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NANOEMULSION COMPOSITIONS OF
TAXOID DRUGS, AND METHODS FOR THE
USE THEREOF TO TARGET CANCER
CELLS AND CANCER STEM CELLS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE 10O RELATED
APPLICATIONS

This application is a reissue of U.S. application Ser. No.

15/616,103, filed Jun. 7, 2017, now U.S. Pat. No. 10,206,
875, filed Feb. 19, 2019, which claims the benefit of U.S. Ser.
No. 62/346,755, filed Jun. 7, 2016, the entire contents of

which is hevewith incorporated by rveference in its entirety
for all purposes.

GRANT INFORMATION

This 1nvention was made with government support under
CA103314, CA132396 and HHSN261201500018C
awarded by the National Institutes of Health. The govern-
ment has certain rights in the invention.

TECHNICAL FIELD

The mmvention relates to therapeutic agents and methods
for treating cancer, and especially for overcoming multidrug
resistance, including multidrug resistance in cancer stem
cells. In particular, the invention relates to nanoemulsion
formulations and delivery systems for taxoid drugs, such as
third-generations taxoids.

BACKGROUND OF THE INVENTION

Cancer 1s the second leading cause of death 1n the United
States. In contrast to other human cancers, incidence and
death rates of prostate cancer (PrC) have significantly
increased 1n the current decade. More than 70% of PrC
patients will face post-treatment recurrence and transition of
the disease to an incurable state. It 1s largely accepted that
human tumors are organized hierarchically, and that the top
of this hierarchy 1s occupied by malignant stem cells, which
possess unlimited self-renewal and tumor-initiating capaci-
ties. According to the most recent concept of carcinogenesis,
only specific phenotypic subpopulation(s) of cancer stem
cells (CSCs) are responsible for tumor development, and for
the production of the entire spectrum of the differentiated
progeny that compose a tumor mass, including metastatic
and drug resistant cells. CSCs have been 1solated from all
major human cancer types, including colorectal, pancreatic
and prostate cancers. Numerous studies on many cancer
types have demonstrated that the tumorigenic cells express-
ing common CSC markers, 1n particular CD133 and CD44,
are exceptionally resistant to conventional anti-cancer drugs
(such as 5-FU, oxaliplatin, irinotecan, docetaxel and others).

Multidrug resistance (MDR) to conventional and novel
chemotherapeutic agents represents a formidable challenge
tor clinical cancer therapy. While MDR 1s not exclusively a
property of CSC, a great deal of evidence shows that MDR
1s intimately associated with the presence of CSC. CSCs are
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2

naturally resistant to chemotherapy due to multiple mecha-
nisms, including their relative quiescence, their profound
capacity for DNA repair, their activation of the ATP-binding
cassette (ABC) transporters that efflux many standard anti-
cancer agents, and their resistance to apoptosis. The quies-
cence of CSCs also promotes their resistance to chemo-
therapy and radiation therapy. Moreover, the majority of
standard anti-cancer drugs actually stimulate quiescent
CSCs to self-renew and repopulate the tumor with drug
resistant cells. CSC also show a number of phenotypic
properties that are critical for the tumor phenotype, such as
unrestricted cell replication, self-sufliciency and long-term
survival. These properties help to explain why many cancer
therapies, while killing the bulk of mature tumor cells, often
fail, because they do not eradicate CSCs. Current prostate
cancer treatments primarily target the bulk neoplastic, fast-
growing cancer cells but not the CSCs subpopulation, and
this could provide the reason for the limited survival benefits
seen with most prostate cancer therapies. A surviving frac-
tion of CSCs makes tumor recurrence almost inevitable
following an apparently successtul de-bulking by surgical
resection and/or radiation and chemotherapy.

The fact that most cancer drugs do not address the CSC
subpopulation explains the fact that the anticancer drugs 1n
development have the highest attrition rate as compared to
other diseases: only 5% of agents that have anticancer
activity in preclinical development make it through to regu-
latory approval and even then may only have a small benefit.
In particular, current anti-cancer drugs in development for
prostate cancer have a significantly lower success rate as
compared to other cancers. On the other hand, preclinical
cvaluation of candidate anticancer agents is traditionally
based on the use of unselected high-passage commercial
cancer cell lines grown as a monolayer culture. However,
long-term 1n vitro maintenance evitably leads to the accu-
mulation of additional genomic and epigenomic changes, as
well as to the selection of dominant cell subpopulations.
Indeed, 1t was recently demonstrated that the most com-
monly used established cancer cell lines have no or low
correlation with the original clinical samples. This suggests
that the use of established cell lines for the study of genomic
alterations, discovery of clinically relevant molecular tar-
gets, and anticancer drug development 1s questionable, since
the use of these cell lines does not account for the complex-
ity and pathophysiology of 1n vivo tumors. All of the above
considerations highlight the crucial role of CSCs 1n the
discovery of climcally relevant molecular targets and creates
an urgent need for CSC-targeted drug development, more
physiologically and clinically relevant sources of cancer
cells, as well as more relevant 1n vitro and 1in vivo models.

Recently, Applicants have established patient-derived
ultra-low passage prostate cancer cell line with stable retain-
ing of the features of immature, stem-like cells (PP12 cell
line). The previous studies have demonstrated that the
CD133"/CD44” phenotype of prostate cancer cells showed
clear stem cell-related features, including high tumor- and
spheroid-imtiating capacities, plasticity (ability to produce
multiple cell phenotypes), and high resistance to standard
drugs. These cells express over-activated developmental
pathways and express high levels of several key transcrip-
tion factors determining embryonic stem cell pluripotency.
In addition, the PPT2 cells express many genes related to
anti-apoptotic signaling and drug resistance, which make
them a good model for CSC-targeted drug development
studies.

Recent studies by Weinberg, Lander, and other groups
have shown the tremendous plasticity for cancer cells to
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interconvert between differentiated tumor and cancer stem
cell (CSC) phenotypes. Clinical research efforts show that
cells with phenotypic-CSC markers are more prevalent after
treatment with traditional chemotherapeutic agents, and are
more tumorigenic than their differentiated counterparts.
CSCs exist 1n ‘meta-states” with significant plasticity, so that
these cells can diflerentiate 1nto cells that are tumorgenic and
are either chemosensitive or MDR resistant.

This information suggests a need for therapies that
address a number of “meta-phenotypic” states, and are
multimodal, in order to mitigate MDR-mechanisms arising,
from both differentiated tumor cell and CSC populations.
First-generation taxoid drugs, such as paclitaxel (PX) and
docetaxel, do not meet this need. Taxoid drugs stabilize
microtubules and 1nhibit late G2 or M phases of cell cycle,
thereby causing the cell death. Although very active clini-
cally, PX and docetaxel have several clinical problems
including poor drug solubility, serious dose-limiting toxici-
ties such as myelosuppression, peripheral sensory neuropa-

thy, allergic reactions, and eventual development of drug
resistance. A number of these side eflects have been asso-
ciated with the solvents used for dilution of these antine-
oplastic agents: Cremophor EL for paclitaxel and polysor-
bate 80 for docetaxel. In addition, reports have linked these
solvents to undesirable alterations in PX and docetaxel
pharmacokinetic profiles. A major drawback of the first
generation taxoids 1s there ineffectiveness against MDR
cells. These drugs are substrates of P-glycoprotein (Pgp), an
cllective ATP-binding cassette (ABC) transporter, which
actively pumps the drugs out of the cells and 1induces drug
resistance. This helps to explain why PX and docetaxel are
cllective imitially against breast, ovary, and lung cancers, but
do not show eflicacy against colon, pancreatic, melanoma,
and renal cancers. For example, human colon carcinoma 1s
inherently multidrug resistant due to the over expression of
Pgp. Accordingly, PX does not show any appreciable efli-
cacy against human colon cancer xenografts in mice.
Second-generation taxoids offer an improved solution to
the problems of MDR and CSCs. In sharp contrast with PX,
a number of second-generation taxoids, such as SBT-1214,
show excellent activity (2-3 orders of magnitude more
potent than PX) against drug resistant cancer cells, express-
ing MDR phenotypes. In several studies using colorectal and
prostate cancer models, SBT-1214 was shown to eflectively
kill both CSCs 1n vitro and in xenograit models. SBT-1214
was also found to possess mtrinsic Pgp modulating ability.
SBT-1214, exhibited remarkable ethicacy against highly
several drug resistant (Pgp+) colon tumor xenografts in
SCID mice, inducing complete regression in all surviving
mice with tumor growth delay>187 days. The observed total
suppression of tumor recurrence by SBT-1214 may indicate
that this taxoid can kill or regulate CSCs. Thus, we exam-
ined the activity of SBT-1214 against colon CSCs from
HCT116, HI-29 and DLD-1 cell lines using cancer spher-
01ds 1n 3D cultures. Administration of 100 nM SBT-1214 to
the HCT116, HI-29 and DLD-1 spheroids for 48 h resulted
in marked suppression of the growth of the secondary
spheroids 1n all cells. Most importantly, viable cells that
survived this treatment regimen significantly lost the ability
to form secondary spheroids, which indicates that colon
CSC population was critically aflected. Also, 1t was found
that the treatment of HCT116, DLD-1 and HT-29 CSCs with
SBT-1214 led to the down-regulation of a number of stem
cell-related genes and significant inhibition of genes
involved 1n retaining pluripotency. SBT-1214 inhibited the
majority of stem cell-related genes 1n all colon CSCs exam-
ined. It 1s worthy of note that many of these genes are related
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4

to self-renewal, regulation of symmetric/asymmetric divi-
s1ion and pluripotency. These results provided strong support
for the use of this new-generation taxoid, SBT-1214, as the
highly potent cytotoxic antitumor agent component of this
study against PP12 cells and tumors.

A further improvement 1n taxoid drug delivery was the
conjugation of taxoids to natural fatty acids (polyunsaturated
fatty acids (PUFAs)). This 1s an attractive strategy mainly
because, (a) some PUFAs possess cancer-specific toxicity
via signaling pathways overexpressed 1n various cancers, (b)
various cytotoxic drugs and PUFAS often exhibit synergistic
cllects against various cancer cell lines, (¢) PUFAs appear to
have protective etfects on healthy cells by preventing drug
induced apoptosis, (d) conjugation may decrease systemic

toxicity by altering the pharmacokinetic properties of the
cytotoxic drugs, and (e) PUFAs are FDA-approved food

additives. It has been shown that n-3 PUFAs inlibits the
production of carcinogenic eicosanoids derived from n-6
PUFAs through various mechanisms. Eicosanoids that are
derived from n-3 PUFAs generally exhibit an inhibitory
cllect on inflammation and tumor growth. Finally, n-3
PUFAs have been shown to mhibit the ERK1/2 pathway
which has been implicated 1n drug resistance. All of these
factors may be contributing to the observed synergy between
n-3 PUFAs and a variety of cytotoxic agents.

Among naturally occurring n-3 PUFAs, docosahexaenoic
acid (DHA) exhibited the highest potency and thus has been
studied extensively. It has been shown that DHA 1s taken up
readily and preferentially by tumor cells for use a biochemi-
cal precursor and energy source. Not only does this eflect
produce a preferential tumor targeting effect, but DHA
conjugates also show reduced efflux by Pgp. A DHA con-
jugate of the first-generation taxoid PX was developed
(TAXOPREXIN®: Protarga/Luitpold). The DHA conjugate
was found to be 1s voraciously taken up by tumor cells,
internalized (probably through strong lipid-lipid interaction
of the DHA moiety with cancer cell membrane), and slowly
hydrolyzed by esterases in the cancer cell. DHA does not
seem to be a good substrate for Pgp, and was found to reduce
the efllux of PX.

The conjugation of DHA to first generation taxoids 1s not,
however, an optimum strategy for overcoming MDR in
CSCs and other cancer cells. If cancer cells are over express-
ing Pgp and/or other ABC transporters, PX molecules, even
when released slowly, will be caught by the efllux pump(s)
and eliminated from the cancer cells.

Because second-generation taxoids like SBT-1214
already possessed intrinsic resistance to Pgp-mediated
clllux, the strategy of making conjugates possibly tumor-
targeting by exploiting EPR eflects of HAS-fatty acid-taxoid
complexes and making tumor-selective transcytosis of HSA
complex via Gp 60 by conjugating DHA to these taxoids was
developed. The result was the next-generation of taxoids,
which include taxoid-fatty-acid conjugates, as exemplified
by DHA-SBT-1214 and LNA-SBT-1214.

DHA conjugation to SBT-1214 also provides pro-drug
properties, rendering the conjugated drug 10-fold less toxic
than free SBT-1214. The DHA moiety shields the taxane
backbone and prevents tubulin binding. It 1s not until the
conjugate 1s taken up by the cell, and the DHA moiety 1s
cleaved by intracellular esterases, that the compound 1is
active.

DHA-SBT-1214 was successiully synthesized and evalu-
ated for 1ts anti-tumor activity against both PX-sensitive and
PX-resistant human tumor xenografts in SCID mice. DHA-
SBT-1214 was found to cause complete regression of both
PX resistant and non-resistant tumors.
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The eflicacy of DHA-SBT-1214 was evaluated against
colon, ovarian, pancreatic and NSCL tumor xenografts 1n
mouse models, which exhibited impressive eflicacy. How-
ever, 1n these studies, DHA-SBT-1214 was formulated 1n
solutol HS-15 (or polysorbate 80)/ethanol/saline, and the use
of an excipient was found to impose well-documented
adverse eflects, ascribed to the excipient and ethanol, as well
as some stability 1ssues at lower concentration of the excipi-
ent. Therefore, Applicants have studied the eflicacy of the
nanoemulsion formulation, developed 1 a formulation
research laboratory. Despite the robust pre-clinical eflects
seen with DHA-SB'T-1214, there are drawbacks to using the
current formulation and Applicants are seeking ways to
potentially improve the safety, PK, distribution, retention
and ease of use in the clinic.

Although clinically active, taxanes have several 1ssues.
These 1nclude poor drug solubility, serious dose-limiting
toxicities such as myelosuppression, peripheral sensory neu-
ropathy, allergic reactions, and eventual development of
drug resistance. A number of these side effects have been
associated with the solvents used for dilution of these
antineoplastic agents: CrEL for paclitaxel and polysorbate
80 for docetaxel. In particular polyoxyethylated castor o1l 1s
biologically and pharmacologically active and leaches plas-
ticizers from standard intravenous (1.v.) tubing releasing
di(2-ethylhexyl)phthalate (DEHP). Its infusion produces
histamine release with consequent well-described hypersen-
sitivity reactions, including anaphylaxis. In early phase I
trials 20% to 40% of un-premedicated patients were aflected
by these reactions. Moreover 1t has been also associated with
hyperlipidemia, abnormal lipoprotein patterns, aggregation
of erythrocytes, and prolonged, sometimes irreversible sen-
sory neuropathy which may be associated with demyelina-
tion and axonal degeneration. CrEL can also cause neutro-
penia. In addition, reports have linked these solvents to the
alterations 1n paclitaxel and docetaxel pharmacokinetic pro-
files. Hypersensitivity reactions can also occur with poly-
sorbate 80, though to a lesser extent than with CrEL.
Polysorbate 80 has also been associated with sometimes
severe and irreversible sensory and motor neuropathies.
Moreover polysorbate 80 can alter membrane tluidity, lead-
ing to cumulative fluid retention. This unique docetaxel
toxicity may be reduced by prophylactic corticosteroids.
Another important point 1s that CrEL and polysorbate 80
may limit tumor penetration with a negative impact on
cllicacy. In particular, the formation of large polar micelles
of CrEL-paclitaxel 1n the plasma compartment entraps the
drug and can lead to non-linear pharmacokinetics due to
decreased drug clearance and decreased volume of distribu-
tion. This contributes to a lack of dose-dependent antitumor
activity.

Because DHA-SB'1-1214 1s extremely hydrophobic, 1t
needs to be formulated 1n polysorbate 80/ethanol/saline or
Solutol H-15/ethanol/saline 1n order to be infused intrave-
nously. As mentioned earlier, vehicles such as Cremophor
and polysorbate 80 produce serious side effects and unde-
sirable eflects on pharmacokinetics were mentioned previ-
ously.

Nanoscale molecules possess a unique property in their
use as the vehicle for anticancer drugs, because of the
“enhanced permeability and retention (EPR)” eflect. Since
the accumulation of nanoscale molecules does not require a
specific receptor, the EPR eflect 1s passive 1n nature, but has
been demonstrated to be eflicacious. Since the nanoemulsion
tormulation protocol includes phospholipids and fish o1l, the

use of DHA-SBT-1214 has a clear advantage over SB'1-1214

5

10

15

20

25

30

35

40

45

50

55

60

65

6

itself for high athinity to the fish o1l component and thus high
elliciency 1n encapsulation, achieving high concentration of
the drug 1nside micelles.

The first line therapy for castration-resistant prostate
cancer (CRPS) has been docetaxel with prednisone, and
cabazitaxel has been approved by FDA 1n 2010 1n place of
or 1n addition to docetaxel treatment. However, CRPS
involving CSCs does not exhibit androgen signaling and
thus this type of CRPS 1s not responding to the combination
ol docetaxel or cabazitaxel with prednisone.

There 1s a great need for delivery systems that enhance the
solubility, MDR resistance properties, and CSC targeting of
PUFA-taxoid conjugates such as DHA-SBT-1214, as well as
methods of treating prostate cancer.

SUMMARY OF THE INVENTION

The present invention provides a composition including
an omega-3 polyunsaturated fatty acid (PUFA)-taxoid con-
jugate encapsulated in an oil-in-water nanoemulsion (NE)
drug delivery system.

The present mvention also provides a pharmaceutical
composition including a PUFA-taxoid conjugate encapsu-
lated 1n an oil-in-water NE drug delivery system.

The present invention further provides a method of treat-
ing cancer, by administering an eflective amount of a
pharmaceutical composition mcluding a PUFA-taxoid con-
jugate encapsulated i an oil-in-water NE drug delivery
system to a subject 1n need of treatment, and treating cancer.

The present invention still further provides a method of
overcoming multidrug resistance by exposing a multidrug
resistant cell to an eflective amount of a pharmaceutical
composition including a PUFA-taxoid conjugate encapsu-
lated 1n an oil-in-water NE drug delivery system, and
inducing the death of the multidrug resistant cell.

The present 1invention also provides a method of elimi-
nating a cancer stem cell, by exposing a cancer stem cell to
an effective amount of a pharmaceutical composition includ-
ing a PUFA-taxoid conjugate encapsulated in an o1l-in-water
NE drug delivery system, and inducing the death of the
cancer stem cell.

The present invention further provides a method of reduc-
ing the stemness of a cancer stem cell, by exposing a cancer
stem cells to an eflective amount of a pharmaceutical
composition including a PUFA-taxoid conjugate encapsu-
lated 1n an oil-in-water NE drug delivery system, and
reducing the expression of stemness-promoting genes in the
cancer stem cell.

The present invention provides for a method of increasing,
retention times of a PUFA-taxoid conjugate in the body of
a subject, by administering an effective amount of a phar-
maceutical composition including a PUFA-taxoid conjugate
encapsulated in an NE drug delivery system, and retaining
the pharmaceutical composition in the body for a longer
period of time than a solution form of the pharmaceutical
composition.

The present invention also provides for a method of
providing a slower release profile of a PUFA-taxoid conju-
gate 1n the body of a subject, including the steps of admin-
istering an eflective amount of a pharmaceutical composi-
tion including a PUFA-taxo1d conjugate encapsulated 1n an
NE drug delivery system, and releasing the pharmaceutical
composition in the body at least three times slower than a

solution form of the pharmaceutical composition.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages of the present invention are readily
appreciated as the same becomes better understood by
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reference to the following detailed description when con-
sidered in connection with the accompanying drawings
wherein:

FIG. 1 shows a chemical structure of the PUFA-taxoid
conjugate DHA-SBT-1214;

FIG. 2A shows the structure of a typical NE, and the
structure of a typical nanoparticle of the NE (right-hand
side), according to the present invention;

FIG. 2B shows the structure of an NE nanoparticle
including a surface peptide for targeting EGFR™ cells;

FIG. 3A shows a graph of the growth of Pgp*, PX-
resistant DLD1 colon cancer xenograits mm SCID mice,
under treatment with DHA-SBT-1214 and other taxoids:

FIG. 3B shows a graph of the growth of PANC-1 pan-
creatic cancer xenograits in SCID mice, under treatment
with DHA-SBT-1214 and other taxoids:

FIG. 3C shows a graph of the growth of CFPAC-I

pancreatic adenocarcinoma xenograits in SCID mice, under
treatment with DHA-SBT-1214 and other taxoids;

FIG. 3D shows a graph of the growth of H460 non-small
cell lung tumor xenograits 1 SCID mice, under treatment

with DHA-SBT-1214 and other taxoids:

FIG. 4A shows a chemical
FIG. 4B shows a chemical
FIG. 4C shows a chemical structure of SBT-121303;
" DHA-Paclitaxel:

structure o1

structure of SBT-12854:

- SBT-1213;

FIG. 4D shows a chemical structure of

FIG. 5 shows experimental results demonstrating the
cytotoxic effects of SBT-1214 upon cancer stem cell rich
tumor spheroids;

FIGS. 6A-6C are transmission electron micrographs
(TEM) of the placebo (NE-Placebo) (FIG. 6A), DHA-SB'T-
1214 nanoemulsion formulation (NE-DHA-SBT-1214)
(FIG. 6B), and ABRAXANE® (FIG. 6C);

FIG. 7A 1s a graph of particle size determination 1n nm,
and FIG. 7B 1s a graph of zeta potential determination 1n
mV:

FIG. 8A 1s a fluorescence microscopy image of the uptake
of rhodamine encapsulated nanoemulsion formulation 1n
monolayver PPT2 cell culture, and FIG. 8B a fluorescence
microscopy 1mage ol the uptake of rhodamine encapsulated
nanoemulsion formulation 1n spheroid PPT2 cell culture;

FIG. 9A 1s a graph of the percentage maximal response as
a function of DHA-SB'T-1214 when administered in aqueous
solution or 1n nanoemulsion formulations to PPT2 cells, and
FIGS. 9B-9G are photographs of PPT2 spheroids treated
with different concentrations of DHA-SBT-1214 nanoemul-

sions and observed under microscope for toxicity (control
(FIG. 9B)), 10 nM (FI1G. 9C), 100 nM (FI1G. 9D), 1 uM (FIG.

9E), 5 uM (FIG. 9F), and 10 uM (FIG. 9G);

FIGS. 10A-10D are flow cytometry analysis of cell sur-
face markers expression 1 parental PP12 cell lines
(CD133+ (FIG. 10A)) and CD44+ (FIG. 10B), and primary
cell suspension from PPT2-induced mice tumor xenograits
(CD133+ (FIG. 10C)) and CD44+ (FIG. 10D);

FIGS. 11A-11F are photographs of mice tumors (FIG.
11A shows control tumors from mice treated with vehicle,
FIGS. 11B and 11C show tumors from Abraxane treated
mice (25 and 40 mg/kg, respectively), FIGS. 11D, 11E, and
11F show tumors from NE-DHA-SBT treated mice (25, 30
and 40 mg/kg, respectively)), FIG. 11G 1s a graph of body

weilght alterations mnduced by treatment with diflerent con-
E-DHA-SBT, and FIG. 11H 1s a graph

centrations of N.
summarizing all treatment modalities;

FIG. 12A 1s a graph of tumor volume change over time
employing in vivo ethicacy of the NE-DHA-SBT against

PPT2 induced mice tumor xenografts, and FIG. 12B 1s a
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graph of body weight alterations induced by treatment with
different concentrations of NE-DHA-SBT;

FIGS. 13A-13L are photographs showing histopathologi-
cal evaluation of the PPT2-induced tumor and different
organ tissues collected from control and NE-DHA-SBT
treated mice (hematoxylin & eosin staining), FIG. 13A—
control untreated tumor shows poorly differentiated adeno-
carcinoma; FIG. 13B-13D—30 mg/kg NE-DHA-SBT-1214
treated tumor show massive hyalurization, vacuolization and
extensive necrosis. Tissues form control untreated mice:
FIG. 13E—liver; FIG. 13G—intestine; FIG. 131—kidney;
FIG. 13K—pancreas; tissues from 40 mg/kg NE-DHA-SBT
treated mice: FIG. 13F—liver (x40 1n insert); FIG. 13H—
intestine; FIG. 13J—kidney; and FIG. 13L—pancreas;

FIG. 14A 1s a photograph of floating spheroids and
compact holoclones under detached spheroids, and FIG. 14B
1s a photograph of floating spheroids produced by primary
cell suspension from control (untreated) tumor;

FIG. 15A 1s a photograph of single spheroid and absence
of adherent colonies or viable cells, and FIG. 15B 1s a
photograph of single spheroid 1n cultures induced by tumor
cells treated with N E-DHA-SBT-1214:

FIG. 16 1s a graph of post-treatment cell viability analysis
in residual tumors after culturing in spheroids 1n untreated
control spheroids;

FIG. 17 1s a graph of post-treatment cell viability analysis
in NE-DHA-SBT-1214 treated spheroids;

FIGS. 18A-18K are graphs of the biodistribution of
DHA-SBT-1214 solutions and nanoemulsions in the brain

(FIG. 18A), pancreas (FIG. 18B), kidney (FIG. 18C), pros-
tate (FIG. 18D), colon (FIG. 18E), heart (FIG. 18F), lung
(F1G. 18G), Iiver (FIG. 18H), spleen (FIG. 18I), plasma
(FI1G. 18J), and tumor (FIG. 18K);

FIGS. 19A-19D are graphs of stability properties over
time and temperatures for DHA-SBT-1214 drug solution
and nanoemulsions: FIG. 19A 1s a graph of stability, FIG.
19B 1s a graph of particle size, FIG. 19C 1s a graph of
polydispersity index, and FIG. 19D 1s a graph of zeta

potential;
FIGS. 20A-20E are photographs of tumors with difl

erent
treatment groups: control (FIG. 20A),

NE-DHA-SBT 30
mg/kg (FIG. 20B), NE-DHA-SBT 40 mg/kg (FIG. 20C),
NE-DHA-SBT 50 mg/kg (FIG. 20D), and NE-DHA-SBT 70

mg/kg (FIG 20E); and
FIG. 21 1s a graph of an 1n vitro dialysis release study of

DHA-SBT-1214 from solution and nanoemulsions (INE),
cumulative DHA-SB'T-1214 release (%) from solution and

NE 1s plotted against time (hours).

(Ll

DETAILED DESCRIPTION OF TH.
INVENTION

The present invention includes an omega-3 polyunsatu-
rated fatty acid (PUFA)-taxoid conjugate formulated 1n an
oil-in-water nanoemulsion (NE) drug delivery system. The
preferred embodiment 1s NE-DHA-SBT-1214, 1n which the
PUFA-taxoid conjugate 1s DHA-SB'T-1214, whose structure
1s shown 1n FIG. 1.

The term “second-generation taxoid” will be used to refer
to a first-generation taxanes, such as paclitaxel (taxol) and
docetaxel (taxoid), i which (1) the C-3'-phenyl group 1is
replaced with an alkenyl or alkyl group and (11) the C-10
position 1s modified with certain acyl groups, and a C-3'N
position 1s a t-Boc group. The term “PUFA-taxoid conju-
gate” will be used to refer to a second generation taxoid with
a modified C2-benzoyl group at 1ts meta position. PUFA-
taxoid conjugates are characterized by their ability to virtu-
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ally circumvent the Pgp-mediated MDR (Ojima 1. and Das
M., Recent advances 1n the chemistry and biology of new
generation taxoids. J Nat Prod. (2009) 72(3): 554-565).

The term “nanoemulsion” (NE) will be used to refer to an
oil-in-water emulsion with mean droplet diameters ranging
from 350 to 1000 nm, with a diameter of >200 nm being
preferred. The preferred NE o1l phase 1s prepared as in U.S.
Patent Application Publication US20070148194 to Amuij, et
al. using omega-3 fatty acid-rich edible o1ls, such as fish o1l
or flax-seed o1l. Other oils can be used such as, but not
limited to, pine nut oil, safflower oil, primrose oil, black
currant oil, borage oi1l, wheat germ o1l, chia o1l, hemp o1l,
perilla o1l, grape oi1l, squalene oi1l, and fungal oil. The o1l
droplet 1s modified with surfactants, including phospholipids
(e.g., LIPOID®) and poly(ethylene oxide)-containing non-
ionic surfactants (e.g., Pluronic or Tween). The surface of
the o1l droplet can also be modified for selective targeting to
tumor cells with a targeting agent, including the use of
folate, EGFR peptide, and other known targeting ligands.
The composition can also contain image contrast agents,
including fluorophores, MRI contrast agents, or radioactive
compounds.

The PUFA 1n the conjugate 1s preferably DHA (C-22), but
can also be eicosapentaenoic acid (EPA, C-20), or alpha-
linolenic acid (LNA, C-18).

The present invention includes formulations of PUFA-
taxoid conjugates, which are encapsulated into nanoparticles
in NE as disclosed in U.S. Patent Application Publication
US20070148194 (2007) to Amiji, et al., which 1s 1ncorpo-
rated herein 1n its entirety. The structure of a typical NE 1s
shown on the left-hand side of FIG. 2, and the structure of
a typical nanoparticle of the NE 1s shown on the right-hand
side of FIG. 2. The preterred PUFA-taxoid conjugate 1s
DHA-SBT-1214, whose structure 1s shown 1n FIG. 1. Alter-
natively, any taxoid, or combination of taxoids, can be
encapsulated in an NE, including, but limited to, any of the
PUFA-taxoid conjugates described in U.S. Pat. No. 7,820,
839, to Ojima, et al., and 1n Ojima I and Das M, (2009), both
of which are incorporated herein 1n their entirety. Details of
formulation are provided herein, in EXAMPLE 3.

Other taxoids which can be included in the present
invention, as NE formulations include, but are not limited to,

paclitaxel, docetaxel, SBT-1213 (FIG. 4A), SBT-12854
(FIG. 4B), and SBT-121303 (FIG. 4C) (Matesanz, et al.,
2014);, SBT-1216, SBT-11033, SBT-121313, SBT-121602
(Ojima, et al., 2009), cabazitaxel, SBT-1212, SBT-1217,
SBT-1102, SBT—1103 SBT-1104, SBT-1106, SBT-1107,
SBT-121301, SBT—121302 SBT-121304, SBT-121403,
SBT-11031, SBT-11032, SBT-11034, SBT-12851, SB-
12852, SBT—12853 SBT-12855, SBT-12851-1, SBr-l2851-
3, SBT-12852-1, SBT-12852-3, SBT-12853- 15 SBT-128353-
3, SBT-12854-1, SBT-12854-3, SBT-12855-1, and SBT-
12855-3. Also included are PUFA-conjugated second
generation taxoids, including, but not limited to, DHA-
paclitaxel (FIG. 4D) (Bradley, et al., 2001); DHA-docetaxel,
DHA-SBT-1213, DHA-SBT-1103, DHA-SBT-1104, DHA -
SBT-1216, LNA-SBT-1213, LNA-paclitaxel, LNA-doc-
etaxel, DHA-cabazitaxel, and L[LNA-cabazitaxel, where
LNA=q¢-liolenic acid. Also, DHA or LNA esters of any of
the above second-generation toxoids can be used. One
skilled 1n the art can easily make such esters. Working
examples of theiwr formulation and effectiveness are found
within the indicated references, which are incorporated in

their entirety herein.
An exemplary PUFA-taxoid conjugate 1s DHA-SB'T-
1214. The acvantages of DHA-SB'T-1214, as previously

discussed, include effectiveness at targeting cancer cells,

10

15

20

25

30

35

40

45

50

55

60

65

10

including CSCs, and at overcoming MDR. More detailed
evidence of the eflectiveness of DHA-SBT-1214 1n over-
coming drug resistance in 1s given herein in EXAMPLE 1.
In these experiments, DHA-SB'T-1214 was etfective against
SCID mouse xenografts of paclitaxel (PX)-resistant human
cell lines DLD1 (colon cancer), PANC-1 and CFPAC-1
(pancreatic cancer), and H460 (non-small cell lung cancer).
In addition, there 1s evidence that DHA-SBT-1214 has
special actions on CSCs. First, the parent drug, SB'T-1214,
reduces the “stemness” of CSCs, that 1s, reduces the expres-
sion of stemness-promoting genes and transcription factors,
including those key to pluripotency, such as Sox-2, Oct3/4,
c-Myc, Kli4 and others (Botchkina et al., 2010 & 2013, and
EXAMPLE 2). This reduces or eliminates the CSC compo-
nent of a tumor, rendering the tumor more susceptible to
therapy. Details of the experiments are provided herein, in
EXAMPLE 2. In addition, SBT-1214 has been shown to
polymerize tubulin in a matter of minutes, as opposed to
hours for PX. This rapid disruption of microtubule biology
can 1nduce cell death even in quiescent CSC.

The main drawback of DHA-SBT-1214, poor solubility 1n
body fluids, 1s overcome by encapsulation 1n a NE formu-
lation according to the present invention. DHA-SBT-1214
and other PUFA-taxoid conjugates can be solubilized and
delivered by formulation with NEs according to the present
invention. These NEs are simple colloidal carriers formed by
dispersion of omega-3, -6, and -9 polyunsaturated fatty acid
(PUFA) rich oils 1n water, and stabilized with an amphiphilic
phospholipid monolayer. The NEs have a hydrodynamic
diameter of <200 nm, can incorporate considerable amounts
of hydrophobic drugs in the high volume fraction of the o1l
phase, and are suitable for delivery of poorly water soluble
drugs. The NE’s are composed entirely of generally
regarded as safe grade (GRAS) materials, which have highly
tavorable safety profiles. This 1s a sigmificant advantage for
clinical adoption.

In previous studies using PX, the PX encapsulation efli-
ciency of the NEs was 100%. This high drug encapsulation
elliciency was attributed to the high lipophilicity of the PX,
with the drug being retained i the oil core of the NE
nanoparticles. NE formulations of PX were stable during a
3-month storage period, with no phase separation or change
in droplet size being observed.

The NE compositions of the present invention have been
found to be physically stable at 4° C. for up to 6 months, as
described 1n Example 6. Particle size was found to be
consistent during this time, and PDI and zeta potential were
also analyzed. The NE compositions have increased reten-
tion times 1n the body compared to a solution form of the
PUFA-taxoid conjugate, as detailed in Example 5. The NE
composition also provides a release profile that 1s at least
three times slower 1n the body than a solution form of the
PUFA-taxoid conjugate, as detailed in Example 8.

Additionally, NEs composed of oils rich in omega-3
PUFA were found to enhance the PX accumulation in
SKOV3 cells. NEs containing pine nut o1l or flax-seed o1l
have 40% or 47% omega-3 PUFA respectlvely and have
been shown to enhance the bloavallablhty and eflicacy of PX
formulations as evaluated 1n mice.

Another advantage of NEs 1s that their surfaces can be
modified with targeting molecules to increase the tumor-
specific delivery of encapsulated drugs. For example, NE
nanoparticles bearing EGFR-binding peptide were taken up
more rapidly than non-targeted NE nanoparticles by EGFR™
SKOYV cells. They also showed greater accumulation at 60
minutes than non-targeted NE nanoparticles. The structure
of an exemplary targeted NE nanoparticle 1s shown in FIG.
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2B. The present invention includes any suitable NE taxoid
formulation wherein the NE nanoparticles bear targeting
molecules, such as growth factor receptor binding peptides,
monoclonal antibodies, and fragments thereof.

A particular advantage of an NE-DHA-SBT-1214 formu-
lation 1s that the DHA moaiety facilitates incorporation into
the oil-rich nanoemulsion. The hydrophobic fatty acid tail
allows for encapsulation of these pro-drugs 1nto the lipidic
core of long-circulating targeted NE.

Another advantage of NE-DHA-SBT-1214 formulations
1s solubility 1n aqueous solutions, such as 1njectable saline.
Formulations according to the present invention therefore
eliminate the need for toxic solvents, such as CREMO-
PHOR®. Thus, the present invention provides a PUFA-
taxoid conjugate encapsulated 1n an oil-1n-water nanoemul-
sion drug delivery system.

NE-DHA-SBT-1214 provides all of the advantages of
DHA-SBT-1214 1n a more effective and less toxic form than
the unformulated parent compound. As previously dis-
cussed, these advantages of DHA-SBT-1214 include the
ability to kill MDR-resistant cancer cells, including CSC,
and the ability to target CSC, both by reducing the expres-
s1on of stemness-promoting genes, and by killing quiescent
cells, through rapid polymerization of microtubules.
According to clinical precedent de-bulking of a tumor by
chemotherapy causes a normally quiescent CSC population
to “wake up” and repopulate the tumor cell population. It 1s
therefore predicted that an mitial treatment of NE-DHA-
SBT-1214 would begin to debulk a tumor through a standard
microtubule stabilizing mechanism, and also alter the gene
expression profile i the CSC population. Once the CSCs
begin to repopulate the tumor, they will be more susceptible
to the microtubule stabilizing eflects. Additionally, DHA-
SBT-1214 has been shown to down-regulate CSC gene
expression and cause diflerentiation of the CSCs whereupon
they are more susceptible to DHA-SBT-1214 induced apop-
tosis.

Therefore, the present mvention provides a method of
treating cancer, by administering an eflective amount of a
pharmaceutical composition including a PUFA-taxoid con-
jugate encapsulated in an NE drug delivery system to a
subject 1n need of treatment, and treating cancer. The cancer
or CSCs being treated 1n the methods herein can be any type
ol cancer, such as, but not limited to, breast, ovary, lung,
head and neck, colon, rectal, pancreatic, melanoma, brain,
prostate, leukemia, sarcomas, thyroid, Non-Hodgkin Lym-
phoma, bladder, gliomas, endometrial, and renal cancer. The
PUFA-taxoid conjugate can be any of those described
herein, and especially DHA-SBT-1214. Because the PUFA -
taxoid conjugate 1s encapsulated in the NE, 1t 1s actively
taken up by the body and DHA 1s cleaved more efliciently
than 1n normal delivery methods. The method can further
include the step of reducing the expression of stemness-
promoting genes and transcription factors in CSCs, includ-
ing those key to pluripotency, such as Sox-2, Oct3/4, c-Myc,
and Klf4. The stemness-promoting genes that are down-
regulated can be, but are not limited to, ABCG2, ACAN,
ACTB, AIN1, ALDHIAIL, ALPI, ASCL2, BMP1, BMP3,
CCND1, CD3D, CD4, CD8A, CD8B, CD8B1, CDH2,
COL1A1, COL2A1, COLSA1, CINNAI1, DHH, DLLI,
DLL3, DTX1, DVLI1, FGF1, FGF3, FGFR1, FZD1, GDF2,
GDF3, GJAL, GIB1, IGF1, ISL1, JAGI1, KRT15, MME,
MSX1, MYOD, NEUROG2, NCAM1, NOTCHI1, NUMB,
PARD6A, PPARD, RB1, RPL13A, S100B, SOX1, SOX2,
TERT and combinations thereof. The expression of CDX2,
DLX2, DNMT3B, EGR, FOXP3, GLI2, HOX family TFs,
IRX4, JUN, KLF2, NFATC1, NR2F2, PCNA, PITX3,
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POU4F1, SIX2, SOX9, and WT1 can also be down-regu-
lated. The method can further include the steps of reducing
or eliminating the CSC component of a tumor and rendering
the tumor more susceptible to therapy. The method can
turther include the steps of rapidly polymerizing tubulin and
inducing cell death. As shown 1n Example 4, a nanoemulsion
of DHA-SB'T-1214 conjugate induces superior tumor regres-
s1ion and tumor growth inhibition 1n prostate cancer models.
The composition and method can be particularly effective
against paclitaxel-sensitive and paclitaxel-resistant tumors.
The composition can suppress tumor growth and induce
tumor shrinkage, prevent production of adherent holoclones,
and prevent vascularization of the tumor. There 1s tumor-
specific accumulation of the composition through gp60-
mediated transcytosis into the tumor interstitium due to
higher afhinity of DHA conjugated drug to human serum
albumin (HAS) which 1s the primary carrier for PUFAs 1n
the bloodstream (as described in Example 4). Further, as
evidenced by Example 5, the method can further include the
step of retaining the pharmaceutical composition 1n the body
for a longer period of time than a solution form of the
pharmaceutical composition, and especially retaining the
pharmaceutical composition at the tumor for longer periods
of time.

Also, a non-conjugated version of the PUFA-taxoid can
be administered along with the conjugate in any of the
methods heremn. Since DHA needs to be cleaved before
becoming active 1n the body, a non-conjugated version can
provide an immediate eflect while the conjugated version
can provide a sustained eflect within the body. With espe-
cially aggressive tumors, it 1s desired to treat them quickly
but also 1t 1s desired to have a sustained, longer eflect on
cancer stem cells. The combination treatment can be admin-
istered as a loading dose and a maintenance dose 1n a single
dose or 1njection.

The present mvention also provides a method of over-
coming multidrug resistance by exposing a multidrug resis-
tant cell to an eflective amount of a pharmaceutical com-
position including PUFA-taxoid conjugate encapsulated in
an NE drug delivery system, and inducing the death of the
multidrug resistant cell. The PUFA-taxoid conjugate can be
any of those described herein, and especially DHA-SBT-
1214. For example, in Example 1, DHA-SBT-1214 caused
complete regression of multidrug resistant tumors 1n mice.
The method can further include the step of reducing the
expression ol stemness-promoting genes and transcription
factors 1n CSCs, including those key to pluripotency, such as
Sox-2, Oct3/4, ¢c-Myc, and Kli4. The method can further
include the step of reducing or eliminating the CSC com-
ponent of a tumor, rendering the tumor more susceptible to
therapy. The method can further include the step of rapidly
polymerizing tubulin and inducing cell death.

The present invention also provides a method of elimi-
nating a cancer stem cell, by exposing a cancer stem cell to
an effective amount of a pharmaceutical composition includ-
ing a PUFA-taxoid conjugate encapsulated in an NE drug
delivery system, and inducing the death of the cancer stem
cell. The PUFA-taxoid conjugate can be any of those
described herein, and especially DHA-SBT-1214. The
method can further include the step of reducing the expres-
sion of stemness-promoting genes and transcription factors
in CSCs, including those key to pluripotency, such as Sox-2,
Oct3/4, c-Myc, and K114. The method can further include the
step of reducing or eliminating the CSC component of a
tumor, rendering the tumor more susceptible to therapy. The
method can further include the step of rapidly polymerizing
tubulin and inducing cell death.
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Also provided by the present invention 1s a method of
reducing the stemness of a cancer stem cell, by exposing
cancer stem cells to an effective amount of a pharmaceutical
composition including a PUFA-taxoid conjugate encapsu-
lated 1n an NE drug delivery system, and reducing the
expression of stemness-promoting genes 1n the cancer stem
cell. The PUFA-taxoid conjugate can be any of those
described heremn, and especially DHA-SBT1-1214. The
method can further include the step of reducing the expres-
sion of stemness-promoting genes and transcription factors
in CSCs, including those key to pluripotency, such as Sox-2,
Oct3/4, c-Myc, and K114. The method can further include the
step of reducing or eliminating the CSC component of a
tumor, rendering the tumor more susceptible to therapy. The
method can further include the step of rapidly polymerizing
tubulin and 1nducing cell death.

The present invention further provides for a method of
increasing retention times of a PUFA-taxo1d conjugate in the
body of a subject, by administering an effective amount of
a pharmaceutical composition including a PUFA-taxoid
conjugate encapsulated in an NE drug delivery system, and
retaining the pharmaceutical composition 1n the body for a
longer period of time than a solution form of the pharma-
ceutical composition. As evidenced by E

Example 5, the NE
drug delivery system for the PUFA-taxoid conjugates 1s able
to provide longer retention times in the body as compared to
a solution form, especially in the plasma and tumors. The
PUFA-taxoid conjugate can be any of those described
herein, and especially DHA-SB'T-1214. Due to the increased
retention times, lower doses of the PUFA-taxoid conjugate
can also be given, thus reducing side eflects.

The present mvention also provides for a method of
providing a slower release profile of a PUFA-taxoid conju-
gate 1n the body of a subject, including the steps of admin-
istering an effective amount of a pharmaceutical composi-
tion 1including a PUFA-taxoid conjugate encapsulated 1n an
NE drug delivery system, and releasing the pharmaceutical
composition in the body at least three times slower than a
solution form of the pharmaceutical composition. As evi-
denced by Example 8, the NE compositions have a three
times slower release profile than the solution form. The
PUFA-taxoid conjugate can be any of those described
herein, and especially DHA-SBT-1214. Due to the slower
release profile, lower doses of the PUFA-taxoid conjugate
can also be given, thus reducing side eflects.

A pharmaceutical composition according to the present
invention 1s preferably an aqueous solution, such as normal
(0.9%) sterile, pyrogen-iree saline. Less preferably, alterna-
tive solvents can be employed or carriers can be employed.
The present invention can also mclude a compatible, phar-
maceutically acceptable excipient, buller, or stabilizer.

An “effective amount” of the pharmaceutical composition
1s determined by the responsible manufactures and/or prac-
titioners, and typically takes account of the disorder to be
treated, the condition of the subject patient, the site of
delivery, the method of administration and other factors.
Examples of the techmiques and protocols to determine
ellective amount can be found in Remington’s Pharmaceus-
tical Sciences, 17th ed., Gennaro, A. R. (ed.), Mack Pub-
lishing Co., Easton, Pa. 1985. In general, “an eflective
amount” of the composition 1s defined as an amount that 1s
suilicient to significantly induce a positive modification of a
disease state. The term also implies that the amount 1s small
enough to avoid serious side-eflects. The determination of
these amounts typically lies within the scope of sensible
medical judgment. An “effective amount” a will vary
according to the particular condition to be treated and also
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with the age and physical condition of the patient to be
treated, the severity of the condition, the duration of the
treatment, the nature of the accompanying therapy, of the
particular pharmaceutically acceptable carrier used, and
similar factors. The pharmaceutical compositions according
to the present invention can be used for both human and
veterinary medical purposes.

The pharmaceutical compositions of the present invention
are preferably administered parenterally, most preferably by
an 1ntravenous route, but can alternatively be administered
by intramuscular, subcutanecous, intradermal, intrathecal,
and epidural routes. For specific purposes, such as tumor-
localized treatments, administration can also be via non-
parenteral routes, such as oral, sublingual, topical, transder-
mal, ophthalmic, otic, nasal, rectal, and vaginal routes.

Various embodiments and aspects of the present iven-
tion, as delineated previously, find experimental support in
the following examples.

Example 1: The Parent PUFA-Taxoid Conjugate,
DHA-SBT-1214, 1s Effective Against Both
PX-Sensitive and PX-Resistant Tumors In Vivo

Effect of DHA-SB1-1214 on Growth of PX-Resistant
Human Colon Cancer Xenografts in SCID Mice.

In experiments using the paclitaxel-resistant, Pgp(™)
DLD1 human colon tumor xenograit implanted s.c. in SCID
mice, paclitaxel and TAXOPREXIN® were totally 1netlec-
tive. In sharp contrast, DHA-SBT-1214 caused complete
regression of the DLD-1 tumor mm 5 of 5 mice at the 80
mg/kg dose administered on days 5, 8, and 11 (tumor growth
delay>187 days) (FIG. 3A).

Effect of DHA-SBT-1214 on the Growth of Human
Pancreatic Cancer Xenograits in SCID Mice.

This experiment compared a q7dx3 with a q3dx3 schedule
for PX and DHA-SBT-1214 using a human PANC-1 pan-
creatic tumor xenograit in RPCI SCID mice. The results
(FIG. 3B) indicated that both schedules were very effective
in this human pancreatic tumor xenograft (tumor growth
delay>90 days). The maximum tolerated does (MTD) for
DHA-SBT-1214 appeared to be 240 mg/kg total dosage (80
mg/kgx3 1n1=240 mg/kg), with one toxic death occurring at
the 300 mg/kg total dose. All mice that received DHA-SBT-
1214 achieved complete remissions, and essentially were
cured. In contrast, PX was only weakly eflective, showing
tumor growth delays of 18 days with q7dx3 schedule and 13

days with q3dx3 schedule and no complete remissions.
Effect of DHA-SBT-1214 on the Growth of Human

Pancreatic Adenocarcinoma Xenograits in SCID Mice.

This experiment compared the eflicacy of PX, DHA-
paclitaxel and DHA-SBT-1214 using a human CFPAC-1
ductal pancreatic adenocarcinoma xenograit. DHA-SBT-
1214 at a 240 mg/kg or 300 mg/kg total dose was very
cllective, causing complete regression and cure for 5 1n S or
4 1n 4, respectively (FIG. 3C). PX and DHA -paclitaxel were
much less effective with only minor tumor growth delay as
compared to vehicles. SBT-1214 (120 mg/kg total dose)
exhibited results superior to PX, with tumor regressions for
6 1n 6 mice although only 1 1n 6 was cured, and the drug
appeared to be more toxic than DHA-SBT-1214. SBT-1214-
treated mice showed only minor weight loss (<4%) until day
20, while the weight loss was negligible for DHA-SBT-
1214-treated mice, at either the 240 mg/kg or 300 mg/kg
total dose.

Effect of DHA-SBT-1214 on the Growth of Human
Non-Small Cell Lung Cancer Xenografts in SCID Mice.
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This experiment compared DHA-SBT1-1214, PX, DHA.-
paclitaxel and SBT-1214 against highly aggressive H460

human non-small cell lung tumor xenograft. Only minor
tumor growth delays were seen with PX at the MTD (75
mg/kg total dose) and DHA-paclitaxel at MTD (240 mg/kg
total dose), at 8 and 3 days, respectively. In contrast,
DHA-SBT-1214 and SBT-1214 caused tumor growth delays
of 55 and 34 days at about MTD (240 mg/kg and 120 mg/kg
total dose, respectively). DHA-SB'T-1214 was clearly better
tolerated than SBT-1214.

The results of this Example show that DHA-SBT-1214,
the parent of NE-DHA-SBT-1213, 1s eflective at overcom-
ing MDR 1n a variety of target cells. These results indicate
that an NE-DHA-SBT-1214 formulation, according to the
present invention, will produce anti-tumor eflects at least
equivalent to those of DHA-SB'T-1214, 1n a preparation that
1s more soluble and less toxic than the unformulated parent
compound.

Example 2: The Parent Taxoid SBT-1214 Reduces
the Stem Cell Properties of Cancer Stem Cells

Experiments were carried out with a patient-derived can-
cer stem cell line for prostate cancer, PPT2 (Botchkina 2013,
Rowehl 2014). The cell line PPT2 was generated from a
patient-derived prostate cancer tumor. Subcloning of these

small-cell-containing holoclones led to dramatic enrichment
of cells expressing high levels of CD133, CD44, CD44v6,

EpCAM, CD491 and CD166. The PPT2 cell line was serially
propagated as NOD/SCID mice tumor xenograits, floating
3D spheroids and type I collagen-adherent cultures. Accord-
ing to the ATCC report (ID number 002872), the PPT2 cells
were unique human cells not contaminated with any known
established cell lines. Although phenotype of the CSC-
enriched cultures was dynamic due to the dual nature of the
CSCs (1.e., ability to self-renew and to generate commuitted
progenitors), the PPT2 cells retamned a relatively stable
phenotype, even up to 8 weeks after MACS-CD133™ cell
sorting and culturing on type I collagen coated surfaces 1n
serum-iree medium. Virtually the entire population of PPT2
cells remained undifferentiated (only 3-5% expressing a
marker of differentiated cells, pan-keratin), positive for
EpCAM, CD491, and the standard 1soform of CD44 (98-
99%). Up to 72% expressed the variant 1soform, CD44v6.
After >277 passages, about 90% of PPT2 cells still expressed

oderate-to high levels of CDD133, and possessed very high
sphere-forming capacity 1 3D culture. The vast majority of
the CD133" PPT2 cells expressed high cytoplasmic levels of
vimentin and nestin, characteristic of neural and embryonic
stem cells. Both nuclear and cytoplasmic fractions of the
PPT2 cells expressed c-Myc, whereas other pluripotency
markers (Oct-4 and Sox-2) were detected only 1n nuclear
fraction. Importantly, PPT2 cells were negative for pro-
apoptotic/tumor suppressor proteins, p53 and p21, and were
extremely resistant to standard anticancer drugs.

To characterize possible drug induced alterations in stem-
ness gene expression, CD133™ PPT2 cells were analyzed
before and after treatment with a combination of SBT-1214
and CMC 2.24, a chemically-modified curcumin. Using a
PCR array assay (PAHS 501; SABiosciences) with filtering
criteria of a 1.5- or greater-fold change 1n expression, it was
tound that about 50% of the analyzed 84 stem cell-related
transcription factors (TFs) were upregulated in CD133”
versus differentiated PrC cells. Among them were CDX2,
DLX2, DNMT3B, EGR, FOXP3, GLI2, HOX family TFs,
IRX4, JUN, KLF2, NFATC1, NR2F2, PCNA, PITX3,
POU4F1, SIX2, SOX2, SOX9, TERT, WT1 and others. A
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single treatment with SB-1214 (1 uM) and CMC2.24 for 24
hours induced significant down-regulation of these over-

expressed genes. Western blot analysis showed that SBT-

1214 induced moderate down-regulation of c-Myc and Sox2
in nuclear extracts of both CD133™ and bulk PPT2 cells.

Importantly, nuclear fractions of both CD133+ and bulk
PPT2 cells did not express the two tumor suppressors/
regulators of apoptosis, p53 and p21, which partially can
explain their extreme resistance to anti-cancer drugs. SBT-
1214 1nduced expression of p2l1 and p53. Such “gene
wake-up” 1induced by pretreatment with the drug dramati-
cally increased further sensitivity of these highly drug
resistant cells to the second treatment, leading to virtually
complete death of the CSC-enriched cells.

In another example, stem-cell enriched populations of

colon cancer cells were selected from three invasive colon
cancer cell lines, HCT116, HI29, and DLD-1. The popula-

tions were grown as 3D multicellular spheroids. It was found
that SBT-1214 eflectively induced cytotoxicity in all three
types of spheroids (FIG. 5A). Furthermore, SBT-1214 treat-

ment downregulated the following stemness-associated

genes 1n spheroids of all three tumor cell types:

HCT116: SOX1, RPL13A, BMP1, BMP3, NEUROG?2,
GIB1, GJAl, ASCL2, CINNAI1, GDF2, ALPI, S100B,
CD8B1, ACTB, CCNDI1, FGF1, PARD6A, DVL1, GDF3,
ISL1, CD3D, MME, FGFR1, RB1, AINI1, ALDHIAI,
CDS8A, PPARD, FZD1, NUMB and ABCG2;

HT29: ACAN, ALPI, BMP3, CD3D, CD4, CDSA, CDS8B,
CDH2, COL2A1, COLSA1, DHH, DLLI1, DLL3, DTXI,
FGF1, FGF3, FZD1, GDF2, IGF1, MME, MYOD,
NCAMI1, NEUROG?2, S100B, SOX2, and TERT;

DLD-1: CD4, CDH2, COL1A1l, DLL1, DTX1, IGFI,
FGF3, FZD1, JAG1, KRT15, MSX1, NCAMI1 and
NOTCHI1 (Botchkina, et al., 2010).

The results of these exemplary studies 1indicate that SB'I-
1214 reduces stem cell properties 1n CSC and eflectively
climinates them. It 1s predictable that SBT-1214, when
formulated as NE-DHA-SB1-1214 will produce similar
suppression of stemness gene expression, but with greater
solubility and less toxic eflect, than the unformulated parent
compound.

Example 3: Preparation of Formulations of
NE-DHA-SBT-1214

The NEs of the present invention are simple colloidal
carriers formed by dispersion of omega-3 -6 & -9 polyun-
saturated fatty acid (PUFA) rich oils 1n water and stabilized
with an amphiphilic phospholipid monolayer. Detailed
descriptions of the compositions of these NEs, and methods
of making them, are found in U.S. Patent Application
Publication US20070148194 (2007) to Amij, et al, NEs
composed of o1ls rich 1n omega-3 PUFA have been found to
enhance PX accumulation 1n SKOV3 cells.

Briefly, to formulate NE-DHA-SBT-1214, an oil-in-water
NE formulation 1s prepared by a high energy microtluidi-
zation process. First, the aqueous phase 1s prepared by
dissolving egg phosphatidylcholine and a pegylating agent
(PEG2000DSPE) 1n deiomized water. DHA-SBT-1214 1s
then added to PUFA rich oils to obtain the oil/lipid phase.
The mixture 1s pre-homogenized for 5 cycles at low pressure
with a MICROFLUIDIZER® processor M-110EH to form a
coarse emulsion, and another 5 cycles of high pressure
homogenization to form a NE with the droplet s1ze<200 nm.
The prior linkage of DHA to SB'T-1214 facilitates incorpo-
ration of DHA-SBT-1214 into the nanoemulsion.
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It 1s preferred that the o1l contain at least 2% (w/w) of at
least one PUFA. NEs containing pine nut o1l or flax-seed o1l

have 40% or 47% omega-3 PUFA respectively, and are
among the preferred forms, having been shown to enhance
cllicacy of taxoid formulations as evaluated 1n mice (41).
Other preferred oils for NE formulation include, but are not
limited to, safllower, primrose, black currant, borage, wheat
germ, chia, hemp, perilla, grape, squalene and fungal oils,
and omega-3 rich fish oils.

An exemplary formulation that has been found to be
ellective for encapsulating taxoid compounds (Ganta, et al.,
2010) can be adapted for SBT-1214 as follows: SBT-1214
(e.g. 10 mg) 1n chloroform 1s added to 1.0 g of extra pure
grade omega-3 fatty acid-rich flax-seed o1l (Jedwards Inter-
national, Quincy, Mass.) 1 a glass vial. Chloroform 1s
evaporated by blowing a stream of nitrogen gas. The aque-
ous phase 1s prepared by adding 120 mg of egg yolk lecithin
(Lipoid ES80®, Lipoid GMBH, Ludwigshafen, Germany)
and 40 mg of deoxycholic acid (Acros Organics, Parsipanny,
N.I.) to 4 mL of deionized distilled water and stirred at S000
rpm for 30 min using a SILVERSON® homogenizer to
achieve complete dissolution. The o1l phase and the aqueous
phase are heated separately to 70-75° C. for 2 min. The
aqueous phase 1s added gradually to the o1l phase and the
mixture 1s then ultrasonicated at 21% amplitude and 50%
duty cycle using VIBRA-CELL® VC 505 ultrasound instru-
ment (Sonics and Materials, Newtown, Conn.) for 10 min to
obtain stable nanoemulsions. Particle size of the o1l droplets
in the nanoemulsions 1s measured with a dynamic light
scattering method using a Brookhaven Instrument’s 90Plus
particle size analyzer (Holtsville, N.Y.) at a 90° fixed angle
and 25° C. temperature. All the samples are diluted in
deiomized distilled water prior to analysis, and the average
o1l droplet hydrodynamic diameter 1s determined. Polydis-
persity index (PDI), a measure of the distribution of particles
size 1 the sample 1s also determined. Additionally, o1l
droplet surface charge (zeta potential ) values are determined
based on the electrophoretic mobility of the o1l droplets
using the Brookhaven Instrument’s Zeta PALS method.

The specific formulation of NE-DHA-SBT-1214 1s next
characterized for size, charge and morphology, to determine
its stability, functionality, and capacity. Determination of
encapsulation etfliciency (percentage of drug retained 1n the
o1l phase as a function of amount added) 1n the NE-DHA-
SBT-1214 formulations i1s determined by an ultra-filtration
method using well-known centrifugal filter devices. The
concentration of the drug payload 1s determined by ICP-MS
or LC-MS. If any of these measures 1s found to deviate
significantly from desired parameters, the o1l/lipid mixture
can be optimized by straightforward experimentation.

Example 4

Materials and Methods

New-generation taxoid, DHA-SBT-1214 was synthesized
by Dr. Ojima’s laboratory at Stony Brook University, (Stony
Brook, N.Y.) or ChemMaster International, Inc. (Stony
Brook, N.Y.). Extra pure omega-3 rich fish o1l was pur-
chased from Jedwards International (Quincy, Mass.), Lipoid
E80 from Lipoid GMBH (Ludwigshaten, Germany), DSPE
PEG2000 from Avanti Polar Lipids, Inc. (Alabaster, Ala.),
Tween 80 from Sigma Chemicals, Inc. (St. Louis, Mo.),
CellTiter 96 AQ_ __ _one solution cell proliferation assay kit
(G3580), from Promega (Madison, Wis.), Mesenchymal
stem cell growth media (MSCGM) from Lonza (Ports-
mouth, N.H.), LAL chromogenic endotoxin quantitation kit
from Thermo Scientific (Rockiord, I11.), Microscope slides
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single depression concave from Amscope (Irvine, Calif.),
Collagenases type II and type IV from Sigma-Aldrich,
Rhodamine 123 from Sigma Aldrich (St. Lows, Mo.), Anti-
human CID133/2-APC antibody (clone 293C3) from Milte-
ny1 Biotec, CA, USA; CD166-PE antibody (clone 105902)
from R&D Systems, MN, USA; CD44-FITC antibody
(clone F10-44-2) from or CD44-PE antibody (clone F10-
44-2) from; Invitrogen/Biosources, USA; CD44v6-FITC
antibody (clone 2F10) from; R&D Systems, USA, EpCAM-
FITC antibody from Biosource, CA, USA, Pan-Keratin
(C11) antibody—ALEXAFLUOR® 488 from Cell Signal-
ing and all the 1sotype controls antibodies were purchased
from Chemicon. Penicillin, streptomycin and TrypLE were
obtained from Invitrogen (Grand Island, N.Y., USA). All
other reagents were purchased through Fisher Scientific.

Preparation and Characterization of the Nanoemulsion
Formulations

Preparation of nanoemulsion formulations was carried out
as reported recently with some modifications. Instead of a
sonication method, oil-in-water nanoemulsions were pre-
pared by microfluidic method as follow. Brietly, pre-warmed
o1l phase (10 ml) consisting of fish o1l alone (for placebo) or
with DHA-SBT-1214 was gradually added to the pre-
warmed water phase (40 ml) containing egg phosphatidyl-
choline (Lipoid E80®) (1200 mg), polysorbate 80
(Tween80®) (0.5 ml), DSPE-PEG2000 (1,2-distearoyl-Sn-
glycero-3-phosphoethanolamine-N-[amino  (polyethylene
glycol)-2000]) (75 mg). The resultant mixture was homog-
emzed and the oil-water suspension was passed through the
zirconia plunger of an M-110EH-30 high shear fluid pro-
cessor at 10,000 psi for 4 cycles to achieve a uniform
nanoemulsion formulation.

The oil-in water nanoemulsion formulation was charac-
terized by well-established protocols in the laboratory. In
summary, particle size and surface charge of water diluted
nanoemulsion was measured by using the Brookhaven
Instrument’s 90Plus ZetaPALS particle size analyzer (Holt-
sville, N.Y.) and the morphology of oil droplets 1n the
nanoemulsion formulations was visualized with transmis-
sion electron microscopy (TEM). Drug loading, encapsula-
tion efliciency and stability were evaluated using HPLC as
described previously. In short, for drug loading, the nanoe-
mulsion was suiliciently diluted with organic (acetonitrile),
and 20 ulL aliquot was 1njected 1nto the HPLC. For encap-
sulation efliciency, ultra-filtration method using centrifugal
filter device (molecular weight cut-ofl 3,000 Daltons; Mil-
lipore, Bediord, Mass.), was used. All batches of nanoemul-
sions were tested for endotoxin level through Limulus
Amebocyte Lysate (LAL) assay according to manufacturer’s
instructions before apply for both 1 vivo and in vitro
studies.

Cell Culture, Isolation, Purification and Characterization
of Tumor-Initiating Cells

The human prostate cancer stem cells (PP12), prostate
adenocarcinoma CSC-enriched cell line was recently estab-
lished from the stage pT2¢ pNX pMX prostate cancer
patient. Briefly, PPT2 cells were cultured on rat collagen
typel coated tissue culture dishes as monolayer and for
inducing floating 3D spheroid culture, these cells were
seeded on ultra-low-adherent (ULA) plates or flasks (Corn-
ing) under 5% CO2 atmosphere at 37° C. To ensure and
control reliable enrichment of CSCs, cells were labeled with
several markers conjugated with different fluorescent dyes.
These stained cells were either sorted and analyzed with
multiparametric flow cytometer BD FACSAna (Becton
Dickinson, CA) or dissociated cells were centrifuged and
labeled with CD133 Abs directly or indirectly conjugated
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with ferromagnetic beads (Milteny1 Biotec, CA) as recom-
mended by the manufacturer. Isolated cells were tested
functionally for their ability to induce round colonies (holo-
clones) and 3D spheroids under non-adherent culture con-
ditions. For cell culture from primary mouse tumors, tumor
tissues were mechanically and enzymatically disaggregated
into single cell suspension at sterile conditions, rinsed with
Hank’s balanced salt solution and incubated for 1.5 hours at
37° C. 1 serum-iree RPMI medium 1640 containing 200
units/ml Collagenases type 11 and type 1V, 120 ug/ml peni-
cillin and 100 pug/ml streptomycin. Cells were further dis-
agoregated by pipetting and sernial filtration through cell
dissociation sieves (size 40 and 80 meshes; Sigma-Aldrich).
Primary cell suspensions were grown both as monolayer and
in spheroids.

Cellular Uptake Studies

These studies were performed i order to evaluate and
compare uptake of rhodamine encapsulated nanoemulsion
formulation 1n both monolayer and spheroid cultured PPT2
cells. Fluorescence contocal microscopy studies were per-
formed to assess the qualitative cellular internalization of the
nanoparticles as described previously. Briefly cells were
cultured both as monolayer and in spheroids. After obtaining
acquired contluency of the cells in monolayer and optimum
diameter of spheroids, these were icubated with different
concentrations of the dye encapsulated nanoemulsions for 8

hours. Cells and spheroids were washed with cold phosphate
buflered saline (PBS), fixed with 4% paratormaldehyde for

20 minutes, washed with cold PBS, and mounted with DAPI
on regular clean glass slides 1 case of monolayer cell
cultures and on microscope slides with single depression
concave to keep shape of the spheroid intact. Digital images
were captured by LSM 700® confocal microscope (Carl
Zeiss, Gottingen, Germany) at 63x magnification and ana-
lyzed using the NIH Image-J software. All setting param-
cters for tluorescence detection and 1images’ analyses were
held constant to allow consistency 1n 1maging of the sample
for comparison.

Cell Viability Analysis

The cell viability studies were performed with both aque-
ous drug solution and the nanoemulsion formulations con-
taining different concentration of DHA-SBT-1214. For this
purpose, PPT2 cells were seeded into collagen coated
96-well plates at a density of 10000 cells per well. After 24
hours, DHA-SBT-1214 1n different concentrations was
added to the monolayer cells either in aqueous solution or 1n
nanoemulsion formulations along with respective controls.
Cells treated with media and DMSO alone (without any
drugs) were used as negative control. Eight replicates were
made for each test condition. Following 48 h incubation
period, cell viability was determined with CellTiter assay
according to manufacturer’s instructions. The absorbance of
the plate was read at a wavelength of 570 nm using a
BioTek-HT UV-Vis/fluorescence microplate reader. The per-
cent cell viability was calculated based on the absorbance of
the drug treated cells over the absorbance of control (media
alone) cells and multiplied by one hundred. 50% inhibition
of cell viability (IC50) produced by DHA-SBT1-1214 1n
either solution or nanoemulsion formulation were calculated
using Graph Pad Prism.

Mice Tumor Xenograits

All experiments involving the use of animals were carried
out 1n strict accordance with the recommendations in the
Guide for the Care and Use of Laboratory Amimals of the
National Institutes of Health, via a research protocol that
was approved by Stony Brook University Institutional Ani-
mal Care and Use Committee (IACUC) as described previ-
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ously. Brietly, after suflicient propagation, clonogenic cells
expressing high levels of CD133, CD44, CD44v6, CD166

and EpCAM were resuspended mn 1:1 MSCGM/Matrigel
and 1mjected to the flanks of 6 weeks old NOD/SCID mice
(up to 1 million cells per mice; subcutancously). Tumor
development was monitored weekly. The primary tumor
s1zes were measured with a caliper on a weekly basis and
approximate tumor weights determined using the formula
0.5ab*, where b is the smaller of the two perpendicular
diameters.

In Vivo Eflicacy of NE-DHA-SBT-1214 and ABRAX-
ANE® and Ex Vivo Characterization of Primary Tumor
Cells

The NE-DHA-SBT-1214 (1, 3, 10, 25, 30, 40, 50 and 70
mg/kg) and ABRAXANE® (protein-bound paclitaxel, Cel-
gene) (and 30 and 40 mg/kg) was administered intrave-
nously; weekly, for 3 weeks to NOD/SCID mice bearing
palpable tumor xenograits. Treatment was started one week
alter transplantation of the PPT2 cells when tumor xeno-
grafts reached approximately 50-150 mm’. Systemic toxic-
ity 1in NOD/SCID mice was closely monitored and evaluated
by standard criteria (motor activity, morbidity, appetite,
posture and appearance) and were humanely euthanized
after they seemed moribund, or had too large or ulcerated
tumors. After the last treatment, tumor development was
monitored for an additional 4 weeks. All mice were termi-
nated after four weeks of follow up. Some control or
post-treatment residual tumors were harvested and analyzed
histopathologically, for ex vivo clonogenic and sphere-
forming capacities and other assays. For post treatment
characterization, mouse tumor Xenograits were harvested
and disaggregated mechanically and enzymatically into
single cell suspensions. The ability of these primary cells to
induce round colonies (holoclones) and sphere formation
was determined for both control (untreated) and drug treated
mice. For holoclones, cells were counted and plated on
48-well plates at a final count of 300 cells per well and for
sphere formation, cells were resuspended 1n 1:4 Matrigel/
MSGM and known cell numbers were plated on ULA plates.
One week after inmitiation, the plates were inspected for
colony growth and floating sphere growth respectively.
Colonies and floating sphere within each well was observed
by phase contrast microscopy. Some cells from both
untreated 1n treated tumor xenograits were used for analysis
of the drug induced alterations 1n expression of the stem cell
markers with FACS and arrays.

Statistical Data Analysis

The 1 vivo responses to drug treatment were evaluated as
changes 1n tumor volume of drug treated versus untreated
control xenografts. Data were expressed as means+=SD for
control and drug treated tumors. The statistical significance
of differences was determined using Student’s t-test with
Graph Pad Prism® software (GraphPad Software, La Jolla,
Calif., USA). The parameters used were the two-tailed
distribution and the paired test. P<0.05 was considered
statistically significant.

Results

Characterization of DHA-SB'T-1214 Nanoemulsion For-
mulation

Nanoemulsions are heterogeneous dispersions of liquid
which can either be made as oil-in-water or water-in o1l
order and the particle size 1s on the 100-150 nm scale.
Nanoemulsion formulations are the most commonly used
carriers for hydrophobic drug delivery, due to their effective
therapeutic ability both 1n vitro and 1n vivo. Many anticancer
drug encapsulated nanoemulsions have shown enhanced
cllicacy due to their target-specific systemic delivery to
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tumor site. This delivery approach has also shown enhanced
therapeutic potential 1n our previous studies.

In this current study, Applicants have developed oil-in-
water nanoemulsions using fish oi1l, which 1s rich 1n PUFAs
such as omega-3 and omega-6 fatty acids and has the
capability to solubilize a significant amount of lipophilic
anticancer drugs. The nanoemulsion formulation was used
to encapsulate DHA-SBT-1214, a second generation taxoid

a standalone therapy against prostate cancer. Applicants
used a microfluidic technique to yield a uniform, milky-
white emulsion formulation. All the nanoemulsions were
near spherical i structure with a size range of 100-220 nm,

as observed with transmission electron microscopy (TEM)
(FIGS. 6A-6C). In the TEM 1mage, both NE-Placebo and

NE-DHA-SBT-1214 were taken at 60000x magnification
but Abraxane was taken at 40000x magnification. The o1l
droplets of the nanoemulsion sample were spherical, and
their size was 1n the range of 100-220 nm. The scale bar
represents a distance of 100 nm. Particle size, polydispersity
index (PDI), and zeta potential (surface charge) were deter-
mined for placebo, DHA-SBT-1214 loaded nanoemulsion
formulations and ABRAXANE®. All the formulations made
by microfluidic technique and filtered through 0.2-micron
filter had small size (<230 nm) and narrow PDI (<0.3)
except ABRAXANE® which has PDI of 0.361 and were
negatively charged. TABLE 1 shows the average particle
s1zes, PDI and zeta potentials of all formulations used 1n the
present study.

TABLE 1

Particle size and surface charge characterization of blank and

DHA-SBT-1214 containing oil-in-water nanoemulsion
formulations

Hydrodynamic  Polydispersity  Surface Charge
Formulations Diameter (nm) Index (Mv)
Abraxane ® 134.1 = 6% 0.361 -20.2 £ 2.3
Blank 225 £ 7 0.11 -27.0 = 3.7
Nanoemulsion
DHA-SBT-1214 228 =7 0.12 -24.9 £ 4.3

Nanocemulsion

*Mean = S.D.

Representative graphs of size and zeta potential of DHA -
SBT-1214 nanoemulsion formulations are shown in FIGS.
7B and 7C respectively. The average particle size of the
blank nanoemulsion (without any drug) was 225+7 nm. The
incorporation of DHA-SBT-1214 1n nanoemulsions did not
significantly change the hydrodynamic particle size and size
and 1t remained at approximately 228+7 nm. ABRAXANE®
showed smaller particle size compared to both nanoemul-
sion formulations. The average surface charge of the oil
droplets 1n the nanoemulsions were in the range of —-20.2 to
-27.0 mV. Surface charge of all the formulations was not
significantly different employing the maximum encapsula-
tion of the drug 1nside o1l droplets. An HPLC assay was used

to determine the drug concentrations in the nanoemulsion
formulations. DHA-SBT-1214 nanoemulsion at 20 mg/ml

had the drug loading of 97%. This high drug encapsulation
elliciency of nanoemulsions was attributed to the relative
lipophilicity of the drugs, as these drugs retained 1n the o1l
core of the nanoemulsions. Additionally, all the formulations
retained their particle size and surface charge during storage,

and drug encapsulated nanoemulsion formulations were
chemically stable for at least up to 6 months upon storage at
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4° C. All the formulations had minimum level of endotoxin
as confirmed through Limulus Amebocyte Lysate (LAL)
assay during storage period.

In Vitro Evaluations of NE
CSCs
To examine whether nanoemulsions were internalized in

monolayer and in spheroids of PPT2 cells, rhodamine was
encapsulated into nanoemulsions and confocal microscopy
studies were performed. The optimal cell and spheroid

uptake of rhodamine encapsulated nanoemulsion formula-
tion was observed after 8 hours incubation with different
concentrations of the dye formulations as shown i FIGS.
8A and 8B. The fluorescence microscopy images show the
blue (nucleus), red (rhodamine encapsulated nanoemulsion)
and overlay images 1n purple color. The 1mages were taken
at 63x magnification. Scale bar 1s 100 um. The 1images from
FIGS. 8A and 8B clearly indicate that the nanoemulsions do
ciiciently deliver the encapsulated dye 1n the cells and that
the increased fluorescence signal at higher the concentration
of rhodamine nanoemulsion treated cells and spheroids
indicates the higher intracellular uptake by PPT2 cells and
spheroids. Since the internalization of nanoemulsion formu-
lation was confirmed by cell uptake experiments, rhodamine
was replaced with DHA-SBT-1214 in the nanoemulsion
formulation and compared its eflect on cell viability with
drug solution. The cell-kill ethiciency of DHA-SBT1-1214 1n
aqueous solution and 1n the nanoemulsion formulations was
examined 1n PPT2 cells monolayer using the CellTiter assay.
The final concentrations of DHA-SBT-1214 selected for
these studies were 1, 10, 100 and 1000 nM based on study
of SBT-1214. The dose-response studies against DHA-SBT-

1214 as a single agent in PPT2 cells are summarized 1n
TABLE 2 and shown 1n FIG. 9A.

DHA-SBT-1214 1n PPT2

TABLE 2

DHA-SBT-1214 nanoemulsion formulations are more potent

compared to their solution form in PPT2 prostate tumor cells
Formulations IC54 (nM) P value
DHA-SBT-1214 Solution 479 + 1.15%
DHA-SBT-1214 3.73 £ 0.63 0.0023
Nanoemulsion

*Mean + 5.D

The results are shown as percent viable cells remaining as
a Tunction of treatment following 48 hours of drug exposure
at 37° C. When DHA-SBT-1214 was administered at 10 and
100 nM concentrations, higher cytotoxicity was observed
with the nanoemulsion as compared to the aqueous solution
formulation. The DHA-SBT-1214 solution IC., for the
PPT2 cells was 48 nM, whereas the 1C, for the same cells
with DHA-SB'T-1214 nanoemulsion formulation was 4 nM.
This revealed that PPT2 cells needed at least ~12-1old higher
concentration of DHA-SB'T-1214 solution to achieve a simi-
lar IC., as compared to 1ts counterpart drug nanoemulsion
formulation, demonstrating the superior eflicacy of nanoe-
mulsion formulation over drug solution.

In order to confirm 1f DHA-SBT-1214 nanoemulsion also
kill PPT2 cell spheroids, equal numbers of spheroids were
treated with different concentration of DHA-SBT-1214
nanoemulsion ranging from 0.01 to 10 uM and after specific
time and observed their phenotype with bright filed micro-
scope. FIGS. 9B-9G show bright, healthy spheroids 1n the
untreated sample which becomes dark brown with the
increase 1 concentration displaying enhanced cell death by
increasing the drug encapsulated nanoemulsion.
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PPT2 Cell Line and CSC-Based In Vivo Xenograit Model

The vast majority of the recently established PPT2 cells
remains undifferentiated (only 3-5% express pan-keratin, a
marker of differentiated cells), possess many stem cell
characteristics, including high levels of expression of many
common cell surface markers, such as CDI133, (CD44,
CD44v6, CD166, CD491 and EpCAM. In addition, the PPT2
cells express several markers of pluripotency, including
c-Myc, Oct-4 and Sox-2 amongst others. The vast majority
of the CD133™ PPT2 cells expressed high cytoplasmic levels
of vimentin and nestin, characteristic of neural and embry-
onic stem cells. About 10% of the total population of the
PPT2 cells with the highest expressions of CD133 and CD44
co-expressed the highest levels of the CXCR4, the chemo-
kine receptor associated with metastatic activity in several
cancer types. Importantly, PP12 cells are negative for pro-
apoptotic/tumor suppressor protemns, p53 and p2l1, and
extremely resistant to standard anti-cancer drugs. The PPT2
cells stably possess very high clonogenic (holoclones),
sphere-forming and tumorigenic capacities. In addition,
these cells are extremely resistant to drug treatment. All of
the above represents solid arguments for the utlhzatlon of
the PPT2 cell line for evaluation of CSC-targeted eflicacy of
anticancer drug candidates. Although even several thousand
of PPT2 cells uniformly induced tumors i NOD/SCID
mice, Applicants have determined that subcutaneous trans-
plantation of relatively high number of cells (up to 1 million
cells per mouse) mduces tumor xenografts with unusually
high percent of stem-like cells. Thus, i1 transplanted cells
contained up to 98% of CD133™ cells and 84% of CD44~
cells (FIGS. 10A and 10B), the primary cell suspension
prepared from mice tumor xenografts contained up to 91%
of CD1337 cells and 78% of CD44™ cells (FIGS. 10C and
10D). All these features show that the PPT2 in vivo and 1n
vitro models are suitable for testing the CSC-targeted activi-
ties of the NE-DHA-SBT-1214.

Growth Inhibition of PPT2 Tumors in NOD/SCID Mice

All animal procedures were carried out under the guide-
lines and approval of the institutional animal care and use
committee (IACUC). After transplantation of the PPT2 cells,
NOD/SCID mice were divided into particular number of
groups for weekly treatment by intravenous injections of
NE-DHA-SBT-1214 (25, 30, 40, 50 and 70 mg/kg)
ABRAXANE® [25 and 40 mg/kg; ABRAXANE® 1s Cre-
mophor® EL-free nanoparticle albumin-bound paclitaxel),
and vehicle (untreated control). Each dose group contained
four mice (n=4; group treated with 25 mg/kg of NE-DHA-
SBT-1214 had n=6). Treatment was started one week after
transplantation of the tumor cells, when tumor xenograifts
became palpable (tumors usually reached 50-150 mm?).
Tumor development was monitored weekly. After 3 sets of
weekly 1njections, tumor growth was monitored for addi-
tional 4 weeks, and all the measurements and morphology
are presented 1n FIGS. 11 A-11F. It was found that 1n contrast
to ABRAXANE® (FIGS. 11B, 11C), even relatively low
concentrations of NE-DHA-SBT-1214 1induced dramatic
suppression of tumor growth (FIGS. 11D, 11E, 11F) com-
pared to untreated tumor xenograits (FIG. 11A), and dose
dependent reduction of tumor volume compared to the initial
tumor size (F1G. 11H). Thus, all tested concentrations of the
NE-DHA-SBT-1214 induced tumor shrinkage (with the
exception of 1 of 6 mice treated with lowest dose of
NE-DHA-SBT-1214, 25 mg/kg). All the residual post-treat-
ment tumors were virtually transparent, without a visible
vascularization. Maximal tumor regression was observed by
the 4” week of follow-up. In particular, 25 mg/kg induced in

average 45% shrinkage, 30 mg/kg—62%, 40 mg/kg—74%
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and 50 mg/kg—88% (FIG. 12A) reduction of tumor volume.
Of note, higher dose of NE-DHA-SBT-1214 (70 mg/kg)
(F1G. 12A) did not augment tumor reduction. In contrast to
NE-DHA-SBT-1214, the optimal dose of ABRAXANE®
(25 mg/kg) and even 40 mg/kg caused only isignificant
suppression of the PPT2-induced tumor growth for about 4
weeks followed by continued growth at the rate similar to
untreated mice xenografts (FIG. 11H). Although the tumor
growth inhibition and tumor shrinkage 1n all mice treated
with different concentrations of NE-DHA-SBT-1214 was

dramatic, all mice lost up to 17% of body weight by third
week of treatment (FIG. 11G and FIG. 12B). However, from
the second week of follow-up, all mice started to gain
weight. No significant body weight changes were mduced
by treatment with Abraxane. Four weeks after the last
treatment, the residual tumors from different experimental
groups were harvested and subjected to histopathological,
genomic and functional analyses. Untreated control tumors
were removed upon reaching approximately 2 cm 1n largest
diameter 1 accordance with the IRB requirements.

Tissue Histopathological Analysis

The hematoxylin and eosin stained tumor xenograits
tissue sections were analyzed, as well as tissue sections of
several major organs, including liver, kidney, intestine and
pancreas, from the untreated and NE-DHA-SBT-1214
treated NOD/SCID mice. Control untreated tumor tissue
sections show classic histologic features of human poorly
differentiated adenocarcinoma with a great degree of nuclear
atypia (FIG. 13A). The NE-DHA-SBT-1214 (30 mg/kg)
treated tumor tissues showed significant cellular abnormali-

ties, profound hyalurization, vacuolization and extensive
necrosis (FIGS. 13B-13D). Among histologically evaluated
major organs, such as liver (FIG. 13E), kidney (FIG. 131),
intestine (FIG. 13G), pancreas (FIG. 13K), only liver tissue
from NE-DHA-SB'T-1214 treated mice (40 mg/kg) showed
reactive nuclear changes of hepatocytes, suggestive of some
injury (FIG. 13F). Other organs did not show any diagnostic
abnormalities (FIGS. 13H, 13]J and 13L).

Post-Treatment Alterations in Clonogenic and Sphere-
Forming Capacities of Tumor Cells

To test whether or not treatment with NE-DHA-SB'T-1214
aflects the clonogenic potential of the CSC-enriched mice
tumor xenograit cells 1. e. their ability to induce floating
spheroids or adherent round colonies (holoclones), total cell
suspensions from the control, and NE-DHA-SBT-1214-
treated residual tumors (ex vivo cell culture) were seeded on
type 1 collagen-coated dishes and ULA plates. Untreated
(vehicle-treated) PPT2-induced tumor xenograits were
densely vascularized (FIGS. 14A and 14B) and the NE-
DHA-SBT-1214 treated residual tumors were very small,
transparent, lacked visible capillaries (FIGS. 15A and 15B)
and did not produce adherent holoclones, with only sporadic
appearance of a single spheroids i 3D cultures. These
Primary tumor cells underwent profound cell death in the
next several days in culture as shown by percent viable cell
data of untreated spheroids (FIG. 16) and NE-DHA-SBT-
1214 treated spheroids (FIG. 17), grown from primary tumor
cell suspensions. Percent of survived cells 1s shown on lower
left quadrants and dead cells are 1n lower right quadrant.

Discussion

It 15 largely documented that the tumor-initiating cells, or
CSCs, are not only highly resistant to conventional thera-
peutic strategies, but may actually promote cancer progres-
s1ion due to the drug induced compensatory increase in their
self-renewal. This highlights the need for eflective thera-
peutic interventions targeted the CSCs. The studies were
performed on patient-derived, CSC-enriched PPT2 cell line,
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the stemness features of which were previously described
and constantly maintained in the laboratory. The observed
over-activation of several developmental cascades in PPT2
cells, such as Hedgehog, EGFR, Wnt/{3-catenin and Notch,
was linked with prostate stem cell regulation and the pro-
gression ol prostate cancer to androgen-independence and
metastasis. The imvolvement of SOX2 and OCT3/4 1n pros-
tate metastasis was demonstrated by targeted knockdown of
these genes, which markedly suppressed the invasion of
prostate cancer cells 1n vitro. Both vimentin and nestin were
associated with the transition from androgen-dependent to
castration-resistant metastatic prostate cancer. Therefore, 1t
would be beneficial to develop drugs targeting CSCs from
the most aggressive tumor types or cell lines, because such
drugs can potentially have a larger spectrum of mechanisms
of action, and therefore, broader anti-cancer implications.
Increasing evidence indicates that effective anticancer drugs
should target cancer-specific tumor-initiating cells, which
are functionally and morphologically different from their
bulk tumor counterparts. All of the above shows that the
PPT2 cells represent a unique pre-clinical model for CSC-
targeted drug development and basic functional studies of
prostate cancer development.

It was recently shown that drugs targeting major stem cell
signaling pathways, such as Hedgehog and Notch, induce
serious side effects on normal stem cells. The mhibition of
the drug efflux pumps 1n attempt to modulate drug resistance
of CSCs did not provide any significant clinical benefit.
Accumulating clinical and preclinical evidence indicated
that the benefits of antiangiogenic agents to the long-term
survival of cancer patients was negligible. Microtubule
stabilizers such as paclitaxel (Taxol) and docetaxel can be
mitially eflective 1n treating patients with androgen-inde-
pendent prostate cancer, but the cancer almost invariably
recurs 1n a more aggressive form. Paclitaxel, 1s still front-
line treatment for many solid tumor indications including
breast, ovarian, and non-small cell lung (NSCLC) cancers as
well as Kaposi’s sarcoma. Paclitaxel exerts 1ts potent cyto-
toxicity through binding to p-tubulin, hyperstabilizing
microtubules and impairing the dynamic mstability of the
microtubule framework. This causes cell cycle arrest and
initiation of apoptosis at the G2/M stage. In order to manage
its poor aqueous solubility, numerous formulations as well
as prodrugs of paclitaxel have been developed, including
liposome, cyclodextrin and HSA-bound nanoparticle
(“ABRAXANE®”) formulations. Paclitaxel 1s not eflective
against prostate and colon cancer due to the over expression
of P-glycoprotein (Pgp), an eflective ATP-binding cassette
(ABC) transporter, which eflluxes paclitaxel. Accordingly,
paclitaxel does not show any appreciable eflicacy even
against human colon cancer xenografts in mice.

In order to overcome efllux 1ssue, Paclitaxel was conju-
gated with polyunsaturated fatty acids (PUFAs), docosa-
hexaenoic acid (DHA) due to 1ts cancer specific activity,
protective eflect on healthy cells and enhanced tumor-
specific accumulation of the drug conjugates through gp60-
mediated transcytosis mto the tumor mterstittum. This 1s due
to higher athnity of DHA conjugated drug to human serum
albumin (HAS) which 1s the primary carrier for PUFAs 1n
the bloodstream. DHA-paclitaxel (ITXP) 1s voraciously
taken up by tumor cells, internalized, and slowly hydrolyzed
by esterases 1n the cancer cell. DHA paclitaxel was found to
be a relatively weak substrate for Pgp as compared to
paclitaxel, as mentioned above. However, 11 the cancer cells
are overexpressing Pgp and/or other ABC transporters, {ree
paclitaxel molecules, even when released slowly, will be
caught by the etflux pump(s) and eliminated from the cancer
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cells. In contrast to paclitaxel, a new generation taxoid,
SBT-1214, shows excellent activity (2-3 orders of magni-
tude more potent than paclitaxel) against drug resistant
cancer cells, expressing multidrug resistant (MDR) pheno-
types. Previously Applicants have shown that this new-
generation taxoid SBT-1214 induced long-term (167 days)
regression and tumor growth delay of drug resistant colon
tumor xenograits. Later, it was found that this drug molecule
induced significant down-regulation of multiple stemness-
related genes, including several key transcription factors
involved 1n the regulation of stem cells, cancer development
and progression. Of note, docetaxel (standard {irst-line
therapy in metastatic castration-resistant prostate cancer)
can promote drug resistance and de-differentiation (epithe-
lial to mesenchymal transition) of prostate cancer cells via
TGF-beta mechamism. In order to further improve blood
circulation and ultimately therapy, DHA was conjugated to
SBT-1214 1n the current study.

To further improve delivery of this hydrophobic drug
delivery, DHA-SBT-1214 was encapsulated in nanoemul-
sions which are thermodynamically stabilized dispersions of
o1l 1n water, where the o1l droplet size 1s reduced to nano-
meter length scale (=200) by applying high shear stress
using high energy ultrasonication or microflmdizing instru-
ments. When lipophilic drugs are incorporated into the
nanoemulsions, the pharmacokinetic and biodistribution
pattern of the compounds upon systemic administration will
be dictated by the properties of the nanoemulsions formu-
lations rather the physicochemaical characteristics of the drug
molecules. For example, the PEG-modification can enhance
the longevity of the nanoemulsions in the blood circulation.
This 1n turn increases the residence time of the drug mol-
ecules 1n the blood and also allows enhanced accumulation
at the tumor site through the EPR eflect. In this study,
Applicants have developed an optimized o1l-1n-water nanoe-
mulsion formulation using fish o1l, which has a high con-
centration of PUFA. In general, all the nanoemulsions
showed o1l droplet size below 250 nm with narrow size
distribution. TEM 1mage also confirms that the o1l droplets
were spherical and umiformly distributed. PEG surface
modification of nanoemulsions using DSPE-PEG2000 did
not aflect the particle size and size distribution. The surface
charge values of the nanoemulsions were observed in the
range of —23.37 to —34.53 mV. The surface charge on the
nanoemulsion o1l droplets 1s representative of the 1omization
of the components forming the interfacial layer. In case of
PEG-modified nanoemulsions, the interfacial layer was

formed as a result of egg lecithin and PEG-modified phos-
pholipid (DSPE-PEG2000). These formulations were used

to deliver DHA-SB'T-1214 against PP'12 cells and spheroids.
The qualitative cellular uptake analysis demonstrated that
the nanoemulsion formulations were etfliciently internalized
in PPT2 cells and spheroids. This suggests that the nanoe-
mulsions do efficiently deliver the payload to the subcellular
sites 1n the cell. It was determined that a nanoemulsion of the
relatively low concentrations of DHA-SBT-1214 (0.1-1 uM)
induced up to 90% death of the highly tumornigenic and
highly drug resistant prostate CD133+ cells maintained
under stemness-promoting culture conditions and was more
potent than 1ts drug solution. In this study, 1t was found that
DHA-SB'T-1214 suppresses PP12 tumors when delivered 1n
nanoemulsion formulations. In addition to these observa-
tions, flow cytometry analysis also revealed that implanted
tumor cells retained their stemness inside the subcutaneous
tumors. Therapy with DHA-SBT-1214 delivered 1n nanoe-
mulsions mdeed showed higher therapeutic eflicacy in PPT2
cells and tumors. No significant body weight loss was
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observed 1n any of the treatment groups analyzed. Tissue
histology did not show any abnormal findings in liver, heart
or kidney 1 any of the treatment groups. These tests show
that DHA-SBT-1214, when administered as nanoemulsion 1s
well tolerated in mice. In conclusion, our data demonstrate
that nanoemulsion of the DHA-SBT-1214 conjugate induces
superior regression and tumor growth inhibition and has
high potential as a novel CSC-targeted anti-cancer drug
candidate.

Conclusions

In the current study, a polyunsaturated fatty acid based
nanoemulsion system eflectively encapsulated the hydro-
phobic drug, DHA-SBT-1214 and demonstrated therapeutic
ellicacy both 1n vivo and in vitro models. The formulation
was also well tolerated as tested 1n mice. Particle size and
zeta potential data demonstrated the formation of physically
stable nanoemulsions. When administered in the nanoemul-
sion formulations, DHA-SBT-1214 was delivered inside the
PPT2 cells and resulted in significant enhancement in 1n
vitro cytotoxicity. In conclusion, the data indicate that
nanoemulsion fonnulatlon of DHA-SBT-1214 has enhanced
the anti-cancer eflicacy compared to 1ts solution. Therefore,
a hydrophobic drug, which exert pleiotropic CSC-targeted
activities against primary patient-derived, spontaneously
immortalized, low passage, highly tumorigenic and clono-
genic prostate cancer cells with CD133+/high/CD44+/high
phenotype 1s clinically relevant and has high potential as an
anti-cancer drug combination.

A delivery system that can be easily prepared, effectively
and ethiciently incorporate hydrophobic molecules, be clini-
cally safe and improve the pharmacology of DHA-SBT-
1214 1s desirable. The results show that a nanoemulsion
formulation of the novel taxoid DHA-SBT-1214 can provide
a new therapy 1n difhicult to treat cancers. Nanoemulsions
are promising novel formulations that can enhance the
therapeutic etlicacy of hydrophobic drugs such as DHA-
SBT1-1214. In addition, one can use these nanoemulsions as
the formulation of choice for screening and evaluation of
experimental drug candidates that have poor water solubil-
ity. In such cases, nanoemulsions can be easily formulated
thus avoiding other time consuming and costly formulation
studies. Nanodelivery systems are promising vehicles 1n
drug delivery because they improve solubility of hydropho-
bic drugs, such as PX, and generally have low toxicity as
well. ABRAXANE®, a PX albumin-bound nanoparticle
tormulation with the particle size of ~130 nm, was approved
by the FDA 1 2005 for the treatment of metastatic breast
cancer. This formulation had demonstrated some advantages
in terms of reduced toxicity compared to Taxol. In addition,
the total dose can be administered within 30 min without
pretreatment. Accordmgly, there 1s every indication that
NE-DHA-SBT-1214 1s a powerful tumor-targeting chemo-
therapeutic agent, overcoming the weaknesses of paclitaxel,
docetaxel and TAXOPREXIN® and substantially improve
the quality of life of cancer patients. There 1s also a growing
body of evidence that taxoids have immunological eflects
that could be harnessed 1n combination with 1immune-on-
cology agents such as checkpoint inhibitors. Taxane treat-
ment has been shown to stimulate tumor-associated macro-
phage cytotoxicity, induce the activation of dendntic cells,
natural killer cells, tumor specific cytotoxic T-cells as well
as downregulate regulatory T cells (*1,_,”). Therefore, a
nanoemulsion formulation of a novel second-generatlon
taxoid that 1s not a substrate for the PgP transporter, 1s
cllective against MDR tumors and cancer stem cells
(“CSC’s”), has an improved safety and drug delivery profile
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and passively targets the tumor represents a potential solu-
tion to a clear unmet medical need.

Example 5

Pharmacokinetic Analysis and Biodistribution of DHA-
SBT-1214 Solution and its Nanoemulsion 1n PPT2 Subcu-
taneous Tumor Bearing Mice.

Materials

Male CD-1® mice (4-6 weeks old) were purchased from
Charles River Laboratories (Cambridge, Mass.). Human
primary prostate cancer cells (PP12) were subcutaneously
transplanted in the right flank of these mice to form tumors.
All the amimal procedures were approved by the Northeast-
ern University’s Institutional Animal Care and Use Com-
mittee. The solvents were purchased from Fisher Scientific
(Fair Lawn, N.I.).

High Performance Liquid Chromatography (HPLC)
Analysis

The Waters LC (model 2487, Waters Corporation, Mil-
ford), comprising of two pumps, an autosampler, and a
UV-detector, was used for the analysis. The LC system was
interfaced with Empower software for mstrument control,
data acquisition, and processing. The mobile phase, consist-
ing of (A) 0.1% TFA m water, and (B) 0.1% TFA 1n
acetonitrile, was pumped through the Grace Vydac 218TP54
column (C18, particle size 5 um, 4.6 mmx250 mm) at a tlow
rate of 1 mL/min. The gradient was 60% B to 95% B 1n 15
min and drug elution was monitored at a wavelength of 230
nm. 80 ul aliquot of was 1njected to the HPLC.

Plasma Pharmacokinetic Analysis of DHA-SBT-1214
Solution and Nanoemulsion Formulation

DHA-SBT-1214 was dosed intravenously as solution or
nanoemulsion formulation to mice, via tail vein injection at
120 mg/kg. Blood was collected in EDTA-treated tubes at
vartous time intervals: 0.5, 4, 10, 24 and 48 hours post
dosing and kept on ice. The samples were centrifuged at
10,000 rpm for 20 minutes at 4° C. to separate plasma. The
plasma was stored at —20° C. or used immediately for
analyses. 100 ul of plasma was constituted with 300 ul of
acetonitrile, and following vortexing, centrifuged at 10,000
rpm for 10 min to extract and separate DHA-SBT-1214.
HPLC was performed on the supernatant and the elute
analyzed by HPLC.

Biodistribution of DHA-SBT-1214 Solution and Nanoe-
mulsion Formulation 1n Different Tissues

DHA-SBT-1214 was dosed intravenously as solution or
nanoemulsion formulation to mice, via tail vein injection at
120 mg/kg. Following intravenous dosing of DHA-SBT-
1214, the mice were anesthetized and at pre-determined time
pomnts of 0.5, 4, 10, 24 and 48 hours, the blood was
completely withdrawn by cardiac puncture. Animals were
perfused with PBS and then sacrificed via cervical disloca-
tion and various tissues including heart, prostate, pancreas,
brain, colon, lungs, spleen, kidneys, liver and tumor tissues
were harvested, weighed, snap frozen in liquid mitrogen and
stored at —80° C. The frozen tissues were suspended 1n
equivalent weight of normal saline solution and homog-
cnized using a tissue homogenizer at 5000 rpm for 2
minutes. 4-fold excess mixture of Ethyl acetate:methanol:
acetonitrile (50:25:25) was added to homogenized tissue and
following vortexing, the sample was centrifuged at 10,000
rpm for 10 min at 4° C. to extract and separate DHA-SBT-
1214. Supernatant was evaporated with nitrogen gas and
sample reconstituted 1 400 ul of acetonitrile. HPLC was
performed on the reconstituted sample and the eluent ana-

lyzed by HPLC.
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Pharmacokinetic Data Analysis

DHA-SB'T-1214 pharmacokinetic parameters were deter-
mined using non-compartmental analysis with Phoenix®
WinNonlin® v. 1.3 software. Area under the plasma con-
centration-time curve from zero to infinity (AUCO-c0) was
calculated using the log-linear trapezoidal method. PK
parameters including volume of distribution at steady state
(Vss), clearance (Cl), lambda z (Az) which 1s the rate
constant associated with terminal elimination phase, corre-
sponding half-life (t'2), and mean residence time (MRT),
were estimated.

Results

PPT2 cells were implanted in 5 weeks old male NOD-
SCID/NCr mice. When tumor volume reached to an aver-
age of 100 mm”, mice were randomized into two groups.
One group was treated with DHA-SBT-1214 solution and
the other group of mice with a nanoemulsion of the same
drug by intravenous dosing at 120 mg/kg of mice for
different time points (0.5, 4, 10, 24 and 48 hours). There
were two mice per timepoint for each treatment. Each organ
was divided into two to have four replicates for each
timepoint. Tumor volumes were 100 to 150 mm®. After each
time point 1s over, the animal was scarified and all major
organs and tumor were harvested and blood was collected.
DHA-SBT-1214 drug was extracted with acetonitrile from
all organs and plasma and quantified through HPL.C method.
FIGS. 18A-18K, show the biodistribution of drug from both
solution and nanoemulsion in different organs. In almost all
the organs, drug from the nanoemulsion 1s retained for a
longer time compared to 1its solution form. Higher retention
of drug 1n different organs even after 48 hours shows that
nanoemulsions keeps the drug in blood circulation for a
longer time and hence 1t can provide more exposure of tumor
vascular to the drug in order to have better therapeutic
elliciency compared to currently used drug solutions.

Example 6

Stability of DHA-SBT-1214 Nanoemulsion Formulation

Nanoemulsions were studied for stability with respect to
its uniformity (appearance), particle size and surface charge
up to 6 months after storage at different temperatures.
DHA-SBT-1214 solution and nanoemulsion from three dii-
terent batches were incubated at different storage conditions,
1.e. room temperature, 4° C., and —20° C. for up to 6 months
and concentration of the drug was calculated over the period
of storage periodically by HPLC to find out which tempera-
ture 1s the most suitable for storage of both solution and

nanoemulsion of DHA-SBT-1214 drug. As shown m FIG.
19A, nanoemulsion of DHA-SBT-1214 is stable at both 4°
C. and -20° C. conditions but not at room temperature.
However, drug solution of DHA-SBT-1214 was stable only
at —20° C. storage condition but not at room temperature and
4° C. Duning this period of storage, physical characteristics
of the nanoemulsion were also determined periodically. FIG.
19B showed 4° C. 1s an 1deal storage condition at which
particle size of the nanoemulsion stays almost constant but
increased gradually at -20° C. and showed very large
aggregates at room temperature. During this time, PDI
(polydispersity imndex) was also determined, shown 1n FIG.
19C, and zeta potential (surface charge) was determined,
shown 1n FIG. 19D, and 1t was concluded that 4° C. 1s the
best storage condition for long term storage of nanoemulsion
formulations.
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Example 7

Further In Vivo Cytotoxicity Studies

These 1 vivo studies were focused on analyses of cyto-
toxicity of different doses of NE-DHA-SBT-1214. Animals
were divided into the following groups (TABLE 3). Difler-
ent doses of NE-DHA-SB'T-1214 (30, 40, 50 and 70 mg/kg)
were administered 1ntravenously one time per week, for 3

weeks with 4 weeks follow-up observation.

TABLE 3

Experimental Groups

Group Number Condition Number of Mice/Group

Control (no treatment)

NE-DHA-SBT 30 mg/kg
NE-DHA-SBT 40 mg/kg
NE-DHA-SBT 50 mg/kg
NE-DHA-SBT 70 mg/kg

A I N P T N T
W ) D Pt

Dramatic suppression ol tumor growth was observed

(FIGS. 20A-20E) induced by all tested concentrations of the
NE-DHA-SBT, which has motivated further evaluation of
much lower doses of it. As previously, systemic toxicity was
closely momitored and evaluated by standard criteria (motor
activity, morbidity, appetite, posture and appearance) and
tumor growth was measured weekly. One part of each mouse
tumor xenograit was pre-treated with RNA-Later and kept at
—-80° C. betfore PCR arrays analysis of CSC-relevant genes
expression (which will be done upon completion of the 1n
vivo studies). Portion of each harvested tumor was mechani-
cally and enzymatically disaggregated into single cell sus-
pension as previously described and tested for ability to
induce the round colonies (holoclones) and 3D spheroids (as
a test for survival of CSCs).

Constant efforts were applied for maintenance, purifica-
tion and propagation of highly clonogenic and tumorigenic
population of the PPT2 cells, which are constantly used for
in vivo and 1n vitro studies. Another set of NOD/SCID mice
were transplanted with PPT2 cells for study of cytotoxicity

of low doses of NE-DHA-SBT-1214.

Example 8

In Vitro Release of DHA-SBT-1214 from Drug Solution

and Nanoemulsion Formulation

In order to study the 1n vitro release profile of the drug
solution and from 1ts nanoemulsion formulation, 5 pg of
DHA-SB'T-1214 nanoemulsion or drug solution was injected
in 3500 MWCO Shide-Lyzer Dialysis Cassette after being
conditioned with dialysis bufler and suspended 1n PBS+
sodium lauryl sulfate (SLS) bufler for different points at 100
rpm rotation for 12 hours. 1 ml sample was taken out from
the beaker after every hour and the drug was extracted with
acetonitrile and ran HPLC to quantily the amount of drug
release from both solution and nanoemulsion. As shown in
FIG. 21, release of DHA-SBT-1214 1s more than 3 times
faster from drug solution compared to i1ts nanoemulsion
formulation.

The mvention has been described 1n an 1llustrative man-
ner, and 1t 1s to be understood that the terminology, which
has been used 1s intended to be in the nature of words of
description rather than of limitation. Obviously, many modi-
fications and variations of the present invention are possible

in light of the above teachings. It 1s, therefore, to be
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understood that within the scope of the appended claims, the
invention can be practiced otherwise than as specifically

described.
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encapsulated in an oil-in-water nanoemulsion (NE) drug
delivery system, wherein the o1l comprises one or more
omega latty acids and wherein said composition is formu-
lated for parventeral administration.

[2. The composition of claim 1, wherein said PUFA is
chosen from the group consisting of docosahexaenoic acid
(DHA), eicosapentaenoic acid (EPA), and alpha-linolenic
acid (LNA) ]

[3. The composition of claim 1, wherein said PUFA-
taxoid conjugate is DHA-SBT-1214.}

[4. The composition of claim 1, wherein a taxoid in said
PUFA-taxoid conjugate 1s chosen from the group consisting

of paclitaxel, docetaxel, SBT-1213, SBT-12854, SBT-
121303, SBT-1216, SBT-11033, SBT-121313, SBT-121602,

cabazitaxel, SBT-1212, SBT-1217, SBT-1102, SBT-1103,
SB1-1104, SBT1-1106, SBI1-1107, SB1-121301, SBrh-
121302, SB1-121304, SB1-121403, SBI1-11031, SBI-

11032, SB1-11034, SBT1-12851, SB1-128352, SBT—12853
SB1-12855, SB1-12851-1, SBT—12851 3, SBI1-12852-1,
SB1-12852-3, SB1-12853- 1 SBT-12853 3 SB1-12854-1,
SBT-12854-3, SBT-12855-1, and SBT—12855 -3.]

[5. The composmon of clalm 1, wherein said PUFA-
taxoid conjugate 1s chosen from the group consisting of
DHA-paclitaxel, DHA-docetaxel, DHA-SBT-1213, DHA-
SBT-1103, DHA-SBT-1104, DHA-SBT-1216, LNA-SB'T-
1213, LNA-paclitaxel, LNA-docetaxel, DHA-cabazitaxel,
and LNA-cabazitaxel.]

[6. The composition of claim 4, wherein said PUFA-
taxoid conjugate 1s a DHA or LNA ester of said taxoid
defined in claim 4.]

7. The composition of claim 1, wherein said o1l-in-water
NE 1includes mean droplet dlameters ranging from 50 to
1000 nm.

8. The composition of claim 1, wherein said o1l-in-water
NE includes mean droplet diameters less than 200 nm.

9. The composition of claim 1, wherein an o1l 1 said
oil-in-water NE 1s an omega-3 {fatty acid-rich edible o1l
chosen from the group consisting of fish o1l, pine nut oil,
flax-seed oil, [safflower oil,] primrose oil, black currant oil,
borage o1l, wheat germ oi1l, chia oil, hemp oil, perilla oil,
grape oi1l, squalene oil, and fungal o1l.

10. The composition of claim 1, wherein said o1l 1s
modified with a substance chosen from the group consisting
ol surfactants, targeting agents, 1mage contrast agents, and
combinations thereof.

[11. The composition of claim 1, wherein said PUFA-
taxoid conjugate is encapsulated in nanoparticles.]

12. The composition of claim 1, wherein said composition
1s a pharmaceutical composition including pharmaceutically
acceptable carriers.

13. The composition of claim 1, wherein said composition
1s physically stable at 4° C. for up to 6 months.

14. The composition of claim 13, wherein the composi-
tion has a stable particle size for up to 6 months.

15. The composition of claim 1, wherein said composition
has increased retention times in the body than a solution
form of said PUFA-taxoid conjugate.

16. The composition of claim 1, wherein said composition
has a release profile that 1s at least three times slower 1n the
body than a solution form of said PUFA-taxoid conjugate.

17. A method of treating cancer, including the steps of:
administering parenterally an eflective amount of a phar-
maceutical composition including an omega-3 polyunsatu-
rated fatty acid (PUFA)-taxoid conjugate of DHA-SBT-1214
encapsulated 1n an oil-in-water NE drug delivery system,
wherein the o1l comprises one or more omega fatty acids and
wherein the composition is formulated for paventeral admin-
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istration, to a subject in need of treatment; and treating
cancer chosen from the group consisting of colon, pancre-
atic, non-small cell lung, and prostate.

[18. The method of claim 17, wherein the PUFA is chosen
from the group consisting of docosahexaenoic acid (DHA),
eicosapentaecnoic acid (EPA), and alpha-linolenic acid
(LNA).]

[19. The method of claim 18, wherein the PUFA-taxoid
conjugate is DHA-SBT-1214.}

[20. The method of claim 18, wherein a taxoid in the
PUFA-taxoid conjugate 1s chosen from the group consisting

of paclitaxel, docetaxel, SBT-1213, SBT-12854, SBT-
121303, SBT-1216, SBT-11033, SBT-121313, SBT-121602,

cabazitaxel, SBT-1212, SBT-1217, SBT-1102, SBT-1103,
SB1-1104, SBT1-1106, SB1-1107, SBT1-121301, SB1-
121302, SB1-121304, SB1-121403, SBI1-11031, SBI-

11032, SB1-11034, SBT-12851, SB1-12852, SBT—12853
SB1-12855, SB1-12851-1, SB1-12851-3, SBT1-12852-1,
SB1-12852-3, SB1-12853-1, SB1-12853-3, SB1-12854-1,
SBT-12854-3, SBT-12855-1, and SBT-12855-3.]

[21. The method of clalm 18, wherein the PUFA-taxoid
conjugate 1s chosen from the group consisting of DHA-
paclitaxel, DHA-docetaxel, DHA-SB'T-1213, DHA-SBT-
1103, DHA-SBT-1104, DHA-SBT-1216, LNA-SBT-1213,
L\TA-pachtaxel LNA-docetaxel, DHA-cabazitaxel, and
[LNA-cabazitaxel.]

[22. The method of claim 20, wherein said PUFA-taxoid
conjugate 1s a DHA or LNA ester of the taxoid defined 1n
claim 20.]

23. The method of claim [19] /7, further including the
step ol reducing the expression of stemmness-promoting
genes and transcription factors in cancer stem cells.

24. The method of claim 23, wherein the stemness-
promoting genes are chosen from the group consisting of

ABCG2, ACAN, ACTB, AIN1, ALDHI1A1, ALPI, ASCL2,
BMP1, BMP3, CCNDI1, CD3D, CD4, CD8SA, CDS8B,
CD8B1, CDH2, COL1A1, COL2A1, COLSA1, CTNNAI,
DHH, DLL1, DLL3, DTX1, DVLI1, FGF1, FGF3, FGFRI1,
FZD1, GDF2, GDF3, GJAl, GIB1, IGF1, ISL1, JAGI,
KRT15, MME, MSXI1, MYOD l\EUROGZ NCAM g
NOTCHI1, NUMB, PARD6A PPARD, RBI1, RPLI3A,
S100B, SOX1, SOX2, TERT and Combinations thereof.

25. The method of claim 23, wherein the transcription
factors are chosen from the group consisting ol Sox-2,
Oct3/4, c-Myc, Kli4, and combinations thereof.

26. The method of claim [19] /7, further including the
steps of reducing or eliminating a cancer stem cell compo-
nent of a tumor, and rendering the tumor more susceptible to
therapy.

27. The method of claim [19] /7, further including the
steps of rapidly polymerizing tubulin and inducing cell
death.

28. The method of claim [19] /7, further including the
step of administering a [non-conjugated version of the
PUFA-taxoid] taxoid in combination with said (PUFA)-
taxoid conjugate to the subject.

29. The method of claim [19] /7, wherein the subject has
paclitaxel-sensitive or paclitaxel-resistant tumors.

30. The method of claim [19] /7, further including the
step ol down-regulating expression of a gene selected from
the group consisting of CDX2, DLX2, DNMT3B, EGR,
FOXP3, GLI2, HOX family TFs, IRX4, JUN, KLF2,
NFATC1, NR2F2, PCNA, PITX3, POU4F1, SIX2, SOX9,
WT1, and combinations thereof.

31. The method of claim [19] /7, further including the

steps of suppressing tumor growth, mnducing tumor shrink-
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age, reducing production of adherent holoclones, and reduc-
ing vascularization of the tumor.

32. The method of claim [19] /7, wherein said adminis-

tering step further includes the step of providing tumor-
specific accumulation of composition through gp60-medi-
ated transcytosis into tumor mterstitium due to an athimity of
the composition to human serum albumuin.

33. The method of claim [19] /7, further including the
step ol retaiming the pharmaceutical composition 1n the
subject for a longer period of time than a solution form of the
pharmaceutical composition.

34. The method of claim 33, wherein the pharmaceutical
composition 1s retained 1n a tumor 1n the subject for a longer
period of time than a solution form of the pharmaceutical
composition.

35. The method of claim [19] /7, further including the
step ol providing a release profile of the pharmaceutical
composition that 1s at least three times slower than a release
profile of a solution form of the pharmaceutical composi-
tion.

36. A method of overcoming multi-drug resistance,
including the steps of: exposing a multi-drug resistant cell
selected from the group c0n31st1ng of colon cancer cells and

prostate cancer cells to an eflective amount of a pharma-
ceutical composition including an omega-3 polyunsaturated
fatty acid (PUFA)-taxoid conjugate of DHA-SBT-1214
encapsulated i an oil-in-water NE drug delivery system,
wherein the o1l comprises one or more omega fatty acids and
wherein the composition is formulated for paventeral admin-
istration; and 1inducing the death of the multi-drug resistant

cell.
[37. The method of claim 36, wherein the PUFA-taxoid

conjugate 1s DHA-SBT-1214.}

38. The method of claim 36, further including the step of
reducing the expression of stemness-promoting genes and
transcription factors in cancer stem cells.

39. The method of claim 38, wherein the stemness-

promoting genes are chosen from the group consisting of
ABCG2, ACAN, ACTB, AIN1, ALDHI1AI1, ALPI, ASCL2,

BMP1, BMP3, CCNDI1, CD3D, CD4, CD3A, CD3ZB,
CD8B1, CDH2, COL1AIL, COL2A1, COLY9A1, CIINNAI,
DHH, DLL1, DLL3, DIX1, DVLI1, FGF1, FGF3, FGFRI1,

FZD1, GDF2, GDF3, GIJAL, GIB1, IGF1, ISL1, JAGI,
KRT15, MME, MSXI, MYOD 1\EUROG2 NCAM ¥
NOTCHI, NUMB, PARD6A, PPARD, RB1, RPLI3A,

S100B, SOX1, SOX2, TERT and combinations thereof.

40. The method of claim 38, wherein the transcription
factors are chosen from the group consisting of Sox-2,
Oct3/4, c-Myc, Kli4, and combinations thereof.

41. The method of claim 36, further including the steps of
reducing or eliminating a cancer stem cell component of a
tumor, and rendering the tumor more susceptible to therapy.

42. The method of claim 36, further including the steps of
rapidly polymerizing tubulin and inducing cell death.

43. The method of claam 36, wherein the subject has
paclitaxel-sensitive or paclitaxel-resistant tumors.

44. The method of claim 36, further including the step of
down-regulating expression ol a gene selected from the
group consisting of CDX2, DLX2, DNMT3B, EGR,
FOXP3, GLI2, HOX family TFs, IRX4, JUN, KLF2,
NFATCI1, NR2F2, PCNA, PITX3, POU4F1, SIX2, SOX09,
WT1, and combinations thereof.

45. The method of claim 36, further including the steps of
suppressing tumor growth, inducing tumor shrinkage, reduc-
ing production of adherent holoclones, and reducing vascu-
larization of the tumor.
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46. The method of claim 36, wherein said administering,
step further includes the step of providing tumor-specific
accumulation of composition through gp60-mediated tran-
scytosis 1nto tumor interstitium due to an aflinity of the
composition to human serum albumin.

47. A method of eliminating a cancer stem cell, including
the steps of: exposing a cancer stem cell selected from the
group consisting of colon cancer stem cells and prostate
cancer stem cells to an effective amount of a pharmaceutical
composition including an omega-3 polyunsaturated fatty
acid (PUFA)-taxoid conjugate of DHA-SBT-1214 encapsu-
lated 1n an oil-in-water NE drug delivery system, wherein
the o1l comprises one or more omega fatty acids and wherein
the composition is formulated for parenteral administration;

and inducing the death of the cancer stem cell.
[48. The method of claim 47, wherein the PUFA-taxoid

conjugate 1s DHA-SBT-1214.}

49. A method of reducing the stemness of a cancer stem
cell, including the steps of: exposing a cancer stem cell
selected from the group consisting of colon cancer stem cells
and prostate cancer stem cells to an eflective amount of a
pharmaceutical composition mcluding an omega-3 polyun-
saturated fatty acid (PUFA)-taxoid conjugate of DHA-SBT-
1214 encapsulated in an oil-in-water NE drug delivery
system, wherein the o1l comprises one or more omega fatty
acids and wherein the composition is formulated for paren-
teral administration; and reducing the expression of stem-
ness-promoting genes in the cancer stem cell.

[50. The method of claim 49, wherein the PUFA-taxoid
conjugate 1s DHA-SBT-1214.}

51. A method of increasing retention times of an omega-3
polyunsaturated fatty acid (PUFA)-taxoid conjugate in the
body of a subject, including the steps of: administering
parenterally an eflective amount of a pharmaceutical com-
position including an omega-3 polyunsaturated fatty acid
(PUFA)-taxoid conjugate of DHA-SBT-1214 encapsulated 1n
an NE drug delivery system, wherein the o1l comprises one
or more omega fatty acids and wherein the composition is
Jormulated for parenteral administration; and retaining the
pharmaceutical composition in the body for a longer period
of time than a solution form of the pharmaceutical compo-
s1t10m.

52. The method of claim 51, wherein said retaining step
1s Turther defined as retaining the pharmaceutical composi-
tion 1n an area of the body chosen from the group consisting
of plasma and a tumor for a longer period of time than a
solution form of the pharmaceutical composition.

53. A method of providing a slower release profile of an
omega-3 polyunsaturated fatty acid (PUFA)-taxoid conju-
gate 1n the body of a subject, imncluding the steps of:
administering parenterally an ellective amount of a phar-
maceutical composition including an omega-3 polyunsatu-
rated fatty acid (PUFA)-taxoid conjugate of DHA-SBT-1214
encapsulated 1n an NE drug delivery system, wherein the o1l
comprises one or more omega lfatty acids and wherein the
composition is formulated for parenteral administration;
and releasing the pharmaceutical composition in the body at
least three times slower than a solution form of the phar-
maceutical composition.

54. A composition having a taxoid-conjugate encapsi-
lated in a nanoemulsion (NE) drug delivery system,

whevrein the taxoid-conjugate comprises a SBT-1214;

whevrein the taxoid-conjugate comprises an omega-3 poly-
unsaturated fatty acid (PUFA);

wherein the taxoid-conjugate is encapsulated in the NE

drug delivery system and formulated for paventeral
administration;

38

wherein the NE drug delivery system comprises an aque-
ous phase and an oil/lipid phase; and
wherein the taxoid-conjugate is rveleased from the NE
delivery system in a formulation more slowly than the
5 taxoid-conjugate is rveleased from the formulation lack-
ing the NE delivery system.

55. The composition of claim 54, wherein said NE drug
delivery system has an oil/lipid phase comprising droplets
having a mean diameter ranging from 50 to 1000 nm.

56. The composition of claim 54, wherein said NE drug
delivery system has an oil/lipid phase comprising droplets
having a mean diameter of 200 nm.

57. The composition of claim 54, whevein said oil/lipid
phase is an omega-3 fatty acid-rich edible oil chosen from
15 the group consisting of fish oil, pine nut oil, flax-seed oil,

primrose oil, black currant oil, borage oil, wheat germ oil,

chia oil, hemp oil, perilla oil, grape oil, squalene oil, and
fungal oil.
58. The composition of claim 54, wherein said NE drug
20 delivery system is modified with a substance chosen from the
group consisting of surfactants, tavgeting agents, and image
contrast agents, or combinations theveof.

59. The composition of claim 58, wherein said surfactant
is polysorbate 50.

60. The composition of claim 54, wherein said composi-
tion is a pharmaceutical composition including pharmaceu-
tically acceptable carriers.

61. The composition of claim 54, wherein said composi-
tion is physically stable at 4° C. for up to 6 months, and has
a stable particle size for up to 6 months.

62. The composition of claim 54, wherein said composi-
tion has increased rvetention times in the body than a solution
Jorm of said taxoid-conjugate.

63. The composition of claim 54, wherein said taxoid-
35 conjugate is released from the NE delivery system in a
Jormulation at least three times move slowly than the taxoid-
conjugate is released from the formulation lacking the NE
delivery system.

64. A method of treating a subject having cancer, said
method comprising administering parventerally to the subject
a therapeutically effective amount of the composition of
claim 54.

65. The method of claim 64, wherein the cancer is breast,
ovary, lung, head and neck, colon, rectal, pancreatic, mela-
noma, brain, prostate, leukemia, sarcomas, thyroid, Non-
Hodgkin Lymphoma, bladder, gliomas, endometrial, or
renal cancer.

66. The method of claim 64, wherein expression of stem-
ness-promoting genes and transcription factors in a stem
cell in the cancer is veduced, wherein the stemness-promot-

ing genes are chosen from the group consisting of ABCG2,
ACAN, ACTB, AINI, ALDHIAI, ALPI, ASCL2, BMPI,

BMP3, CCNDI, CD3D, CD4, CDsA, CDSB, CDSBI,
CDH2, COLIAI, COL2AI, COL941, CINNAI, DHH,
DLLI, DLL3, DTXI, DVLI, FGFI, FGF3, FGFRI, F/ZDI,
GDF2, GDF3, GJAI, GJBI, IGF1, ISL1, JAGI, KRTI1),
MME, MSXI, MYOD, NEUROG2, NCAMI, NOITCHI,
NUMB, PARD6A, PPARD, RBI, RPLI3A4, S100B, SOXI,
SOX2, and TERT, or combinations thereof, and wherein the
transcription factors are chosen from the group consisting of
Sox-2, Oct3/4, and c-Myc, Kif4, or combinations thereof.

67. The method of claim 64, wherein cancer stem cells of
the cancer ave rveduced ov eliminated rendering the tumor
movre susceptible to therapy, and whevein the tubulin of the
cancer rapidly polvmerizes, inducing cell death.

68. The method of claim 64, wherein the subject has a
paclitaxel-sensitive tumor.
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69. The method of claim 64, wherein a gene chosen from
the group comsisting of CDX2, DLX2, DNMT3B, EGR,

FOXP3, GLI2, HOX family TFs, IRX4, JUN, KLF2,
NFATCI, NR2F2, PCNA, PITX3, POU4FI, SIX2, SOX9,
and W11, and combinations theveof of a cancer cell of the
cancer are down-regulated.

70. The method of claim 64, wherein the method results in
suppression of tumor growth, induction of tumor shrinkage,
reduction production of adherent holoclones, or reduction
vascularization of the tumor and whervein the taxoid-conju-
gate is DHA-SBT-1214.

71. The method of claim 64, wherein the taxoid-conjugate
is released from the NE delivery system in a formulation
movre slowly than the taxoid-conjugate is veleased from the
Jormulation lacking the NE delivery system.

72. The method of claim 64, wherein the taxoid-conjugate
is retained in the tumor for a longer period of time than a
solution form of the pharmaceutical composition and
wherein the taxoid-conjugate is released from the NE deliv-
ery system in a formulation at least three times more slowly
than the taxoid-conjugate is rveleased from a formulation
lacking the NE delivery system.

73. A method of claim 64, wherein the cancer is a
multi-drug vesistant cancer.

74. The method of claim 73, wherein expression of stem-
ness-promoting genes and transcription factors in a stem
cell in the cancer is veduced, wherein the stemness-promot-
ing genes are chosen from the group consisting of ABCG2,

ACAN, ACTB, AINI, ALDHIAI, ALPI, ASCL2, BMPI,
BMP3, CCNDI, CD3D, CD4, CDS8A, CD8B, CDSBI,
CDH2, COLIAI, COL2A1, COL941, CINNAI, DHH,
DLLI, DLL3, DIXI, DVLI, FGFI, FGF3, FGFRI, FZDI,
GDF2, GDEF3, GJAI, GJBI, IGFI, ISLI, JAGI, KRTI),
MME, MSX1, MYOD, NEUROG2, NCAMI, NOICHI,
NUMB, PARD6A, PPARD, RBI, RPLI3A, S100B, SOXI,
SOX2, and TERI and combinations theveof, and wherein
the transcription factors are chosen from the group consist-
ing of Sox-2, Oct3/4, c-Myc, and Klf4, or combinations
thereof, and wherein the cancer stem cells of the cancer are
reduced or eliminated rendeving the tumor morve susceptible
to therapy and wherein the tubulin of the cancer rapidly
polymerizes, inducing cell death.

75. The method of claim 64, wherein the subject has a
paclitaxel-resistant tumor or paclitaxel-sensitive tumor.

76. The method of claim 73, wherein a gene chosen from
the group conmsisting of CDX2, DLX2, DNMI3B, EGR,
FOXP3, GLI2, HOX family TFs, IRX4, JUN, KLF2,
NFATCI, NR2F2, PCNA, PITX3, POU4FI, SIX2, SOX9,
and W11, and combinations theveof of a cancer cell of the
cancer is down-regulated, and wherein the method rvesults in
suppression of tumor growth, induction tumor shrinkage,
reduction production of adherent holoclones, or reduction
vascularization of the tumor.

77. The method of claim 73, wherein the cancer is breast,
pancreatic, prostate, colon, ov vectal, and wherein the com-
position is the composition of claim 54.
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78. A method of veducing the stemness of a cancer stem
cell, comprising the steps of:
exposing a cancer stem cell selected from the group
consisting of colon cancer stem cells and prostate
cancer stem cells to an effective amount of the compo-
sition of claim 54.
79. The composition of claim 54, wherein the aqueous
phase comprises egg phosphatidylcholine (E-80), polysor-

bate 80, DSPE-PEG2000 and water,

80. The composition of claim 54, whervein the aqueous
phase comprises egg phosphatidylcholine (E-80), polysor-

bate 80 DSPE-PEG2000 and water.

81. The composition of claim 80, wherein the oil/lipid
phase comprises an omega-3 fatty acid-rich oil selected
from the group comnsisting of fish oil, pine nut oil, flax-seed
oil, primrose oil, black currant oil, borage oil, wheat germ
oil, chia oil, hemp oil, perilla oil, grape oil, squalene oil, and
fungal oil.

82. The composition of claim 54, wherein the NE delivery
system further comprises a modifier selected from the group
consisting of surfactants, targeting agents, and image con-
rast agentis.

83. The composition of claim 81, wherein the NE delivery
svstem further comprises a modifier selected from the group
consisting of surfactants, tavgeting agents, and image con-
rast agentis.

84. The composition of claim 54, wherein the taxoid-
conjugate is released from the NI delivery system in an
amount chosen from the group consisting of less than 10%
in the course of 5 hours, less than 10% in the course of 10
hours, and less than 10% in the course of 48 hours.

85. The composition of claim 80, wherein the DHA-SBT-

1214 is released from the NE delivery system in an amount
chosen from the group consisting of less than 10% in the
course of 5 hours, less than 10% in the course of 10 hours,
and less than 10% in the course of 48 hours.

86. The composition of claim 54, wherein the NE delivery
svstem maintains at least 0% of its original concentration
of the taxoid-conjugate upon storage under conditions of 4°
C. for an amount chosen from the group consisting of at least
2 months, at least 3 months, and at least 6 months.

87. The composition of claim 80, wherein the NE delivery
system maintains at least 80% of its original concentration
of DHA-SBT1-1214 upon storage under conditions of 4° C.
for an amount chosen from the group consisting of at least
2 months, at least 3 months, and at least 6 months.

88. A pharmaceutical composition comprising the com-
position of claim 34.

89. A pharmaceutical composition comprising the com-
position of claim 80.

90. The method of claim 64, wherein the cancer is
vesistant to 35-FU, oxaliplatin, ivinotecan, docetaxel, or
cabazitaxel.
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