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Abstract 

Extensive evidence has shown that platelets support tumor metastatic progression by 
inducing epithelial-mesenchymal transition of cancer cells and by shielding circulating tumor cells from 
immune-mediated elimination. Therefore, blocking platelet function represents a potential new avenue 
for therapy focused on eliminating metastasis. Here we show that liposomal nanoparticles bearing the 
tumor-homing pentapeptide CREKA (Cys-Arg-Glu-Lys-Ala) can deliver a platelet inhibitor, ticagrelor, 
into tumor tissues to specifically inhibit tumor-associated platelets. The drug-loaded nanoparticles 
(CREKA-Lipo-T) efficiently blocked the platelet-induced acquisition of an invasive phenotype by tumor 
cells and inhibited platelet-tumor cell interaction in vitro. Intravenously administered CREKA-Lipo-T 
effectively targeted tumors within 24 h, and inhibited tumor metastasis without overt side effects. Thus, 
the CREKA-Lipo formulation provides a simple strategy for the efficient delivery of anti-metastatic 
drugs and shows considerable promise as a platform for novel cancer therapeutics. 
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Introduction 
Metastasis is responsible for approximately 90% 

of human cancer deaths [1-2], so developing therapies 
to prevent tumor metastasis is of great importance in 
order to achieve long term cures.  

Platelets have been shown to play a critical role 
in the development of tumor metastases. They can act 
in the primary tumor to stimulate tumor cells to 
acquire invasive properties, they have been shown to 
bind to circulating tumor cells to protect them as they 
travel to distant sites, and also to assist metastatic cells 
to become established at the distant sites [3-4]. 
In contrast to the heterogeneity displayed by tumor 
cells, platelets are relatively invariable; thus targeting 
them is potentially, promising method of inhibiting 

metastasis. Numerous studies have shown that 
intratumoral platelets contain high levels of TGF-ß 
[5-6] and that the release of TGF-ß by platelets leads to 
acquisition of an invasive mesenchymal-like 
cell phenotype by the tumor cells [5]. Circulating 
platelets can also protect tumor cells from attack by 
natural killer (NK) cells either by shielding epitopes 
that NK cells recognize on the tumor cell surface, or 
by transferring major histocompatibility complex I 
(MHC I) proteins to the tumor cells [7-8]. In addition, 
tumor-associated platelets can release several 
permeability factors and enzymes that assist 
metastatic tumor cells to engraft at distant sites [9-10]. 
Since platelets play such an important role in the 
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metastatic process, repressing platelet functions 
represents a potential therapeutic approach to 
reducing metastasis. The few published studies 
targeting platelets to prevent cancer metastasis have 
either depleted circulating platelets or have used 
systemically administered drugs to inhibit platelet 
function [11-13]. Although effective in blocking tumor 
metastasis, severe bleeding is a major complication of 
these approaches, thereby limiting their clinical utility 
[14]. New strategies targeting platelet functions that 
have manageable or no bleeding or other side effects 
are urgently needed for anti-metastatic therapy.  

Targeted nanomaterials have led to a revolution 
in drug delivery. Either passive or active targeting to 
sites of disease can lead to strong therapeutic efficacy 
with limited side effects [15-17]. In fact, various types 
of liposome nanoparticles, such as Doxil and 
Paclitaxel, are already in use in the cancer clinic as 
drug delivery systems [18]. In this study, we 
developed a biocompatible liposomal nanoparticle, 
Lipo-T, which is capable of carrying a reversible 
platelet inhibitor, ticagrelor. Ticagrelor, a nucleoside 
analog is a reversible antagonist of the P2Y12 receptor 
on platelets, and is an FDA approved drug used in the 
treatment of thrombotic events caused by platelet 
aggregation in acute coronary syndrome or 
myocardial infarction [19]. The nanoparticles were 
designed with a tumor-homing pentapeptide 
(CREKA) on their surface that targets the 
fibrin-fibronectin complexes within the microthrombi 
that are found on the walls of tumor blood vessels 
[20-21]. We show that drug-loaded liposomal 
nanoparticles (CREKA-Lipo-T) actively bind to tumor 
vessel microthrombi and locally release ticagrelor, 
resulting in inhibition of tumor-associated platelet 
functions. Blockage of TGF-β release from platelets in 
the tumor microenvironment is possibly one 
mechanism by which CREKA-Lipo-T impedes the 
initiation of tumor cell metastasis (Figure 1A). 
Intravenous administration of CREKA-Lipo-T 
significantly blocked outgrowth of lung metastasis 
efficiently in mice with subcutaneously implanted 4T1 
tumors without overt side effects, and, of note, 
without the complication of bleeding. This simple 
strategy renders anti-platelet drugs an attractive 
alternative for the treatment of tumor metastases. 

Results and Discussion 
Preparation and characterization of CREKA- 
Lipo-T nanoparticles  

To prepare liposome nanoparticles decorated 
with functional ligands, 1,2-distearoyl-sn-glycero- 
3-phosphoethanolamine-N-[maleimide(polyethylene 
glycol)-3400] (DSPE-PEG-MAL) was first conjugated 

with the tumor-homing pentapeptide CREKA 
(Cys-Arg-Glu-Lys-Ala) using the Michael addition 
reaction [20-21] between the thiol group of the 
cysteine in the peptide and the maleimide group of 
the hydrophilic PEG under anaerobic conditions 
(Figure 1B). The successful conjugation of DSPE-PEG 
and CREKA peptide was verified by 
MALDI-TOF-MS, which demonstrated that the 
molecular weight of DSPE-PEG increased from 3800 
to 4402 as predicted (Figure S1). 

 CREKA coated ticagrelor-loaded liposome 
nanoparticles (CREKA-Lipo-T) were prepared using 
an improved thin-film dispersion method (Figure 1C). 
Ticagrelor was encapsulated by the liposomes during 
nanoparticle self-assembly. To optimize the drug 
loading capacity, different liposome/drug weight 
ratios were tested. When the ratio was 40:5, the 
nanoparticles had the highest drug encapsulation 
efficiency (~85%), with a uniform size distribution, 
and thus low dispersity (Table S1). Consequently, a 
40:5 ratio was used in subsequent studies. The 
CREKA-Lipo-T nanoparticles possessed a typical 
liposomal membrane structure as revealed by 
transmission electron microscopy (TEM) [22-23] 
(Figure 2 A, C). Dynamic light scattering (DLS) 
analysis showed that CREKA-Lipo-T had an average 
hydrodynamic diameter of approximately 164 nm, 
which is larger than the diameter of empty 
nanoparticles (CREKA-Lipo; 139 nm) (Figure 2 B,D). 
As a result of the addition of ticagrelor, the average 
zeta potential of the particles decreased from -44 mV 
to -47 mV (Table 1) showing that drug loading had an 
effect on the net charge of the nanoparticles. 
CREKA-Lipo-T nanoparticles were stable and there 
was no significant change in size or surface zeta 
potential after incubation in PBS for up to 10 days at 
pH 7.4 (Table 1).  

To evaluate drug release profiles of 
CREKA-Lipo-T, we investigated the accumulative 
drug release at both pH 6.8 and 7.4. As shown in 
Figure S2, CREKA-Lipo-T has a relatively fast drug 
release profile in pH 6.8 than in pH 7.4. There was 
about 30% and 40% accumulative drug release within 
24 h and 48 h in pH 6.8 condition. 

 

Table 1. Stability of liposome nanoparticles. Characteristics of 
the liposome nanoparticles were studied before and after 10 days 
of storage using dynamic light scattering detection (DLS). 

Time (days) Groups Hydrodynamic 
diameter(nm) 

Zeta potential 
(mV) 

Dispersity 

0 CREKA-Lipo 139.2±1.43 -44.0±1.43 0.188 
0 CREKA-Lipo-T 164.2±4.62 -47.4±2.70 0.090 
10 CREKA-Lipo 140.6±0.95 -44.1±0.74 0.169 
10 CREKA-Lipo-T 165.1±2.81 -42.8±0.98 0.114 
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Figure 1. The design of CREKA-Lipo-T nanoparticles and their proposed anti-metastatic mechanism within tumor tissues. (A) Proposed 
mechanism of action of CREKA-Lipo-T nanoparticles. Normally, TGF-ß secreted by platelets induce the tumor cells to transition to a mesenchymal-like phenotype 
(I). Platelets can also protect tumor cells against attack from NK cells (II). At distant sites, platelets assist the metastatic cells to cross the local endothelium by 
secreting many cytokines.  Following treatment, CREKA-Lipo-T actively targets to microthrombi on the tumor vessel walls and releases ticagrelor slowly and locally. 
Ticagrelor binds to tumor-associated platelets and inhibits their functions. The release of TGF-ß from platelets and the interaction between platelets and tumor cells 
are abolished, leading to decreased epithelial-mesenchymal-like transition of the tumor cells, and thus inhibiting their invasion capacity. When the tumor cells are 
present in the circulation, the compromised platelets are unable to adhere to them and cannot shield them from NK cell attack. X indicates that a process was 
abolished by treatment. (B) The conjugation between DSPE-PEG and the CREKA peptide using the Michael addition reaction under anaerobic conditions. (C) 
Schematic diagram of the synthesis of CREKA-Lipo-T nanoparticles. 

 

Platelet inhibition prevented tumor cells from 
transitioning into invasive 
mesenchymal-like cells  

In the primary tumor microenvironment, 
tumor-associated platelets secrete a relatively high 
level of TGF-β [5-6]. Increasing evidence shows that 
platelet-derived TGF-β plays a vital role in tumor cell 

transition into an invasive phenotype, the well-known 
epithelial-mesenchymal transition (EMT), and this in 
turn is an important step for tumor metastasis [5]. To 
determine whether ticagrelor could reduce the release 
of TGF-β from platelets, we first showed that 
incubating purified platelets with conditioned 
medium from 4T1 cells would stimulate TGF-β 
secretion (Figure S3). The amount of TGF-β secreted 
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in response to treatment with tumor cell conditioned 
medium was significantly reduced in the presence of 
CREKA-Lipo-T, while the cells exposed to the control 
CREKA-Lipo nanoparticles did not show this effect.  

We next investigated whether the inhibition of 
platelet function induced by CREKA-Lipo-T could 
affect the ability of tumor cells to transition into 
mesenchymal-like cells in vitro (Figure 3). We 
co-cultured mouse 4T1 mammary tumor cells with 
platelets, with or without CREKA-Lipo-T, at 37ºC for 
24 h, and examined tumor cell morphology by light 
microscopy. Tumor cells co-cultured with platelets 
showed a spindle-shaped, fibroblast-like appearance, 
which is typical of mesenchymal cells (Figure 3A). 
However, treatment with CREKA-Lipo-T, but not 
CREKA-Lipo, reduced this phenotypic transition. 
That platelets could induce EMT was supported by 
the higher level of expression of Snail protein and 
lower expression of E-cadherin in 4T1 tumor cells 
cocultured with platelets (Figure S4). These 
alterations in E-cadherin and Snail are characteristic 
of aggressive tumor cells [24]. The tumor cells-EMT 
inducing effects of platelets could be prevented by 
treatment with CREKA-Lipo-T, but not by 
CREKA-Lipo (Figure S3). We also investigated the 
invasive ability of 4T1 tumor cells treated with 
CREKA-Lipo-T in the presence of washed platelets in 
a Transwell assay (Figure 3B, C). Platelets 
significantly enhanced the invasiveness of 4T1 cells 
and this effect was inhibited by CREKA-Lipo-T, but 

not CREKA-Lipo. Free ticagrelor was also 
able to prevent the enhanced cellular 
invasion induced by platelets. Together, 
these results suggest that ticagrelor 
released from CREKA-Lipo-T effectively 
inhibited platelet functions and thus 
blocked the transition of the tumor cells to 
a more aggressive and invasive 
phenotype.  

Ticagrelor inhibits platelet-tumor 
cell interactions 

Circulating platelets are able to 
adhere to tumor cells [25]. It has been 
proposed that such adhesion protects the 
tumor cells from the action of NK cells, 
thereby promoting the spread of cells via 
the bloodstream and, by doing this, 
supports metastasis [7-8, 25]. When 
CREKA-Lipo-T targets to the tumor blood 
vessel, the free ticagrelor was released 
slowly. In view of these findings, we 
investigated whether released free 
ticagrelor was able to affect 
platelet-tumor cell interactions in vitro. 
4T1 tumor cells were incubated with 

washed, fluorescently labeled platelets in the absence 
or presence of ticagrelor for 1 h. Confocal microscopy 
showed that platelets associated with tumor cells in 
the absence of ticagrelor, but not in its presence 
(Figure S5). As shown in Figure S5, stronger inhibition 
of tumor cell adhesion associated with high 
concentration of ticagrelor in both free and 
nanoformulations of ticagrelor. These data suggest 
that the tumor-associated platelets treated with 
CREKA-Lipo-T in vivo might lose their ability to 
adhere to circulating tumor cells, thereby possibly 
reducing the likelihood of metastasis.  

Plasma kinetics and tissue biodistribution of 
CREKA-Lipo-T 

To evaluate the behavior of CREKA-Lipo-T 
nanoparticles in vivo, cy5.5-labeled CREKA-Lipo-T 
was administered intravenously to BALB/c mice and 
the plasma fluorescence intensity was measured by 
fluorescent imaging as a function of NP circulation 
with time post-injection. In these studies, 
CREKA-Lipo-T had a half-life about 3 h, whereas the 
half-life of free Cy5.5 was less than one hour (Figure 4 
A, B). These results are consistent with other studies 
showing that nanoparticle formulations of drugs have 
an extended half-life compared to the free cy5.5 
[15-16]. On the basis of this significant increase in 
plasma half-life, these results suggest that, compared 
with free dye, CREKA-Lipo-T nanoparticles are likely 

 
Figure 2. Characterization of the CREKA-Lipo-T and CREKA-Lipo nanoparticles. 
(A,C) TEM images of the representative empty (A) and drug-loaded (C) liposome nanoparticles. 
(B,D) DLS data showing the narrow size distribution of the two types of nanoparticles. The mean 
hydrodynamic diameter of empty particles (B) is smaller than that of CREKA-Lipo-T (D). 
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to preferentially accumulate in the solid tumors.  
We next evaluated whether the nanoparticles 

could accumulate in solid tumors. BALB/c nude mice 
bearing 4T1 tumor xenografts were treated by 
intravenous administration of saline, cy5.5-labeled 
Lipo-T (non-targeted NP), or cy5.5-labeled 
CREKA-Lipo-T, and the tumors and major organs 
were removed after 24 h. Twenty four hours after 
administration of CREKA-Lipo-T, the tumors had a 
significant 4-fold increase in fluorescence intensity 
relative to non-targeted nanoparticles at the same 
dose (Figure 4C, D). Little or no fluorescence was 
observed at several non-tumor sites in the body, 
including the liver, lung and kidney, suggesting 
highly specific active targeting of CREKA-Lipo-T to 
tumors. No fluorescence was observed in the organs 
in the saline treated control group.  

In vivo anti-metastatic activity of 
CREKA-Lipo-T  

CREKA-Lipo-T nanoparticles were next 
evaluated for their anti-metastatic activity. A 
mammary tumor xenograft model was established by 
implanting 4T1 cells into the mammary fat pads of 

syngeneic BALB/c mice. Metastasis formation in the 
lung, a preferential site of metastasis for 4T1 tumors, 
was examined. Mice whose primary tumors had 
reached ~300 mm3 were treated with saline, free 
ticagrelor, CREKA-Lipo or CREKA-Lipo-T every 
other day for 16 days. After eight injections, the mice 
were sacrificed. Metastatic foci on the surface of lungs 
were counted (Figure 5A). A mean of 40 metastatic 
foci per lung were observed for the saline-treated 
control group, 22 foci/lung in mice treated with free 
drug (p=0.004) foci/lung in the CREKA-Lipo-treated 
controls. In striking contrast, a mean of 11 metastatic 
foci per lung were observed in the 
CREKA-Lipo-T-treated mice. Clearly, CREKA-Lipo-T 
outperformed free drug in reducing tumor metastasis 
formation (p=0.041), and this correlated with a 
substantially lower (p=0.023) lung weight (Figure 5B). 
These observations were further confirmed by 
performing H&E staining (Figure 5C, upper row), and 
immunostaining for proliferating cell nuclear antigen, 
PCNA [26] (Figure 5C, lower row) on formalin fixed 
sections of the lungs.  

 

 
Figure 3. CREKA-Lipo-T treatment blocks the transition of tumor cells to EMT-like invasive cells. (A) The presence of CREKA-Lipo-T inhibited the 
platelet-induced invasive phenotype of 4T1 tumor cells as defined by the obvious morphological changes from polygonal to spindle-shaped cells. (B) Transwell 
migration assay of 4T1 tumor cells after treatment with platelets, platelets + ticagrelor, platelets + CREKA-Lipo-T, or platelets + CREKA-Lipo. (C) The data in B were 
quantified using image analysis software on the lower surface of the insert after crystal violet staining. Error bars represent the mean ± s.d. (n = 5); *** p<0.001. 
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Figure 4. Plasma clearance and in vivo tumor targeting of CREKA-Lipo-T. (A) The plasma fluorescence signal was imaged at different times after 
intravenous injection of free cy5.5 (control) or cy5.5-CREKA-Lipo-T. (B) The plasma fluorescence intensity was quantified at several time points post-administration. 
The half-life was approximately 3 h for CREKA-Lipo-T and less than 1 h for free cy5.5. Error bars represent the mean ± s.d. of three independent experiments. (C) 
Ex vivo optical images of the tumors and other major organs from 4T1 tumor-bearing mice treated intravenously with saline, cy5.5-Lipo-T (without CREKA) or 
cy5.5-CREKA-Lipo-T for 24 h. A high-intensity fluorescent signal was detected only in the tumor region of mice injected with CREKA-Lipo-T. (D) The fluorescence 
intensities at the tumor sites and in normal organs were quantified 24 h post-injection. Error bars represent the mean ± s.d. of three independent experiments; *** 
p<0.001. 

 

 
Figure 5. Anti-metastatic activities of CREKA-Lipo-T in vivo. (A) Quantification of metastatic foci. Error bars represent the mean ± s.d. (n = 5); **p<0.01; 
***p<0.001. (B) Lung weights from animals in the treatment groups. Error bars represent the mean ± s.d; *p<0.05 vs. saline group. (C) H&E staining (upper row) 
and immunohistochemical staining for PCNA (lower row) for metastatic foci in the lungs of mice bearing 4T1 tumors after eight intravenous treatments (saline, 
ticagrelor alone, CREKA-Lipo or CREKA-Lipo-T) every two days for 16 days. T indicates metastases. 
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Figure 6. Evaluation of the safety of CREKA-Lipo-T in cultured cells and in vivo. (A) The effects of various doses of CREKA-Lipo-T on the viability of 4T1, 
B16 and HUVEC cell lines. Error bars represent the mean ± s.d. of three independent experiments. (B) Hematological analysis. The intravenous administration of 
CREKA-Lipo-T into mice on 8 consecutive occasions (every two days for 16 days) had no effect on circulating red cell, white cell or platelet counts, but free ticagrelor 
significantly reduced the numbers in each case. Error bars represent the mean ± s.d. of three independent experiments; *p<0.05. **p<0.01. (C) CREKA-Lipo-T 
treatment showed no visible damage to the major organs of mice as indicated by H&E staining. Black arrows indicate blood clots (n = 3). Insert is the enlarged area. 

 
We examined the gross morphology of the lungs 

of treated mice and observed that treatment with 
CREKA-Lipo-T and ticagrelor alone led to fewer 
metastases compared to other control groups (Figure 
5C & Figure S6). In addition, like other anti-platelet 
drugs, we found CREKA-Lipo-T had no effect on 
primary tumor volume (Figure S7). This observation 
supports the conclusion that CREKA-Lipo-T 
specifically inhibits the outgrowth of distant 
metastasis. 

Safety of CREKA-Lipo-T nanoparticles 
To investigate the potential side effects of 

CREKA-Lipo-T nanoparticles, we first investigated 

their cytotoxicity in vitro using three cell lines 4T1, 
B16-F10 and human umbilical vein endothelial cells 
(HUVEC) (Figure 6A). No obvious cytotoxicity was 
observed at concentrations of CREKA-Lipo-T 
nanoparticles up to 20 mg/mL. In vivo, no reduction 
in body weight was observed in any of the treatment 
groups in the tumor therapy experiments (Figure S8), 
and there were no significant differences in numbers 
of circulating red cells, white cells or platelets in 
female BALB/c mice following three successive 
injections (every other day) of CREKA-Lipo-T into the 
tail vein (Figure 6B). However, the cell and platelet 
numbers were dramatically reduced in the free 
ticagrelor-treated group (Figure 6B). Finally, we 
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examined the effects of CREKA-Lipo-T 
administration on histopathology of several major 
organs including the heart, liver, spleen, lung and 
kidney by H&E staining. As shown in Figure 6C, there 
were no obvious morphological changes or bleeding 
in the organs after CREKA-Lipo-T treatment. In 
contrast, free drug treatment resulted in extensive 
bleeding in the lungs (Figure 6C), which likely results 
from its systemic hematological toxicity, consistent 
with previous reports that that systemic 
administration of free platelet inhibitors leads to 
severe bleeding complications [14]. Since 
CREKA-Lipo-T could efficiently inhibit metastases 
without obvious bleeding and other side effects, this 
formulation has considerable potential for further 
preclinical development for the prevention of tumor 
metastases. 

Conclusions 
In this study, we describe a potential therapeutic 

approach for inhibiting tumor metastasis by 
specifically inhibiting tumor-associated platelet 
function with ticagrelor-loaded liposomal 
nanoparticles. The nanoparticles described have three 
important properties: (1) Specificity: the liposome 
nanocarriers incorporate effective active tumor 
homing peptides; (2) Simplicity: these self-assembling 
nanoparticles result from a simple two-step synthesis 
consisting of covalent peptide conjugation followed 
by typical liposome particle synthesis; and (3) Good 
tolerability: liposome nanoparticles have been used 
widely for drug delivery in the clinic and are 
biodegradable. These characteristics make the 
CREKA-Lipo-T formulation a particularly attractive 
therapeutic candidate for targeting of tumor 
metastasis. 

Further work is needed to demonstrate the 
mechanisms underlying the anti-metastatic effect of 
our nanoplatform. Whether suppression of the 
platelet-secreted TGF-ß is the major factor in 
reduction of tumor metastases seen with 
CREKA-lipo-T needs to be studied in more detail. Our 
in vivo studies showed that CREK-Lipo-T has potent 
anti-metastatic effects in the highly aggressive 4T1 
mouse mammary tumor model grown s.c in immune 
competent Balb/c mice. Dramatic reduction in 
number of metastasis was observed with the 
nanoformulation compared to control nanoparticles, 
and even to free drug, ticagrelor. These promising 
data need to be substantiated further in additional 
breast cancer models, such as the recently derived 
PDX models grown in the more relevant intraductal 
space, rather than s.c or in the mammary fat pad [27]. 
These studies will strengthen the observations made 

in this paper and its potential for translation to the 
clinic. 

Materials and methods 
Materials 

1,2-distearoyl-sn-glycero-3-phosphoethanolamin
e-N-[methoxy(polyethylene glycol)-2000] (DSPE- 
PEG-2000) and 1,2-distearoyl-sn-glycero-3- 
phosphoethanolamine-N-[maleimide (polyethylene 
glycol)-3400] (DSPE-PEG-3400-Mal) were purchased 
from Nuodepaisen Medical Technology Co. Ltd. 
(Suzhou, China). Ticagrelor was from Beijing 
Bailingwei Technology co., Ltd (Beijing, China). The 
peptide CREKA was synthesized by Taopu 
Biotechnology Co., Ltd (Shanghai, China). Cell 
counting kit-8 was purchased from Dojindo 
Molecular Technologies (Tokyo, Japan). TGF-β 
cytokine (R&D: 7666-MB-005), anti-E Cadherin 
antibody (Abcam: ab76055) and anti-SNAIL antibody 
(Abcam: ab53519) were obtained from Youningwei 
Biotechnology Co., Ltd (Shanghai, China). 

Synthesis of DSPE-PEG-CREKA 
DSPE-PEG-MAL (Mr 3800) (8.5 mg) and CREKA 

(Mr 647) peptide (1.78 mg) were dissolved in 4 mL 
10% methanol purged with nitrogen and stirred for 4 
h at room temperature. The solution was then 
dialyzed (molecular weight cutoff of Mr 1000) against 
double-distilled water for 24 h. The resulting 
DSPE-PEG-CREKA was lyophilized and stored for 
future use. 

Preparation of CREKA-Lipo-T and 
CREKA-Lipo nanoparticles 

Liposome nanoparticles were prepared by a 
filming-rehydration method. In brief, 17 mg lecithin, 2 
mg DSPE-PEG, 1 mg DSPE-PEG-CREKA, 4 mg 
cholesterol and varying amounts of ticagrelor were 
dissolved in 10 mL dichloromethane in a 
round-bottom flask. After rotary evaporation for 40 
min, a thin transparent film was formed. Tri-distilled 
water (10 mL) was then added and hydration was 
carried out for 20 min at 50ºC. The final product was 
filtered using a 200 µm Liposome extruder. Free 
ticagrelor was removed by ultrafiltration (MWCO: 
2000). The efficiency of encapsulation of ticagrelor 
into the liposome nanoparticles was calculated as 
follows: Encapsulation efficiency (%) = Wt/W0 × 100% 
(where W0 and Wt are the amounts of initial ticagrelor 
and encapsulated ticagrelor respectively detected by 
UV-spectrophotometry at 270 nm). To normalize the 
nonspecific background of UV absorbance of the 
samples, we regarded the empty liposomes as the 
base line of adjustment. 
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Characterization of CREKA-Lipo-T and 
CREKA-Lipo 

The size distribution, zeta potential and 
dispersity of CREKA-Lipo-T and CREKA-Lipo were 
evaluated by dynamic light scattering (DLS) using a 
ZetaSizer Nano series Nano-ZS (Malvern Instruments 
Ltd., Malvern, UK). The morphology of 
CREKA-Lipo-T and CREKA -Lipo were evaluated by 
transmission electron microscopy (TEM) (EM-200CX; 
JEOL Ltd., Tokyo, Japan) after negative staining with 
phosphotungstic acid solution on a carbon-coated 
copper grid. For assessing stability, the parameters 
described above for CREKA-Lipo-T and CREKA-Lipo 
were examined after storage of the nanoparticles for 
10 days at 37 ºC in PBS. 

The drug release profiles of CREKA-Lipo-T 
For measurement of the drug release profiles, 

CREKA-Lipo-T was maintained in dialysis bag 
(molecular weight cutoff of 1000 D), and placed in 30 
mL PBS buffer, containing 2% Tween 80 in a 50 mL 
tube, general shaking at 37ºC. At certain time 
intervals, 1 mL outside buffer was taken out for 
testing the amount of ticagrelor by 
UV-spectrophotometer at 270 nm. At the same time, 1 
mL fresh PBS was added into the tube to maintain the 
consistent of total volume. The accumulative release 
of ticagrelor was calculated. 

Cytotoxicity assay 
The mouse breast cancer cell line 4T1 (American 

Type Culture Collection, ATCC, Manassas, VA, USA), 
mouse melanoma cell line B16 (ATCC) and human 
umbilical vein endothelial cells (HUVEC, ATCC) were 
maintained in 96-well plates at 37ºC and subcultured 
for 24 h in RPM I 1640 (4T1,B16) or DMEM (HUVEC) 
with 10% fetal bovine serum (FBS) and 1% 
penicillin/streptomycin. Then the medium was 
replaced with fresh medium containing different 
concentrations of CREKA-Lipo-T. After a further 24 h, 
cell viability was assessed using a CCK-8 Kit. Five 
replicates were used in each case. The identity of the 
cell lines was confirmed by short tandem repeat DNA 
profiling followed by comparison with a standard 
database. All cell lines were tested regularly to ensure 
they were free from mycoplasma contamination. 

Platelet preparation 
Whole blood was drawn from BALB/c mice 

from the retro-orbital venous plexus and collected 
into anticoagulant (85 mM sodium citrate, 70 mM 
citric acid, 111 mM dextrose, pH 4.5) at a 1:9 ratio. 
Tyrode’s buffer (138 mM NaCl, 2.9 mM KCl, 12 mM 
NaHCO3, 0.36 mM NaH2PO4, 5.5 mM glucose, 1 mM 
CaCl2 and 1 mM MgCl2, 0.2% BSA, pH 7.4)(0.5 mL) 

was then added and the tube was centrifuged at 180 g 
for 10 min at 4ºC. The platelet-rich upper plasma layer 
was further centrifuged for 10 min at 850 g to collect 
the platelets. The platelets were resuspended in 1 mL 
of Tyrode’s buffer for further use, then quantified by 
flow cytometry.  

Western blot assay 
The total proteins from culture medium were 

harvested from 4T1 mouse breast cancer cells after 
different treatments and analyzed by Western blot,  
with BSA as a loading control.  

Confocal microscopy 
4T1 breast cancer cells (1×105) were seeded onto 

35 mm borosilicate coverslips and grown for 24 h. The 
medium was then replaced with fresh medium 
containing 2×106 fluorescently-labeled platelets (Dil 
stained for 20 min in Tyrode’s buffer) and ticagrelor 
(0.1 mg/mL, 0.5 mg/mL), CREKA-Lipo-T(1 mg/mL, 
5 mg/mL). As a control group, fresh medium 
containing platelets alone was added to coverslips 
covered by 4T1 tumor cells. After incubation for 1h, 
the cells were washed three times with PBS and the 
nuclei were stained with Hoechst 33342 for 3 min. The 
tumor cells were observed with an LSM 710 confocal 
microscope (Carl Zeiss, USA) at 63 × magnification.  

The stability of nanoparticles in vivo 
To investigate the half-life of nanoparticles, 100 

μL cy 5.5 encapsulated CREKA-Lipo-T and 100 μL 
free cy5.5 were injected into the tail vein of Balb/C 
mice. At various time points after administration of 
the CREKA-Lipo-T and free cy5.5, 20 μL blood was 
withdrawn from a tail cut and subjected to fluorescent 
imaging using a CRi fluorescent imaging system.  

In vivo biodistribution studies 
Twenty four hours after the administration of 

100 μ L CREKA-Lipo-T-cy5.5 and 100 μ L 
Lipo-T-cy5.5 (equivalent amounts of cy5.5), to 
BALB/c nude mice with 4T1 tumor xenografts, the 
animals were sacrificed and the tumor, heart, liver, 
spleen, lung, and kidneys were collected from each 
mouse for imaging using a CRi fluorescent imaging 
system. 

Transwell cell invasion assay 
The invasive ability of 4T1 cells was evaluated in 

a Transwell assay using Matrigel-coated filters (8µm 
pore size, BD, USA) in a 24-well plate. 4T1 cells at 5 × 
104 were seeded into the upper chambers in FBS-free 
RPMI 1640 medium, then treated with PBS, platelets, 
platelets and CREKA-Lipo-T, ticagrelor, or platelets 
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and CREKA-Lipo (platelets: 2 × 106 Ticagrelor: 
1mg/mL), while the lower chambers contained RMPI 
1640 medium with 10% FBS. After incubation for 24 h 
at 37ºC with 5% CO2, the lower surface of the insert 
was fixed with a 4% formaldehyde solution for 30 min 
and stained with 0.1% crystal violet for 20 min. The 
number of cells on the lower surface of the insert was 
quantified using image analysis software as an index 
of invasion. 

Anti-metastasis effects in vivo 
A tumor model was established in the BALB/c 

mouse by injecting mammary fat pads with 5 x 106 
4T1 breast cancer cells per mouse (5 mice/group). 
When the tumor volume reached a size of ~300 mm3, 
various treatments (saline; ticagrelor; CREKA-Lipo; or 
CREKA-Lipo-T; the ticagrelor dose was 10 mg/kg in 
each case) were administered by tail vein injection 
every two days for 16 days. The size of tumors was 
measured using a vernier caliper on the day of 
treatment and 2, 6 and 15 days thereafter. The volume 
of the tumors was calculated using the formula: 
volume = [length × width2]/2. For the evaluation of 
metastasis, all the experimental mice were sacrificed 
on day 16 after 8 injections, and the primary tumor 
and lungs were collected, weighed and sectioned for 
histological analysis. Metastatic lung nodules were 
counted under the microscope by randomly selecting 
ten sections. 

Statistical analysis 
Statistical analysis was carried out by a Student’s 

t-test or one-way ANOVA with SPSS 19.0 (SPSS Inc., 
Chicago, IL). Quantitative data are presented as mean 
± s.d. Tumor volumes were compared using a 
Kruskal-Wallis test followed by the Mann-Whitney 
test. Two-sided P values less than 0.05 were 
considered statistically significant.  

Supplementary Material  
Supplementary figures and tables.  
http://www.thno.org/v07p1062s1.pdf   
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