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Abstract
Cabozantinib, a potent pan-tyrosine kinase inhibitor, has been
reported to provide enhanced antitumor efficacy by simultaneously
inhibiting both MET and VEGF pathways, which are critical to
tumor angio-genesis, survival and migration. Its very poor water
solubility prevents its administration by the intra-venous route,
which may be important in patients unable to take the drug orally.
In this study, we de-veloped an efficient PEG-lipid-based polymeric
mi-celle formulation with enhanced drug solubility and stability
for cabozantinib delivery. DSPE-PEG2000 micelles encapsulating
cabozantinib were prepared by a thin-film rehydration method
followed by a lyo-philization process to generate the dry dosage form.
The average hydrodynamic diameter of freshly pre-pared micelles
was 11 nm with a narrow size distribu-tion, and the dry micelle
cake could be fully reconsti-tuted by rehydration. Approximately
75% of the drug was encapsulated into the lyophilized cake, and a
sus-tained drug release profile was observed in simulat-ed normal
physiological release medium. Compared with the free cabozantinib
solution, the drug-loaded micelles displayed significantly enhanced
intracellu-lar accumulation and cytotoxicity in human glioblastoma cancer cells and non-small lung cancer cells. These results
suggest that the micellar formulation of cabozantinib may serve as
a promising nanocarrier in anticancer treatments.
Keywords: Cabozantinib; DSPE-PEG; Sustained re-lease; Micellar
solubilization; Lyophilization; Cyto-toxicity.

Introduction
Receptor tyrosine kinases (RTKs) are a family of trans-membrane
cell surface receptors for diverse cell-signal-ing molecules such
as cytokines, growth factors and hor-mones. Functionally, RTKs
regulate many critical cellular processes, including cell growth,
differentiation and an-giogenesis. Dysregulation of RTK activity
is associated with several tumorigenic pathways, including the
stimula-tion of malignant transformation, angiogenesis and
tumor growth. RTK over expression has been observed in a wide
variety of highly invasive human tumors, such as head and neck
squamous cell carcinomas [1], medullary thyroid cancer (MTC)
[2-5], glioblastoma multiforme (GBM) [6-8] and non small cell
lung cancer (NSCLC) [9,10].
Dysregulation of RTKs can be activated via multiple mech-anisms
such as gene mutations, overexpression of ligands and receptor
overexpression. Aberrant activation of mes-enchymal-epithelial
transition factor (MET) [11-15] and vascular endothelial growth

factor receptor 2 (VEGFR-2)environment formed by the long
fatty acyl chains can accommodate lipophilic drug molecules
to efficiently-solubilize these poorly water-soluble drugs and
restrict the mobility of the incorporated drugs at the same time,
leading to a sustained drug release. Furthermore, the PEG moiety
on the hydrophilic shell creates steric hin-drance that stabilizes
micelles from aggregation, reduc-es the clearance rate by the
reticuloendothelial system (RES), prolongs the circulation time of
the drug-loaded micelles [50,51] and in turn facilitates the tumor
accu-mulation of drug-loaded micelles due to the compro-mised
leaky vasculature [52] found in many solid tumors.
In this study we have developed a stable cabozan-tinib-encapsulated
DSPE-PEG2000 micelles formulation, with sustained release and
enhanced delivery into cancer cells. The micellar formulation
showed enhanced cyto-toxicity and comparable cellular uptake
of cabozantinib by human glioblastoma cancer cells and nonsmall lung cancer cells. The micellar formulation of cabozantinib
could be stored in the lyophilized form for an extended period of
time with 96% drug recovery, making the mi-celle formulation a
potential candidate for cancer therapy.

Materials and Methods
Materials
N-(Carbonyl-methoxypolyethyleneglycol
2000)-1,2-distearoyl-sn-glycero-3-phosphoethanol-amine (DSPEPEG 2000 sodium salt) was purchased from NOF AMERICA
CORPORATION (White Plains, NY, USA). Cabozantinib was
obtained from Chemi-etek® (Indianapolis, IN, USA). HEPES
(BioPerformance Certified,≥99.5%) and penicillin/streptomycin
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(in 0.9% NaCl, sterile-filterd, BioReagent) were purchased from
Sigma-Aldrich Co (St. Louis, MO, USA). Ammoni-um acetate
(≥97 % HPLC), acetonitrile (≥99.9%) and methanol (≥99.9%) were
obtained from Fisher Scien-tific(Pittsburgh, PA, USA). Dulbecco’s
ModifiedEagle’s Medium and trypsin-EDTA were purchased
from Life Technologies (Grand Island, NY, USA). Fetal bovine serum (U.S.D.A Origin) was purchased from Biowest LLC (Kansas
City, MO, USA). Human malignant glio-blastoma cell lines U87
and U251 were kindly provided by Jann Sakaria, Mayo Clinic
(Rochester, MN, USA). Human lung adenocarcinoma epithelial cell
line A549 was kindly provided by Dr. Cory Berkland, University of
Kansas (Lawrence, KS, USA). Double distilled water (ddH2O) was
used in syntheses, characterization and cell-culture (sterilized by
autoclaving).
Micelles formation and drug loading
Preparation of cabozantinib encapsulated DSPE-PEG2000 micelles:
DSPE-PEG2000 micelles were prepared by the lipid film-rehydration
method described elsewhere [53] with modifications. Briefly, 20
mg of DSPE-PEG 2000 and 1.5 mg of cabozantinib were weighed in
a 15-mL round bottom flaskand dissolved with methanol, followed
by bath sonication for 1min. A thin filmof drug-polymer was
formed after the organic solvent was removed under the reduced
pressure by a rotary evaporator. Residual meth-anol was removed
by placing the flaskon a high vacuum pump (< 0.2 mbar) overnight
to thoroughly dry the thin film. The resulting dry film was then
rehydrated using 2 mL of 10-mM HEPES-buffered saline (HBS)
(pH 7.4).
The flask with the cabozantinib loaded DSPE-PEG2000 micelles was
sonicated for 5 min and then placed in a 50°C incubator for 1 h and
then cooled to room tem-perature, followed by passing through
a 0.22-μm nylon syringe filter. The un-encapsulated cabozantinib
was re-moved by ultracentrifugation (MWCO: 3 kDa) at 3000 rpm
for 10 min. Freshly prepared cabozantinib loaded DSPE-PEG2000
micelles were stored at -20°C overnight and then transferred to
-80°C for 2 h, followed by lyophilization below 0.01 mbar to prepare
the dry dosage form.
Gel permeation chromatography:
The DSPE-PEG2000 micelles encapsulating cabozantinib were
characterized by gel-permeation chromatography (GPC) on a
Shimadzu 2010CHT HPLC with an evapo-rative light scattering
detector (ELSD-LTII, Shimadzu Scientific Instruments, Inc.,
Columbia, MA, USA). GPC was performed with a Shodex OHpak
SB-803 HQ column (Showa Denko America, Inc., New York, NY,
USA) using ddH2O as the mobile phase at a flow rate of 0.8 mL/
min.
H Nuclear magnetic resonance (NMR) spectroscopy:

1

The 1H NMR spectra of the cabozantinib in CDCl3, DSPE-PEG2000
in D2O and reconstituted dry cabozan-tinib loaded micelles in
D2O or CDCl3 were collected on a Bruker Avance 400 MHz NMR
Spectrometer (Bruker Corporation, MA, USA).
Quantificationof cabozantinib amount in the micelles:
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The amount of cabozantinib incorporated into the DSPE-PEG2000
micelles was quantifiedby the gradient reverse phase high-pressure
liquid chromatography 001(HPLC). The HPLC system consisted of
a Shimadzu LC-2010CHT and an SPD-M20A Prominence HPLC
Photo Diode Array Detector (Shimadzu Scientific In-struments,
Inc., Columbia, MA, USA). An ODS-100 C18 analytical column
(250 × 4.6 mm; 5 μm) was used for the analysis. The mobile
phase consisted of A (10 mM ammonium acetate, pH 5.2) and B
(acetonitrile), and the linear gradient was 30-90% B over 12 min
at a flow rate of 1.0 mL/min. UV absorption was measured at 240
nm, and the drug loading efficiency (DL %) and encapsulation
efficiency (EE %) of cabozantinib in the
DSPE-PEG2000 micelles were calculated using the equa-tions:
DL % = (Weight of the cabozantinib in micelles/ Weight of the
cabozantinib and the DSPE-PEG2000) X 100% EE % = (Weight of the
cabozantinib in micelles/ Weight of fed cabozantinib) X 100%.
Micelle size and zeta potential measurements
The hydrodynamic diameter of the micelles was mea-sured by
dymanic light scattering (DLS) at 25°C on a ZetaPALS (Brookhaven
Instruments Corp., Holtsville, NY, USA), with measurements
repeated three times. The zeta potential of micelles prepared in 10mM HBS was measured at 25°C on the ZetaPALS with measurements repeated three times.
In vitro drug release profile of the cabozantinib from DSPEMicelles
The release behavior of cabozantinib from micelles was evaluated
using a dialysis method under a sink condi-tion. Approximately
5 mL of the micellar formulation of cabozantinib or the free drug
solution was trans-ferred into dialysis tubing (Snake SkinTM,
MWCO: 3.5 kDa) (Thermo Scientific Inc., Rockford, IL, USA). To
prepare the aqueous solution of cabozantinib, the drug was first
dissolved in DMSO and then diluted with 1-mM HCl to reduce the
DMSO content to below 0.5% (v/v). The dialysis tubing was closed
at both ends with clips and placed in 4.0 L of phosphate buffered
saline (PBS) (pH 7.4) at 37°C. A sample of 50 μL was with-drawn
from the dialysis tubing at pre-determined time intervals, and the
PBS was changed every 4 h to ensure sink condition. The drug
amount in each sample was determined as previously described.
In vitro cytotoxicity of cabozantinib from DSPE-Mi-celles
Two human malignant glioblastoma cell lines (U87 and U251) and
a human lung adenocarcinoma epithe-lial cell line (A549) were
used to investigate the in vitro cytotoxicity of the cabozantinib
micelles. The cell lines were maintained in DMEM supplemented
with 10% FBS and 1 % penicillin/streptomycin at 37°C in a humidified,5% CO2 atmosphere. Cancer cells in growth medium were
seeded at a concentration of 3,000 cells per well in 96-well flatbottomed plates and allowed to attach overnight. The cabozantinib
aqueous solu-tion (< 0.5% v/v DMSO) or micellar drug solution
was incubated with cells at different final concentrations from 5 to
20 μM. Trichloroacetic acid (TCA) and 10-mM HBS were added
as positive and negative controls, respectively. Cell media were
refreshed 24 or 48 h af-ter the treatment, and a resazurin-based
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colorimetric assay was used to assess viability of cell cultures at 72
h post treatment using GraphPad Prism 6 (Graph-Pad Software
Inc., La Jolla, CA, USA).
Determination of cellular uptake of the cabozantinib DSPEPEG2000 micelles
In order to evaluate the cellular uptake and accumula-tion of the
cabozantinib micelles, cell lines were seeded at a density of 2 × 105
cells/mL in a 12-well plate. The cells were incubated with free drug
solution or cabozantinib micelles at final drug concentrations of
10 or 20 μM for 2 h at conditions described in previous secton.
Non in-ternalized drug in the medium was removed, and the
at-tached cells were then washed three times with ice- cold PBS.
The cell pellets were collected at 5000 rpm for 10 min at 4°C after
the trypsinization, and they then were resuspended in 0.5 mL
of methanol for the quantifica-tion following the procedures as
previously described.
Statistical analysis
All values are expressed as the mean ± standard deviation. One
phase exponential association was applied for the curve fittingof
the in vitro drug release kinetics to cal-culate the release half-life
(t1/2). Statistical analyses were performed using two-way ANOVA
with GraphPad Prism 6 and the significance was set at P< 0.05.

Results and Discussion
Preparation of cabozantinib in DSPE-PEG2000 micelles and
determination of drug loading
The poorly-water soluble drug cabozantinib was suc-cessfully
encapsulated into the DSPE-PEG2000 micelles by a thinfilmrehydration method, and the resulting purifiedmicelle solution
was clear without drug pre-cipitates or aggregates (Figure 1A left).
A lyophilization process was performed in this study to prepare the
dry dosage form and to enhance physical stability for long-term
shelf storage. The lyophilized cake (Figure 1A middle) could be
redispersed in water (Figure 1A right) within 30 s.
The formation of the drug-loaded micelles was con-firmedby the
eluted micelles peak at 6.233 min in the GPC (Figure 1B), which
was much earlier than the PEG standard with a similar molecular
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weight (Mn 3070) as the DSPE-PEG2000 monomer. A peak with
approx-imately 3% of the total area under the curve was detected
in the GPC at 12.299 min, and it corresponded to the DSPEPEG2000 unimers loss by the micelle dis-sociation, probably due to
the dilution below the critical micelle concentration (CMC) by the
HPLC system.
The CMC of DSPE-PEG2000 micelles is as low as approxi-mately 0.5 –
1.0 μM in HEPES buffer [54] resulting from the strong hydrophobic
interaction among the saturat-ed C18 acyl chains [54,55]. The final
concentration of the DSPE-PEG2000 in our micellar formulation
was 7 mM, which is about 7000 fold above the CMC, leading to a
successful micelle formation and efficient drug loading.
Drug leakage from colloidal drug delivery systems and subsequent
drug precipitation and degradation during extended periods
of storage have been observed in sev-eral studies due to the
nanoparticle aggregation and the hydrolysis of the building blocks of
the polymers that formed the nanoparticles [56,57]. Lyophilization
has been used to stabilize a variety of drug nanocar-riers [5862]. Sugars such as trehalose, sucrose, glu-cose and mannitol are
often added at 5–20% (w/v) into the particulate systems as cryo/
lyoprotectants to spare the products from the freezing/drying stress
that may induce aggregation or fusion of nanoparticles.
However, collapse of the lyophilized cake was observed for some
formulations containing glucose (5% and 10%, w/v) and mannitol
(5%) [63]. In this study, a ly-ohplized micellar formulation of
cabozantinib was pre-pared without adding cryo/lyoprotectants,
and the re-constitution of the resultant lyophilized polymer-drug
with water successfully regenerated the micelles. The GPC of the
reconstituted drug-loaded micelles (Figure 1C) was found to be
same as that of the freshly pre-pared micelle formulation. The ability
of PEG-DSPE micelles to reconstitute without cryoprotectant is
probably due to the large hydrophilic-lipophilic bal-ance of the
micelles. Successful reconstitution of the indisulam-encapsulated
DSPE micelle formulations without a cryoprotectant has also been
reported [64].
H NMR measurements were used to further charac-terize the
encapsulation of the cabozantinib inside the micelle core formed
by the DSPE segments [46,65]. 1H NMR spectra of cabozantinib
1

Figure 1. (A) Representative pictures of cabozantinib DSPE-PEG2000 micelles in forms of freshly prepared solution (Fresh), lyophilized pow-der (LYO),
and reconstituted solution from the LYO (REC). Gel-permeation chromatography of freshly prepared cabozantinib DSPE-PEG2000 micelles (B) and REC
(C) with PEG stan-dard (M.W.: 3,070 g/mol) as an indicator of the DSPE-PEG2000 monomer.
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dissolved in CDCl3 (Figure 2A) and the DSPE-PEG2000 in D2O
(Figure 2B) clearly showed the distinct resonance peaks of the drug
and the polymer, respectively, which include protons of methoxy
groups (4.1240 ppm and 4.1834 ppm), aromat-ic rings (6.70538.4693 ppm), amino groups (10.2444 ppm) and cyclopropane
(1.2754 ppm) for cabozantinib, and the di-saturated C18 acyl
chains at 1.2183 ppm and PEG block at 3.6241 ppm for DSPEPEG2000. By com-parison, only prominent peaks corresponding to
DSPE- PEG2000 could be observed in the 1H NMR spectrum of the
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of cabozantinib was increased to 2.23 ± 0.01 mg/mL af-ter being
encapsulated into the DSPE-PEG2000 micelles. Cabozantinib loaded
micelles in the lyophilized cake could be easily rehydrated with
water, and the detect-ed drug amount was 96.00 ± 0.87 % of the
freshly pre-pared micelles solution. This high drug recovery indicates a promising prolonged shelf life of the lyophilized cabozantinib
micelles for clinical applications.
Micelle Characterization

Figure 2. 1H NMR spectra of: (A) Cabozantinib CDCL3, (B) DSPE-PEG2000 in D2O, (C) Reconstituted cabozantinib loaded micelles in D2O, (d) Cabozantinib
loaded micelles in CDCl3.

cabozantinib loaded micelles (Figure 2C) that were prepared with
D 2O, due to the restricted motion of the drug molecules in the
micelles’ hydrophobic cores, indicating efficient drug incorporation.
When the ly-ophilized cabozantinib loaded micelles were reconstituted in the organic solvent, CDCl3, resonance peaks of both the
drug and polymer were present in the 1H NMR spectrum (Figure
2D), as a consequence of the disrupt-ed micelles structure in the
organic solvent, which in turn released the drug from the core of
micelles.
The loading efficiency (DL %) and encapsulation ef-ficiency
(EE %) of the cabozantinib into the DSPE-PEG2000 micelles were
quantified by RP-HPLC and found to be 5.45 ± 0.09 % and 78.37
± 1.34 %, respectively. Cabozantinib in the neutral form was
practically insoluble in water. Remarkably, the aqueous solubility

The average hydrodynamic size of the oblate spheroidal cabozantinib
loaded micelles was 11.7 nm with a nar-row size distribution (Figure
3), which is favorable for sustained circulation for in vivo delivery of
the drug-in-corporated micelles. It has been reported that micelles
with size in the nano-scale range (10 -100 nm) can re-sist the
systemic clearance by renal filtrationand the re-ticuloendothelial
system after administration [51,56], thus providing a prolonged
pharmacological effect. In addition, cabozantinib molecules
incorporated into the hydrophobic core of micelles are protected
from the liv-er enzyme metabolism. Consequently, drug transportation to targeted extravascular tumor tissues through diffusion
from the leaky blood vessels [52] is expected to be significantly
enhanced due to the prolonged sys-temic circulation of the drug-
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loaded micelles.
The zeta potential value indicates the potential colloidal stability
of the micellar formulation. Colloidal systems with zeta potential
above ± 30 mv have been generally accepted as moderately stable
to prevent aggregation. The zeta potential of the cabozantinibloaded micelles was -15.70 ± 1.24 mv, indicating an incipient
instability. However, the hydrophilic PEG segments on the surface
could prevent aggregation of micelles in solution due to its steric
hindrance.

Figure 3. Dynamic Light Scattering (DLS) of the freshly prepared
cabozantinib DSPE-PEG2000 micelles at 25o C (size distribution in
number). Hydrodynamic diame-ter= 11.7 ± 1.2 nm. (Mean ± SD) (N
= 3).

In vitro drug release profile of cabozantinib from DSPE-PEG2000
micelles
The in vitro release behaviors of the micellar formula-tion of
cabozantinib and the free drug were evaluated in PBS (pH
7.4) solution at 37°C under the sink conditions to simulate the
significantdilution of the adminis-tered micelle solution by
physiological fluids. As shown in (Figure 4), approximately 81 %
of cabozantinib in the free drug solution was released within 4 h.
DSPE-PEG2000 micelles containing cabozantinib, on the other hand,
exhibited sustained drug release over a period of greater than 10
days, with only 22 % of the cabozan-tinib released in the first 8 h.
Release half- times of the drug in both forms were calculated from
a curve fitting using one phase exponential association analysis.

Figure 4. In vitro drug release profiles of cabozantinib in free drug form
(O) and in DSPE-PEG2000 micelles formulation ( ). (Mean ± SD; N=3).
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The t1/2 was significantly enhanced from less than 10 min to 80
h after the drug was incorporated into the micelles formulation,
and similar in vitro controlled drug release profilesof DSPE-PEG
micelles have been reported when hydrophobic drugs such as
doxorubi-cin [67] and ridaformolimus [68] were encapsulated.
Repeat-dose toxicity and toxicokinetic studies with cabozantinib
in rats that received daily oral gavage have shown debilitating
side effects, including hematopoiet-ic, hepatic, gastrointestinal
or renal toxicity [40]. Polymeric mi-celles that incorporate PEG
segment have been em-ployed as long-circulating drug vehicles
[65,69,70], as the presence PEG in the outer hydrophilic shell spares
micelles from aggregation and also decreases the ad-sorption of
protein such as immunoglobulins to the hydrophobic surfaces,
thus reducing the fast clearance of the micelles by RES [71,72].
Moreover, following the intravenous injection, the nanoscale drugloaded mi-celles have been found to preferentially accumulate in
the tumor tissues from their leaky endothelial vasculature, due to
the enhanced permeability and retention effect [73-75]. Our study
demonstrated a significantly prolonged in vitro release profile of
the cabozantinib from the micellar formulation due to the strong
drug interaction and association with the hydro-phobic micelle
core, which is responsible for maintain-ing a steady-state drug
release at a partial level from day 6, and indicates a potentially
enhanced in vivo drug stability and increased systemic circulation.
After intravenously administered into the patients, cabozan-tinibloaded DSPE-PEG2000 micelles are expected to target the tumor
tissue and then controllably release the active chemotherapeutic
agent. Consequently, the systemic toxicity of the drug could be
minimized as the chemotherapy exposure to normal tissues,
especially hematopoietic cells and epithelial cells in the gastrointestinal tract, is reduced.
Cellular uptake of cabozantinib from DSPE-PEG2000 Mi-celles
Human lung adenocarcinoma epithelial cell line A549 and human
malignant glioblastoma cell lines U87 and U251 were treated
with free cabozantinib solution or drug loaded DSPE-PEG2000
micelles for 2 h, and the drug amounts internalized in cells were
then quantified using the RP-HPLC. As shown in (Figure 5),
micellar formulation of cabozantinib significantly enhanced the
cellular accumulation of the drug in all cell lines under study at
the concentration of 10 μM. Similarly, enhanced cellular uptake
of hydrophobic drug-loaded micelles has been reported in the
case of doxorubincin [76]. The enhanced intracellular uptake was
possibly due to the different internalization mechanisms employed
by the micellar formulation and the free drug. Several groups have
investigated the mechanisms of micelle internal-ization by cancer
cells using biocompatible fluorescent micelles [77]. Drug-loaded
micelles have been shown to enter the cytoplasmic compartment
by the endocy-tosis process, followed by the diffusion of the incorporated molecules into organelles such as lyposomes, mitochondria
and the Golgi apparatus. In comparison, free drug molecules
slowly traversed through the cell membrane and then entered
the cytoplasmic space. To our surprise, no statistical significance
was observed at the fed cabozantinib concentration of 20 μM. We
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Figure 5. Celluar uptake of cabozantinib in the micellar formulation (solid) or aqueous solution (shaded) by (A) A549 cells, (B) U87 cells and (C) U251
cells. (Mean ± SD; N=3) (*: p<0.05; **: p<0.01).

hy-pothesized that the increased initial drug concentration may
generate an elevated drug gradient to facilitate the passive diffusion
of the free drug solution, leading to intracellular drug uptake
comparable with drug-loaded micelles. On the other hand, the
relatively small num-ber of experiment replicate probably should
also be tak-en into account.
In vitro cytotoxicity of cabozantinib from DSPE-PEG2000
Micelles
Cabozantinib is currently being tested in cancer pa-tients with nonsmall cell lung cancer, glioblastoma, melanoma, ovarian cancer and
hepatocellular carci-noma, etc. We chose one human non-small
cell lung cancer cell line A549 and two human malignant glio-

blastoma cell lines U87 and U251 in this pilot study to investigate
the cytotoxicity of the cabozantinib-loaded DSPE-PEG2000
micelles. The results of cytotoxicity study on free cabozantinib and
cabozantinib-loaded micelles solution against the three cell lines
are shown in (Figure 6). Overall, we observed strong dose and timedepen-dent inhibitory activity in all cell lines under study from 5
to 20 μM. Compared to the free drug solution, the cabozantinib
micellar formulation exhibited significant-ly enhanced cytotoxicity
after 24 or 48 h of incubation. Higher cytotoxic activity has also
been demonstrated in other anticancer drug-loaded nanoparticles.
For exam-ple, a doxorubicin-loaded polymeric nanoparticle was
found to be over 30 times more active in drug-resistant MCF-7

Figure 6. Cytotoxicity determined by Resazurin Assay in A549 cells, U87 cells and U251 cells after 24 h or 48 h treatment with cabozantinib loaded
DSPE-PEG2000 micelles (black) or cabozantinib solution (gray). (Mean ± SD; N=3) (*: p< 0.05; **: p<0.01; ****: p<0.0001).
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tumor cells than free drug, which was attribut-ed to the increased
intracellular drug concentration. Diao et al later reported reversed
multidrug resistance using doxorubicinloaded PEG-PCL copolymer
micelles in multidrug-resistant K562 cells [76]. Among the three
human tumor cell lines, the U87 and A549 cell lines were more
sensitive to the treatment than the U251 cell line, probably due to
varying levels of VEGFR-2/MET expression and intracellular drug
concentration.
Conclusions
In the present work, we successfully solubilized cabozan-tinib,
a dual MET/VEGFR2 inhibitor, in an 11-nm DSPE-PEG2000
micellar formulation with an encapsula-tion efficiency of
approximately 80 %. The drug-loaded micelles were stabilized in
the lyophilized form. There-fore, it could provide extended shelf
life without using cryo/lyoprotectants. The sustained in vitro release
pro-filesindicated a potentially prolonged in vivo circulation after
administration for the long-acting chemotherapy. Compared with
the free cabozantinib solution, drug-loaded micelles exhibited
increased intracellular drug uptake and higher cytotoxicity in one
human lung adenocarcinoma epithelial cell line and two human
ma-lignant glioblastoma cell lines. In conclusion, cabozan-tinib
can be formulated as a highly concentrated drug in an aqueous
injectable solution above the solubility limit of the free drug, thus
lowering the required dosage volume. Therefore, administration
of cabozantinib-in-corporated micelles may serve as a promising
approach to parenteral formulation of a chemotherapeutic agent
against human malignant solid tumors.

References
1. Di Renzo MF , Olivero M, Martone T, Maffe A, Maggiora P, et al.
(2001) Somatic mutations of the MET oncogene are selected during
metastatic spread of human HNSC carcinomas. Oncogene 19(12):
1547-1555.
2. Ball DW (2007) Medullary thyroid cancer: therapeutic targets and
molecular markers. Curr Opin Oncol 19(1): 18-23.
3. Machens A, Lorenz, Dralle H (2009) Constitutive RET tyrosine
kinase activation in hereditary medullary thyroid cancer: clinical
opportunities. J Intern Med 266(1): 114-125.
4. Drosten M, Putzer BM (2006) Mechanisms of Disease: cancer targeting
and the impact of oncogenic RET for medullary thyroid carcinoma
therapy. Nat Clin Pract Oncol 3(10): 564-574.
5. Castellone MD, Santoro M (2008) Dysregulated RET signaling in
thyroid cancer. Endocrinol Metab Clin North Am 37(2): 363-374.
6. Reardon DA, Wen PY (2006) Therapeutic advances in the treatment
of glioblastoma: rationale and potential role of targeted agents.
Oncologist 11(2): 152-164.
7. Cancer Genome Atlas Research Network (2008) Comprehensive
genomic characterization defines human glioblastoma genes and
core pathways. Nature 455(7216): 1061-1068.
8. Kunkel P1, Müller S, Schirmacher P, Stavrou D, Fillbrandt R, et al.
(2001) Expression and localization of scatter factor/hepatocyte
growth factor in human astrocytomas. Neuro Oncol 3(2): 82-88.
9. Dy GK, Adjei AA (2009) Emerging therapeutic targets in non-small cell
lung cancer. Proc Am Thorac Soc 6(2): 218-223.

Page 2 of 13

10. Horn L, Sandler AB (2009) Angiogenesis in the treatment of non-small
cell lung cancer. Proc Am Thorac Soc 6(2): 206-217.
11. Rong S1, Segal S, Anver M, Resau JH, Vande Woude GF (1994)
Invasiveness and metastasis of NIH 3T3 cells induced by Methepatocyte growth factor/scatter factor autocrine stimulation. Proc
Natl Acad Sci U S A 91(11): 4731-4735.
12. Michieli P1, Mazzone M, Basilico C, Cavassa S, Sottile A, et al. (2004)
Targeting the tumor and its microenvironment by a dual-function
decoy Met receptor. Cancer Cell 6(1): 61-73.
13. Abounader R, Laterra J (2005) Scatter factor/hepatocyte growth factor
in brain tumor growth and angiogenesis. Neuro Oncol 7(4): 436-451.
14. Laterra J1, Rosen E, Nam M, Ranganathan S, Fielding K, et al. (1997)
Scatter factor/hepatocyte growth factor expression enhances human
glioblastoma tumorigenicity and growth. Biochem Biophys Res
Commun 235(3): 743-747.
15. Lamszus K1, Schmidt NO, Jin L, Laterra J, Zagzag D, et al. (1998) Scatter
factor promotes motility of human glioma and neuromicrovascular
endothelial cells. Int J Cancer 75(1): 19-28.
16. Viglietto G1, Maglione D, Rambaldi M, Cerutti J, Romano A, et al.
(1995) Upregulation of vascular endothelial growth factor (VEGF)
and downregulation of placenta growth factor (PlGF) associated with
malignancy in human thyroid tumors and cell lines. Oncogene 11(8):
1569-1579.
17. Belletti B1, Ferraro P, Arra C, Baldassarre G, Bruni P, et al. (1999)
Modulation of in vivo growth of thyroid tumor-derived cell lines
by sense and antisense vascular endothelial growth factor gene.
Oncogene 18(34): 4860-4869.
18. Capp C, Wajner SM, Siqueira DR, Brasil BA, Meurer L, et al. (2010)
Increased expression of vascular endothelial growth factor and its
receptors, VEGFR-1 and VEGFR-2, in medullary thyroid carcinoma.
Thyroid 20(8): 863-871.
19. Xin X, Yang S, Ingle G, Zlot C, Rangell L, et al. (2001) Hepatocyte
growth factor enhances vascular endothelial growth factor-induced
angiogenesis in vitro and in vivo. Am J Pathol 158(3): 1111-1120.
20. Van Belle E, Witzenbichler B, Chen D, Silver M, Chang L, et al. (1998)
Potentiated angiogenic effect of scatter factor/hepatocyte growth
factor via induction of vascular endothelial growth factor: the case for
paracrine amplification of angiogenesis. Circulation 97(4): 381-390.
21. Exelixis I (2005) Exelixis Files IND Application for Anticancer Compound
XL184. PR Newswire.
22. Donovan EA, Kummar S (2006) Targeting VEGF in cancer therapy. Curr
Probl Cancer 30(1): 7-32.
23. Abounader R, Lal B, Luddy C, Koe G, Davidson B, et al. (2002) In vivo
targeting of SF/HGF and c-met expression via U1snRNA/ribozymes
inhibits glioma growth and angiogenesis and promotes apoptosis.
FASEB J 16(1): 108-110.
24. Abounader R , Ranganathan S, Lal B, Fielding K, Book A, et al. (1999)
Reversion of human glioblastoma malignancy by U1 small nuclear
RNA/ribozyme targeting of scatter factor/hepatocyte growth factor
and c-met expression. J Natl Cancer Inst 91(18): 1548-1556.
25. Motzer RJ , Hutson TE, Tomczak P, Michaelson MD, Bukowski RM, et
al. (2009) Overall survival and updated results for sunitinib compared
with interferon alfa in patients with metastatic renal cell carcinoma. J
Clin Oncol 27(22): 3584-3590.

BAOJ Pharm Sci, an open access journal								

Volume 1; Issue 1; 001

Citation: Yang Q, Moulder RK, Cohen MS, Cai S, Forrest ML (2015) Cabozantinib Loaded DSPE-PEG2000 Micelles as Delivery System:
Formulation, Characterization and Cytotoxicity Evaluation. BAOJ Pharm Sci 1: 001.

Page 2 of 13

26. Escudier B, Eisen T, Stadler WM, Szczylik C, Oudard S, et al. (2007)
Sorafenib in advanced clear-cell renal-cell carcinoma. N Engl J Med
356(2): 125-134.

44. Sezgin ZN, Yuksel N, Baykara T. (2006) Preparation and characterization
of polymeric micelles for solubilization of poorly soluble anticancer
drugs. Eur J Pharm Biopharm 64(3): 261-268.

27. Zhao J, Zhu Y, Zhang C, Wang X, He H, et al. (2013) Sorafenib or
sunitinib as postoperative adjuvant therapy for Chinese patients with
locally advanced clear cell renal cell carcinoma at high risk for disease
recurrence. Urol Oncol 31(8): 1800-1805.

45. Gill KK, Nazzal S, Kaddoumi A. (2011) Paclitaxel loaded PEG(5000)DSPE micelles as pulmonary delivery platform: formulation
characterization, tissue distribution, plasma pharmacokinetics, and
toxicological evaluation. Eur J Pharm Biopharm 79(2): 276-284.

28. Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T, Hainsworth J, et
al. (2004) Bevacizumab plus irinotecan, fluorouracil, and leucovorin
for metastatic colorectal cancer. N Engl J Med 350(23): 2335-2342.

46. Torchilin VP. (2005) Lipid-core micelles for targeted drug delivery.
Curr Drug Deliv 2(4): 319-327.

29. Kitajima Y, Ide T, Ohtsuka T, Miyazaki K (2008) Induction of hepatocyte
growth factor activator gene expression under hypoxia activates the
hepatocyte growth factor/c-Met system via hypoxia inducible factor-1
in pancreatic cancer. Cancer Sci 99(7): 1341-1347.
30. Pennacchietti S, Michieli P, Galluzzo M, Mazzone M, Giordano S, et al.
(2003) Hypoxia promotes invasive growth by transcriptional activation
of the met protooncogene. Cancer Cell 3(4): 347-361.
31. Bergers G, Hanahan D (2008) Modes of resistance to anti-antigenic
therapy. Nat Rev Cancer 8(8): 592-603.
32. Pàez-Ribes M, Allen E, Hudock J, Takeda T, Okuyama H, et al. (2009)
Antiangiogenic therapy elicits malignant progression of tumors to
increased local invasion and distant metastasis. Cancer Cell 15(3):
220-231.
33. Ebos JM, Lee CR, Cruz-Munoz W, Bjarnason GA, Christensen JG, et
al. (2009) Accelerated metastasis after short-term treatment with a
potent inhibitor of tumor angiogenesis. Cancer Cell 15(3): 232-239.
34. Timar J, Dome B (2008) Antiangiogenic drugs and tyrosine kinases.
Anticancer Agents Med Chem 8(5): 462-469.
35. Small D (2006) FLT3 mutations: biology and treatment. Hematology
Am Soc Hematol Educ Program 178-184.
36. Castellone MD, Carlomagno F, Salvatore G, Santoro M (2008)
Receptor tyrosine kinase inhibitors in thyroid cancer. Best Pract Res
Clin Endocrinol Metab 22(6): 1023-1038.
37. Yakes FM, Chen J, Tan J, Yamaguchi K, Shi Y, et al. (2011) Cabozantinib
(XL184), a novel MET and VEGFR2 inhibitor, simultaneously suppresses
metastasis, angiogenesis, and tumor growth. Mol Cancer Ther 10(12):
2298-2308.
38. http://www.exelixis.com
39. Zhang Y, Guessous F, Kofman A, Schiff D, Abounader R, et al. (2010)
XL-184, a MET, VEGFR-2 and RET kinase inhibitor for the treatment
of thyroid cancer, glioblastoma multiforme and NSCLC. IDrugs
13(2): 112-121. http://www.accessdata.fda.gov/drugsatfda_docs/
nda/2012/203756Orig1s000PharmR.pdf.
40. Agency EM (2013) Cometriq International non-proprietary name:
cabozantinib.
41. Gaucher G, Satturwar P, Jones MC., Furtos A, Leroux JC. (2010)
Polymeric micelles for oral drug delivery.
Eur J
Pharm Biopharm 76(2): 147-158.
42. Lukyanov AN, Torchilin VP. (2004) Micelles from lipid derivatives of
water-soluble polymers as delivery systems for poorly soluble drugs.
Adv Drug Deliv Rev 56(9): 1273-1289.
43. Torchilin VP. (2007) Micellar nanocarriers:
perspectives. Pharm Res 24(1): 1-16.

pharmaceutical

47. Croy SR, Kwon GS. (2006) Polymeric micelles for drug delivery. Curr
Pharm Des 12(36): 4669-4684.
48. Dabholkar RD, Sawant RM, Mongayt DA, Devarajan PV, Torchilin VP.
(2006) Polyethylene glycol-phosphatidylethanolamine conjugate
(PEG-PE)-based mixed micelles: some properties, loading with
paclitaxel, and modulation of P-glycoprotein-mediated efflux. Int J
Pharm 315(1-2): 148-157.
49. Jones M, Leroux J. (1999) Polymeric micelles - a new generation of
colloidal drug carriers. Eur J Pharm Biopharm 48(2): 101-111.
50. Alexis F, Pridgen E, Molnar LK, Farokhzad OC. (2008) Factors affecting
the clearance and biodistribution of polymeric nanoparticles. Mol
Pharm 5(4): 505-515.
51. 52. Maeda H, Wu J, Sawa T, Matsumura Y, Hori K. (2000) Tumor vascular
permeability and the EPR effect in macromolecular therapeutics: a
review. J Control Release 65(1-2): 271-284.
52. Rishikesh Sawant M, Rupa Sawant R, Evin Gultepe, Dattatri Nagesha,
Brigitte Papahadjopoulos-Sternberg, et al. (2009) Nanosized
cancer cell-targeted polymeric immunomicelles loaded with
superparamagnetic iron oxide nanoparticles. Journal of Nanoparticle
Research 11(7): 1777-1785.
53. Ashok B, Arleth L, Hjelm RP, Rubinstein I, Onyüksel H. (2004) In vitro
characterization of PEGylated phospholipid micelles for improved
drug solubilization: effects of PEG chain length and PC incorporation.
J Pharm Sci 93(10): 2476-2487.
54. Uster PS, Allen TM., Daniel BE, Mendez CJ, Newman MS, et al. (1996)
Insertion of poly(ethylene glycol) derivatized phospholipid into preformed liposomes results in prolonged in vivo circulation time. FEBS
Lett 386(2-3): 243-246.
55. Chacon M, Molpeceres J, Berges L, Guzman M, Aberturas MR, et al,
(1999) Stability and freeze-drying of cyclosporine loaded poly(D,L
lactide-glycolide) carriers. Eur J Pharm Sci 8(2): 99-107.
56. Moretton MA, Glisoni RJ, Chiappetta DA, Sosnik A. (2010) Molecular
implications in the nanoencapsulation of the anti-tuberculosis drug
rifampicin within flower-like polymeric micelles. Colloids Surf B
Biointerfaces 79(2): 467-479.
57. Hu Y, Ding Y, Li Y, Jiang X, Yang C, et al. (2006) Physical stability and
lyophilization of poly(epsilon-caprolactone)-b-poly(ethyleneglycol)b-poly(epsilon-caprolactone) micelles. J Nanosci Nanotechnol 6(910): 3032-3039.
58. Abdelwahed W, Degobert G, Stainmesse S, Fessi H. (2006)
Freeze-drying of nanoparticles: formulation, process and storage
considerations. Adv Drug Deliv Rev 58(15): 1688-1713.
59. Moretton MA, Chiappetta DA, Sosnik A. (2012) Cryoprotectionlyophilization and physical stabilization of rifampicin-loaded flowerlike polymeric micelles. J R Soc Interface 9(68): 487-502.
60. Richter A, Olbrich C, Krause M, Hoffmann J, Kissel T. (2010) Polymeric

BAOJ Pharm Sci, an open access journal								

Volume 1; Issue 1; 001

Citation: Yang Q, Moulder RK, Cohen MS, Cai S, Forrest ML (2015) Cabozantinib Loaded DSPE-PEG2000 Micelles as Delivery System:
Formulation, Characterization and Cytotoxicity Evaluation. BAOJ Pharm Sci 1: 001.
micelles for parenteral delivery of sagopilone: physicochemical
characterization, novel formulation approaches and their toxicity
assessment in vitro as well as in vivo. Eur J Pharm Biopharm 75(2):
80-89.
61. Yang ZL, Li XR, Yang KW, Liu Y. (2008) Amphotericin B-loaded
poly(ethylene glycol)-poly(lactide) micelles: preparation, freezedrying, and in vitro release. J Biomed Mater Res A 85(2): 539-546.
62. Di Tommaso C, Como C, Gurny R, Moller M. (2010) Investigations on
the lyophilisation of MPEG-hexPLA micelle based pharmaceutical
formulations. Eur J Pharm Sci 40(1): 38-47.
63. Cesur H, Rubinstein I, Pai A, Onyüksel H. (2009) Self-associated
indisulam in phospholipid-based nanomicelles: a potential
nanomedicine for cancer. Nanomedicine 5(2): 178-183.
64. Shin HC, Alani AW, Rao DA, Rockich NC, Kwon GS. (2009) Multi-drug
loaded polymeric micelles for simultaneous delivery of poorly soluble
anticancer drugs. J Control Release 140(3): 294-300.
65. McDonald DM, Baluk P. (2002) Significance of blood vessel leakiness
in cancer. Cancer Res 62(18): 5381-5385.
66. Rajiv Kumar, Apurva Kulkarni, Dattatri K Nagesha, Srinivas Sridhar.
(2012) In vitro evaluation of theranostic polymeric micelles for
imaging and drug delivery in cancer. Theranostics 2(7): 714-722.
67. Connie Remsberg M, Yunqi Zhao, Jody Takemoto K, Rebecca Bertram
M, Neal Davies M,et al. (2012) Pharmacokinetic Evaluation of a DSPEPEG2000 Micellar Formulation of Ridaforolimus in Rat. Pharmaceutics
5(1): 81-93.
68. Adams ML, Andes DR, Kwon GS. (2003) Amphotericin B encapsulated
in micelles based on poly(ethylene oxide)-block-poly(L-amino acid)
derivatives exerts reduced in vitro hemolysis but maintains potent in
vivo antifungal activity. Biomacromolecules 4(3): 750-757.

Page 2 of 13

69. Kwon GS, Kataoka K. (1995) Block copolymer micelles as longcirculating drug vehicles. Adv Drug Deliv Rev 16(2–3): 295--309.
70. Kwona G, Suwaa S, Yokoyamaa S, Okanoa T, Sakuraia Y, et al. (1994)
Enhanced tumor accumulation and prolonged circulation times of
micelle-forming poly (ethylene oxide-aspartate) block copolymeradriamycin conjugates. J Control Release 29(1–2): 17-23.
71. Jeona SI, Leea JH, Andradea JD, De Gennes PG. (1991) Protein—surface
interactions in the presence of polyethylene oxide: I. Simplified
theory. J Colloid Interface Sci 142(1): 149-158.
72. Neha Dand M, Pranav Patel B, Anita Ayre P, Vilasrau KadamJ. (2013)
Polymeric micelles as a drug carrier for tumor targeting. CYS 4(2): 94101.
73. Matsumura Y, Maeda H. (1986) A new concept for macromolecular
therapeutics in cancer chemotherapy: mechanism of tumoritropic
accumulation of proteins and the antitumor agent smancs. Cancer
Res 46(12 Pt 1): 6387-92.
74. Maeda H. (2001) The enhanced permeability and retention (EPR) effect
in tumor vasculature: the key role of tumor-selective macromolecular
drug targeting. Adv Enzyme Regul 41: 189-207.
75. Diao YY, Li HY, Fu YH, Han M, Hu YL, Jiang HL, et al. (2011) Doxorubicinloaded PEG-PCL copolymer micelles enhance cytotoxicity and
intracellular accumulation of doxorubicin in adriamycin-resistant
tumor cells. Int J Nanomedicine 6: 1955-1962.
76. Savic R, Luo L, Eisenberg A, Maysinger D. (2003) Micellar
nanocontainers distribute to defined cytoplasmic organelles. Science
300(5619): 615-618.
77. Yi Y, Kim JH, Kang HW, Oh HS, Kim SW, et al. (2005) A polymeric
nanoparticle consisting of mPEG-PLA-Toco and PLMA-COONa as a
drug carrier: improvements in cellular uptake and biodistribution.
Pharm Res 22(2): 200-208.

BAOJ Pharm Sci, an open access journal								

Volume 1; Issue 1; 001

