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Abstract: In this study, we report an active targeting liposomal formulation directed by a novel peptide (T7) that spe-
cifically binds to the transferrin receptor (TfR) overexpressed on ovarian carcinoma cells. The objectives of this study 
were to evaluate the in vitro and in vivo tumor drug targeting delivery of T7-anchored liposomes on A2780 cells. T7 
conjugated to the distal end of DSPE-PEG2000-maleimide was incorporated into the liposomes via a post-insertion 
method, the liposome could keep stability in 50% FBS for more than 24 h. The uptake efficiency of T7-LP was 3.7 
times higher than that of LP on A2780 cells. The anti-proliferative activity of T7-LP-PTX against A2780 cells was 
much stronger compared to that of LP-PTX and free PTX, respectively. The homing specificity and anticancer efficacy 
of T7-LP-PTX were also evaluated on the tumor spheroids, which revealed that T7-LP-PTX was more efficaciously 
internalized into tumor cells than LP. Compared to LP, T7-LP-PTX showed the highest accumulation capability into 
tumor spheroids, and the greatest tumor growth inhibitory effect in vitro. In the in vivo study, the T7-LP-PTX showed 
the best inhibition effect of the tumor growth for the A2780-bearing mice and tumor accumulation. In brief, the T7-
LP may be an efficient targeting drug delivery system for ovarian carcinoma.
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Introduction

Ovarian carcinoma is the sixth most common 
cancer in women and the leading reason of 
death among all gynecologic malignancies in 
Western countries and in China [1, 2]. In 2011, 
it was estimated that approximately 21,880 
new cases of ovarian cancer were diagnosed in 
the United States [3]. In the past several years, 
although progress has been made in the treat-
ment of ovarian cancer by improved debulking 
surgery and the introduction of platinum-tax-
ane regimens, the long-term survival rate of 
patients with advanced ovarian cancer remains 
less than 29% [4]. PTX, as one of common anti-
cancer drugs, has been found to possess activ-
ity of interest as a single agent [5-7]. Specifically, 
PTX not only promotes the assembly and stabi-
lization of microtubules but also interferes with 
essential cellular functions including mitosis, 
cell transport, and cell motility [8-10]. Because 
of its poor solubility in water, PTX is currently 

formulated in a 1:1 mixture of Cremophor EL 
(apolyethoxylated castor oil) and ethanol to cre-
ate Taxol. However, Cremophor EL has been 
reported that it would lead to various serious 
side effects, including acute hypersensitivity 
reactions, nephrotoxicity, neurotoxicity, and car-
dio toxicity [11].

In the last two decades, liposomal drug delivery 
systems hold extraordinary potential for deliv-
ery of therapeutics to tumor, various strategies 
have been used to improve their targeting spec-
ificity and cellular uptake. PEGylation has been 
extensively employed to enhance the accumu-
lation of liposomes in tumor tissues through 
enhanced permeability and retention (EPR) 
effects, which was the passive form of target-
ing. In attempts to increase the specificity of 
interaction between liposomes and tumor cells, 
recent efforts in the liposome field have been 
focusing on the development of the active 
tumor targeted liposomes, which were modified 
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with some specific ligands such as Tf [12], folic 
acid [13], peptides [14] or antibodies [15], and 
could selectively recognize and bind to the spe-
cific receptor over-expressed on tumor cells, 
resulting in increased targeting efficiency and 
less toxicity. Transferrin receptors are highly 
expressed on tumor cells. Peptide T7 (seq- 
uenced HAIYPRH) was screened by a phage dis-
play system on the cells expressing human 
transferrin receptor (TfR) [16]. The high affinity 
for TfR was comparable to that of transferrin 
(Tf), with Kd of w10 nM. Recently, the internal-
ization of the complex formed after T7 binding 
with TfR was found to be facilitated by endoge-
nous Tf [17]. Thus, for TfR highly-expressed 
tumors, T7 may be a potential ligand for target-
ing delivery of agents.

In this paper, T7 was modified by covalent link-
age bond on the surface of liposome through 
bifunctional polyethyleneglycol (PEG), yielding 
T7-LP. The ovarian carcinoma targeting efficien-
cy of T7-LP as drug delivery vectors was evalu-
ated in vitro and in vivo. Furthermore, the anti-
tumor effect of T7-LP-PTX was systematically 
evaluated in vitro and in vivo.

Materials and methods

Soybean lecithin consisting of 90-95% phos-
phatidylcholine and mPEG2000-DSPE and Mal-
PEG2000-DSPE were purchased from Avanti lipid 
(USA). Cholesterol (CHO) was purchased from 
Chengdu Kelong Chemical Company (Chengdu, 
China). FITC-PE was purchased from Avanti lipid 
(USA). T7 peptide with terminal cysteine (Cys-
HAIYPRH) was synthesized according to the 
standard solid phase peptide synthesis by 
Shanghai Dacheng Bio-pharmaceutical Co., 
Ltd. (Shanghai, China). Cell culture plates were 
purchased from corning Biotechnology Co. Ltd. 
(USA). Other chemicals and reagents were of 
analytical grade and obtained commercially.

BALB/c female athymic mice (about 20 g) were 
purchased from the Experiment Animal Center 
of Zhengzhou University (P. R. China). All of the 
animal experiments adhered to the principles 
of care and use of laboratory animals and were 
approved by the Experiment Animal Admi- 
nistrative committee of Zhengzhou University.

Synthesis of T7-PEG2000-DSPE

The T7-PEG2000-DSPE was synthesized acc- 
ording to literature with a modest modification 

[18]. T7 was conjugated with DSPE-PEG2000-
BTC in 0.01 M isotonic HEPES buffer (pH 7.5) 
under the conditions of reaction (4 h at 4°C, 
gentle stirring and 1:2 molar ratio of peptides 
to DSPE-PEG2000-BTC). The reaction was 
traced by TLC till the peptide was completely 
consumed. The mixture was then dialyzed 
against water, and lyophilized. The resulting 
conjugate DSPE-PEG2000-T7 was then used 
for preparing liposomes without further puri- 
fication.

Preparation of liposomes

T7 modified PTX loaded liposomes (T7-LP-PTX) 
were prepared by thin film hydration methods 
[19]. Briefly, SPC, cholesterol, PTX (10% of the 
SPC + cholesterol weight), DSPE-PEG2000 and 
DSPE-PEG2000-T7 were dissolved in chloro-
form (total molar ratio of phospholipid and cho-
lesterol derivatives was 5:3, molar ratio of 
DSPE-PEG2000 and DSPE-PEG2000-T7 was 
9.5:0.5). Chloroform was then evaporated by 
rotary evaporation and residual organic solvent 
was removed in vacuum overnight. Then the 
thin film was hydrated in phosphate-buffered 
saline (PBS, pH 7.4) for 1 h at 37°C, followed by 
an intermittently probe sonication for 50 s at 
100 W.

FITC-labeled liposomes were prepared as the 
T7-LP-PTX with the SPC being replaced by the 
FITC-PE. The final concentration of FITC-PE was 
10 μg/ml.DIR loaded liposomes were prepared 
as the T7-LP-PTX with the PTX being replaced 
by the DIR.

Characterization of liposomes

Size and zeta potential measurements: The 
size and zeta potential of the liposomes were 
measured by a dynamic light scattering detec-
tor (zetasizer Nano-ZS90, Malvern, UK).

Drug encapsulation efficiency (EE): The free 
PTX was removed by passing through a 
Sephadex G-50 column. The amount of PTX 
encapsulated in the liposomes was measured 
by high performance liquid chromatography 
(HPLC, Agilent LC1200). A reversed phase 
Inertsil®ODS-3 column (150-4.6 mm, pore size 
5 mm, GL Science Inc., Tokyo, Japan) was used. 
Liposomes were dissolved in 1 ml DCM. After 
evaporating DCM, 3 ml mobile phase (50:50 
v/v acetonitrile/water solutions) was added to 
dissolve the drugs. The solution was then fil-
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Table 1. Characteristics of PTX-loaded LP and T7-LP (n = 3)

Group Particle Size  
(nm) Polydispersity Zeta-potential  

(mV)
Encapsulation  
Efficiency (%)

LP-PTX 111 ± 8.8 0.157 -4.53 ± 1.26 88.66 ± 4.25
T7-LP-PTX 120 ± 9.7 0.202 3.59 ± 1.55 87.15 ± 3.57

tered by 0.45 mm PVDF syringe filter for HPLC 
analysis. The column effluent was detected at 
227 nm with a UV/VIS detector.

EE (%) = (amount of drug encapsulated in LP/
initial amount of drug used in the fabrication of 
LP) × 100%.

In vitro stability of liposomes in serum: In order 
to demonstrate the serum stability of lipo-
somes, particle sizes and turbidity variations 
were monitored in the presence of fetal bovine 
serum (FBS) [20]. Briefly, liposomes were mixed 
with equal volume of FBS under 37°C with gen-
tle shaking at 30 rpm. At predetermined time 
points (1 h, 2 h, 4 h, 8 h and 24 h), 200 mL of 
the sample was pipetted out and onto a 96-well 
plate to measure the transmittance at 750 nm 
by a microplate reader (Thermo Scientific 
Varioskan Flash, USA).

In vitro drug release: In vitro PTX release study 
was conducted using dialysis method under 
sink conditions [21]. An aliquot of each PTX-
loaded liposome (0.1 mL) or free PTX was 
placed into dialysis tube (MWCO 8000) and 
tightly sealed. Then the dialysis tubes were 
immersed into 100 mL PBS (pH 7.4) containing 
0.1% (v/v) Tween 80 and were incubated in an 
incubator under 37°C for 24 h with mild oscil-
lating at 50 rpm. At predetermined time points, 
0.1 mL release medium was sampled and 
replaced with equal volume of fresh release 
medium. Then the samples were diluted with 
acetonitrile and the concentrations of PTX were 
determined by HPLC.

In vitro cellular uptake: A2780 cells were grown 
in RPMI-1640 medium (GIBCO) contains 10% 
FBS, 100 μg/mL streptomycin, and 100 U/mL 
penicillin. The cells were maintained at 37°C in 
a humidified incubator with 5% CO2.

For quantitative study, A2780 cells a 
(AmericanType Culture Collection) were har-
vested with 0.125% Gibcotrypsin-EDTA solution 
(Invitrogen) and seeded into 24 well assay 
plates (Corning Incorporated) at 105 viable 

Gibco penicillin-streptomycin (Invitrogen) at 
37°C for 2 h and 4 h. At designated time period, 
the suspension was removed and the wells 
were washed three times with 1000 μL cold 
PBS, and were trypsinized and resuspended in 
0.4 mL PBS. The fluorescent intensity of cells 
was measured by a flow cytometer (CytomicsTM 
FC 500, Beckman Coulter, Miami, FL, USA) with 
the excitation wavelength at 465 nm and the 
emission wavelength at 502 nm. Ten thousand 
events were recorded for each sample. Com- 
petitive effect of endocytosis was also studied 
by pre-incubating the cells with excess free T7 
(200 mg/ml) before incubating with T7-LP.

For the qualitative study, A2780 cells were har-
vested with 0.125% Gibco trypsin-EDTA solu-
tion (Invitrogen) and seeded in LABTEK cover 
glass chambers (Nagle Nunc) having RPMI-
1640 at a concentration of 5 × 103 viable cells/
chamber. The cells were incubated overnight 
and were subsequently incubated with FITC 
-labeled liposomes in the RPMI-1640 (concen-
tration of 10 μg/mL) at 37°C. After 4 h, the 
cells were washed 3 times with cold PBS and 
fixed by 4% paraformaldehyde for 20 min. Then, 
the cells were washed twice with cold PBS and 
observed by confocal laser scanning microsco-
py (CLSM) (Leica, Germany).

In vitro cytotoxicity and anti-proliferation assay: 
The cytotoxicity of PTX-loaded liposome was 
measured with MTT assay. A2780 cells were 
plated in 96-well plates at a density of 2 × 103 
cells per-well and cultured for 24 h. PTX-loaded 
liposome and free-PTX were diluted to prede-
termined concentrations with PBS, and added 
into each well for 24 h and 48 h incubation. The 
final concentrations of PTX were in the range of 
0.25~25 μg/ml. Then 20 ml MTT (5 mg/ml in 
PBS) was added into each well and incubated 
for 4 h under 37°C. Finally the medium was 
removed and replaced by 150 ml dimethyl sulf-
oxide. Then the absorbance was measured by a 
microplate reader (Thermo Scientific Varioskan 
Flash, USA) at 570 nm. The cells treated with 
PBS were evaluated as controls. Cell viability 

cells/well. After the cells reached 
confluence, the cells were incubat-
ed with 100 uL of 10 μg/mL FITC-
labeled liposomes (all three types) 
in the 1640 supplemented with 
10% Hyclone fetal bovine serum 
(FBS, Thermo Scientific) and 1% 
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was calculated by the following formula: cell 
viability (%) = Atreated/Acontrol × 100, in which Atreated 
and Acontrol represented the absorbance of treat-
ed cells and control cells, respectively.

Evaluation of tumor spheroid penetration: To 
prepare the three-dimensional tumor spher-
oids, A2780 cells were seeded at a density of 2 
× 103 cells/200 μL per well in 96-well plates 
coated by 80 μL of a 2% low-melting-tempera-
ture agarose. Seven days after the cells were 
seeded; tumors spheroids were treated with 10 
μg/mL FITC-labeled liposome. After 4 h of incu-
bation, the spheroids were rinsed three times 
with ice-cold PBS and fixed by 4% paraformal-
dehyde for 30 min. Then, the spheroids were 
transferred to glass slides and covered by glyc-
erophosphate. Fluorescent intensity was 
observed by laser scanning confocal microsco-
py (Leica, Germany).

Growth inhibition of tumor spheroid: Tumor 
spheroids were prepared as described above. 

Seven days later, wells containing spheroids 
were treated with 0.25 μg/mL of PTX solution, 
and PTX-loaded liposomes. The length and 
width of each spheroid were measured every 
day for 7 days. The volume was calculated. A 
volume curve was drawn to compare the effect 
of each treatment by the different formu- 
lations.

In vivo tumor growth inhibition study: The ovar-
ian carcinoma nude mice xenograft models 
were established by injecting A2780 cells (1 × 
107 cells per animal, subcutaneous injection) 
into the back of 4-6 week-old BALB/c female 
athymic nude mice. 40 nude mice with ovarian 
carcinoma xenograft models were divided into 
four groups. When the tumors reached 100-
200 mm3, the mice were administrated with 
saline, free PTX, LP-PTX and T7-LP-PTX, respec-
tively. The drugs were administrated once every 
other day (totally 10 mg/kg) were measured. 
The tumor inhibition rate was calculated by the 
formula as fellow.

Tumor inhibition rate = (1 - VX/Vsaline) × 100%. Vx 
was the tumor volume of mice treated and Vsaline 
was the tumor volume of saline group.

In vivo imaging: The DIR-loaded liposomes were 
utilized, as previously described, to investigate 
the distribution of liposomes in nude mice bear-
ing A2780 cells. The nude mice xenograft mod-
els were established as described in 2.9. The 
DiR-loaded liposomes were injected into nude 
mice bearing A2780 cells via intravenously 
administration, and then the in vivo fluores-
cence imaging was performed by IVIS Spectrum 
system (Caliper, Hopkington, MA).

Figure 1. A. The variations in turbidity (represented by transmittance) of liposomes in 50% FBS (n = 3, mean ±SD). 
B. The PTX release profiles of free PTX, LP-PTX and T7-LP-PTX in PBS over 24 h (n = 3, mean ± SD).

Figure 2. Measurement of in vitro uptake of CFPE-
labeled liposomes by A2780 cells at 2 h and 4 h. 
Data represented the mean ± SD, n = 3. Compare to 
LP. ***P < 0.001.
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Statistical analysis

Analysis of variance (ANOVA) was used to check 
the variance of the whole values in each group. 
Statistical significance was evaluated by using 
Student’s t-test for the comparisons of experi-
mental groups.

Results 

Characterization of the liposomes

Particle size, size distribution and drug encap-
sulation efficiency: As shown in Table 1, the 
average diameter of the conventional PTX-
loaded liposomes was around 120 nm with a 
PDI of 0.20. The drug encapsulation efficiency 

(EE) of the liposome is crucial to justify their 
clinical applications. The encapsulation effi-
ciency of LP-PTX and T7-LP-PTX were above 
87%. Table 1 show the EE of the two types of 
liposomes formulations. Obviously, such a for-
mulation system demonstrates the prospect 
for a practically useful drug delivery carrier with 
appropriate size, stability and drug loading 
capacity.

Stability of PTX-loaded liposomes in the pres-
ence of fetal bovine serum: Liposomal particle 
stability against physiological condition is pre-
requisite for the further application in vivo, so 
50% FBS was employed to mimic the in vivo 
situation. Particle sizes and transmittance vari-
ations as important parameters were moni-

Figure 3. Confocal laser scanning microscopy (CLSM) images show the internalization of fluorescent liposome in 
cells (4 h incubation).
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tored in our study to explore the serum stability 
of liposomes. As can been seen in Figure 1A, 
the particle sizes and transmittance have hard-
ly changed for the liposomes over 24 h, indicat-
ing that there was no aggregation in the pres-
ence of serum. 

Herein the in vitro release of PTX from the lipo-
somes was investigated. Figure 1B shows the 
release profile of these four groups. Compared 
with the rapid release of free PTX, all the four 
liposome groups exhibited similar and sus-
tained release manners and no burst initial 
release was observed. 

Cellular uptake: To investigate the selectivity 
and internalization of liposomes, the cellular 
uptake of different liposomes in A2780 cells 
was examined, as shown in Figure 2. In A2780 
cells, T7-LP uptake was much higher than that 
of LP, about 3.7-fold higher, respectively. That 

bility (the survival rate) after 24 h treatment 
was measured to be 61.37%, 63.86%, 68.18% 
and 71.12%, respectively. Instead after 48 h 
treatment at the four designated drug concen-
trations, the cell viability decreased to 43.68%, 
47.22%, 53.70% and 57.65%, respectively. It is 
straight forward to understand that higher drug 
concentration and longer incubation time will 
cause lower cell viability, or equivalently higher 
mortality of the cells. For the cytotoxicity of the 
liposome formulations, the same concentration 
25, 10, 2.5 and 0.25 μg/ml of the drug, which 
is encapsulated in the liposomes, were applied. 
After 24 h treatment, the cell viability were 
found to be 67.43%, 69.88%, 73.49% and 
78.75 % for the LP-PTX, and 41.33%, 46.19%, 
53.81% and 56.48% for T7-LP-PTX, respective-
ly. Instead, after 48 h treatment, the cell viabil-
ity was found decreased to 51.53%, 55.48%, 
58.66% and 61.22% for the LP-PTX, and 
18.43%, 21.36%, 26.55% and 29.04% for the 

Figure 4. The diagrams of cell viability at various concentrations of the drug 
under 24 h (A) and 48 h (B) treatment. The data are presented as the mean 
± SD (n = 6). Compare to free/LP. #P < 0.01. Compare to 24 h. **P < 0.01.

was the result of the targeting 
capacity of transferrin recep-
tors expression in A2780 cells. 
The cell uptake efficiency of 
T7-LP at 4 h was about 3.1-fold 
higher than that at 2 h. The cel-
lular uptake results were con-
sistent with the transferrin 
expression levels on cell sur-
face, indicating that the T7 
motif had the ability to recog-
nize and target transferrin 
receptors expressed on the 
surface of cells. The fluores-
cence intensity of the LP was 
the lowest observed in A2780 
cells. In The fluorescence inten-
sity of T7-LP was much stronger 
than LP, and the quantitative 
results indicated almost the 
same results as the fluores-
cence imaging (Figure 3). For 
the T7-LP, the receptor-mediat-
ed endocytosis (RME) can fur-
ther facilitates the cellular up- 
take, resulting in higher uptake 
efficiency than LP.

In vitro cytotoxicity and anti-
proliferation assay: It is shown 
in Figure 4 that for the cancer 
cells incubated with free PTX at 
25, 10, 2.5 and 0.25 μg/ml 
drug concentration, the cell via-
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T7-LP-PTX, respectively. It showed that the anti-
proliferative effect of the drug-loaded lipo-
somes was markedly elevated by the modifica-
tion with T7, and the increased myotoxicity of 
PTX incorporated in T7-LP may be related to the 
fast internationalization of this formulation and 
the successive drug release from T7-LP to 
reach therapeutic concentration range inside 
the cells.

Tumor spheroid penetration and growth inhibi-
tion of tumor spheroid: In many solid tumors, 
there are hypoxic and avascular tumor regions. 
Due to the poor permeation of delivery sys-
tems, the amount of drug accessing inside the 
solid tumors is low. We prepared the tumor 
spheroid which could imitate the in vivo status 
because the tumor spheroids are free of blood 
vessels [20, 21]. The tumor spheroid can serve 
as an invaluable tool to evaluate the solid tumor 
penetration effect of nanoparticles. Figure 5A 
shows confocal laser scanning microscopic 
images of 3D tumor spheroids 4 h.

The influence of various treatments on the 
growth of tumor spheroids was also studied. 
Figure 5B represents the in vitro tumor spher-
oid volume ratios after treatment with saline, 
free PTX, LP-PTX and T7-LP-PTX at the final PTX 
concentration of 0.25 μg/ml, respectively. It 
was observed that tumor spheroids continued 
to grow in size and volume in the absence of 
any drug (131% of the primary volume after 7 
days). The obvious reduction in volume of tumor 
spheroids was observed for all PTX formula-
tions after 7 days treatment, indicating that 
tumor spheroids were sensitive to PTX. The 
final tumor spheroid volumes were nearly 82%, 
67% and 44% for free PTX, LP-PTX and T7-LP-
PTX of the initial tumor spheroid volumes on 
day 7 respectively. The result indicated that 
T7-LP-PTX significantly improved the inhibitory 
effects on the 3D tumor spheroids. For solid 
tumors, there are regions with high pressure 
and few vessels. Since the tumor spheroids 

could imitate the in vivo status because the 
tumor spheroids are free of blood vessels, the 
higher inhibitory effect suggests that T7-LP-PTX 
may improve therapeutic effect in vivo.

In vivo tumor growth inhibition study: For defin-
ing the efficacy of the functionalized liposomes 
in animals, the ovarian carcinoma nude mice 
xenograft models were established. As shown 
in Table 2, Compared to physiological saline 
and PTX group, LP-PTX and T7-LP-PTX groups 
significantly inhibit the growth of tumor, such 
superiority of the liposomal formulations in vivo 
compared to PTX may be attributed to the sus-
tained release profiles, prolonged blood circula-
tion time and EPR effect of liposome. A signifi-
cant enhanced tumor inhibition effect was 
observed in T7-LP-PTX over the other groups.

NIR imaging: The in vivo biodistribution and 
tumor accumulation profiles of DIR-loaded lipo-
somes were clearly visualized by monitoring the 
whole body NIRF intensity in subcutaneous 
xenograft bearing nude mice model (Figure 6). 
Obviously, the tumor accumulation was the 
highest for T7-LP. The results implied that the 
T7-LP could efficiently target to solid tumors 
and decrease non-specific accumulation in nor-
mal organs such as livers, lungs and kidneys. 
Control animals injected with PBS produced no 
fluorescence signals, which confirmed that the 
observed fluorescence signal was truly from 
the liposomes. Preliminary studies have dem-
onstrated that the passive accumulation of 
liposomes reached maximum in tumor tissue 
between 24 and 48 h, which provided sufficient 
time for liposomes to accumulate at the tumor 
site. The results of serum stability and biodistri-
bution together suggested that the liposome 
was capable of increasing the stability of lipo-
somes and the T7-LP obtained remarkable 
accumulation in the tumor region.

Discussion

Ovarian carcinoma is a serious cancer, thus,to 
improve the therapeutic efficiency of ovarian 
carcinoma in the clinic. Receptor-modified 
nanocarriers were developed for ovarian carci-
noma targeting and therapy. The ability of carri-
ers to specifically targeting delivery cargoes to 
tumors is important to effective cancer therapy 
[18]. The active tumor targeted liposomes, 
which were modified with some specific ligands 
such as transferrin, folic acid, peptides or anti-

Table 2. In vivo anti-tumor effect of different 
PTX formulations in A2780-bearing mice
Group Weight of tumor (g) Inhibition rate (%)
saline 4.32 ± 0.35 -
Free PTX 3.40 ± 0.28 21.2 ± 3.3
LP-PTX 2.94 ± 0.27 32.1 ± 2.2
T7-LP-PTX 1.47 ± 0.12 66.4 ± 5.4
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bodies, could selectively recognize and bind to 
the specific receptor over-expressed on tumor 
cells, then result in increased targeting efficien-
cy and less toxicity. In this liposomal formula-
tion, the receptor-targeting properties of T7 
were combined with the enhanced cell uptake 
effect to improve the transport of desired cargo 
to the tumor. 

Particle size plays a critical role in their clear-
ance by the sinusoidal spleens of human and 
rats. Particles must be small enough to avoid 
the splenic filtration process at the interendo-
thelial cell slits in the walls of venous sinuses. It 
has been reported that the particle size of 
nanocarrier less than 200 nm can effectively 
reach the tumor tissue by enhanced permeabil-

Figure 5. A. Penetration of FITC-labeled LP and T7-LP throughout A2780 tumor spheroids at 4 h. B. Change ratios 
of tumor spheroid volume (%) after applying various PTX formulations and blank control. Compare to LP. ***P < 
0.001, **P < 0.01.

Figure 6. The in vivo image of the mice that were anesthetized at 24 hours after intravenous injection of different 
kind of DIR-loaded liposomes.
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ity and retention (EPR) effect [14]. In the cur-
rent study, the sizes of the prepared T7-LP-PTX 
were about 130 nm, which provided a favorable 
size condition for tumor targeting by enhanced 
permeability and retention (EPR) effect. 

In this study, we developed transferrin receptor 
ligand T7 peptide modified liposomes, the cel-
lular uptake of T7-LP and LP was characterized 
using A2780 cells. The results (Figure 2) 
showed that the uptake of T7-LP was great than 
LP, demonstrating that T7 effectively mediated 
LP uptake by A2780 cells.

In the cytotoxicity experiment, the PTX-loaded 
LP and T7-LP demonstrated time- and dose-
dependent cytotoxic activity towards A2780 
cells. Notably, the T7-LP-PTX formulation 
achieved the lowest cell viability among the PTX 
formulations in all equivalent drug concentra-
tion levels applied. This further confirmed the 
advantages for cellular uptake shown in the 
previous experiments, which resulted from the 
coactivation of the TF receptor, thus contribut-
ing to an additional pathway through which the 
drug could be delivered into the cell cytoplasm 
to induce cell apoptosis.

Due to the poor permeation of delivery sys-
tems, the level of drug that is able to access the 
inner area of solid tumors is low. As a conse-
quence, these chemotherapy ‘blind areas’ 
eventually and ineluctably induce the recur-
rence of cancer, and the overall chemothera-
peutic efficacy of anticancer agents is compro-
mised. For a cancer treatment to be curative, 
the delivery system must efficiently penetrate 
the tumor tissue to reach all of the viable cells 
[21]. Thereby, three-dimesnional multicellular 
modeling, which represents the avascular 
regions found in numerous solid tumor tissues, 
can serve as an invaluable tool to evaluate the 
solid tumor penetration effect of a drug delivery 
system. In the present study, the results (Figure 
5A, 5B) demonstrated the penetration capabili-
ties of LP and T7-LP. The T7 could enhance the 
transport and increase the uptake and penetra-
tion of lipsomes by the A2780 spheroids. These 
findings indicated that the T7 was able to effec-
tively transport the liposome across the spher-
oids. Also, the tumor spheroid was used to imi-
tate the in vivo status of the solid tumor and to 
evaluate the antitumor efficiency of the differ-
ent PTX formulations. The results showed that 
PTX-loaded T7-LP possessed the greatest anti-

tumor activity, which may benefit from its 
increased penetration and uptake by tumors. 

In vivo imaging and antitumor experiment fur-
ther demonstrated that T7-LP-PTX could effec-
tively target to the tumor and inhibit the growth 
of tumor in vitro. In conclusion, we successfully 
developed the targeting liposomes modified 
with the specific ligand T7. This liposomal deliv-
ery system possessed increased cellular 
uptake efficiency and targeting specificity in 
A2780 cells whose transferrin expression lev-
els were high, and achieved an efficient target-
ed delivery of payload into tumor cells in A2780 
tumor bearing nude mice and ultimately 
achieved excellent therapeutic efficacy on 
tumor-bearing mice. Based on all the studies in 
this report, we claimed the T7 modified lipo-
somes as a potential anti-tumor drug delivery 
system.
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