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Abstract 

A safe and efficient liver targeted PEGylated liposome (PEG-Lip) based on 

N-terminal myristoylated preS1/21-47 (preS1/21-47
myr

) of hepatitis B virus was 

successfully developed. The study aimed to elucidate the cellular uptake mechanism 

of preS1/21-47
myr 

modified PEG-Lip (preS1/21-47
myr

-PEG-Lip) in hepatogenic cells 

and the distribution behavior of preS1/21-47
myr

-PEG-Lip in Vr:CD1(ICR) mice. The 

cellular uptake results showed preS1/21-47
myr

-PEG-Lip were effectively uptaken by 

hepatogenic cells (including primary hepatocytes and liver tumor cells) through a 

receptor-mediated endocytosis pathway compared with non-hepatogenic cells. After 

systemic administration to H22 hepatoma-bearing mice, preS1/21-47
myr

-PEG-Lip 

showed significant liver-specific delivery and an increase in the distribution of 

preS1/21-47
myr

-PEG-Lip in hepatic tumor. Furthermore, the antitumor effect of 

preS1/21-47
myr

-PEG-Lip loaded with paclitaxel (PTX) was remarkably stronger than 

that of PTX injection and PTX loaded liposomes (including common liposomes and 

PEG-Lip). In safety evaluation, no acute systemic toxicity and immunotoxicity were 

observed after intravenous injection of preS1/21-47
myr

-PEG-Lip. No liver toxicity was 

observed despite the dramatic increase of preS1/21-47
myr

-PEG-Lip in liver. Taken 

together, preS1/21-47
myr

-PEG-Lip represents a promising carrier system for targeted 

liver disease therapy and imaging. 

Keywords: PreS1/21-47
myr

, Liver-targeted delivery system, PEGylated liposomes, 

Hepatogenic cells, Differentiation 
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1. Introduction 

Liver is one of most important organs in the human body which plays a critical 

role in the metabolism and excretion of diverse endogenous and exogenous 

compounds. Liver diseases, such as virus infections, liver cirrhosis, liver injury and 

hepatocellular carcinoma, continuously challenge the human health due to the serious 

lack of effective treatment options 
1
. One major drawback for the standard therapy of 

liver diseases is the inability of delivering sufficient drugs specifically to the liver 
2
. 

Also, major side effects for tumor chemotherapy are tissue/organ-dependent, and thus 

it is more desirable to selectively deliver the therapeutics to the target sites rather than 

increase the dosage for achieving the therapeutic drug concentration at the target 

sites
3
. 

In the past decades, various strategies have been developed to achieve targeted 

delivery of therapeutic agents to the liver. The nanoparticulate delivery systems, 

particularly liposomes and polymeric nanoparticles, were extensively studied as 

liver-specific drug carriers based on the size-dependent passive targeting strategy. 

After intravenous injection, nanoparticulate carriers are easily phagocytosed within 

seconds or minutes by the reticuloendothelial system (RES), including Kupffer cells 

of the liver and macrophages of the spleen 
4, 5

. However, drugs were shown to mainly 

distribute in the liver Kupffer cells and not in the hepatic parenchymal cells which 

were the main disease cells 
2
. To circumvent such disadvantages, liver targeting 

ligands, particularly galactose 
6, 7

, mannose 
8, 9

, glycyrrhetinic acid 
10, 11

 and 

apolipoprotein 
12

 were adopted to achieve active targetability to liver. However, the 

application of these ligand-based carriers is severely limited by the following 

disadvantages 
12-16

: poor specificity, impaired binding affinity after conjugation, 
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potential immunogenicity and high cost. Therefore, seeking alternative approaches 

remains a great challenge for developing liver-targeted drug delivery systems.  

In addition to nanoparticulate carriers and liver targeting ligands based delivery 

systems, the viral-mediated delivery systems could also deliver therapeutics to the 

liver with high efficiency. Many viruses such as adenoviruses, hemagglutinating virus 

of Japan, retrovirus, lentiviral vectors and human hepatitis B virus (HBV) have been 

used to deliver drugs or genes to the liver successfully 
2, 17

. Among these viruses, 

HBV displays a pronounced liver tropism and specifically targets to the liver. 

Extensive studies have been conducted using HBV as a carrier system
18-20

 and its 

surface envelope proteins as a delivery system
17, 21, 22

 or targeting moiety 
23, 24

. 

However, their application is severely constrained by the safety of viral carriers
25

 and 

the strong immunogenicity of extrinsic proteins 
26, 27

. 

The envelope protein of HBV consists of large (L), middle (M), and small (S) 

proteins 
28

. Furthermore, the L protein have a further N-terminal extension with 107, 

117, or 118 amino acids (genotype-dependent) termed preS1 which is N-terminally 

myristoylated and plays an pivotal role in HBV entry into liver cells (Fig. 1)
29-32

. 

Petersen et al
33

 found that synthetic N-terminally myristoylated preS1/2-48 

(preS1/2-48
myr

) could block HBV infection in vitro and in vivo with high efficacy and 

specificity. Especially, preS1/2-48
myr

 was proven to show good hepatotropism which 

was mediated by the special receptor recognition in the liver 
34 and preS1/2-48

myr
 was 

found a good ligand for liver targeted delivery system and showed no immunotoxicity 

in our previous study 
35

. However, the preS1/2-48
myr

 could not mediates specific 

binding to the hepatocellular carcinoma cells such as HuH7 and HepG2 cells 
36

. 

Further studies showed that the preS1(21-47) region, a shorter amino acid sequence 

than preS1/2-48, may be one of the vital peptide sequence to mediate interaction of 
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HBV with hepatic cells such as HepG2 cells 
37-39

. Based on this, Masaharu et al
40

 

prepared nanoscale protein cages with a ligand composed of preS1 aa21-47 peptide of 

HBV by genetic engineering techniques. The protein nanocages showed significantly 

higher specificity to human hepatocyte cancer cell lines than other non-liver cell lines 

in vitro. However, the targeting efficiency and immunogenicity in vivo are not 

studied.  

In this study, the N-terminally myristoylated preS1 aa21-47 peptide 

(preS1/21-47
myr

) (Fig. 1) was designed and synthesized via solid phase peptide 

synthesis for the N-terminal myristoylated modification of HBV which is critical to 

the efficient infection and the functional affinity of preS1 peptide with hepatocytes 
26, 

31, 41
. As the targeting ligand, preS1/21-47

myr
 was utilized to modify PEGylated 

liposomes. We here followed the question of whether the drug delivery system had 

the potential to be a novel, efficient and safe liver-targeting drug delivery system. 

Furthermore, the targeting efficiency and toxicity of this drug delivery system were 

systematically studied.  

 

2. Experimental section 

2.1 Materials and animals 

The preS1/21-47
myr

 with or without a C-terminal cysteine (myristic acid-PLGFF 

PDHQL DPAFG ANSNN PDWDF NP-Cys) was synthesized according to the solid 

phase peptide synthesis by Kaijie Biopharmaceutical Co., Ltd. (Chengdu, China). 

Mal-PEG2000-DSPE was obtained from Laysan Bio., Inc. (USA). Lipoid S100 and 

mPEG2000-DSPE were purchased from Lipoid Co., Ltd (Ludwigshafen, Germany) and 

cholesterol was purchased from Kelong Chemical Company (Chengdu, China). Did 
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(1,1’-dioctadecyl-3,3,3’,3’-tetramethyl indodicarbocyanine, 4-chlorobenzenesulfonate 

salt) was purchased from Biotium (Hayward, USA). Paclitaxel (PTX) injection was 

purchased form Sichuan tai chi pharmaceutical co., Ltd. (Chengdu, China) and PTX 

from Shanghai Biochempartner Co., Ltd. (Shanghai, China). 

3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT), 

lipopolysaccharides from Escherichia coli 055:B5 (LPS) and 

4,6-Diamidino-2-phenylindole (DAPI) were obtained from Sigma-Aldrich Co. LLC 

(USA). RPMI1640 media and fetal bovine serum (FBS) were purchased from Thermo 

Fisher Scientific, Inc. (USA). All other reagents were of analytical grade or better.  

Vr:CD1 (ICR) mice with ages of 7-8 weeks were purchased from Dashuo 

experimental animal, Inc. (Chengdu, China). All animal experiments were performed 

in compliance with the guidelines of the Care and Use of Laboratory Animals and 

approved by the Experiment Animal Administrative Committee of Sichuan 

University. 

2.2 Preparation and characterization of liposomes  

2.2.1 Preparation  

Liposomes were prepared by the standard thin-film hydration method as described 

previously 
42 with minor modifications. Briefly, S100, cholesterol, mPEG2000-DSPE 

and Mal-PEG2000-DSPE (molar ratio = 22.5:15:1.7:0.3) were dissolved in 

dichloromethane. After the organic solvent was removed by rotary evaporation, the 

thin film was hydrated at 37 °C for 1h in 5% glucose solution. The obtained 

multilamellar vesicles were further intermittently sonicated by a probe sonicator at 

180 W for 1.5 min to form the maleimide derivatized PEGylated liposomes 

(Mal-PEG-Lip). The conventional PEGylated liposomes (PEG-Lip) were prepared as 
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described above with the Mal- PEG2000-DSPE being replaced by mPEG2000-DSPE. 

The common liposomes (cLip) consisted of only S100 and cholesterol with a molar 

ratio of 2:1 were also prepared by the standard thin-film hydration method. 

Did-labeled liposomes were prepared with Did added to the lipid organic solution 

prior to the solvent evaporation. 

Mal-PEG-Lip modified with preS1/21-47
myr

 (preS1/21-47
myr

-PEG-Lip) was 

prepared by maleimide-thiol coupling reaction in HEPES buffer (pH 7.4) at room 

temperature for 30 min. The thiol of preS1/21-47
myr

-Cys was reacted with maleimide 

of the Mal-PEG-Lip at 1.5:1 molar ratio. The unconjugated peptide was removed by 

passing through a Sephadex G75 column. 

PTX loaded liopsomes were prepared as Did labled liposomes with Did being 

replaced by PTX. 

2.2.2 Characterization  

2.2.2.1 Particle size, zeta potential and morphology of liposomes 

The particle size and zeta potential of liposomes were determined by dynamic 

light scattering (DLS) using Zetasizer Nano ZS90 instrument (Malvern, UK). All the 

measurements of particles size were made with liposome formulations diluted by 20 

fold in 5% glucose solution at room temperature and measured at a light scattering 

angle of 90 degree with the intensity-weighted mode. The liposomes were directly 

measured for the zeta potential without further dilution.  

The morphology of liposomes was observed by transmission electron microscopy 

(TEM) (H-600, Hitachi, Japan). For the analysis of TEM, the liposome formulation 

was adjusted to about 1.0 mg/mL of lipid and stained with 2% (w/w) phosphotungstic 

acid (PTA). 
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2.2.2.2 Encapsulation efficiency and in vitro release profile of PTX loaded 

liposomes 

The entrapment efficiency of PTX loaded liposomes was investigated through the 

ultrafiltration method 
35

. Briefly, 0.2 mL of PTX loaded liposomes were disrupted in 

methanol and sonicated for 10 min, then suspension was centrifuged to collect 

supernatant and the PTX was quantitatively analyzed by high performance liquid 

chromatography (HPLC) as the total added amount of PTX (Wtotal). In addition, 

another 0.2 mL PTX loaded liposomes was ultrafiltrated and the filtrate was collected 

to analyze the free PTX (Wfree) by HPLC. The entrapment efficiency was calculated 

using the following formula:  

Entrapment efficiency = ( Wtotal − Wfree ) / Wtotal × 100% 

The in vitro release profile of PTX loaded liposomes was investigated as 

described as follows. 1 mL of PTX-loaded liposomes or free PTX solution was 

transferred into dialysis bags (molecular weight cut-off 10000 Da) respectively. Then 

the dialysis bags were immersed in 50 mL PBS (pH 7.4) containing 0.05% (v/v) 

Tween 80 and placed in a shaker with a speed of 100 rpm at 37 °C. At predetermined 

time intervals, 0.5 mL of release medium was collected and replaced with 0.5 mL 

fresh medium. Then the samples were diluted with methanol and PTX was quantified 

by HPLC. 

2.2.3 Validation of the conjugation of preS1/21-47
myr

 to Mal-PEG2000-DSPE 

2.2.3.1 Tricine-SDS-PAGE 

The preS1/21-47
myr

-Cys was dissolved in the Hepes buffer (1M, pH 7.4), and then 

the buffer was added into the Mal-PEG2000-DSPE in 5% glucose solution. After 30 

min, the reaction solution was subjected to the tricine-sodium 
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dodecylsulfate-polyacrylamide (tricine-SDS-PAGE) electrophoresis with 16% 

SDS-PAGE 
43

. 

2.2.3.2 Quantification of the preS1/21-47
myr

 on the liposomes 

To determine the amount of the preS1/21-47
myr

 conjugated to the liposomes, the 

Micro BCA method with simple modification 
44

 was adopted and the absorbance was 

measured at 562 nm using a spectrophotometer (Thermo Scientific Varioskan Flash, 

Thermo Fisher Scientific, USA ).  

2.2.4 Colloidal stability of liposomes  

2.2.4.1 Storage stability 

Storage stability of the prepared liposomes was evaluated by storing the liposome 

formulations at 4 ℃ for 4 weeks and the particle size was monitored by the DLS 

throughout the period. 

2.2.4.2 Serum stability 

To evaluate the serum stability of liposomes, the variation of particle size of 

liposomes was assayed in the presence of FBS and monitored by the DLS 
42

. In brief, 

liposome solutions were mixed with equal volume of FBS and incubated in a water 

bath at 37 °C with gentle shaking. At predetermined time points, 0.2 mL of the 

sample was diluted by 10 fold in 5% glucose solution and the particle size of the 

liposomes was measured by the DLS. 

2.3 Cell culture 

2.3.1 Cell isolation  

Primary hepatocytes were isolated from ICR mice by the method as described 

previously with minor modifications 
45

. In brief, liver tissues were perfused with 
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ethylene glycol tetraacetic acid (EGTA) perfusion buffer (consisting of 0.5% Glucose, 

25 mM HEPES, 2 mM EGTA in PBS, pH 7.4, sterile filtered, pre-heated to 37 °C) for 

5 min until the liver turned to be khaki color. Then the liver tissues were perfused 

with collagenase perfusion buffer (consisting of 25 mM HEPES, 3 mM CaCl2, 3 

mg/ml collagenase type IV in plain DMEM medium, pH 7.4, sterile filtered, 

pre-heated to 37 °C) for 5 min. After perfusion, the liver tissues were collected and 

dispersed in DMEM medium with sterile tweezers. After filtered through 100 µm 

nylon mesh, the cell suspension was centrifuged at 50 × g for 3 min at 4 °C. To isolate 

the hepatocytes from total cells, the cell pellet was washed and centrifuged at 50 × g 

for 3 min two times in DMEM medium, and the cells at the bottom were the purified 

hepatocytes. After the viability was checked by trypan blue exclusion, hepatocytes 

were plated in cell culture plates at the required density and incubated in DMEM 

medium supplemented with 10% FBS. Cells were incubated at 5% CO2 and 37 °C. 

2.3.2 Cell differentiation 

A549 cells and HepG2 cells were incubated as monolayer cultures in RMPI 1640 

medium supplemented with 10% FBS at 5% CO2 and 37 °C. To induce differentiation 

36, 46
, cells were cultured in the medium with 1% dimethylsulfoxide (DMSO) for 5 

days. 

2.4 Assessment of liposomes uptake in vitro 

2.4.1 Flow cytometry  

The cellular uptake of Did-labeled liposomes was evaluated using a flow 

cytometer (FCM, CytomicsTM FC 500, Beckman Coulter, USA) in accordance with 

the protocol of previous report 
47

. In brief, cells were seeded in 12-well plates at a 

density of 1 × 10
5
 cells/mL and incubated for 24 h at 37 °C. Then, the medium was 
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replaced with 1 mL of fresh medium containing mPEG-Lip, preS1/21-47
myr

-PEG-Lip 

or cLip with an equivalent concentration of Did (400 ng/mL), and the cells were 

incubated for 1 h at 37 °C. The cells were washed thrice with cold PBS, then 

trypsinized and pelleted by centrifugation. The cell pellets were resuspended in 0.3 

mL of PBS and measured by FCM.  

In the competitive inhibition assay, cells were pre-incubated with 25 μg/mL of 

free preS1/21-47
myr 

for 1 h, and afterwards the culture medium was replaced with 

fresh medium containing Did-labeled liposomes. After 1 h, the cells were examined 

by FCM. 

2.4.2 Confocal laser scanning microscopy 

For microscopic observation, cells were seeded on cover slips in 12-well plates at 

a density of 1 × 10
4
 cells/mL and incubated for 24 h at 37 °C. Then, the medium was 

replaced with 1 mL of fresh medium containing mPEG-Lip, preS1/21-47
myr

-PEG-Lip 

or cLip with an equivalent concentration of Did (400 ng/mL) and allowed for further 

incubation of 1 h. Then the cells were washed thrice with cold PBS and fixed in 4% 

paraformaldehyde at room temperature for 10 min, following by nuclei staining with 

DAPI (1 μg/mL) for 5 min. Finally, cells were observed using a confocal laser 

scanning microscopy (FV1000, Olympus, USA).  

2.5 Mechanism of cellular uptake 

To study the mechanism of liposomes internalization, the relative cellular uptake 

of liposomes with 400 ng/mL of Did was measured in HepG2 cells, differentiated 

HepG2 cells and primary hepatocytes with selective inhibitors of different 

endocytosis pathways. Specifically, Cells were seeded in 12-well plate and incubated 

as described in the previous section. Cells were pre-incubated for 30 min with plain 
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medium containing (inhibitors) sodium azide (0.1%, w/v), filipin (10 μg/mL), 

colchicine (1 mM), and chlorpromazine (20 μg/mL). The medium was then discarded 

and the cells were washed thrice with PBS, and incubated for another 2 h with Did 

(400 ng/mL) containing liposomes. After that, cells were washed thrice with ice-cold 

PBS, trypsinized and pelleted by centrifugation, and then resuspended in 0.3 mL of 

PBS for FCM analysis. The relative uptake of liposomes was expressed as the ratio of 

the florescence reading for the inhibitor pre-treated cells to that for the corresponding 

non-treated cells. 

2.6 In vitro cytotoxicity 

The cell cytotoxicity of liposmes in the study was assessed on HepG2, 

differentiated HepG2 and primary hepatocytes by MTT viability assay 
48

. In brief, 

cells were seeded in 96-well plates at 1 × 10
4
 cells/well and incubated for 24 h. After 

that, the cells were exposed to blank liposomes (31.25 - 1000 μg/mL of lipid) in fresh 

medium for 24 h. Subsequently, the medium was replaced by 200 μL of MTT solution 

(0.5 mg/mL in fresh medium) and cells were further incubated for 4 h at 37 °C. The 

medium was then discarded and the formazan crystals were dissolved in 200 μL of 

DMSO. The absorbance was measured at 570 nm by a microplate reader (Thermo 

Scientific Varioskan Flash, USA). Cell viability (%) was calculated according to the 

following formula: (Abstest-Absblank/Abscontrol-Absblank) × 100%, where Abstest and 

Abscontrol represented the absorbance of cells treated with liopsomes and blank culture 

medium respectively, and Absblank was the absorbance of cells without treatment with 

MTT. 

2.7 In vivo biodistribution study 

Page 12 of 40Nanoscale

N
an

os
ca

le
A

cc
ep

te
d

M
an

us
cr

ip
t



The liver and liver tumor targetability of liposomes was investigated in a 

tumor-xenograft mouse model by acquiring the fluorescence of liver and liver tumor. 

To prepare the H22 tumor-xenografted mouse model, the male ICR mice were used 

and injected at the right axilla with a H22 cell suspension (1 × 10
6
 cells in 0.2 mL). 2 

weeks later, the liposomes were injected through tail vein at a dose of 150 μg Did/kg. 

1 h after injection of liposomes, the mice were immediately executed and the intact 

major organs and tumors were collected and imaged with in vivo imaging system 

(Quick View 3000, Bio-Real, Austria). The fluorescence intensity of different organs 

and tumors was acquired to calculate the statistical differences by the 

semi-quantitative analysis of the ex vivo fluorescent images.  

2.8 In vivo parenchymal hepatic cell targeting study 

To study the distribution of liposomes in the parenchymal hepatic cells, 

Did-labeled liposomes were injected into ICR mice via tail vein at a dose of 150 μg 

Did/kg. 1 h after the injection, hepatocytes were isolated from liver and purified as 

described in previous section. The hepatocytes suspension was analyzed by FCM. 

2.9  In vivo antitumor efficacy  

H22 cells (1×10
6
 cells per mouse) were inoculated subcutaneously to the ICR 

mice at the right axilla. On Day 7, mice were randomly divided into five groups. Each 

group contains 12 mice. PTX injection and different PTX liposomes were 

administered (5 mg/kg) via the tail vein once each at day 7, 10, 13 and 16. Normal 

saline was administrated via intravenous injection for the control group. Tumor was 

measured by a vernier calipers on alternate day and its volume (V) was calculated as 

the formula 0.5 (a × b
2
) where “a” and “b” are the longest and shortest diameter of the 
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tumor, respectively 
49

. The survival of the mice was recorded and presented by 

Kaplan-Meier plots. 

2.10  In vivo toxicity studies 

2.10.1 General toxicity  

The general toxicity of liposomes in this study was examined in accordance with 

the literature with minor modifications 
50

. Briefly, male ICR mice were fasted for 12 h 

before an intravenous injection of blank liposomes (150 μmol/kg) or saline and the 

injection was carried out once every two days for two consecutive weeks. The mice 

were weighed daily and sacrificed at 24 h after the last administration. The blood 

samples were collected for standard hematologic and biochemical analysis. For 

hematologic analysis, the blood samples were directly measured by automatic 

hematology analyzer (MEK-6318K, Nihon-kohden, Japan) for the amount of white 

blood cell count (WBC), red blood cell count (RBC), hematocrit, hemoglobin, lymphs, 

platelet count, mean corpuscular hemoglobin (MCH), mean corpuscular volume 

(MCV) and mean corpuscular hemoglobin concentration (MCHC). As for 

biochemical analysis, the blood samples collected were kept at 4 °C for 30 min and 

centrifuged at 4000 rpm for 10 min at 4 °C. The supernatant (serum) was collected to 

being assayed using automatic biochemical analyzer (7020, Hitachi, Japan) for the 

level of glutamic-pyruvic transaminase (ALT), glutamic-oxalacetic transaminase 

(AST), alkaline phosphatase (ALP), blood urea nitrogen (BUN), creatinine (CREA), 

lactate dehydrogenase (LDH), total creatine kinase (CK), and total bilirubin. Organs 

including heart, liver, spleen, lung, kidney and brain were excised for histopathologic 

observation 
51

. In brief, the organs were fixed with 4% paraformaldehyde for at least 

48 h and then embedded in paraffin. The blocks were cut into 5 μm thickness and the 

tissue sections were stained with hematoxylin and eosin (H & E). The histological 
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sections were examined and photographed under light microscopy (Axiovert 40CFL, 

CarlCeiss, Germany). 

2.10.2 Immunotoxicity 

To investigate the immunogenicity of liposomes in vivo, the levels of interleukin-6 

(IL-6) and interleukin-12 (IL-12) in serum were evaluated as previously reported 
52

. 

In a nutshell, male ICR mice were intravenously injected with blank 

preS1/21-47
myr

-PEG-Lip (150 μmol/kg), saline and LPS (2 mg/kg), respectively. 2 h 

after injection, blood samples were collected and serum samples were isolated to 

determine IL-6 and IL-12 levels by ELISA assay (R&D Systems, USA). 

2.11 Statistical analysis 

Statistical comparisons were performed using Student’s t-test to evaluate 

statistical differences among groups. All data reported are expressed as mean ± SD 

(standard deviations). Data with P < 0.05 and P < 0.01 were considered to be 

statistically different and statistically significantly different, respectively.  

3. Results and discussion 

3.1 Preparation and characterization of liposomes 

In this study, the preS1/21-47
myr

-PEG-Lip was prepared through the water phase 

reaction method 
53

 by which the preS1/21-47
myr

-Cys reacted with Mal-PEG-Lip and 

not the thin-film hydration method by which preS1/21-47
myr

-conjugated PEG-DSPE 

was incorporated into the organic solution of lipids prior to the thin film formation. In 

the preliminary study, the preS1/21-47
myr

-PEG-Lip prepared by the thin-film 

hydration method and the PEG-Lip modified by preS1/21-47 without N-terminal 

myristoyl through the water phase reaction method did not show satisfactory uptake 

by liver cells (data not shown). The results were inconsistent with the result of 
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literature 
40

 in which the nanoscale protein cage modified with preS1 aa21-47 peptide 

of HBV was fabricated by genetic engineering and showed excellent specificity for 

hepatic cell lines than other cell lines. This contradiction might be explained by that 

the N-terminal myristoylated modification was suggested to improve the functional 

affinity of preS1 peptide with hepatocytes 
54

 and the specific uptake of liposomes by 

the liver cells might require higher functional affinity of preS1 peptide with 

hepatocytes than that of the nanoscale protein cage. Moreover, it was also reported 

that the N-terminal myristoylated modification of preS1 peptide was essential for viral 

infectivity of HBV
31

. Based on these observations, the myristoyl acid residue in 

preS1/21-47
myr

 might be buried in the lipid bilayer of liposomes during the hydration 

process thus resulting in the poor performance of preS1/21-47
myr

-PEG-Lip. 

As shown in Fig. 2, maleimide-thiol addition reaction completed in about 30 min 

under gentle conditions. The amount of preS1/21-47
myr 

on the surface of liposomes 

was quantified by Micro BCA assay. The amount of modified preS1/21-47
myr 

was 

determined as approximately 13.47 ± 1.22 μg/μmol lipids.  

Table 1 shows the hydrodynamic size and the zeta potentials of liposomes in 5% 

glucose solutions. The average particle size of PEGylated liposomes was about 120 

nm and slightly increased after preS1/21-47
myr

 modification. Furthermore, the particle 

size of cLip was bigger than that of preS1/21-47
myr

-PEG-Lip. As for the zeta potential, 

obtained liposomes displayed negative charges. The morphology of liposomes was 

observed by TEM. The prepared liposomes displayed uniform and near spherical 

shapes under TEM (Fig. 3A), and the diameter was in the nanometer range which was 

consistent with the DLS measurement. In addition, all of these parameters were not 

significantly affected by the PTX loading and the encapsulation efficiency of PTX 
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was more than 90% (Table 1), illustrating that PTX was well incorporated into the 

liposomes.  

The in vitro release profiles of PTX loaded liposomes were presented in Fig. 3B. 

Compared with the rapid release of free PTX, all of PTX loaded liposomes showed 

the sustained release properties and there was no obvious burst release. In addition, 

the release of PTX from cLip was slightly quicker than that of PEG-Lip and 

preS1/21-47
myr

-PEG-Lip but there were no significant differences between PEG-Lip 

and preS1/21-47
myr

-PEG-Lip which indicated that the PEG chain might slow the drug 

release of cLip and the peptide modification showed little influence on the drug 

release profile of PEG-Lip. 

Due to the fusion or aggregation of unstable liposomes during the preparation 

and/or storage process, the increase in particle size of liposomes was a typical 

phenomenon 
55

. In this study, the storage stability of liposomes was evaluated by 

storing liposomes formulations at 4 °C for 4 weeks and by monitoring the variation of 

particle size using DLS. As shown in Fig. 4A, the PEGylated liposomes including 

preS1/21-47
myr

 modification showed a stable particle size over the storage period. 

However, cLip became bigger at four days and even there was some precipitate on the 

bottom of container after 1 week which could be attributed to the fusion and 

aggregation of liposomes. For cLip was only used as a control and swiftly used after 

being prepared, the stability condition of cLip was not investigated. 

Opsonization (i.e. protein adsorption) can induce significant changes in the 

liposomal surface properties, which is likely to result in rapid clearance of liposomes 

from the blood and affects their in vivo fate 
56, 57

. Therefore, the stability of liposomes 

against protein adsorption was evaluated by monitoring their particle size change in 
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the presence of serum. The particle size of cLip dramatically increased but that of 

PEGylated liposomes with or without preS1/21-47
myr

 modification remained 

unchanged in the presence of serum for 24 h (Fig. 4B). Hydrophilic PEG chains 

presented a large volume of hydrated layer on the liposome surface. Thus, the 

PEGylated liposmes showed increased colloidal stability than non-PEGylated 

liposomes in the presence of serum due to the steric repulsion by PEG chains against 

protein adsorption and electrostatic repulsion of the hydrated layer 
58

.
 

3.2 Cellular uptake 

The preS1(21-47) region plays a critical role in the virus-cell interaction which 

can specifically bind with cell surface receptors on HepG2 
37, 39

. Also, more distinct 

binding was reported between preS1/21-47 and differentiated HepG2 induced by 

DMSO 
46

. Thus, HepG2 and differentiated HepG2 cells were selected for the in vitro 

cellular uptake study. The uptake of preS1/21-47
myr

-PEG-Lip was increased 

significantly compared to that of PEG-Lip in HepG2 cells (P < 0.01). Moreover, there 

was further improvement for the uptake of preS1/21-47
myr

-PEG-Lip in the 

differentiated HepG2 cells while the uptake of PEG-Lip remained unchanged 

compared with HepG2 cells (Fig. 5A). In A549 cells, the uptake of 

preS1/21-47
myr

-PEG-Lip increased significantly (P < 0.05) compared to that of 

PEG-Lip, however, no significant differences were observed for the uptake of 

preS1/21-47
myr

-PEG-Lip in A549 cells and differentiated A549 cells. Despite the 

increase in the uptake of preS1/21-47
myr

-PEG-Lip in HepG2 cells and A549 cells as 

compared to that of PEG-Lip, the uptake of the preS1/21-47
myr

-PEG-Lip in HepG2 

cells was inhibited by the pretreatment of free preS1/21-47
myr

 but not in A549 cells 

(Fig. 5B). Therefore, the increase in the uptake of preS1/21-47
myr

-PEG-Lip in A549 

and differentiated A549 cells could be attributed to the enhanced lipotropism induced 
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by the myristoyl acid residue of preS1/21-47
myr

. In addition, the uptake of PEG-Lip in 

different cell types was not decreased by the free preS1/21-47
myr

. The increase in the 

uptake of preS1/21-47
myr

-PEG-Lip in HepG2 and differentiated HepG2 cells was 

demonstrated to be mediated by a ligand-receptor interaction and the enhanced 

lipotropism. After HepG2 differentiation, the uptake of preS1/21-47
myr

-PEG-Lip was 

greatly improved, because the differentiated HepG2 cells displayed higher affinity to 

preS1/21-47 than HepG2 cells 
46

. Moreover, the uptake of preS1/21-47
myr

-PEG-Lip in 

the primary mice hepatocytes was dramatically improved compared with that of 

PEG-Lip and inhibited by free preS1/21-47
myr 

(Fig. 5A and Fig. 5B). Thus, the uptake 

of preS1/21-47
myr

-PEG-Lip in the mice primary hepatocytes was suggested to be 

mediated by the ligand-receptor interaction. The obtained results were consistent with 

the literature, which suggested that HBV hepatotropism was mediated by a specific 

receptor recognition in the mice liver, and that the mice liver was not susceptible to 

HBV infection but expressed the HBV-preS1-specific receptors 
34

. However, the 

identity of HBV-preS1-specific receptor remains unknown until now. Recently, 

sodium taurocholate cotransporting polypeptide (NTCP) was reported to function as a 

cellular receptor for viral entry of HBV through specific interaction between NTCP 

and the preS1 domain of HBV large envelope protein 
59

. Therefore, NTCP may also 

be the corresponding receptor for preS1/21-47
myr

, which remains to be addressed in 

the further study. 

To determine the subcellular localization of liposomes, the cells were observed by 

the confocal laser scanning microscopy after being incubated in the medium 

containing Did-labeled liposomes for 1 h. The cell nuclei were stained with DAPI. As 

shown in Fig. 6, liposomes were mainly localized in the cytoplasm. In addition, the 

fluorescence of cLip and preS1/21-47
myr

-PEG-Lip groups in cells were stronger than 
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that of PEG-Lip group. The images of preS1/21-47
myr

-PEG-Lip group even displayed 

more fluorescence signal compared with that of cLip in differentiated HepG2 and 

mice primary hepatocytes. The results were in accordance with the data of flow 

cytometry analyses and confirmed the in vitro hepatic targetability of 

preS1/21-47
myr

-PEG-Lip. 

3.3 Cellular uptake pathway 

To explore the endocytosis pathways for preS1/21-47
myr

 modified liposomes, the 

cellular uptake inhibition assay was adopted in liver cells including HepG2, 

differentiated HepG2 and mice primary hepatocytes. In this study, the cytotoxicity of 

different endocytosis inhibitors on HepG2, differentiated HepG2 and mice primary 

hepatocytes was negligible according to the MTT results (data not shown). Sodium 

azide was employed to determine the impact of energy. Colchicine, filipin and 

chlorpromazine were used to block macropinocytosis-mediated, caveolin-mediated 

and clathrin-mediated endocytosis, respectively 
42, 60

. As shown in Fig. 7, the cellular 

uptake of preS1/21-47
myr

-PEG-Lip was inhibited by sodium azide in all liver cells 

under investigation which indicated the endocytosis of preS1/21-47
myr

-PEG-Lip was 

an energy-dependent process. The endocytosis pathways of conventional liposomes 

were proved to be mainly mediated by the clathrin-mediated endocytosis 
61

. and 

fashioned by the peptide or the ligand exposed on the liposomes 
62, 63

. In Fig. 7, the 

influence of colchicine was negligible which illustrated that minimal 

macropinocytosis effect in liver cells was observed for the internalization of 

preS1/21-47
myr

-PEG-Lip. The chlorpromazine and filipin showed different effects on 

the cellular uptake of preS1/21-47
myr

-PEG-Lip in three cell types. In HepG2, the cell 

uptake of preS1/21-47
myr

-PEG-Lip was inhibited dramatically by chlorpromazine and 

slightly by filipin, which showed that the clathrin-mediated endocytosis played a 
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dominant role accompanied by the caveolin-mediated pathway. In the differentiated 

HepG2 cells and mice primary hepatocytes, the cell uptake of 

preS1/21-47
myr

-PEG-Lip, on the contrary, was inhibited slightly by chlorpromazine 

and dramatically by filipin. Caveolae-mediated endocytosis is an important pathway 

for the cell entry of nanomedicine, which could bypass lysosomal degradation in most 

cases 
62, 64

. Some viruses 
65, 66

 and macromolecules, such as albumin 
67

,
 exploited this 

pathway to prevent being degraded by lysosomes. Furthermore, HBV could enter 

cells via caveolin-mediated endocytosis 
68, 69

. Thus, the preS1/21-47
myr

 derived from 

the large envelope protein of HBV may be endowed with the infection machinery of 

HBV, and as a result, the preS1/21-47
myr

-PEG-Lip could enter liver cells by 

caveolin-mediated pathway and the caveolae-mediated endocytosis became stronger 

with higher affinity of preS1/21-47
myr

-PEG-Lip to cells (HepG2 < differentiated 

HepG2 < primary hepatocytes). 

3.4 In vitro cytotoxicity study 

Consisting of a lipid bilayer which simulates the composition and structure of cell 

membrane, liposomes are thus generally well tolerated with low cytotoxicity 
70, 71

. The 

cytotoxicity of the liposomes depends on the type of lipids, the amount of lipids, and 

the size and surface properties of liposomes 
48, 72

. PreS1/21-47
myr

-PEG-Lip and 

PEG-Lip did not induce significant cell cytotoxicity at various concentrations (up to 1 

mg/mL) after incubation for 24 h and even lower cytotoxicity was observed with cLip 

at 1 mg/mL (P < 0.05) (Fig. 8). Therefore, the preS1/21-47
myr

-PEG-Lip prepared in 

this study was proven a promising drug delivery system without obvious cytotoxicity. 

3.5 In vivo biodistribution  
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To determine the in vivo liver targetability of preS1/21-47
myr

-PEG-Lip, we next 

explored the biodistribution of Did-labeled preS1/21-47
myr

-PEG-Lip in H22 

tumor-bearing mice following intravenous administration. As shown in Fig. 9A and 

Fig. 9B, cLip were largely captured by the liver. After PEGylation, the uptake of 

liposomes was decreased markedly in liver and slightly in spleen. Meanwhile, the 

PEG-Lip remained mainly in the blood and was uptaken by tumor due to the 

enhanced permeability and retention effect (EPR effect) 
73, 74

. After modification with 

preS1/21-47
myr

, the preS1/21-47
myr

-PEG-Lip displayed much higher liver 

concentration than that of PEG-Lip and of cLip (P < 0.01). In addition, the 

distribution of preS1/21-47
myr

-PEG-Lip in tumor was slightly higher than that of 

PEG-Lip (P < 0.05), which was attributed to the dual impact of EPR effect and the 

active targeting of preS1/21-47
myr

. Compared with cLip, the intratumoral distribution 

of preS1/21-47
myr

-PEG-Lip increased dramatically in H22 tumor (P < 0.01).  

The spleen capture of preS1/21-47
myr

-PEG-Lip was slightly higher than PEG-Lip 

and similar with that of cLip (Fig. 9A and Fig. 9B), which might be owing to the 

modification of PEG-Lip surface property by preS1/21-47
myr

 with a myristoyl acid 

residue. Thus, it is necessary to determine the liver capture pathway of 

preS1/21-47
myr

-PEG-Lip. As cLip was mainly captured by the Kuffer cells in liver not 

hepatocytes 
2, 75

, primary hepatocytes were isolated from mice liver to quantitatively 

determine the Did concentration by FCM. As shown in Fig. 9B and Fig. 9C, the 

uptake of cLip by hepatocytes was slightly higher than that of PEG-Lip though the 

uptake of cLip by whole liver was much higher than that of PEG-Lip. In contrast, the 

capture of preS1/21-47
myr

-PEG-Lip by hepatocytes was in consistent with that by 

whole liver compared with PEG-Lip. Therefore, the capture of 

preS1/21-47
myr

-PEG-Lip by liver was mainly mediated through the active targeting 
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process. In addition, hepatocytes account for more than 80% of the total resident 

hepatic cells and act as the most relevant target cells for liver diseases such as 

steatohepatitis, hepatocellular carcinoma, lantitrypsin deficiency and several other 

metabolic disorders 
2
. Therefore, improving preS1/21-47

myr
-PEG-Lip uptake by 

hepatocytes would be of great significance to liver targeted therapy.  

3.6 In vivo antitumor efficacy 

To study the antitumor efficacy of PTX-loaded preS1/21-47
myr

-PEG-Lip on liver 

cancer, H22 transplanted tumor bearing ICR mice were chose as the model animals, 

which is a simple and fast-growing tumor model with high successful rate. After 

treatment with PTX injection and PTX-loaded liposomes, the tumor volumes and 

survival rates of mice were examined. As shown in Fig. 10, the tumor volumes 

increased rapidly in the saline group (mean tumor volume was 2897.45 mm
3
 at the 

19th day). It shows the variation of tumor volume with time (day) after H22 bearing 

mice were treated by i.v. of PTX injection, cLip-PTX and PEG-Lip-PTX and 

preS1/21-47
myr

-PEG-Lip-PTX, respectively. Obviously, the mice treated with 

preS1/21-47
myr

-PEG-Lip-PTX showed the slowest tumor growth rates and smallest 

tumor volumes, indicating that preS1/21-47
myr

-PEG-Lip-PTX had the significant 

tumor inhibition (P < 0.01 versus saline, PTX injection and cLip-PTX treated groups 

and P < 0.05 versus PEG-Lip treated group). The effects of each treatment group on 

animal survival was displayed in Fig. 10 and Table 2 . The median survival of mice 

treated with preS1/21-47
myr

-PEG-Lip-PTX (32 days) was significantly longer than 

that treated with saline (20 days, P < 0.01), PTX injection (22 days, P < 0.01), 

cLip-PTX (24 days, P < 0.01) and PEG-Lip-PTX (28 days, P < 0.05). Thus, it is clear 

that the antitumor efficacy of PTX in vivo was dramaticlly enhanced and the survival 

rates of tumor bearing mice were significantly improved by using the 
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hepatocyte-selective carrier system. In addition, preS1/21-47 is a strong entry 

inhibitor for the HBV infection 
40

, and the delivery system based on the peptide could 

improve the liver accumulation of drugs. Therefore, the carrier system also owns great 

potential in the therapy of the HBV infection. 

3.7 In vivo safety evaluation 

As discussed in the in vitro cytotoxicity study, the preS1/21-47
myr

-PEG-Lip 

showed minimum toxicity for hepatogenic cells. To determine the in vivo safety, we 

further explored the general toxicity and immunotoxicity of preS1/21-47
myr

-PEG-Lip. 

In the general toxicity study, no death and no serious body weight loss were observed 

compared with the saline group during the investigation period (Fig. 11A). No 

significant changes of hematologic and biochemical parameters were observed after 

the intravenous administration of blank preS1/21-47
myr

-PEG-Lip for 2 weeks (Table 3 

and Table 4). The serum levels of AST, ALT and ALP, as liver toxicity markers 
76

, 

remained unchanged by the repeated injection of blank preS1/21-47
myr

-PEG-Lip, 

which indicated that there was no damage on hepatic cells though 

preS1/21-47
myr

-PEG-Lip could distribute specifically in liver. In addition, no 

pathological changes were observed from histologic sections by administration of 

preS1/21-47
myr

-PEG-Lip for 14-days (Fig. 11B), which demonstrated minimum organ 

toxicity after multiple administration of preS1/21-47
myr

-PEG-Lip in 2 weeks. 

IL-6 and IL-12 were selected as the cytokine markers to determine the systemic 

immunogenicity of the preS1/21-47
myr

-PEG-Lip. As shown in Table 5, the serum 

levels of IL-6 and IL-12 in mice were greatly increased after being administrated with 

LPS. However, no significant differences for inflammatory cytokine levels were 

observed in serum between the preS1/21-47
myr

-PEG-Lip group and saline group. 
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These results demonstrated that preS1/21-47
myr

-PEG-Lip did not induce significant 

immune response of mice after injection. 

4. Conclusions  

In this work, we have demonstrated the successful application of N-myristoyl 

preS1/21-47 to prepare a liver targeted drug delivery system with high specificity to 

hepatogenic cells. The preS1/21-47
myr

-PEG-Lip showed outstanding targetability to 

hepatic cells including hepatoma carcinoma cells in vitro and in vivo. In addition, 

preS1/21-47
myr

-PEG-Lip did not induce acute systemic toxicity and immunogenicity 

or induce hepatotoxicity in vivo. Taken together, preS1/21-47
myr

-PEG-Lip represents 

an effective and safe delivery system for targeted liver disease therapy and imaging.  
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Table 1 Characrteristics of cLip, PEG-Lip and preS1/21-47myr-PEG-Lip (n = 3, mean ± SD). 

Code 
Particle size 

(nm) 
Polydispersity ζ (mV) 

Encapsulation 

efficiency (%) 

Blank liposomes     

PEG-Lip 115.3 ± 5.5 0.126 ± 0.009 -10.4 ± 2.0  

PreS1/21-47myr-PEG-Lip 133.6 ± 10.3 0.202 ± 0.015 -11.7 ± 1.3  

cLip 157.6 ± 8.4 0.275 ± 0.022 -8.5 ± 1.6  

PTX loaded liposomes     

PEG-Lip 126.6 ± 4.1 0.152 ± 0.014 -8.2 ± 1.4 96.5 ± 2.4 

PreS1/21-47myr-PEG-Lip 141.2 ± 5.2 0.246 ± 0.029 -10.5 ± 3.6 93.4 ± 3.1 

cLip 167.3 ± 6.4 0.278 ± 0.041 -9.6 ± 2.1    91.5 ± 3.7 

 

Table 2 Effect of PTX formulations on survival time of the xenografted hepatoma H22-burding mice. 

 

Groups 

Survival time (days) Compare with 

Means Medians Saline PTX injection cLip-PTX PEG-Lip-PTX 

Saline 19.5 ± 0.8 20.0 ± 1.1 _ _ _ _ 

PTX injection 21.5 ± 0.9 22.0 ± 1.1 N.S. _ _ _ 

cLip-PTX 24.3 ± 1.0 24.0 ± 1.1 ** * _ _ 

PEG-Lip-PTX 27.7 ± 1.2 28.0 ± 1.1 ** ** * _ 

preS1/21-47myr-PEG-Lip-PTX 33.0 ± 1.8 32.0 ± 2.3 ** ** ** * 

* P < 0.05, ** P < 0.01, N.S. P > 0.05 of log-rank analysis.  

 

Table 3 Serum biochemical parameters of mice after intravenous saline or blank preS1/21-47myr-PEG-Lip 

treatment for 2 weeks (mean ± SD, n = 6).  

Parameters Saline Blank preS1/21-47myr-PEG-Lip 

AST (U/L) 137.2 ± 34.5 114.5 ± 27.4 

ALT (U/L)  42.3 ± 15.7  47.9 ± 10.1 

Total bilirubin (μmol/L)  1.7 ± 0.3  1.8 ± 0.4 

ALP (U/L) 156.3 ± 41.7 141.2 ± 39.4 

BUN (mmol/L)  6.1 ± 1.7  6.6 ± 1.2 

CREA (μmol/L) 13.2 ± 5.2 11.8 ± 3.9 

CK (U/L)  701.5 ± 119.4 721.4 ± 84.0 
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LDH (U/L)  517.6 ± 102.4  594.3 ± 151.8 

 

Table 4 Hematology parameters of mice after intravenous saline or blank preS1/21-47myr-PEG-Lip 

treatment for 2 weeks (mean ± SD, n = 6). 

Parameters Saline Blank preS1/21-47myr-PEG-Lip 

WBC (109/L)  6.4 ± 0.7   7.3 ± 0.9 

RBC (1012/L)  8.5 ± 0.4   9.2 ± 0.5 

Platelet (109/L) 607.8 ± 62.7   664.6 ± 137.4 

Lymphs (%)  61.2 ± 10.3   70.4 ± 12.5 

Hemoglobin (g/L) 158.9 ± 10.7 137.1 ± 8.1 

Hematocrit (%) 43.2 ± 4.6  49.5 ± 7.4 

MCV (fL) 50.3 ± 4.1  45.4 ± 2.9 

MCH (pg) 14.5 ± 0.8  15.8 ± 2.4 

MCHC (g/L) 255.4 ± 52.9  239.0 ± 24.5 

 

Table 5 Serum IL-6 and IL-12 levels of mice executed 2 h after intravenous administration of saline, blank 

preS1/21-47myr-PEG-Lip and LPS (mean ± SD, n = 6). 

Cytokines Saline Blank preS1/21-47myr-PEG-Lip LPS 

IL-6 (pg/mL) 30.2 ± 8.2 32.5 ± 6.9 452.4 ± 179.9 

IL-12 (pg/mL)  845.7 ± 165.2  874.3 ± 221.4 4926.1 ± 2930.6 

 

 

 

 

 

 

 

 

 

 

 

 

 

Page 30 of 40Nanoscale

N
an

os
ca

le
A

cc
ep

te
d

M
an

us
cr

ip
t



 

Fig. 1  (A) Schematic structure of HBV, which shows that the viral DNA covalently attached to the DNA 

polymerase and the complex is enclosed by an inner nucleocapsid and an outer envelope which containing three 

different surface proteins termed Small (S), Middle (M) and Large (L). (B) Schematic structure of the L surface 

protein of HBV with preS1 domain, preS2 domain, and S domain. The preS1/21-47myr comprising the prominent 

HBV attachment epitope (amino acids 21–47 of the preS1 domain) with N-terminal myristoylation. 

 

 

 

Fig. 2 Reaction of preS1/21-47myr and Mal-PEG-DSPE as monitored by Tricine-SDS-PAGE. The gel was dyed 

with 0.25% of coomassie brilliant blue for detecting the preS1/21-47myr (left) and then dyed by potassium iodide 

solution containing iodine for tracing the Mal-PEG2000-DSPE (right). (a) Mal-PEG2000-DSPE, (b) reaction solution 

of Mal-PEG2000-DSPE and preS1/21-47myr (excess), (c) reaction solution of Mal-PEG2000-DSPE (excess) and 

preS1/21-47myr, (d) preS1/21-47myr. 
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Fig. 3 (A) Transmission electron micrographs of PEG-Lip (a), preS1/21-47myr-PEG-Lip (b) and cLip (c). The scale 

bar represents 100 nm. (B) The in vitro release profiles of PTX injection and PTX loaded liposomes (n = 3, mean ± 

SD). 
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Fig. 4 Representative graphs of particle size of Did loaded cLip, PEG-Lip and preS1/21-47myr-PEG-Lip at 4 °C (A) 

and in the presence of 50% FBS (B) (n = 3, mean ± SD).  
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Fig. 5 FCM analysis of HepG2, differentiated HepG2, primary hepatocytes, A549 and differentiated A549 cells 

treated with Did loaded cLip, PEG-Lip and preS1/21-47myr-PEG-Lip for 1 h at 37 °C in the absence (A) and the 

presence (B) of 25 μg/mL of preS1/21-47myr, data represent mean ± SD (n = 3), * P < 0.05, ** P < 0.01 versus the 

uptake with the absence of preS1/21-47myr. 
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Fig. 6 Confocal microscopy images of HepG2, differentiated HepG2, primary hepatocytes, A549 and 

differentiated A549 incubated with Did-labeled PEG-Lip, cLip and preS1/21-47myr-PEG-Lip  for 1 h at 37 °C. 

Red represents fluorescence of Did and blue represents fluorescence of DAPI. Scale bars represent 50 μm. 
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Fig. 7 The relative uptake percentage of preS1/21-47myr-PEG-Lip on HepG2 cells, differentiated HepG2 cells and 

primary hepatocytes in the presence of endocytosis inhibitors including sodium azide, colchicine, filipin, and 

chloropromazine. Data were normalized to the control group with no endocytosis inhibitor treatment. Cells were 

pre-incubated with different inhibitors for 30 min and then treated with preS1/21-47myr-PEG-Lip for another 1 h. 

Data represent mean ± SD (n = 3), ** P < 0.01 versus control, # # P < 0.01. 
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Fig. 8 In vitro cytotoxicity of blank cLip, PEG-Lip and preS1/21-47myr-PEG-Lip in HepG2 cells (A), differentiated 

HepG2 cells (B) and primary hepatocytes (C). Blank cLip, PEG-Lip and preS1/21-47myr-PEG-Lip (31.25 - 1000 

μg/mL) were incubated with cells for 24 h. Cell viability (%) was measured using a MTT-based assay. Data 

represent mean ± SD (n = 3), * P < 0.05. 
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Fig. 9  (A) Ex vivo imaging of liposomes in main organs of ICR mice at 1h post-injection with Did labeled cLip, 

PEG-Lip and preS1/21-47myr-PEG-Lip. (B) The statistical graphs of the fluorescence intensity of main organs and 

blood based on the semi-quantitative analysis of the ex vivo fluorescence images of mice attained at 1 h after i.v. 

administration of Did labeled liposomes. Data represent mean ± SD (n = 5), * P < 0.05, ** P < 0.01. (C) FCM 

analysis of Did in parenchymal hepatic cells from mice receiving Did labeled cLip, PEG-Lip and 

preS1/21-47myr-PEG-Lip. Data represent mean ± SD (n = 5), * P < 0.05, ** P < 0.01. 
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Fig. 10 In vivo tumor volumes (A) and  Kaplan-Meier survival curves (B) of xenografted hepatoma H22-burding 

mice treated with saline, PTX injection, cLip-PTX, PEG-Lip-PTX and  preS1/21-47myr-PEG-Lip-PTX (PTX dose 

5 mg/kg), respectively, at day 7, 10, 13 and 16 post implantation (n = 12). * P < 0.05, ** P < 0.01. 
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Fig. 11 (A) Body weight changes of ICR mice following daily treatment of saline or blank 

preS1/21-47myr-PEG-Lip for 14 days. Data represent mean ± SD (n = 8). (B) Histological staining of main organs 

from ICR mice following 14 days treatment with saline and blank preS1/21-47myr-PEG-Lip. Scale bars represent 

125 μm. 
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