety.

39. The composition of claim 38 wherein the the non-peptidyl, hydrophobic core-forming
block comprises polycaprolactone (PCL), poly(lactic acid) (PLA), poly(glycolic acid) (PGA) or
poly(lactic-co-glycolic acid) (PLGA); wherein the polyester dendron is a generation 3 to generation
5 polyester dendron with either an acetylene or carboxylate core; and wherein the PEG moiety is a
methoxy PEG (mPEG) moiety, amine-terminated PEG (PEG-NH,) moiety, acetylated PEG (PEG-
Ac) moiety, carboxylated PEG (PEG-COOH) moiety, thiol-terminated PEG (PEG-SH) moiety, N-
hydroxysuccinimide-actived PEG (PEG-NHS) moiety, NH,-PEG-NH, moiety or NH,-PEG-COOH

moiety.

52



WO 2012/116073 PCT/US2012/026133

40. The composition of claim 38 wherein the non-peptidyl, hydrophobic core-forming block
comprises polycaprolactone (PCL), poly(lactic acid) (PLA), poly(glycolic acid) (PGA) or
poly(lactic-co-glycolic acid) (PLGA).

41. The composition of claim 40 wherein the non-peptidyl, hydrophobic core-forming block

comprises PCL.

42. The composition of claim 40 wherein the non-peptidyl, hydrophobic core-forming block
comprises PLA.

43. The composition of claim 40 wherein the non-peptidyl, hydrophobic core-forming block

comprises PGA.

44. The composition of claim 40 wherein the non-peptidyl, hydrophobic core-forming block
comprises PLGA.

45. The composition of claim 41 wherein the PCL is poly(e-caprolactone).

46. The composition of claim 38, 39, 40, 41, 42, 43, 44 or 45 wherein the non-peptidyl,
hydrophobic core-forming block has a molecular weight from about 0.5 kDa to about 20 kDa.

47. The composition of claim 45 wherein the poly(e-caprolactone) has a molecular weight

of about 3.5 kDa.

48. The composition of claim 45 wherein the poly(e-caprolactone) has a molecular weight

of about 14 kDa.

49. The composition of claim 38 wherein the polyester dendron has an acetylene core.

50. The composition of claim 38 wherein the polyester dendron has a carboxylate core.
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51. The composition of claim 40 wherein the polyester dendron has an acetylene core.

52. The composition of claim 40 wherein the polyester dendron has a carboxylate core.

53. The composition of claim 41 or 45 wherein the polyester dendron has an acetylene core.

54. The composition of claim 47 wherein the polyester dendron has an acetylene core.

55. The composition of claim 48 wherein the polyester dendron has an acetylene core.

56. The composition of claim 38, 49 or 50 wherein the polyester dendron is a generation 3

(G3) dendron.

57. The composition of claim 38, 49 or 50 wherein the polyester dendron is a generation 4

(G4) dendron.

58. The composition of claim 38, 49 or 50 wherein the polyester dendron is a generation 5

(G5) dendron.

59. The composition of claim 49 wherein the polyester dendron is a generation 3 polyester-

8-hydroxyl-1-acetylene bis-MPA dendron.

60. The composition of claim 38 wherein the PEG moiety is a methoxy PEG (mPEG)
moiety, amine-terminated PEG (PEG-NH-) moiety, acetylated PEG (PEG-Ac) moiety, carboxylated
PEG (PEG-COOH) moiety, thiol-terminated PEG (PEG-SH) moiety, N-hydroxysuccinimide-
actived PEG (PEG-NHS) moiety, NH,-PEG-NH; moiety or NH,-PEG-COOH moiety.

61. The composition of claim 41, 42, 43, 44, 45, 46, 47, 48, 49 50, 51, 52, 53, 54, 55 or 59

wherein the PEG moiety is a methoxy PEG (mPEG) moiety, amine-terminated PEG (PEG-NH,)
moiety, acetylated PEG (PEG-Ac) moiety, carboxylated PEG (PEG-COOH) moiety, thiol-
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terminated PEG (PEG-SH) moiety, N-hydroxysuccinimide-actived PEG (PEG-NHS) moiety, NH»-
PEG-NH; moiety or NH,-PEG-COOH moiety.

62. The composition of claim 60 wherein the PEG moiety is a mPEG moiety.

63. The composition of claim 61 wherein the PEG moiety is a mPEG moiety.

64. The composition of claim 60 wherein the PEG moiety has a molecular weight from

about 0.2 kDa to about 5 kDa.

65. The composition of claim 61 wherein the PEG moiety has a molecular weight from

about 0.2 kDa to about 5 kDa.

66. The composition of claim 62 wherein the mPEG moiety has a molecular weight from

about 0.2 kDa to about 5 kDa.

67. The composition of claim 47, 48 or 59 wherein the PEG moiety is an mPEG moiety

with a molecular weight of about 2 kDa.

68. The composition of claim 47, 48 or 59 wherein the PEG moiety is an mPEG moiety

with a molecular weight of about 5 kDa.

69. The composition of any preceding claim wherein the micelle further comprises one or

more ligands conjugated to one or more PEG moieties.

70. The composition of claim 69 wherein the ligand is folic acid.

71. The composition of any preceding claim wherein the micelle further comprises a drug.

72. The composition of claim 71 wherein the drug is a cancer drug.
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73. The composition of claim 71 wherein the drug is indomethacin.

74. The composition of claim 71 wherein the drug is oi-mangostin.

75. A method of delivering a drug to a patient comprising administering a composition
comprising a micelle and a pharmaceutically acceptable carrier,

wherein the micelle comprises amphiphilic dendron-coils and encapsulates the drug, and
wherein each amphiphilic dendron-coil comprises a non-peptidyl, hydrophobic core-forming block,

a polyester dendron and a poly(ethylene) glycol (PEG) moiety.

76. The method of claim 75 wherein the the non-peptidyl, hydrophobic core-forming block
comprises polycaprolactone (PCL), poly(lactic acid) (PLA), poly(glycolic acid) (PGA) or
poly(lactic-co-glycolic acid) (PLGA); wherein the polyester dendron is a generation 3 to generation
5 polyester dendron with either an acetylene or carboxylate core; and wherein the PEG moiety is a
methoxy PEG (mPEG) moiety, amine-terminated PEG (PEG-NH,) moiety, acetylated PEG (PEG-
Ac) moiety, carboxylated PEG (PEG-COOH) moiety, thiol-terminated PEG (PEG-SH) moiety, N-
hydroxysuccinimide-actived PEG (PEG-NHS) moiety, NH,-PEG-NH, moiety or NH,-PEG-COOH

moiety.
77. The method of claim 75 wherein the non-peptidyl, hydrophobic core-forming block
comprises polycaprolactone (PCL), poly(lactic acid) (PLA), poly(glycolic acid) (PGA) or

poly(lactic-co-glycolic acid) (PLGA).

78. The method of claim 77 wherein the non-peptidyl, hydrophobic core-forming block

comprises PCL.

79. The method of claim 77 wherein the non-peptidyl, hydrophobic core-forming block
comprises PLA.

80. The method of claim 77 wherein the non-peptidyl, hydrophobic core-forming block
comprises PGA.
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81. The method of claim 77 wherein the non-peptidyl, hydrophobic core-forming block
comprises PLGA.

82. The method of claim 78 wherein the PCL is poly(g-caprolactone).

83. The method of claim 75, 76, 77, 78, 79, 80, 81 or 82 wherein the non-peptidyl,
hydrophobic core-forming block has a molecular weight from about 0.5 kDa to about 20 kDa.

84. The method of claim 82 wherein the poly(e-caprolactone) has a molecular weight of

about 3.5 kDa.

85. The method of claim 82 wherein the poly(e-caprolactone) has a molecular weight of

about 14 kDa.

86. The method of claim 75 wherein the polyester dendron has an acetylene core.

87. The method of claim 75 wherein the polyester dendron has a carboxylate core.

88. The method of claim 77 wherein the polyester dendron has an acetylene core.

89. The method of claim 77 wherein the polyester dendron has a carboxylate core.

90. The method of claim 78 or 82 wherein the polyester dendron has an acetylene core.

91. The method of claim 84 wherein the polyester dendron has an acetylene core.

92. The method of claim 85 wherein the polyester dendron has an acetylene core.

93. The method of claim 75, 86 or 87 wherein the polyester dendron is a generation 3 (G3)

dendron.
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94. The method of claim 75, 86 or 87 wherein the polyester dendron is a generation 4 (G4)

dendron.

95. The method of claim 75, 86 or 87 wherein the polyester dendron is a generation 5 (GS5)

dendron.

96. The method of claim 86 wherein the polyester dendron is a generation 3 polyester-8-

hydroxyl-1-acetylene bis-MPA dendron.

97. The method of claim 75 wherein the PEG moiety is a methoxy PEG (mPEG) moiety,
amine-terminated PEG (PEG-NH;) moiety, acetylated PEG (PEG-Ac) moiety, carboxylated PEG
(PEG-COOH) moiety, thiol-terminated PEG (PEG-SH) moiety, N-hydroxysuccinimide-actived
PEG (PEG-NHS) moiety, NH,-PEG-NH, moiety or NH,-PEG-COOH moiety.

98. The method of claim 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92 or 96
wherein the PEG moiety is a methoxy PEG (mPEG) moiety, amine-terminated PEG (PEG-NH,)
moiety, acetylated PEG (PEG-Ac) moiety, carboxylated PEG (PEG-COOH) moiety, thiol-
terminated PEG (PEG-SH) moiety, N-hydroxysuccinimide-actived PEG (PEG-NHS) moiety, NH,-
PEG-NH; moiety or NH,-PEG-COOH moiety.

99. The method of claim 75 wherein the PEG moiety is a mPEG moiety.

100. The method of claim 98 wherein the PEG moiety is a mPEG moiety.

101. The method of claim 75 wherein the PEG moiety has a molecular weight from about

0.2 kDa to about 5 kDa.

102. The method of claim 98 wherein the PEG moiety has a molecular weight from about

0.2 kDa to about 5 kDa.
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103. The method of claim 99 wherein the mPEG moiety has a molecular weight from about

0.2 kDa to about 5 kDa.

104. The method of claim 84, 85 or 96 wherein the PEG moiety is an mPEG moiety with a

molecular weight of about 2 kDa.

105. The method of claim 84, 85 or 96 wherein the PEG moiety is an mPEG moiety with a

molecular weight of about 5 kDa.

106. The method of any one of claims 75-105 wherein the micelle further comprises one or

more ligands conjugated to one or more PEG moieties.

107. The method of claim 106 wherein the ligand is folic acid.

108. The method of any one of claims 75-107 wherein the micelle further comprises a drug

109. The method of claim 108 wherein the drug is a cancer drug.

110. The method of claim 108 wherein the drug is indomethacin.

111. The method of claim 108 wherein the drug is o--mangostin.

112. A method of capturing a cell from a sample comprising the steps of :

exposing the sample to an immobilized amphiphilic dendron-coil comprising a non-peptidyl,
hydrophobic core-forming block, a polyester dendron and a poly(ethylene) glycol (PEG) moiety
with a ligand conjugated to the PEG, wherein the ligand binds to the cell; and

capturing the cell by binding of the ligand to the cell.

113. The method of claim 1 wherein the the non-peptidyl, hydrophobic core-forming block

comprises polycaprolactone (PCL), poly(lactic acid) (PLA), poly(glycolic acid) (PGA) or

poly(lactic-co-glycolic acid) (PLGA); wherein the polyester dendron is a generation 3 to generation
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5 polyester dendron with either an acetylene or carboxylate core; and wherein the PEG moiety is a
methoxy PEG (mPEG) moiety, amine-terminated PEG (PEG-NH,) moiety, acetylated PEG (PEG-
Ac) moiety, carboxylated PEG (PEG-COOH) moiety, thiol-terminated PEG (PEG-SH) moiety, N-
hydroxysuccinimide-actived PEG (PEG-NHS) moiety, NH,-PEG-NH, moiety or NH,-PEG-COOH

moiety.
114. The method of claim 113 wherein the non-peptidyl, hydrophobic core-forming block
comprises polycaprolactone (PCL), poly(lactic acid) (PLA), poly(glycolic acid) (PGA) or

poly(lactic-co-glycolic acid) (PLGA).

115. The method of claim 114 wherein the non-peptidyl, hydrophobic core-forming block
comprises PCL.

116. The method of claim 114 wherein the non-peptidyl, hydrophobic core-forming block
comprises PLA.

117. The method of claim 114 wherein the non-peptidyl, hydrophobic core-forming block
comprises PGA.

118. The method of claim 114 wherein the non-peptidyl, hydrophobic core-forming block
comprises PLGA.

119. The method of claim 115 wherein the PCL is poly(e-caprolactone).

120. The method of claim 113, 114, 115, 116, 117, 118 or 119 wherein the non-peptidyl,
hydrophobic core-forming block has a molecular weight from about 0.5 kDa to about 20 kDa.

121. The method of claim 119 wherein the poly(e-caprolactone) has a molecular weight of

about 3.5 kDa.
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122.

The method of claim 119 wherein the poly(e-caprolactone) has a molecular weight of

about 14 kDa.

123.

124.

125.

126.

127.

128.

129.

130.

The method of claim 113 wherein the polyester dendron has an acetylene core.

The method of claim 113 wherein the polyester dendron has a carboxylate core.

The method of claim 114 wherein the polyester dendron has an acetylene core.

The method of claim 114 wherein the polyester dendron has a carboxylate core.

The method of claim 115 or 119 wherein the polyester dendron has an acetylene core.

The method of claim 121 wherein the polyester dendron has an acetylene core.

The method of claim 122 wherein the polyester dendron has an acetylene core.

The method of claim 113, 123 or 124 wherein the polyester dendron is a generation 3

(G3) dendron.

131.

The method of claim 113, 123 or 124 wherein the polyester dendron is a generation 4

(G4) dendron.

132. The method of claim 113, 123 or 124 wherein the polyester dendron is a generation 5
(G5) dendron.

133.

The method of claim 123 wherein the polyester dendron is a generation 3 polyester-8-

hydroxyl-1-acetylene bis-MPA dendron.

134. The method of claim 113 wherein the PEG moiety is a methoxy PEG (mPEG) moiety,
amine-terminated PEG (PEG-NH;) moiety, acetylated PEG (PEG-Ac) moiety, carboxylated PEG
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(PEG-COOH) moiety, thiol-terminated PEG (PEG-SH) moiety, N-hydroxysuccinimide-actived
PEG (PEG-NHS) moiety, NH,-PEG-NH, moiety or NH,-PEG-COOH moiety.

135. The method of claim 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126,
127, 128, 129 or 133herein the PEG moiety is a methoxy PEG (mPEG) moiety, amine-terminated
PEG (PEG-NH>) moiety, acetylated PEG (PEG-Ac) moiety, carboxylated PEG (PEG-COOH)
moiety, thiol-terminated PEG (PEG-SH) moiety, N-hydroxysuccinimide-actived PEG (PEG-NHS)
moiety, NH,-PEG-NH, moiety or NH,-PEG-COOH moiety.

136. The method of claim 134 wherein the PEG moiety is a mPEG moiety.

137. The method of claim 135 wherein the PEG moiety is a mPEG moiety.

138. The method of claim 134 wherein the PEG moiety has a molecular weight from about

0.2 kDa to about 5 kDa.

139. The method of claim 135 wherein the PEG moiety has a molecular weight from about

0.2 kDa to about 5 kDa.

140. The method of claim 136 wherein the mPEG moiety has a molecular weight from

about 0.2 kDa to about 5 kDa.

141. The method of claim 121, 122 or 133 wherein the PEG moiety is an mPEG moiety

with a molecular weight of about 2 kDa.

142. The method of claim 121, 122 or 133 wherein the PEG moiety is an mPEG moiety

with a molecular weight of about 5 kDa.

143. The method of any one of claims 113-142 wherein the ligand is folic acid.

144. The method of claim 113 wherein the cell is a circulating tumor cell.

62



WO 2012/116073 PCT/US2012/026133

145. The method of claim 143 wherein the cell is a circulating tumor cell.

146. An amphiphilic dendron-coil comprises a non-peptidyl, hydrophobic core-forming

block, a polyester dendron and a poly(ethylene) glycol (PEG) moiety.

147. The amphiphilic dendron-coil of claim 146 wherein the the non-peptidyl, hydrophobic
core-forming block comprises polycaprolactone (PCL), poly(lactic acid) (PLA), poly(glycolic acid)
(PGA) or poly(lactic-co-glycolic acid) (PLGA); wherein the polyester dendron is a generation 3 to
generation 5 polyester dendron with either an acetylene or carboxylate core; and wherein the PEG
moiety is a methoxy PEG (mPEG) moiety, amine-terminated PEG (PEG-NH,) moiety, acetylated
PEG (PEG-Ac) moiety, carboxylated PEG (PEG-COOH) moiety, thiol-terminated PEG (PEG-SH)
moiety, N-hydroxysuccinimide-actived PEG (PEG-NHS) moiety, NH,-PEG-NH, moiety or NH,-
PEG-COOH moiety.

148. The amphiphilic dendron-coil of claim 146 wherein the non-peptidyl, hydrophobic
core-forming block comprises polycaprolactone (PCL), poly(lactic acid) (PLA), poly(glycolic acid)

(PGA) or poly(lactic-co-glycolic acid) (PLGA).

149. The amphiphilic dendron-coil of claim 148 wherein the non-peptidyl, hydrophobic

core-forming block comprises PCL.

150. The amphiphilic dendron-coil of claim 148 wherein the non-peptidyl, hydrophobic

core-forming block comprises PLA.

151. The amphiphilic dendron-coil of claim 148 wherein the non-peptidyl, hydrophobic

core-forming block comprises PGA.

152. The amphiphilic dendron-coil of claim 148 wherein the non-peptidyl, hydrophobic

core-forming block comprises PLGA.

63



WO 2012/116073

153. The amphiphilic dendron-coil

154. The amphiphilic dendron-coil
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of claim 149 wherein the PCL is poly(e-caprolactone).

of claim 146, 147, 148, 149, 150, 151, 152 or 153

wherein the non-peptidyl, hydrophobic core-forming block has a molecular weight from about 0.5

kDa to about 20 kDa.

155. The amphiphilic dendron-coil
molecular weight of about 3.5 kDa.

156. The amphiphilic dendron-coil
molecular weight of about 14 kDa.

157. The amphiphilic dendron-coil

acetylene core.

158. The amphiphilic dendron-coil

carboxylate core.

159. The amphiphilic dendron-coil

acetylene core.

160. The amphiphilic dendron-coil

carboxylate core.

161. The amphiphilic dendron-coil

an acetylene core.

162. The amphiphilic dendron-coil

acetylene core.

of claim 153 wherein the poly(e-caprolactone) has a

of claim 153 wherein the poly(e-caprolactone) has a

of claim 146 wherein the polyester dendron has an

of claim 146 wherein the polyester dendron has a

of claim 146 wherein the polyester dendron has an

of claim 146 wherein the polyester dendron has a

of claim 149 or 153 wherein the polyester dendron has

of claim 155 wherein the polyester dendron has an
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163. The amphiphilic dendron-coil of claim 156 wherein the polyester dendron has an

acetylene core.

164. The amphiphilic dendron-coil of claim 146, 157 or 158 wherein the polyester dendron

is a generation 3 (G3) dendron.

165. The amphiphilic dendron-coil of claim 146, 157 or 158 wherein the polyester dendron

is a generation 4 (G4) dendron.

166. The amphiphilic dendron-coil of claim 146, 157 or 158 wherein the polyester dendron

is a generation 5 (GS5) dendron.

167. The amphiphilic dendron-coil of claim 157 wherein the polyester dendron is a

generation 3 polyester-8-hydroxyl-1-acetylene bis-MPA dendron.

168. The amphiphilic dendron-coil of claim 146 wherein the PEG moiety is a methoxy
PEG (mPEG) moiety, amine-terminated PEG (PEG-NH») moiety, acetylated PEG (PEG-Ac)
moiety, carboxylated PEG (PEG-COOH) moiety, thiol-terminated PEG (PEG-SH) moiety, N-
hydroxysuccinimide-actived PEG (PEG-NHS) moiety, NH,-PEG-NH, moiety or NH,-PEG-COOH

moiety.

169. The amphiphilic dendron-coil of claim 148, 149, 150, 151, 152, 153, 154, 155, 156,
157, 158, 159, 160, 161, 162 or 167 wherein the PEG moiety is a methoxy PEG (mPEG) moiety,
amine-terminated PEG (PEG-NH;) moiety, acetylated PEG (PEG-Ac) moiety, carboxylated PEG
(PEG-COOH) moiety, thiol-terminated PEG (PEG-SH) moiety, N-hydroxysuccinimide-actived
PEG (PEG-NHS) moiety, NH,-PEG-NH, moiety or NH,-PEG-COOH moiety.

170. The amphiphilic dendron-coil of claim 168 wherein the PEG moiety is a mPEG

moiety.
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171. The amphiphilic dendron-coil of claim 169 wherein the PEG moiety is a mPEG

moiety.

172. The amphiphilic dendron-coil of claim 168 wherein the PEG moiety has a molecular
weight from about 0.2 kDa to about 5 kDa.

173. The amphiphilic dendron-coil of claim 169 wherein the PEG moiety has a molecular
weight from about 0.2 kDa to about 5 kDa.

174. The amphiphilic dendron-coil of claim 170 wherein the mPEG moiety has a molecular

weight from about 0.2 kDa to about 5 kDa.

175. The amphiphilic dendron-coil of claim 155, 156 or 167 wherein the PEG moiety is an
mPEG moiety with a molecular weight of about 2 kDa.

176. The amphiphilic dendron-coil of claim 155, 156 or 167 wherein the PEG moiety is an

mPEG moiety with a molecular weight of about 5 kDa.

177. The amphiphilic dendron-coil of any one of claims 146-176 further comprising one or

more ligands conjugated to one or more PEG moieties.

178. The amphiphilic dendron-coil of claim 177 wherein the ligand is folic acid.
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