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a b s t r a c t 

The potential side effects of cabazitaxel (CBZ) in the field of cancer treatment have become 

a great limitation to its further clinical application. Liposomal delivery is a well-established 

approach to increase the therapeutic index of hydrophobic drugs. In this study, a PEG- 

modified liposome was developed for efficiently encapsulating CBZ, thus enhancing its spe- 

cific tumor inhibition effect and reducing the systemic toxicity. It was found that the loading 

efficiency of CBZ into the liposome could be improved with the increase of lipophilic mate- 

rials, as it could be over 80% under the weight ratio of 20:1 (total lipid: CBZ). The diameter 

of CBZ loaded liposome (CBZ@Lipo) was ∼100 nm. And the liposome suspending in aque- 

ous medium was stable at 4 °C for at least one month, according to the change of its size 

distribution. The killing ability of CBZ@Lipo to cancer cells was significantly lower compar- 

ing to that of CBZ solution, which could be attributed to the slow release of CBZ from the 

liposomes. However, CBZ@Lipo could induce an obvious apoptosis of the cancer cells at low 

concentration. Furthermore, CBZ@Lipo exhibited an expressively enhanced tumor growth 

inhibition effect comparing to CBZ solution. More importantly, CBZ@Lipo showed an obvi- 

ously higher biosafety proved by lower hemolysis probability, stable body weight of mice 

during the whole experiment and no obvious lesion in histology analysis. Our work pro- 

vided a useful reference of the formulation of CBZ, which had potential for greater clinical 

application. 
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1. Introduction 

Chemotherapy is still the reliant treatment strategy for most
of cancers in the mid or late stage. At present, most of the
chemotherapy drugs are administrated as intravenous in-
jection, which requires a good water solubility of the drugs.
However, most drugs are poorly water-soluble. Thus, tween
80, ethanol and other organic reagents are usually used to
improve the solubility of the drugs [1] . Depressingly, such
preparations have shown common adverse reactions in
clinical applications [2] . Researchers have explored varieties
of drug carriers to avoid the severe side effects caused by
solubilizer [3–5] . Liposomes with good biocompatibility, cyto-
compatibility and biodegradability have drawn considerable
attention in cancer therapy due to its notable ability to pro-
long blood circulation, keep continuous tumor accumulation
as well as increase the solubility of hydrophobic drugs [6,7] . 

Cabazitaxel (CBZ), a second-line drug for prostate cancer
is a small molecule compound which belongs to chemical
semisynthetic taxane class [8] . CBZ is one of tubulin in-
hibitors, whose characteristics and acting mechanism are
similar to paclitaxel and docetaxel [9] . It can bind to tubulin,
promote self-assembly so as to form microtubules and fur-
ther prevent the microtubules from disintegrating thereby
inhibiting cell mitosis [10,11] . Jevtana®, a commercial product
of CBZ, is often used together with prednisone for the treat-
ment of hormone-refractory metastatic prostate cancer [12] .
Unfortunately, Jevtana® is almost insoluble even in the mixed
solvent of water and organic reagent which causes many
adverse reactions in clinical treatment, such as neutropenia,
hyper sensitivity reactions, gastrointestinal disturbances and
renal failure [13,14] . Therefore, it is of great significance to
find an appropriate drug delivery system for improving the
water solubility as well as reducing the side effect of CBZ. 

Here, we designed a CBZ encapsulated liposome
(CBZ@Lipo) which could efficiently improve the poor sol-
ubility and biosafety of CBZ. By optimizing various liposomes,
a final formulation of CBZ@Lipo with high drug encapsulation
efficiency, small and uniform particle size as well as excel-
lent stability was achieved. Comparing with CBZ solution,
CBZ@Lipo displayed a better therapeutic effect and lower
toxicity both in vivo and in vitro study, thus possessing great
potential for future clinical application. 

2. Materials and methods 

2.1. Materials 

Distearoyl-sn-glycerol-3-phosphoethanolamine-N- 
[maleimide(polyethyleneglycol)–2000] (DSPE-PEG2000), egg
phosphatidyl lipid-80 (E80), and cholesterol were purchased
from Lipoid GmbH (Ludwigshafen, Germany). CBZ was pur-
chased from Taxus Co, Ltd. (Jiangsu, China). 6-coumarin, 3-(4,
5-dimethy lthiazol-2-yl) −2,5-diphenyltetrazolium bromide
(MTT reagent), and DAPI were purchased from Sigma (St Louis,
USA). EthD-1 and Calcein AM (Live/Dead Viability/Cytotoxicity
Kit) were acquired from Life Technologies (Carlsbad, CA). FITC-
Annexin V/PI apoptosis kit was provided by MultiSciences
Biotech (Zhejiang, China). RPMI 1640 medium (RPMI), Dul-
becco’s modified Eagle’s medium, fetal bovine serum (FBS),
and penicillin / streptomycin (100 U/ml) were purchased from
JiNuo Biotechnology Co., Ltd. (Zhejiang, China). Dimethyl sul-
foxide (DMSO), methanol, and trichloromethane (CHCl 3 ) were
obtained from Sinopharm Chemical Reagent Co. All other
chemicals were of analytical grade and used without further
purification. The deionized water used in all experiments was
prepared using a Milli-Q system (Millipore, Boston). 

2.2. Cell culture and animals 

CT-26(mouse colon cancer) and 4T1 (mouse breast cancer)
cells were obtained from the Shanghai Cell Bank, Chinese
Academy of Sciences (CAS). CT-26 cells were cultured in RPMI
1640 medium and 4T1 cells were cultivated in Dulbecco’s
modified Eagle’s medium (DMEM)-containing 10%fetal bovine
serum (FBS), 1% penicillin and 1% streptomycin sulfate (Invit-
rogen, USA). All cells were kept at 37 °C in a humidified atmo-
sphere containing 5% CO 2 . 

All animal experiments were performed in accordance
with the regulations of the Institutional Animal Care and Use
Committee (IACUC) of Zhejiang University. Balb/c mice (4–5
weeks old, 18 ± 2 g) were raised under aseptic condition in
animal isolators with free access to food and water and ac-
cepted a circulation of 12 h light/dark. Tumor models were
established by subcutaneously injecting 1.0 × 10 6 CT-26 cells
into Balb/c mice or 1.0 × 10 6 4T1 cells into the mammary fatty
pad of BALB/c mice. During the experiment, animals were ob-
served daily for any clinically relevant abnormalities. Tumor
over-size ( > 3000 mm 

3 ), severe loss of body weight ( > 20%) and
appearance of large ulceration were considered as poor life
quality. As a result, any mice showed the above behaviors was
sacrificed by CO 2 inhalation. 

2.3. Preparation of CBZ loaded liposome (CBZ@Lipo) 

In order to obtain an optimal formulation, CBZ loaded lipo-
somes with four different weight ratios of phospholipid and
cholesterol (2:1, 4:1, 6:1, 8:1) or different drug content were pre-
pared by film dispersion method. Briefly, CBZ, E80, cholesterol
and DSPE-PEG2000 were dissolved in chloroform. Then chloro-
form was evaporated under vacuum at 30 °C for 60 min to form
a thin film on the walls of the flask. A certain volume of PBS
solution (pH 7.4) was then added into the film followed by a
stirring at 30 °C water bath to obtain a crude dispersion of lipo-
somes. After sonicating for 10 min, homogeneous liposomes
were obtained and were further purified by size-exclusion
chromatography using a Sephadex G-50column eluted with
PBS. CBZ solution was also prepared by dissolving the CBZ in
Tween-80 and ethyl alcohol (1:1, v/v) as control. Three formu-
lations of CBZ@Lipo were prepared in the same way to deter-
mine the suitable weight ratios of CBZ to total lipid. 

2.4. Characterization of CBZ@Lipo 

The average size of CBZ@Lipo was measured by a light scat-
tering method using a Malvern Zeta sizer (Malvern, UK) at
25 ± 1 °C after appropriate dilution with distilled water. The
UV–visible spectrum was measured by a spectrophotometer
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Agilent Cary 60 UV–Vis, Santa Clara) in the wavelength range 
f 200–800 nm. To investigate the morphology of CBZ@Lipo,
amples were dried on copper grid and negatively stained with 

hosphotungstic acid (1%), and then observed by transmis- 
ion electron microscopy (TEM; JEOL JEM-1230, JEOL, Japan) at 
n accelerating voltage of 120 kV. The encapsulation efficiency 
EE) of CBZ within the liposomes was calculated according to 
he formula Fi/Ft × 100%, where Fi is the amount of CBZ loaded 

n the liposomes and Ft is the initially feeding amount of CBZ.

.5. Stability study 

tability studies were carried out by investigating the size 
hange of CBZ@Lipo during long-time storage. CBZ@lipo 
0.5 mg CBZ/ml) was suspended in PBS (pH7.4) and stored at 
 °C for 30 d Samples were collected at definite time inter- 
als and the particle size of the liposomes was measured by 
alvern Zeta sizer. 

.6. In vitro release study 

he release of CBZ from the liposomes was investigated by 
he dialysis method. Briefly, CBZ@Lipo (0.5 mg CBZ/ml) was 
laced in a dialysis bag with a molecular cut-off of 3.5 kDa,
nd then the bag was put into PBS buffer (pH7.4) containing 
.25% SDS (w/w) with a mild stirring at 37 °C. Samples were 
ollected at 0.5, 1, 2, 6, 12 and 24 h, and concentration of CBZ in
he supernatant was measured using HPLC method. The chro- 

atographic conditions were set as follows. C 18 reverse-phase 
olumn (200 mm × 4.6 mm, 5 μm) was used under a tempera- 
ure of 30 °C. The mobile phase was acetonitrile-ultrapure wa- 
er (60:40, v/v), and the detection wavelength was 230 nm. To 
ive some meaningful information towards the clinical poten- 
ial, we investigated the effect of plasma proteins on drug re- 
ease [15] . 1 ml CBZ@Lipo or CBZ solution (1 mg/ml) was mixed 

ith plasma which was proposed from rat blood (1:1, v/v) to 
ake the final concentration of CBZ@Lipo or CBZ solution to 

.5 mg/ml, then the mixture was placed in dialysis bags with a 
olecular cut-off of 3.5 kDa, and then the bag was put into PBS 

uffer (pH7.4) containing 0.25% SDS (w/w) with a mild stirring 
t 37 °C. The same method was used to investigate the release 
f CBZ with plasma protein in vitro. 

.7. Cellular uptake 

n order to investigate the internalization of CBZ@Lipo into 
umor cells, coumarin-6 labeled CBZ@Lipo was obtained ac- 
ording to the method of preparing CBZ@Lipo. 4T1 or CT-26 
ells were seeded in a 24-well culture plate (Corning, NY, USA) 
t the density of 5 × 10 4 cells per well and were incubated 

ith coumarin-6 labeled CBZ@Lipo for different time in dark- 
ess. Then, the cell nuclei were stained with DAPI solution 

20 μg/ml). The cells were repeatedly rinsed with PBS, fixed 

ith 4% paraformaldehyde and observed using a Fluorescence 
nversion Microscope System (F900, Edinburgh Instruments 
td., UK). 

.8. Cytotoxicity assay in vitro 

T-26 or 4T1 cells were seeded into 96-well plate at a den- 
ity of 5 × 10 3 per well, and were treated with CBZ@Lipo or 
BZ solution under various CBZ concentrations for 48 h. Cells 
ithout any treatment were used as control. Cytotoxicity was 
easured using an MTT assay according to the manufac- 

urer’s suggested procedures. The cell viability was calculated 

s the percentage of surviving cells compared with the control 
roup and was reported as the mean values of six wells. The 
poptotic response of the cells was analyzed using flow cy- 
ometry. Briefly, cells were collected after different treatments,
e-suspended in PBS and stained with Annexin V-FITC (5 μl) 
nd propidium iodide (5 μl) according to the manufacturer’s 
uggested procedures (Keygen Apoptosis Detection Kit), fol- 
owed by a flow cytometry analysis. 

Furthermore, 4T1 cells were seeded in a 96-well cell culture 
late and treated with CBZ@Lipo (0.5 mg CBZ/ml) for 24 h. The 
ells were stained with Calcein-AM at 37 °C, followed by the 
bservation using a fluorescence microscope. 

.9. Hemolysis test 

ealthy rabbit blood was diluted with normal saline (4:5 
atio by volume). CBZ@Lipo or CBZ solution was diluted 

ith normal saline to obtain the samples with various 
BZ concentrations. Then diluted blood was added into 

hese samples and the mixtures were incubated for 3, 6,
4 and 48 h at 37 °C. Normal saline solution was used as
 blank control with deionized water as a positive control.
fter that, all the mixtures were centrifuged for 5 min at 
000 rpm and the supernatant was carefully collected for 
pectroscopic analysis at 545 nm. The hemolysis was cal- 
ulated using an spectrophotometer (UNIC-7200, China) fol- 
owing the formula(OD test − OD negativecontrol )/(OD positivecontrole 

OD negativecontrol ) × 100%, where OD stands for optical den- 
ity, OD test stands for the optical density of test group,
D negative control stands for that of normal saline control group,
nd OD positive control stands for that of deionized water group. 

.10. Biodistribution of CBZ@Lipo 

iR labeled CBZ@Lipo was obtained according to the method 

f preparing CBZ@Lipo. Heterotopic CT-26 tumor model was 
btained by subcutaneously injecting a suspension of CT-26 
ells (1 × 10 6 cells) into BALB/c mice. Orthotopic breast cancer 
odel was established by inoculating a suspension of 4T1 

ells (1 × 10 6 cells) into the mammary fatty pad of BALB/c mice.
hen the average volume of tumors was about 200 mm 

3 , the 
ice were intravenously injected with DiR labeled CBZ@Lipo 

150 μg DiR/kg and 5 mg CBZ/kg). Then the fluorescence im- 
ges of the mice were taken at 2, 6, 12, 24 and 48 h post-
njection by in vivo imaging system (CRI Maestro, USA). In order 
o investigate the distribution of CBZ@Lipo in various tissues,
ll mice were sacrificed at 48 h and major organs including 
eart, liver, spleen, lung, kidney and tumor were collected for 
x vivo fluorescent imaging and quantitative analysis. 

.11. In vivo anti-tumor efficacy of CBZ@Lipo 

T-26 xenograft tumor models were acquired by subcuta- 
eously injecting of 1 × 10 5 CT-26 cells into BALB/c mice. When 

he average size of tumor reached to about 200 mm 

3 , the 
umor-bearing mice were randomly divided into three groups 
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Table 1 – Particle size distribution and entrapment effi- 
ciency of CBZ@Lipo with different weight ratio of E80 to 

cholesterol ( n = 3). 

E80:Chol Z-Ave PDI EE (%) 

2:1 367.8 ± 4.3 0.215 ± 0.035 51.7 ± 2.3 
4:1 275.4 ± 3.6 0.218 ± 0.029 55.8 ± 2.3 
6:1 99.5 ± 1.9 0.225 ± 0.011 94.9 ± 3.7 
8:1 102.3 ± 2.2 0.248 ± 0.016 81.6 ± 3.4 

Table 2 – Particle size distribution and entrapment effi- 
ciency of CBZ@Lipo with different weight ratio of total 
lipid to CBZ ( n = 3). 

Lipid: CBZ Z-Ave PDI EE (%) 

10:1 98.4 ± 2.1 0.225 ± 0.012 20.1 ± 1.6 
20:1 109.7 ± 1.6 0.266 ± 0.014 83.4 ± 3.6 
30:1 103.5 ± 1.7 0.233 ± 0.014 77.5 ± 3.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(6 mice per group). The mice in group 1 to 3 were intravenously
injected with 0.2 ml saline, CBZ solution (5 mg CBZ/kg) and
CBZ@Lipo (5 mg CBZ/kg) respectively every other day until day
14. The weight of mice was measured by an electronic balance
and the tumor size was recorded using a vernier caliper, and
the volume was calculated as (length × width × height × π )/6,
the mice were sacrificed at the end of the experiments. The
heart, liver, spleen, lung, kidney and tumor of each mouse
were excised, fixed in 4% formalin, embedded in paraffin and
finally sectioned for hematoxylin and eosin (H&E) staining.
The proliferation and apoptosis of tumors were also detected
by Ki67 and TUNEL staining, respectively. All the slices were
observed by an inverted fluorescence microscope. 

2.12. Statistics 

2-sample statistical comparisons were conducted using Stu-
dent’s test and multigroup comparisons were carried out by
one-way analysis of variance (ANOVA) test with post hoc con-
trasts by Student-Newman Keuls test. ∗P < 0.05 was consid-
ered to be statistically significant difference. 

3. Results and discussion 

3.1. The preparation of CBZ@Lipo 

CBZ loaded liposomes were prepared with various weight ra-
tios of phospholipids to cholesterol (2:1, 4:1, 6:1, 8:1, m/m) un-
der a fixed CBZ concentration of 0.2 mg/ml. The liposomes
with phospholipids to cholesterol ratio of 6:1 or 8:1 presented
an obviously smaller diameter, narrower size distribution and
higher EE of CBZ compared to ones of other ratios ( Table 1 )
and their suspension was transparent and blue-opalescent
( Fig. 1 A). Furthermore, increasing the ratio from 1:20 to
1:10 (CBZ: total lipid) induced a significant decrease of CBZ
encapsulation ( Table 2 ). 
The representative size distribution of CBZ@Lipo as an op-
timized ratio of 6:1 (phospholipids: cholesterol) and 1:20 (CBZ:
total lipid) was shown in Fig. 1 B, with average diameter of
about 100 nm. The morphology of CBZ@Lipo was observed by
TEM, exhibiting a spherical structure with a particle size of
about 100 nm ( Fig. 1 C). 

The liposome suspension was kept in a sealed container
and the size distribution was measured at predetermined
time intervals. It was found that there was no significant
change of the average diameter of CBZ@Lipo during the stor-
age, suggesting a high stability of the liposomes for at least
one month ( Fig. 1 D). 

Fig. 1 E showed a slow CBZ release from the liposomes, with
only 50% accumulative release after 24 h. As control, nearly
80% of CBZ solution could quickly leak from the dialysis bag
after 2 h. When CBZ@Lipo was mixed with plasma (1:1, v/v),
the speed of drug release was slow, with only 30% CBZ released
after 24 h. 

3.2. Cellular uptake 

The uptake behavior of CBZ@Lipo into 4T1 or CT-26 cells
was investigated by observing the fluorescence of Coumarin-
6. As exhibited in Fig. 2 A and B, the fluorescence intensity
in both cell lines increased gradually over time, indicating
that CBZ@Lipo could efficiently internalize into tumor cells
and accumulate in the cytoplasm. Semi-quantitative analy-
sis based on Fig. 2 A and B also showed a progressive cellu-
lar uptake of CBZ@Lipo with a saturation tendency after 12 h
( Fig. 2 C). 

3.3. Cell cytotoxicity in vitro 

The cytotoxicity was detected by MTT assay. Both CBZ@Lipo
and CBZ solution showed a dose-dependent killing abil-
ity to both 4T1 and CT-26 cells ( Fig. 3 A and B). CBZ so-
lution presented an obviously stronger killing effect to
cancer cells than CBZ@Lipo. When the incubation concentra-
tion of CBZ solution was 100 μg/ml, only about 10% cells were
alive, while over 80% cells was alive with the same concentra-
tion of CBZ@Lipo. The significantly decreased antitumor ac-
tivity could be attributed to the slow release of CBZ from the
liposomes. Interestingly, both CBZ@Lipo and CBZ solution in-
duced a remarkable cell apoptosis under a lower CBZ concen-
tration ( e.g. 10 and 20 μg/ml), as determined with Annexin V/PI
staining followed by a cytometer analysis ( Fig. 3 C). 

The 4T1 cancer cell-killing effect by CBZ@Lipo under dif-
ferent CBZ concentrations was also tested with Calcein AM
staining to indicate the living cells (green, Fig. 3 D). The results
showed that CBZ@Lipo presented a dose dependent cell killing
effect. 

3.4. Hemolysis test 

For hemolysis test, the red blood cell suspensions (2%) were
incubated with CBZ solution or CBZ@Lipo with different
CBZ concentrations (0.09, 0.03 and 0.01 mg/ml) for 48 h, with
normal saline solution as the negative control and deion-
ized water as the positive control. It was found that CBZ
solution exhibited an obvious hemolysis within the whole
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Fig. 1 – Formulation screening and characterization. (A) Photographs of the liposomes with different formulations according 
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bars, 100 nm. (D) Particle size change of CBZ@Lipo within 30 d after preparation ( n = 3). (E) Cumulative CBZ release from CBZ 
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web version of this article.) 
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oncentration range, and the degree of hemolysis is dose de- 
endent. However, even at the highest tested concentration,
here was almost no hemolysis caused by CBZ@Lipo after 
8 h incubation, just like the negative control did ( Fig. 4 A).
he supernatant was collected at 24 h for the determina- 

ion of spectrophotometer ( Fig. 4 B). Conspicuously, the hemol- 
sis degree of CBZ solution was much more serious than 

hat of CBZ@Lipo, positively related to drug concentration 

 Fig. 4 C). The results suggested that, compared to CBZ solution,
BZ@Lipo presented a significant enhanced biosafety and 

iocompatibility. 

.5. In vivo biodistribution 

he mice bearing CT-26 tumors were intravenously injected 

ith DiR labeled CBZ@Lipo, followed by the fluorescence ob- 
ervation at different time points. CBZ@Lipo could efficiently 
apidly accumulate to tumor site at 2 h post-injection, which 
robably thanks to its small particle size (less than 150 nm),
nd the accumulation could be further increased over time 
 Fig. 5 A). Various organs including heart, liver, spleen, lung,
idney and tumor were stripped for fluorescent imaging at 
8 h post-injection. The results indicated that the CBZ@Lipo 
ould efficiently accumulate into the tumors after an intra- 
enous injection. 

Orthotopic tumor models are considered to be more clini- 
ally relevant and can be used as better predictive models of 
rug efficacy than subcutaneous models. The mice bearing or- 
hotopic 4T1 tumors were obtained and intravenously injected 

ith DiR labeled CBZ@Lipo. As presented in Fig. 5 B, CBZ@Lipo 
ould gradually accumulate into the tumor site in 2–48 h. It 
as noticeable that the accumulative amount of CBZ@Lipo 

n 4T1 tumors was obvious more than that in CT-26 tumors 
 Fig. 5 C), suggesting that the liposomes could accumulate into 

umor region of different models, especially into orthotopic 
umors. 
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Fig. 2 – Cellular uptake of CBZ@Lipo in different cells lines. Cell uptake of C 6 labeled CBZ@Lipo (green fluorescence) by 4T1 
cells (A) or CT-26 cells (B). The cell nucleus was stained with DAPI (blue). Scale bars, 50 μm. (C) The quantitative analysis 
based on the images in (A) and (B) by “Image J” software ( n = 3). (For interpretation of the references to color in this figure 
legend, the reader is referred to the web version of this article.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.6. In vivo anti-tumor efficacy 

CT-26 tumor model was employed to investigate the tumor
growth inhibition effect of CBZ solution and CBZ@Lipo. Mice
were injected with CBZ solution or CBZ@Lipo (5 mg CBZ/kg per
injection, one injection per two days) ( Fig. 6 A). Mice in CBZ
solution group had a gradually increased loss of body weight
during the treatment, and were sacrificed at day 6 due to over
20% body weight loss. Thus, only 6 days’ tumor growth curves
were shown in the three groups of CT-26 tumors ( Fig. 6 B).
It was obvious that CBZ@Lipo had a stronger inhibition ef-
fect compared to CBZ solution. In order to investigate toler-
ance of the mice to CBZ@Lipo and the biosafety of the lipo-
somes, mice in saline and CBZ@Lipo groups was continued
to be dosed until day14. It was found that the average body
weight of mice in both saline and liposome groups remained
constant during the whole experiment ( Fig. 6 C), and the mice
was still energetic after a total CBZ dose of 35 mg/Kg. These
results indicated the obviously decreased systemic toxicity
of CBZ@Lipo compared to CBZ solution, and suggested that
CBZ@Lipo might have a high biosafety, making it fit for clini-
cal application. 

Furthermore, in order to evaluate the anti-tumor efficacy
of CBZ@lipo, main organs including heart, liver, spleen, lung
and kidney and tumor were also collected for histology anal-
ysis at the end of experiment. Results showed that CBZ solu-
tion caused some cardiotoxicity, manifesting as cardiac mus-
cle cell swelling ( Fig. 6 D). H&E imaging showed a health heart
in CBZ@Lipo group like saline group, further demonstrating
a low systemic toxicity for the CBZ loaded liposomes. Tu-
mor proliferation and apoptosis analysis were also exam-
ined ( Fig. 6 E). The tumor treated with CBZ@Lipo showed ob-
viously lower Ki67 positive rate but higher TUNEL positive
rate compared to the CBZ solution group. As a conclusion,
CBZ@Lipo could inhibit CT-26 tumor growth more effectively
and have a higher biosafety than CBZ solution. 

3.7. Discussion 

Over the past decades, continuous evolution related to
cancer research and treatment has been performed. Many
chemotherapeutic drugs have been developed and further im-
proved, which could achieve good therapeutic effects. 

Paclitaxel (PTX) is a broad-spectrum anti-tumor medicine,
which has a wide clinical application for various cancer treat-
ments. Due to its poor solubility in water, emulsifier EL (poly-
oxyethylated castor oil) is usually used in PTX formulation to
increase the solubility. However, emulsifier EL can also cause
various adverse reactions, such as allergies, toxic kidney dam-
age, neurotoxicity and cardiovascular toxicity [16] . In order
to avoid the occurrence of adverse reactions, patients are ar-
ranged to orally take dexamethasone, diphenhydramine, in-
tramuscularly dexamethasone or intravenously inject cime-
tidine before paclitaxel treatment, which unfortunately still
cannot completely and effectively prevent the occurrence of
allergic reactions [17] . 

CBZ is an anticancer drug belongs to chemical semisyn-
thetic taxane class. As a new generation of PTX, CBZ is usu-
ally used for the treatment of multidrug-resistant tumors. It
is also employed to solve the problem of ineffective prostate
cancer therapy or the low tolerance after treated with other
paclitaxel drugs. Compared with paclitaxel, CBZ has obvi-
ous advantages. The effectiveness of paclitaxel is limited by
the high substrate affinity of P-glycoprotein (P-gp). It has
been shown that cancer cells that express P-gp become resis-
tant to taxanes [18,19] . Cabazitaxel is a novel tubulin-binding
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Fig. 3 – Cell cytotoxicity in vitro . (A) Survival rate of 4T1 (A) or CT-26 (B) cells treated with CBZ@Lipo containing various 
concentration for 48 h ( n = 6). (C) The apoptosis of cells preprocessed by CBZ@Lipo or CBZ solution by flow cytometry. Flow 

cytometry analysis of the cell apoptosis after treated with CBZ@Lipo or CBZ solution in low (10 μg/ml, CBZ) or high (20 μg/ml, 
CBZ) concentration. (D) The live cell (green) assay with exposure of 4T1 cells to blank group and CBZ@Lipo containing 
various concentration of CBZ. The live cells stained with Calcein AM after incubated with CBZ@Lipo containing various 
concentration of CBZ. Scale bars, 100 μm. ∗P < 0.05. (For interpretation of the references to color in this figure legend, the 
reader is referred to the web version of this article.) 
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axane that differs from docetaxel because of its poor affinity 
or P-glycoprotein (P-gp). So cabazitaxel can retain its activity 
n docetaxel-resistant tumors. At the same time, cabazitaxel is 
uperior to paclitaxel in penetration of the blood-brain barrier 
n preclinical models [20] . However, like PTX, the main defect 
f CBZ is its poor solubility. Thus, CBZ formulation for clinical 
pplication was designed to contain large amount of surfac- 
ant (Polysorbate 80) and organic solvent (Ethanol), which can 

lso cause various adverse reactions (for example neutrope- 
ia, anemia, leukopenia, thrombocytopenia, hyper sensitiv- 

ty reactions, gastrointestinal disturbances and renal failure).
herefore, a new dosage form of CBZ with a good therapeutic 
utcome and high biosafety is urgent to be explored. Preparing 
BZ into liposomes can effectively solve this problem. In ad- 
ition, the unique phospholipid bilayer structure of liposomes 
etermines its targeting, low toxicity and long-term efficacy.
nd as a medium of anticancer drugs, liposomes have the 
dvantages of simple manufacture, non-toxicity to the body,
ignificant reduction of drug side effects and tumor targeting 
n the clinic [21,22] . 

In our study, an optimized liposome formulation contain- 
ng CBZ was screened ( Table 1 ), which had a uniform parti-
le diameter of about 100 nm and a narrow size distribution 

 Fig. 1 B). As for the in vitro release of CBZ from CBZ@lipo or CBZ
olution, it is obvious that CBZ@lipo showed a significantly 
ustained release effect with only 50% accumulative release 
fter 24 h comparing to the quick leak of drugs from CBZ so-
ution. However, when plasma was added into CBZ@lipo, the 
elease of CBZ was obviously lower ( Fig. 1 E). We speculated 

hat this was due to the combination of drug and plasma pro- 
eins, resulting in a lower release of free CBZ. As for the re- 
ease of CBZ from CBZ solution with equal volume of plasma,
 large amount of sediment was produced once the plasma 
as added into the CBZ solution, so the data was not pre- 

ented. The liposome formulation, CBZ@Lipo, could rapidly 
nternalize into tumor cells ( Fig. 2 A and B). Although CBZ 
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Fig. 4 – Red blood cell hemolysis test. (A) Photographs of defibrinated blood mixed with CBZ solution or CBZ@Lipo in 

different concentration (high: 0.9 mg/ml, CBZ; middle: 0.3 mg/ml, CBZ; low: 0.1 mg/ml, CBZ) for 3, 6, 24, 48 h. (B) Photographs 
of the supernatant collected from each group at 24 h. (C) The UV absorbance of the supernatant collected from each group at 
24 h ( n = 3). 

Fig. 5 – Biodistribution of CBZ@Lipo. In vivo fluorescence imaging of 4T1 (A) or CT-26 (B) bearing BALB/c mice post 
intravenously injection with CBZ@Lipo (left panel). The ex vivo fluorescent images of various tissues including heart, liver, 
spleen, lung, kidneys and tumor at 48 h post-injection (right panel) were showed. (C) based on the CBZ@Lipo in various 
tissues was calculated as the average fluorescent intensity, representing the amount of the liposomes. Fluorescence 
semi-quantification of the biodistribution in tumor and major organs 48 h post-injection with CBZ@Lipo, which was 
expressed as fluorescence intensity per gram. 
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Fig. 6 – In vivo anti-tumor efficacy of CBZ solution or CBZ@Lipo ( n = 6). (A) Illustration of the drug administration scheme. (B) 
Tumor growth curves for mice bearing CT-26 tumors treated with saline, CBZ solution, or CBZ@Lipo. (C) Mice body weight 
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olution showed higher cancer cell killing ability than 

BZ@Lipo, the cancer cell apoptosis could be efficiently in- 
uced by the treatment of CBZ@Lipo ( Fig. 3 ). Importantly,
BZ@Lipo presented remarkably lower hemolysis activity 

han CBZ solution ( Fig. 4 ), which could benefit from the slow 

elease of the drug from liposomes. Also, CBZ@Lipo could ef- 
ciently accumulate into different type of tumors after an 

ntravenous injection ( Fig. 5 ). As a result, CBZ@Lipo exhib- 
ted a good anti-tumor activity, which is better than that of 
BZ solution. More importantly, the mice showed an obvi- 
usly higher tolerance to CBZ after the treatment of CBZ@Lipo,
hich suggested a higher biosafety for the liposome formula- 

ion ( Fig. 6 C). In conclusion, in this study, we designed a lipo-
ome that could effectively encapsulate CBZ. The CBZ@Lipo 
ith a small and uniform particle size and a good biosecurity 

ould reduce the side effects caused by organic solvent. Com- 
ared with CBZ solution, CBZ@Lipo had significant advantages 

n biosafety and efficacy, indicating that it has great potential 
o be a promising anti-tumor drug in clinical practice. 

. Conclusion 

erein, we reported a PEG-modified liposome to efficiently 
ncapsulate CBZ, enhancing its tumor inhibition effect as 
ell as reducing the systemic toxicity. Loading efficiency of 
BZ into the liposomes could be improved with the increase 
f lipophilic materials. The average diameter of CBZ@Lipo 
as about 100 nm. The liposome suspending in aqueous 
edium was stable at 4 °C for at least one month. The sig- 

ificantly lower killing ability of CBZ@Lipo to cancer cells was 
resented compared to that of CBZ solution, which could be 
ttributed to the slow release of CBZ from the liposomes. How- 
ver, CBZ@Lipo could induce an obvious apoptosis of the can- 
er cells at low concentration. Furthermore, CBZ@Lipo exhib- 
ted a significantly enhanced tumor growth inhibition effect 
ompared to CBZ solution. More importantly, obviously higher 
iosafety was shown of CBZ@Lipo, as determined by hemol- 
sis potential, body weight and histology analysis. Our work 
rovided a useful reference of the formulation containing CBZ,
hich had potential for the furture clinical application. 

onflicts of interest 

he authors report no conflicts of interest. The authors alone 
re responsible for the content and writing of this article. 

cknowledgement 

his work was supported by the National Key R&D Program of 
hina ( No.2017YFE0102200 ), the Natural Science Foundation 

f China ( 81373348 and 81573365 ) and Basic Public Welfare Re- 
earch Project of Zhejiang Province, China ( LGF18H300004 ). 

eferences 

[1] Frederike KE , Ron AAM , Jaap V . Alternative drug formulations 
of docetaxel: a review. Anti Cancer Drugs 2007;18:95–103 .

http://dx.doi.org/10.13039/501100001809
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0001
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0001
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0001
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0001


Asian Journal of Pharmaceutical Sciences 14 (2019) 658–667 667 

 

 

 

 

[2] Esther AC , Heidi S , Hans FM , Vera M . Polysorbate 80 in 

medical products and nonimmunologic anaphylactoid 

reactions. Ann Allergy Asthma Immunol 2005;95:593–9 .
[3] Dan P , Jeffrey MK , Seungpyo H , Omid CF , Rimona M , Robert L .

Nanocarriers as an emerging platform for cancer therapy. 
Nat Nanotech 2007;2:751–60 .

[4] Jinhyun HL , Yoon Y . Controlled drug release from 

pharmaceutical nanocarriers. Chem Eng Sci 2015;125:75–84 .
[5] Nanoparticles Eugene RC . A personal experience for 

formulating poorly water soluble drugs. J Control Release 
2010;141(3):300–2 .

[6] Muhammad KR , Muhammad AR , Xue Z , et al. Surface 
functionalization and targeting strategies of liposomes in 

solid tumor therapy: A review. Int J Mol Sci 2018;19(1):195 .
[7] Raymond MS , Gert S . Liposomal nanomedicines as 

anticancer therapeutics: beyond targeting tumor cells. Int J 
Pharm 2008;364(2):258–64 .

[8] Channing JP , Emmanuel SA . Cabazitaxel: A novel second-line
treatment for metastatic castration-resistant prostate 
cancer. Drug Des Dev Ther 2011;5:117–24 .

[9] Patricia V , Dorothee S , Pascale L , et al. Preclinical antitumor 
activity of cabazitaxel, a semisynthetic taxane active in 

taxane-resistant tumors. Clin Cancer Res 
2013;19(11):2973–83 .

[10] Villanueva C , Awada A , Campone M , et al. A multicentre 
dose-escalating study of cabazitaxel (XRP6258) in 

combination with capecitabine in patients with metastatic 
breast cancer progressing after anthracycline and taxane 
treatment: A phase I/II study. Eur J Cancer 2011;47(7):1037–45 .

[11] Daniel C , Luis MAA , Emilio E , et al. Cabazitaxel for metastatic
castration-resistant prostate cancer: Safety data from the 
Spanish expanded access program. Expert Opin Drug Saf 
2014;13(9):1165–73 .

[12] Yoon-koo K , Baek-yeol R , Shinkyo Y , et al. A phase I study of 
cabazitaxel in patients with advanced gastric cancer who 
have failed prior chemotherapy (GASTANA). Cancer 
Chemother Pharmacol 2015;75(2):309–18 .
[13] Elias P , Pierre D , Alexandre M , et al. The European medicines 
agency review of cabazitaxel (Jevtana(R)) for the treatment of
hormone-refractory metastatic prostate cancer: Summary of 
the scientific assessment of the committee for medicinal 
products for human use. Oncologist 2012;17(4):543–9 .

[14] Wei X , Ningbo G , Shiying Y , et al. Isostructurality among 
solvates of cabazitaxel: X-ray structures and new solvates 
preparation. J Pharm Sci 2015;104(4):1256–62 .

[15] Qiaoping L , Renping G , Qingsong W , Dongchun W ,
Chunhui W , Xiangyang X . Preparation, in vitro release and 

cytotoxic effect of decetaxel liposomes for intravenous 
injection. J China Pharmacol Univ 2008;39(5):417–21 .

[16] Lundberg BB , Risovic V , Ramaswamy M , Wasan KM . A 

lipophilic paclitaxel derivative incorporated in a lipid 

emulsion for parenteral administration. J Control Release 
2003;86:93–100 .

[17] Benoit L , Olivier DW , Wim EH , Bruno GDG . Developments 
and future clinical outlook of taxane nanomedicines. J 
Control Release 2017;253:137–52 .

[18] Mary AJ , Leslie W . Microtubules as a target for anticancer 
drugs. Nat Rev 2004;4:253–65 .

[19] Pirt B , Raymond E , Marcel K , Jan W . A family of drug 
transporters: the multidrug resistance-associated proteins. J 
Natl Cancer Inst 2000;92(16):1295–302 .

[20] Alain CM , Louis JD , Eric KR , et al. Phase I and 

pharmacokinetic study of XRP6258 (RPR 116258A), a novel 
taxane, administered as a 1-hour infusion every 3 weeks in 

patients with advanced solid tumors. Clin Cancer Res 
2009;15(2):723–30 .

[21] Maurizio C , Paola C , Paola B , Silvia A , Franco D , Luigi C . 
Preparation, characterization, cytotoxicity and 

pharmacokinetics of liposomes containing water-soluble 
prodrugs of paclitaxel. J Control Release 2000;63:141–53 .

[22] Xu X , Lin W , Huanqin X , Xinen H , Yadong Q , Jin X . Clinical 
comparison between Paclitaxel liposome (Lipusu®) and 

Paclitaxel for treatment of patients with metastatic gastric 
cancer. Asian Pac J Cancer Prev 2013;14(4):2591–4 .

http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0002
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0002
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0002
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0002
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0002
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0003
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0003
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0003
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0003
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0003
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0003
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0003
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0004
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0004
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0004
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0005
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0005
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0006
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0006
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0006
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0006
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0006
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0007
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0007
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0007
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0008
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0008
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0008
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0009
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0009
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0009
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0009
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0009
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0010
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0010
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0010
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0010
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0010
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0011
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0011
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0011
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0011
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0011
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0012
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0012
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0012
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0012
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0012
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0013
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0013
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0013
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0013
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0013
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0014
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0014
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0014
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0014
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0014
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0015
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0015
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0015
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0015
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0015
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0015
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0015
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0016
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0016
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0016
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0016
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0016
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0017
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0017
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0017
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0017
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0017
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0018
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0018
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0018
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0019
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0019
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0019
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0019
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0019
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0020
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0020
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0020
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0020
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0020
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0021
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0021
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0021
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0021
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0021
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0021
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0021
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0022
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0022
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0022
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0022
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0022
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0022
http://refhub.elsevier.com/S1818-0876(18)30300-3/sbref0022

	A cabazitaxel liposome for increased solubility, enhanced antitumor effect and reduced systemic toxicity
	1 Introduction
	2 Materials and methods
	2.1 Materials
	2.2 Cell culture and animals
	2.3 Preparation of CBZ loaded liposome (CBZ@Lipo)
	2.4 Characterization of CBZ@Lipo
	2.5 Stability study
	2.6 In vitro release study
	2.7 Cellular uptake
	2.8 Cytotoxicity assay in vitro
	2.9 Hemolysis test
	2.10 Biodistribution of CBZ@Lipo
	2.11 In vivo anti-tumor efficacy of CBZ@Lipo
	2.12 Statistics

	3 Results and discussion
	3.1 The preparation of CBZ@Lipo
	3.2 Cellular uptake
	3.3 Cell cytotoxicity in vitro
	3.4 Hemolysis test
	3.5 In vivo biodistribution
	3.6 In vivo anti-tumor efficacy
	3.7 Discussion

	4 Conclusion
	Conflicts of interest
	Acknowledgement

	Reference

