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Introductions: Ovarian cancer is a stubborn malignancy of gynecological system with
a high mortality rate. Docetaxel (DTX), the second-generation of anti-tumor drug Taxane,
has shown superior efficacy over classic paclitaxel (PTX) in certain cancers. However, its
clinical application is hindered by poor bioavailability. The natural spice extract curcumin
(Cur) has been discovered to improve the bioavailability of DTX. Therefore, it is meaningful
to develop a combined drug strategy of DTX and Cur with methoxy poly (ethylene glycol)-
poly (L-lactic acid) (MPEG-PLA) copolymers in ovarian cancer therapy.

Methods: Injectable DTX-Cur/M nanomicelles were synthesized and characterized in the
study. The molecular interactions between DTX, Cur and copolymer were simulated and the
drug release behavior was investigated. The anti-tumor activity and anti-tumor mechanisms
of DTX-Cur/M were evaluated and explored in both cells and mice model of xenograft
human ovarian cancer.

Results: DTX-Cur/M nanomicelles with an average particle size of 37.63 nm were obtained.
The drug release experiment showed sustained drug release from DTX-Cur/M nanomicelles.
The MTT assay and apoptotic study indicated that DTX-Cur/M exhibited stronger inhibition
and pro-apoptotic effects on A2780 cells compared with DTX or Cur alone. In vivo anti-
tumor experiment results confirmed that the DTX-Cur/M played the most effective role in
anti-ovarian cancer therapy by inhibiting tumor proliferation, suppressing tumor angiogen-
esis and promoting tumor apoptosis.

Conclusion: We designed injectable DTX-Cur/M nanomicelles for co-delivery of DTX and
Cur agents to the tumor site through systemic administration. The DTX-Cur/M nanomicelle
would be a biodegradable, sustainable and powerful anti-tumor drug candidate with great
potential in ovarian cancer treatment.
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Introduction

Ovarian cancer is a gynecological malignant tumor with high morbidity and mortality.
There is a lack of effective screening approach for ovarian cancer at present. A majority
of patients were diagnosed with advanced stage ovarian cancer and exhibited high
recurrence rate of 60-80%.' > The standard treatment for ovarian cancer is surgery and
platinum and taxane-based chemotherapy.*® Several targeted drugs, including anti-
angiogenesis agent Bevacizumab and poly (adenosine diphosphate-ribose) polymerase
PARP inhibitors such as Olaparib, have recently been applied in the maintenance
therapy for ovarian cancer.”* Despite global effort to improve the prognosis of ovarian
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cancer, the five-year survival rate of patients with stage III
and stage V (FIGO) ovarian cancer are only about 39% and
17%, respectively.” There is an urgent need to develop more
powerful drugs to make significant progress in the manage-
ment of ovarian cancer.

Taxane cytotoxic drugs represented by paclitaxel
(PTX) and docetaxel (DTX) have become one of the
most effective therapeutic agents in gynecological cancer
in recent decades. DTX is a second-generation Taxane
drug, which functions through inhibiting cancer cells’
mitosis and proliferation by promoting tubulin polymeri-
zation and preventing tubulin depolymerization.' DTX
exhibited higher solubility and better bioavailability than
PTX.""'? Its clinical efficacy against many malignant can-
cers is superior to PTX, attributed to three times higher
intracellular concentration, longer retention time and 100-
fold greater phosphorylation of Bcl-2 than PTX.'*'* DTX
has been approved for the treatment of prostate cancer,
breast cancer, lung cancer, ovarian cancer, head and neck
cancer and gastric cancer.'”> ** However, poor water solu-
bility, non-selective distribution and drug resistance hinder
the clinical application of DTX. Researchers are keen to
overcome these obstacles and improve the therapeutic
efficacy of DTX.

Drug combination therapy is very efficient and promis-
ing in cancer treatment.”> *°> Curcumin (Cur) is a natural
product derived from Asian spice Curcumin longa, which
has shown beneficial effects in the treatment of various
diseases.’*?” Due to its low toxicity and anti-tumor cap-
ability, Cur has attracted much attention as a cancer ther-
apeutic agent.”®>° Intriguingly, the bioavailability of DTX
is mainly affected by cytochrome P450 (CYP3A) and mem-

3132 while Cur

brane transporter P-glycoprotein (P-gp),
could suppress the expression and the activity of CYP3A
enzyme and P-gp.** The pre-treatment of Cur in rats before
oral administration of DTX proved to enhance the bioavail-
ability of DTX.** Thereupon, it is appealing to develop
combined delivery strategy of DTX and Cur, and explore
its anti-tumor effect in ovarian cancer therapy. Both DTX
and Cur have the drawback of poor water solubility.>> With
the aim to improve drug bioavailability, we prepared biode-
gradable methoxy poly (ethylene glycol)-poly (L-lactic
acid) MPEG-PLA nanomicelles loaded with DTX and Cur
for intravenous injection in the study. The water-insoluble
drug agents were successfully encapsulated into the amphi-
philic micelle composed with MPEG-PLA co-polymers,
which could suspend under aqueous condition and become
injectable. The characteristics, molecular dynamics, release

behavior and both in vitro and in vivo anti-tumor activities
of DTX-Cur/M nanomicelles were investigated in this
study. Finally, we hope this research will provide a new
insight for the treatment of ovarian cancer.

Materials and Methods

Materials

MPEG, anhydrous L-lactic
5-dimethylthiazol-2-yl)-2,
mide (MTT) were purchased from Sigma Aldrich
(USA). DTX was purchased from Sichuan Xieli
Pharmaceutical (China). Dulbecco’s Modified Eagle’s
Medium (DMEM) and fetal bovine serum (FBS) were
purchased from Gibco BRL (USA). Dimethyl sulfoxide
(DMSO) and acetone were purchased from KeLong

acid, Cur and 3-(4,

5-diphenyltetrazolium bro-

Chemicals (China). All primary and horseradish peroxi-
dase (HRP) conjugated antibodies were purchased from
Servicebio (China). Other chemicals used in the study
were analytical grade and obtained commercially.
Human A2780 ovarian carcinoma cells were purchased
from American Type Culture Collection (ATCC, USA).
7-8 weeks female BALB/c athymic nude mice (HFK
Bioscience, Beijing, China) were obtained and fed with
sterilized water and chow. All animal procedures were
performed following the protocol approved by the
Institutional Animal Care and Treatment Committee of
Sichuan University and conducted according to the
Institutional Animal Care and Use Guidelines.

Preparation and Characterization of
DTX-Cur/M

The DTX-Cur/M nanomicelle was prepared at two steps.
Firstly, the synthesis procedure of MPEG-PLA copoly-
mers was according to our previous report.>® The obtained
product was lyophilized and stored in a desiccator. Then,
DTX (5 mg), Cur (5 mg) and MPEG-PLA copolymers
(90 mg) were dissolved in 2 mL acetone. The mixture
was evaporated with constant stirring under reduced pres-
sure in 55°C water bath to form a thin film. Consequently,
normal saline was added into the mixture to form self-
assembly nanomicelles. The DTX, Cur, and co-polymers
spontaneously assembled to form a core—shell structure
that wrapped Cur and DTX inside the hydrophobic core.
Moreover, the un-encapsulated drug was removed by fil-
tering with a 0.22 uym membrane (Millipore, USA). The
empty micelles, Cur/M micelles and DTX/M micelles
were prepared accordingly.
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Dynamic light scattering (DLS) method was employed
to detect the average particle size and zeta-potential of the
obtained DTX-Cur/M (Malvern Nano-ZS 90, UK). After
negatively stained by phosphotungstic acid for 10 min and
dried in air, the particle size and morphology of DTX-Cur
/M was observed by transmission electron microscopy
(TEM) (Hitachi, Japan). In addition, 10 mg of DTX-Cur
/M dissolved in 0.1 mL acetonitrile was analyzed by high
performance liquid chromatography (HPLC) (Shimadzu,
Japan). The entrapment efficiency (EE) and drug loading
(DL) were calculated according to the following equa-
tions: EE=100%xexperimental drug loading/theoretical
drug loading; DL=100%xdrug/(drug + polymer).

Interactions Between DTX, Cur and
MPEG-PLA Polymers

DTX and Cur were initially built with Marvin Sketch
(http://www.chemaxon.com) and then optimized using
MMFF994 method.>” The semi-empirical approach AM1
was further employed to optimize the molecular structures

with Fletcher-Reeves algorithm.>® This process was accom-
plished by HyperChem software (USA). The structures of
MPEG-PLA was constructed, optimized and simulated
referring to the published literature.’® The interactions
between DTX, Cur and MPEG-PLA copolymers were
explored in the study. Briefly, DTX and Cur were firstly
randomly docked to the simulated MPEG-PLA in the work-
space of HyperChem, thus to obtain the original structure of
DTX-Cur/M complex. Then, the Langevin’s dynamics
simulation was performed to explore the interaction
between the three components in water environment. The
temperature, friction coefficient and random seed were set
as 300K, 0.05 ps~' and 0, respectively. The force field used
was CHARMM27. The interaction in water was simulated
at the first stage. In consideration of the solvation effect, the
scale factor for dielectric permittivity was set as 80. The run
time for each stage was 500 picoseconds.

Drug Release Study

In vitro release behavior of DTX-Cur/M was investigated
with the dialysis method. During the experiment, 1 mL of
DTX-Cur/M containing 2 mg DTX and 2 mg Cur was
placed in a dialysis bag and incubated in 20 mL of PBS
(pH 7.4) containing 0.5% (v/v) Tween-80 (PBST) under
gentle shaking. During the process, the medium was
replaced with fresh medium at different intervals (0, 2, 6,
12, 24, 36, 48, 72, 96 and 120 h). The amount of DTX or

Cur in the incubation medium was quantified by determin-
ing the absorbance at 230 nm or 421 nm using HPLC,
respectively. This study was repeated three times.

In vitro Cellular Experiments
A2780 cells were cultured in DMEM culture medium con-
taining 10% FBS, 100 U/mL penicillin and 100 pg/mL
streptomycin. The cells were incubated in a humid environ-
ment at 37°C with 5% CO,. Cells at logarithmic phase were
seeded in a 96-well plate at the density of 3.5x10° cells per
well. After overnight incubation, different concentrations of
Cur/M, DTX/M or DTX-Cur/M were added and treated cells
for 24 hrs or 48 hrs. The culture medium was then replaced
by fresh medium containing MTT (5 mg/mL) to form for-
mazan, which would be dissolved in DMSO and presented
in purple color. The optical density of each well at 570 nm
was determined by a microplate reader (OPTImax, USA).
The relative cell viability was calculated by dividing the
optical density of treated cells with the optical density of
control cells. The experiment was replicated three times.
Propidium Iodide (PI)/Annexin-V apoptosis detection
kit (BD, USA) was used to investigate tumor cells apop-
tosis after different treatments. The cells treated with dif-
ferent concentrations of Cur-M, DTX-M and DTX-Cur/M
for 48 hrs were harvested and washed by PBS twice.
Subsequently, 100 pL binding buffer containing 3 pL PI
and 3 pL Annexin-V was added to suspend and stain cells
in each tube. After 0.5 hr, another 300 pL binding buffer
was added and the stained cells were analyzed by a flow
cytometer (ACEA, Novocyte, USA).

In vivo Anti-Tumor Therapy

With the aim to evaluate the anti-tumor ability in vivo,
a nude mice model of human ovarian cancer was established
in the study by implanting 1x10” A2780 cells in the right
flank of mice. The therapy started on the 7th day after tumor
inoculation, when the average size of subcutaneous tumor
reached 100mm>. All experimental mice were randomly
allocated into five groups and received the following treat-
ment: Control: solvent, M: MPEG-PLA nanomicelles, Cur/
M: 8 mg/kg Cur, DTX/M: 8 mg/kg DTX, DTX-Cur/M:
8 mg/kg (1:1). Individual treatment was given by tail vein
injection every four days. Tumor volume and mice body
weight was monitored and recorded during the experiment.
The mice were sacrificed 31 days after tumor inoculation
and the tumors were collected for further analysis.
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Immunohistochemical Study

The immunohistochemical staining of Ki67 and CD31
were carried out according to the procedures described
previously.*® Briefly, the tumor sections were sequentially
stained with primary antibody of Ki67 or CD31 and sec-
ondary HRP-conjugated antibody, followed by DAB col-
oration and hematoxylin counterstain. The stained tumor
sections were observed under light microscope and eval-
uated for tumor proliferation and tumor angiogenesis. Five
random fields at 400x magnification were selected for
quantitative analysis. The Ki67 index was defined as the
number of Ki67 positive divided by the number of whole
cells. Micro-vessel density (MVD) was defined as the
number of CD31 positive cells in the high-power field.

TUNEL Assay

The DNA fragmentation in apoptotic cells of tumor were
determined by the terminal deoxynucleotidyl transferase
(TdT)-mediated dUTP Nick-End Labeling (TUNEL)
apoptosis detection kit (Promega, USA). All procedures
were conducted according to the manufacture description.
The stained sections were observed under fluorescence
microscopy and evaluated for tumor apoptosis. Five ran-
dom fields at 400x magnification were selected for quan-
titative analysis. We calculated the TUNEL staining

Tumor cell

Tumor tissue

positive percentage by dividing the TUNEL staining posi-
tive cell number with the whole cell number.

Statistical Analysis

Data analysis in the study was performed by the software
Graphpad Prism 6.0 version (Graphpad, America).
Student’s #-test was applied for comparison between two
groups. A P-value of less than 0.05 on a two-tailed test
was considered to be statistically significant in our study.

Results

Preparation and Characterization of

DTX-Cur/M Nanomicelles
The synthesis procedure of DTX-Cur/M is illustrated in
Figure 1. DTX, Cur and MPEG-PLA copolymers sponta-
neously assembled to form micelle-like structure. The
water-insoluble DTX and Cur were wrapped inside the
micelle and administrated into mice through tail vein
injection. DTX-Cur/M nanomicelles was supposed to deli-
ver two drugs to the tumor site according to the enhanced
permeability and retention effect of tumor vasculature,
thus playing an anti-tumor effect.

The molecular dynamic simulation diagram of the inter-
actions between DTX, Cur and MPEG-PLA copolymer was
shown in Figures 2 and 3. Results demonstrated that the

Nanosuspension

)

Drug treatment

Figure | The schematic illustration of synthesis and application of DTX-Cur/M nanomicelle. The DTX-Cur/M micelles were prepared with DTX, Cur and MPEG-PLA
polymers by self-assembly method. The drugs were delivered by the micelles after intravenous injection and played anti-tumor effect in vivo.
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Figure 2 The molecular dynamic simulation diagram of DTX, Cur and MPEG-PLA in aqueous environment. The MPEG-PLA copolymer was depicted by a thin stick. DTX
was depicted by a thick stick with green carbon atoms. Cur was depicted by a rosy thick stick. (A) Initial structure of DTX, Cur and MPEG-PLA copolymer; (B—F)

Conformations captured at 50ps, 100ps, 200ps, 300ps and 400ps, respectively.

interaction between DTX, Cur and MPEG-PLA copolymer
in aqueous environment made them gradually approach each
other. DTX and Cur tried to find a suitable place for interac-
tion on the surface of MPEG-PLA copolymer by constantly
re-adjusting their position and conformation. In the mean-
time, MPEG-PLA copolymer continuously adjusted its con-
formation to provide site for DTX and Cur, thus the
interactions between them were strengthened (Figures 2
and 3). The average size and the zeta potential of DTX-Cur
/M nanomicelles were 37.63+1.08 nm and —2.00+0.71 mV,
respectively (Figure 4A and B). The polydispersity index
(PDI) of the particle size was 0.146. Moreover, DTX-Cur
/M nanomicelles had a DL of 5% and an EE of 99.2% for
DTX, a DL of 5% and an EE of 98.6% for Cur. According to
the observation under TEM, DTX-Cur/M nanomicelles
showed a spherical morphology (Figure 4C). We further
evaluated in vitro drug release of DTX and Cur from DTX-
Cur/M in PBS condition. As shown in Figure 4D, the cumu-
lative release of Cur from DTX-Cur/M was 60.07%+3.09 at
120 hrs. The cumulative release of DTX from DTX-Cur/M
was 49.57%+2.41 at 120 hrs. The DTX-Cur/M nanomicelles
showed sustained drug release behavior.

Cell Cytotoxicity

The cytotoxicity of various concentrations of Cur/M,
DTX/M and DTX-Cur/M were investigated by MTT
assay. All treatment showed dose-dependent inhibitory
effect on A2780 tumor cell viability. According to the
results, the cell viability of A2780 cells was decreased
with time increase (Figure SA and B). The ICsy of Cur/
M, DTX/M and DTX-Cur/M at 48 hrs were 4.42 pg/mL,
0.15 pg/mL and 0.10 pg/mL, respectively (Figure 5B). It
was revealed that DTX-Cur/M had stronger tumor cell
cytotoxicity than Cur/M or DTX/M in vitro.

Apoptotic Study

Further study was performed to explore if the treatment had
an effect on tumor cell apoptosis. According to the flow
cytometry results, the Annexin-V positive cells percentage
of Cur/M group, DTX/M group and DTX-Cur/M group was
5.62%, 6.59% and 5.06% at the concentration of 0 pg/mL.
The Annexin-V positive cells percentage of Cur/M group,
DTX/M group and DTX-Cur/M group was 8.79%, 15.44%
and 22.92% at the concentration of 0.5 pg/mL (Figure 6).
The Annexin-V positive cells percentage of Cur/M group,
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Figure 3 The molecular dynamic simulation diagram of DTX, Cur and MPEG-PLA in aqueous environment. The MPEG-PLA copolymer was depicted by a red and white
complex. DTX was depicted by a thick stick with green carbon atoms. Cur was depicted by a rosy thick stick. (A) Initial structure of DTX, Cur and MPEG-PLA copolymer;

(B-F) Conformations captured at 50ps, 100ps, 200ps, 300ps and 400ps, respectively.

DTX/M group and DTX-Cur/M group was 10.99%, 16.78%
and 23.05% at the concentration of 1 pg/mL (Figure 6). The
Annexin-V positive cells percentage of Cur/M group, DTX/
M group and DTX-Cur/M group was 9.78%, 24.9% and
29.24% at the concentration of 2 pg/mL (Figure 6). As the
increase of drug concentration, there was an increase of
Annexin-V staining positive cells. What’s more, DTX-Cur
/M treated group showed higher apoptosis rate than Cur/M
treated group and DTX/M treated group at equivalent con-
centrations of Cur or DTX, suggesting enhanced anti-tumor
efficacy with drug combination.

In vivo Anti-Tumor Activity

With the aim to identify the anti-tumor ability of different
drug formulations in vivo, we established a xenograft mice
model of human ovarian cancer and gave control, M, Cur/M,
DTX/M and DTX-Cur/M treatments to the tumor-bearing
mice. There was no significance in mice body weight
between control group and other groups, except for DTX-
Cur/M group (P<0.05), which might be attributed to reduced
tumor weight (Figure 7A). The tumor volume of mice in the
control group, M group, Cur/M group and DTX/M group

increased gradually with time, while that of mice in the
DTX-Cur/M group increased slightly. The calculated tumor
inhibition rate of M group, Cur/M group, DTX/M group and
DTX-Cur/M treatment was 3.02%, 26.12%, 36.31%,
85.96%, respectively (Figure 7B). Consistent with the
above results, the mice in Cur/M group, DTX/M group and
DTX-Cur/M group all showed a decrease in tumor weight,
among which, the DTX-Cur/M group was the most signifi-
cant (Figure 7C). Representative photographes of subcuta-
neous tumors from different groups is shown in Figure 7D.
These findings demonstrate the anti-tumor efficacy of Cur/
M, DTX/M and DTX-Cur/M and also confirm that the
therapeutic effect of DTX-Cur/M was the strongest in vivo.

Effect on Proliferation, Angiogenesis and
Apoptosis

Further studies were conducted to disclose potential anti-
tumor mechanisms of the treatments in the experiment. We
evaluated the tumor proliferation status in tumor tissue
sections from different treatment groups by Ki67 staining
method. High Ki67
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V FITC to analyze cell apoptosis.

proliferation status in tumor site, suggesting poor prog-
nosis. Herein, Ki67 index was identified as Ki67 staining
positive cells amount divided by total cell amounts. The
results showed no obvious changes in Ki67 index between
Control group and M group. However, there was
a significant decline of Ki67 index after the treatment of
Cur/M, DTX/M or DTX-Cur/M formulation, showing the
proliferation inhibitory effect of three drug formulations
(Figure 8A—F). Besides, DTX-Cur/M group had the mini-
mum Ki67 index among all treatment groups (Figure 8F).

Moreover, we performed the CD31 immunohistochem-
ical staining on tumor sections and estimated tumor angio-
genesis activity via counting CD31 positive cells amounts in
randomly selected fields. As shown in Figure 9, the number
of CD31 positive cells was obviously reduced after Cur/M
treatment, DTX/M treatment and DTX-Cur/M treatment.
Compared with Cur/M alone or DTX/M alone, DTX-Cur
/M showed much stronger ability on suppressing tumor
angiogenesis (Figure 9A—F). In addition, the TUNEL assay
was conducted to investigate tumor apoptosis. Similar to the

results in vitro, the DTX-Cur/M group had the smallest
percentage of TUNEL staining positive cells among all
treatment groups, suggesting the most powerful capability
to promoting apoptosis (Figure 10A—F). In summary, the
Cur/M, DTX/M and DTX-Cur/M formulations could play
an anti-tumor role through inhibiting tumor proliferation,
suppressing tumor angiogenesis and promoting tumor apop-
tosis. The DTX-Cur/M formulation significantly improved
the treatment efficacy of Cur/M and DTX/M formulations.

Discussion

Ovarian cancer is a stubborn gynecological malignancy
and often refractory to chemotherapy. The semi-synthetic
DTX was considered as an attractive alternative to PTX in
ovarian cancer treatment, whose therapeutic effect had
been confirmed in clinical trials.*'**> DTX has the disad-
vantage of poor water-solubility as PTX, and is usually
dissolved in Tween 80 and ethanol for commercial use,
leading to hypersensitivity reactions.* In the study, our
team successfully prepared injectable nanomicelles of
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Figure 7 The in vivo anti-tumor evaluation of DTX-Cur/M micelles. (A) The curve of mice body weight change. (B) Tumor growth curve during the treatment. (C) Tumor
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DTX-Cur/M with average particle size of 37.63 nm. The
drug delivery system could co-deliver DTX and Cur for
ovarian cancer therapy to improve the anti-tumor effect
and reduce adverse effect.

MPEG-PLA copolymers are biodegradable and
stable vehicles for drug delivery, showing benefits in
many anti-tumor drug research.***” In this study, the
synthesized DTX-Cur/M has high DL and high EE.
The drug release experiment found sustained release
of DTX and Cur from DTX-Cur/M nanomicelles. The
micellar structure was supposed to entrap the poorly
water-soluble DTX and Cur in the hydrophobic PLA
core region and improve the drug solubility with a PEG
shell. After intravenous administration, DTX and Cur
would be co-delivered to tumor site due to the
enhanced retention and permeability effect of nanopar-
ticle. Thereafter, the DTX-Cur/M possessed unique
traditional DTX and Cur drug

advantages over

combination.

Although the anti-tumor ability of DTX in ovarian
cancer has been profoundly demonstrated, the combined
drug strategy resulted in more effective anti-tumor activ-
ities in the study. Cur, as a preventive and therapeutic drug
agent in cancer therapy, is involved in various activities
such as cell cycle arrest, apoptosis and angiogenesis.*® It
was found to enhance the efficacy of chemotherapeutic
drug when used in combination.*”**** Our study found
the DTX-Cur/M treatment significantly inhibited A2780
cell viability. The apoptotic flow cytometry result showed
that DTX-Cur/M treatment induced more tumor cell apop-
tosis than DTX/M monotherapy or Cur/M monotherapy,
suggesting a stronger anti-tumor ability. DTX was mainly
metabolized by cytochrome CYP3A enzyme, which could
be inhibited by Cur, thereby enhancing the anti-tumor
performance of DTX. Cur was also effective to inhibit
the function of P-glycoprotein (P-gp)-a member of ATP-
binding cassette family, which could pump drug extracel-
lular and lead to multi-drug resistance (MDR), thus to
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increase the intracellular drug concentration of DTX.>! In
addition, it was reported that Cur was able to counteract
the activation of NF-kB signal pathway caused by Taxol.>>
Moreover, Cur could potentiate the anti-tumor capability

of DTX with nelfinavir by inducing ER stress in castration

resistant prostate cancer cells.>® Thereupon, the combina-
tion of Cur can significantly strengthen the anti-tumor
activity of DTX. Although some research has reported
the application of DTX and Cur in cancer treatment, our
study successfully encapsulated dual drug agents in the
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MPEG-PLA copolymer based drug delivery system, thus
achieving direct co-delivery to tumor site for ovarian can-
cer therapy.

The efficacy assessment in mice ovarian cancer model
indicated that tumor growth was significantly suppressed
by the treatment of Cur/M nanomicelles, DTX/M nanomi-
celles and DTX-Cur/M nanomicelles. The tumor volume
and tumor weight of DTX-Cur/M group were the mini-
mum among all treatment groups, suggesting DTX-Cur/M
nanomicelles had the most powerful anti-tumor capability.
In the mechanism, we further demonstrated that DTX-Cur
/M nanomicelles were able to inhibit tumor proliferation,
suppress tumor angiogenesis and promote tumor apoptosis
in vivo. Besides, no significant adverse events were
observed after combined use of DTX and Cur, indicating
that DTX-Cur/M is a beneficial agent with good safety and
low toxicity. Taken together, DTX-Cur/M nanomicelles
may exhibit the benefits of improved bioavailability,
good biodegradability and integrated therapeutic effect of
dual drugs, making it a promising drug formulation for
ovarian cancer therapy.

Conclusions

In the study, a core-shell structure of MPEG-PLA copoly-
mers was successfully synthesized to encapsulate and co-
deliver DTX and Cur for the treatment of ovarian cancer.

The DTX-Cur/M nanomicelles had a homogeneous parti-
cle size and sustained drug release behavior. The DTX-Cur
/M nanomicelles were able to inhibit ovarian cancer cells
viability and promote cells apoptosis in vitro. In vivo drug
evaluation showed significantly enhanced anti-tumor
effect in terms of suppressing tumor cell proliferation,
attenuating tumor angiogenesis and promoting tumor cell
apoptosis. In summary, the DTX-Cur/M nanomicelle is
a biodegradable, sustainable and powerful anti-tumor
drug formulation with great potential in ovarian cancer

therapy.
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