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Abstract

AIM: To investigate the possibility of recombinant high-
density lipoprotein (rHDL) being a carrier for delivering
antitumoral drug to hepatoma cells.

METHODS: Recombinant complex of HDL and aclacinomycin
(rHDL-ACM) was prepared by cosonication of apoproteins
from HDL (Apo HDL) and ACM as well as phosphatidylcholine.
Characteristics of the rHDL-ACM were elucidated by
electrophoretic mobility, including the size of particles,
morphology and entrapment efficiency. Binding activity
of rHDL-ACM to human hepatoma cells was determined
by competition assay in the presence of excess native
HDL. The cytotoxicity of rHDL-ACM was assessed by MTT
method.

RESULTS: The density range of rHDL-ACM was 1.063-1.210
g/mL, and the same as that of native HDL. The purity of
all rHDL-ACM preparations was more than 92%.
Encapsulated efficiencies of rHDL-ACM were more than
90%. rHDL-ACM particles were typical sphere model of
lipoproteins and heterogeneous in particle size. The
average diameter was 31.26±5.62 nm by measure of 110
rHDL-ACM particles in the range of diameter of lipoproteins.
rHDL-ACM could bind on SMMC-7721 cells, and such
binding could be competed against in the presence of
excess native HDL. rHDL-ACM had same binding capacity
as native HDL. The cellular uptake of rHDL-ACM by SMMC-
7721 hepatoma cells was significantly higher than that
of free ACM at the concentration range of 0.5-10 µg/mL
(P<0.01). Cytotoxicity of rHDL-ACM to SMMC-7721 cells
was significantly higher than that of free ACM at
concentration range of less than 5 µg/mL (P<0.01) and
IC50 of rHDL-ACM was lower than IC50 of free ACM
(1.68 nmol/L vs 3 nmol/L). Compared to L02 hepatocytes,
a normal liver cell line, the cellular uptake of rHDL-ACM
by SMMC-7721 cells was significantly higher (P<0.01) and
in a dose-dependent manner at the concentration range
of 0.5-10 g/mL. Cytotoxicity of the rHDL-ACM to SMMC-

7721 cells was significantly higher than that to L02 cells at
concentration range of 1-7.5 g/mL (P<0.01). IC50 for
SMMC-7721 cells (1.68 nmol/L) was lower than that for
L02 cells (5.68 nmol/L), showing a preferential cytotoxicity
of rHDL-ACM for SMMC-7721 cells.

CONCLUSION: rHDL-ACM complex keeps the basic
physical and biological binding properties of native HDL
and shows a preferential cytotoxicity for SMMC-7721
hepatoma to normal L02 hepatocytes. HDL is a potential
carrier for delivering lipophilic antitumoral drug to hepatoma
cells.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Clinical efficacy of anti-tumoral drug treatment is still a
big challenge, despite several decades of intensive research.
There are a number of factors, which we have to face,
such as lack of specificity and development of drug
resistance. Several strategies have been explored to
overcome these problems. The use of liposomes, for
example, has been studied as a delivery system to improve
the efficacy of antitumoral drugs. However, liposomes
have been found to be quickly cleared by reticuloendothelial
system[1,2] and its targeting -efficiency is uncertain[3]. Another
approach is using specific antibodies (Abs) to deliver the
drugs. But most antibodies are murine in origin and, can be
immunogenic, resulting in the production of antimouse
protein Abs[4]. Lipoproteins are potential candidates for
the delivery of drugs to cancer- cells[5]. Lipoproteins,
heterogeneous in particle size, lipid and apolipoprotein
contents, are classified as chylomicrons (CM), very low
density lipoprotein (VLDL), low density lipoprotein (LDL),
and high density lipoprotein (HDL). There are several
advantages of lipoproteins as anti-tumoural drug carriers:
(1) lipoproteins are spherical particles consisting of a core
of apolar lipids surrounded by a phospholipid monolayer,
in which cholesterol and apoproteins are embedded[6]. Highly



lipophilic drugs can be incorporated into the apolar core[7,8]

without affecting lipoprotein receptor recognition; (2)
lipoproteins can be recognized and taken up via specific
receptors, and can mediate cellular uptake of the carried
drugs[1,2,9]; (3) being endogenous, lipoproteins are completely
bio-degradable, do not trigger immunological responses,
escape from recognition and el imination by the
reticuloendothelial system (RES), and have a relatively long
half-life in the circulation[10]; (4) many cancer -cells including
the most aggressive ones show a high ability of  lipoprotein
uptake. This is presumably due to enhanced requirements
for structural cholesterol and steroid-derived products in
highly proliferative cells[11].

Many researches have been conducted to evaluate the
lipoprotein-drug delivery system. It was reported that VLDL-
drug complexes had the same cytotoxicity as free drugs.
However, the authors did not evidence receptor-mediated
uptake.[10,12]. A large number of investigations were
concentrated on LDL-drug complex[1,2,8]. LDLs, which have
great potential to store lipophilic molecules in their cores,
have been extensively studied as drug- carriers and have
been shown to be effective in improving efficacy and/or
reducing toxicity of therapeutical agents[1,15]. Some carcinoma
cell -lines have been reported to express more LDL receptors
than normal cells[16,17]. Most of  tumor- cells readily internalize
and degrade LDL by the high-affinity receptor pathway and
then drugs are released from LDL particles into the cells[12,18,19].
However, LDL receptors present in most normal tissue
cells, may not solve the problem of specificity.

Recently, HDL has been explored as a drug -carrier
system for a hydrophobic prodrug of IUdR[20] and for
cervical and breast cancer chemotherapy[12]. HDL plays a
major role in the transport of cholesterol from peripheral
tissues to the liver (called ‘reverse cholesterol transport’)[21].
HDL transports cholesterol to liver cells, where they are
recognized and taken up via specific receptors. Cholesteryl
esters within HDL are selectively uptaken by hepatocytes
via the scavenger receptor BI(SR-BI)[22,23]. An interesting
feature of SR-BI is that the receptor selectively translocates
HDL-cholesteryl esters from the lipoprotein particle to the
cytosol of the liver parenchymal cells without a parallel
uptake of the apolipoproteins and this property may allow
for the delivery of its loaded drugs avoiding lysosomal
degradation[24]. The ectopic -chain of ATP synthase[25], as
a new hepatic apoA-I receptor, and hepatic lipase[26] in the
surface of hepatocytes may also take part in the selective
uptake of HDL-cholesteryl esters. The rate of selective
cellular uptake of cholesteryl ester by liver can be up to 40-
fold higher than the uptake of apolipoprotein[27]. The
lysosomal pathway of endocytic LDL may result in the
destruction of its carried drugs[13,14]. As a drug carrier, non-
lysosomal pathway of endocytic HDL[24,26] may be more
desirable. As a drug delivery system, HDL may be better
than other lipoproteins in hepatoma chemotherapy.

In this paper, we chose HDL as a drug carrier to explore
the possibility of  HDL-ACM complex in hepatoma
chemotherapy. We found that rHDL-ACM complex keeps
the basic physical and biological binding properties of
native HDL and shows a preferential cytotoxicity for
SMMC-7721 hepatoma to normal L02 hepatocytes.

MATERIALS AND METHODS
Materials
Aclacinomycin (ACM) was purchased from Yangzhou
Pharmaceutical Corporation (Jiangsu, China). Soy
phosphatidylcholine was purchased from Shanghai Boao
Co. Human hepatocellular carcinoma SMMC-7721 cells
(SMMC-7721 cells) and hepatocyte L02, a normal liver
cell line, was provided by Shanghai Institute of Biochemistry
and Cell Biology, Chinese Academy of  Science.

Methods
Isolation of high-density lipoprotein  Human HDL
(1.063-1.210 g/mL) was isolated by ultracentrifugation as
previously described[28]. The isolated HDL was dialyzed at
4 ℃ against 0.15 mol/L NaCl, 1 mmol/L sodium EDTA,
0.02% NaN3, and pH 6.5.
Preparation of ApoHDL  HDL was concentrated with
polyethylene glycol 20 000. The concentration of HDL
protein was adjusted to 10 mg/mL. HDL was delipidated
with ethanol: diethyl ether (3:2) mixture at -10 ℃. Details
of the procedure were described by Scanu[29]. The ApoHDL
was collected, dried in N2 and stored at -20 ℃.

Preparation and purification of recombinants of HDL and
aclacinomycin (rHDL-ACM)
Using HDL reconstitution technique[30] with some
modification, we prepared rHDL-ACM complex. Soy
phosphatidylcholine (80 mg), and ACM (3 mg) dispersed
in 10 mL of  0.01 mol/L pH 8.0 Tris buffer (containing
0.1 mol/L KCl, 1 mmol/L EDTA and 0.02% NaN3) were
sonicated using a probe sonicator for 30 min at room
temperature. Then 10 mg apoA-I, dissolved in 2.5 mol/L
urea, was added over a period of 5 min. Sonication was
continued for another 10 min. The preparation was purified
by density gradient centrifugation at 166 200 g for 20 h and
1.063-1.210 g/mL density fractions were pooled. rHDL-
ACM was exhaustively dialyzed against 0.15 mol/L NaCl,
1 mmol/L sodiumEDTA, 0.02% NaN3, and pH 6.5.

The prepared rHDL-ACM was purified on SephadexG-
25 (1×18 cm) after dialyzed against 0.15 mol/L NaCl,
1 mmol/L EDTA, 0.02% NaN3, pH 6.5 to remove free
ACM. rHDL-ACM was stored at 4 ℃.

Determination of the purity and encapsulated efficiency of
rHDL-ACM
One hundred microliter Protamin sulfate (10 mg/mL) was
added to 0.5 mL purified rHDL-ACM (phosphatidylcholine/
Protamin sulfate mass ratio 2:1), mixed for 3 min at room
temperature and spun by centrifugation at 1 920 g for 30 min.
The precipitate was extracted by 1 mL chloroform: methanol
(1:1) mixture. The ACM in organic phase was determined
by UV at wavelength of  431 nm. The content of  ACM
encapsulated in rHDL-ACM can be calculated according to
standard curve of  ACM. Another part of  purified 0.5 mL
rHDL-ACM was added into 2 mL chloroform/methanol
(1:1) mixture and shaken for 2 min. The content of  ACM
in organic phase (total content of  ACM in rHDL-ACM
solution) was measured and calculated according to standard
curve of  ACM.

Purity of  rHDL-ACM(%) = the content of  ACM
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encapsulated in rHDL-ACM/the total content of  ACM in
the purified rHDL-ACM solution ×100%.

Encapsulated efficiency(%) = (the content of  ACM
encapsulated in rHDL-ACM/the total amount of  added
ACM)×100%.
Electrophoretic study  The electrophoretic mobility of
the rHDL-ACM complex and native HDL were compared
on agarose gel electrophoresis[31].
The size and morphology of rHDL-ACM  The mean
diameter of  the rHDL-ACM particles was obtained by Zata
Potential/Particle Sizer (Nicomp 380 ZlS). rHDL-ACM
particles were stained with 2% potassium phosphotungstate
pH 7.4 and then the morphology was observed under
transmission electron microscope (Philip Co.). The
magnification was 52 K.
Competitive binding assay of rHDL-ACM to SMMA-
7721 cells  SMMC-7721 cells were routinely cultured in
RPMI 1640 (gibco) containing penicillin (100 IU/mL),
streptomycin (100 g/mL) and 100 mL/L calf serum and
maintained in a humidified atmosphere containing 50 mL/L
CO2 at 37 ℃. Cells were seeded in 6-well plates at a
concentration of 4×105 cells/well. After incubation for 24 h,
the medium was removed and replaced with the media
supplemented with rHDL-ACM at a final concentration
of 125 g/mL and incubated with an excess of native
HDL with a final concentration of 0, 125, 250, 500, 1 000,
2 000 g/mL. The assays were performed in triplicate.
After incubation for 3 h at 37 ℃, the medium was removed
and cells were washed with pH 7.2 PBS for three times and
then dissolved in 1 mL 0.4% NaOH, 2 mL of  chloroform:
methanol (1:1) mixture was added to each well. The plate
was then agitated on an orbital shaker for 2 min and
centrifuged at 1 920 g for 10 min. The fluorescent absorbance
of  ACM in organic phase was measured using an excitation
wave at 440 nm and the emission wave at 560 nm. All
assays were performed in triplicate.

Cell uptake of rHDL-ACM complex and free ACM by SMMC-
7721 cells
SMMC-7721 cells were cultured and seeded. The procedures
were as described above. The concentration of SMMC-
7721 cells was 4×105 cells/well. After 24 h culture, the
medium was replaced with the media supplemented with
rHDL-ACM or free ACM with concentrations of  0, 0.5,
1.0, 2.5, 5.0, and 10 g/mL. After incubating for 24 h, the
medium was removed and cells were washed with pH 7.2
PBS for three times. ACM in cells was measured. All assays
were performed in triplicate.

Cell uptake of rHDL-ACM by SMMC-7721 cells and hepatocyte
L02
The procedures were described as above. The concentration
of SMMC-7721 cells or hepatocyte L02 cells was 4×105

cells/well. The concentrations of  rHDL-ACM were 0, 0.5,
1.0, 2.5, 5.0, and 10 g/mL. After incubation for 24-h,
ACM in SMMC-7721 cells or hepatocyte L02 cells was
measured. All assays were performed in triplicate.

Cytotoxicity of rHDL-ACM complex and free ACM to SMMC-
7721 cells
SMMC-7721 cells were cultured in 96-well- plates at a

concentration of 1 000 cells/well. After 48 h of incubation,
drugs (rHDL-ACM, free ACM) were added respectively at
concentrations of 0.5, 1.0, 2.5, 5.0, and 7.5 g/mL. The plates
were incubated for 24 h at 37 ℃ and the media was removed.
Cell survival- rate was measured by MTT assay[32]. All assays
were performed in triplicate. The formula used to calculate
the cell survival rate (%) was as follows: cell survival rate
(%) = (net absorbance for cells treated with free ACM or
rHDL-ACM/net absorbance for untreated cells) × 100%.
IC50 of  rHDL-ACM complex and free ACM to SMMC-
7721 cells were calculated.

Cytotoxicity of rHDL-ACM to SMMC-7721 cells and hepatocyte

L02
The procedures were the same as above. rHDL-ACM was
added at the concentrations of 0, 0.5, 2.0, 5.0, and 7.5 g/mL.
All assays were performed in triplicate.

Statistics analysis
Statistical analysis was performed using Student’s t-test.

RESULTS

Characteristics of rHDL-ACM complex
The rHDL-ACM was prepared by sonication, density
gradient ultra-centrifugation and size fractionation. The
density range of  rHDL-ACM was 1.063-1.210 g/mL, the
same as that of native HDL[33]. As shown in Figures 1A
and 1B, there was no free ACM after dialysis. The purity
of  all rHDL-ACM preparations was more than 92%. Its
encapsulated efficiencies were more than 90%. We further
determined electrophoretic mobility of  the complex and
found that the mobility of  rHDL-ACM on agarose gels
was faster than that of native HDL (0.32 vs 0.16). Moreover,
we examined the complex by using negative staining
transmission electron microscopy and found that rHDL-
ACM particles were typical sphere model of  lipoproteins
and heterogeneous in particle size. The average diameter
was 31.26±5.62 nm by measure of  110 rHDL-ACM particles.
This is consistent with the standard deviation for the average
diameter of  the particles that was determined by particle
sizer (30.7±3.9 nm). rHDL-ACM particles were in the range
of diameter of lipoproteins[33] (Figure 2).

ACM delivery to human hepatocellular carcinoma SMMC-7721
cells through rHDL-ACM complex
In order to determine whether rHDL-ACM still had same
cell-binding activity as native HDL, we carried out a
competitive binding assay. As shown in Figure 3, rHDL-
ACM could bind to SMMC-7721 cells and such binding
could be competed against in the presence of excess native
HDL, indicating that rHDL-ACM complex still had native
HDL property.

To test the drug delivery efficiency, we incubated the
SMMC-7721 cells with increasing concentrations of rHDL-
ACM or free ACM. As shown in Figure 4, rHDL-ACM complex
delivered significantly higher amount of  ACM into cells
than free ACM at a concentration range of  0.5-10 µg/mL
(P<0.01) revealing that rHDL-ACM complex had a high
drug delivery efficiency.
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Figure 1  Elution profile of rHDL-ACM on SephadexG-25. Flow rate,
30 mL/h. Elution solution:0.15 mol/L NaCl, 1 mmol/L EDTA, 0.02%
NaN3, pH 6.5. A: rHDL-ACM before dialysis against 0.15 mol/L NaCl,
1 mmol/L EDTA, 0.02% NaN3, pH 6.5 Peak 1: rHDL-ACM, Peak 2:
fACM; B: rHDL-ACM after dialysis against 0.15 mol/L NaCl, 1 mmol/L
EDTA, 0.02% NaN3, pH 6.5.

Figure 2  Electron micrograph of rHDL-ACM. rHDL-ACM preparation
was negatively stained with 1% sodium phosphotungstate pH 7.4.
Bar marker represents 200 nm. (×52 K).

Figure 3  Competitive binding of rHDL-ACM to SMMC-7721 cells in
the presence of excess native HDL. Incubation was carried out at
37 ℃ for 3 h, at native human plasma HDL concentrations ranging
from 0 to 2 000 µg/2×105 cell.

We further evaluated the cytotoxicity and 50% inhibitory
concentration (IC50) of  rHDL-ACM and free ACM for
SMMC-7721 cells. It was found that cytotoxicity of rHDL-
ACM was significantly higher than that of  free ACM at
concentrations of less than 5 µg/mL (P<0.01) (Figure 5)
and IC50 of  rHDL-ACM was lower than that of  free ACM
(1.68 nmol/l vs 3 nmol/L).

Figure 4  Cellular-uptake of rHDL-ACM and free ACM (fACM) by
SMMC-7721 cells (n = 3). Incubation was carried out at 37 ℃ for 24 h.
Drug concentration indicates ACM concentration in the medium.

Figure 5  Cytotoxicity of rHDL-ACM and fACM against SMMC-7721 cells
(n = 3). Drug concentration indicates ACM concentration in the medium.

In order to investigate the specificity of  rHDL-ACM
delivery system, we utilized both SMMC-7721 cells and
L02 cells, and found that uptake of  rHDL-ACM by SMMC-
7721 cells was significantly higher than by L02 cells at a
concentration range of 0.5-10 µg/mL (P<0.01) with a dose–
dependent manner (Figure 6), suggesting that rHDL-ACM
has some specificity to target the cancer cells. Finally, we
determined cytotoxicity of  rHDL-ACM for both SMMC-
7721 and L02 cells. As shown in Figure 7, cytotoxicity of
rHDL-ACM to SMMC-7721 cells was significantly higher
than that ofL02 cells at a concentration range of 1-7.5 µg/mL
(P<0.01). IC50 for SMMC-7721 cells (1.68 nmol/L) was
lower than that ofL02 cells (5.68 nmol/L), showing a
preferential cytotoxicity of  rHDL-ACM for SMMC-7721 cells.

Figure 6  Cellular-uptake of rHDL-ACM by SMMC-7721 cells and L02
cells (n = 3) Incubation was carried out at 37 ℃ for 24 h. Drug
concentration indicates ACM concentration in the medium.
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Figure 7  Cytotoxicity of rHDL-ACM against SMMC-7721 and L02
cells (n = 3). Drug concentration indicates ACM concentration in the
medium.

DISCUSSION

Among lipoproteins, only LDL has been explored intensively
as a drug carrier for cancer chemotherapy[1,2,8]. In the present
paper, we demonstrated that it was possible to use HDL as
a carrier for a hydrophobic antitumoral drug (ACM) delivery.
We found that (1) rHDL-ACM complexes were regular
spherical particles and its encapsulated efficiencies were more
than 90%; (2) rHDL-ACM had same binding capacity as
native HDL; (3) the cellular uptake of  rHDL-ACM by
SMMC-7721 hepatoma cells was significantly higher than
that of  free ACM; (4) compared to L02 hepatocytes, a
normal liver cell line, the cellular uptake of  rHDL-ACM
by SMMC-7721 cells was significantly higher; (5) rHDL-
ACM had a higher cytotoxicity than that of  free ACM; and
(6) SMMC-7721 hepatoma cells were more sensitive to
rHDL-ACM than L02 cells.

The lipid core of lipoprotein is the better site, because it
has a relatively larger capacity. Lipoproteins can sequester
drugs from enzymes in the circulation and can incorporate
drugs without affecting lipoprotein-receptor binding. In order
to prepare rHDL-ACM complex, we added hydrophobic
antitumoral drug (ACM) to reconstituted HDL (consisting
of delipidated HDL and phosphatidylcholine) to substitute
core lipid of HDL. Drugs were incorporated into lipoproteins
without disrupting their integrity, which is important for
their recognition by receptors[2,10,12]. It has been reported
recently that SR-BI[22-24], ectopic -chain of ATP synthase[25],
as well as hepatic lipase[26] take part in the endocytosis of
HDL and the selective uptake of HDL-cholesteryl ester.
Our results showed that rHDL-ACM complex keeps the
typical spherical particles of plasma lipoproteins and its
average diameter (31.3±5.6 nm) is in the range of diameter
of  plasma lipoprotein[33]. The density range of  rHDL-ACM
(1.063-1.210 g/mL) is the same as native HDL. Although a
higher molar ratio of phosphatidylcholine/ApoA-I in rHDL-
ACM might result in its faster mobility than in native HDL,
it still keeps cell- binding activity of native plasma HDL.
This is important for the potential use of HDL as a drug
carrier, since success would depend on the preservation of
its receptor recognition. These results showed that rHDL-
ACM does not change the integrity of  native HDL.

We studied the possibility of  reconstituted HDL particles
as drug- carriers in vitro for the special delivery of  ACM to
hepatoma cell SMMC-7721. The human normal hepatocyte

L02 cells were used as control cells. The cellular uptake of
ACM encapsulated in rHDL was higher than free ACM by
SMMC-7721 cells (P<0.01). The uptake of  rHDL-ACM
by SMMC-7721 cells was higher as compared to L02 cells
(P<0.01). Furthermore, uptake of  rHDL-ACM by SMMC-
7721 cells was dose-dependent. Compared to free ACM,
cytotoxicity of  rHDL-ACM against SMMC-7721 cells
increased 1.79-fold. When compared with control L02 cells,
the cytotoxicity of  rHDL-ACM to SMMC-7721 cells
increased 3.38-fold. These results suggest that rHDL-ACM
complex could specifically deliver anti-tumor drug ACM to
hepatoma cells SMMC-7721.

Cancer cells, which proliferate rapidly, need large
amounts of cholesterol for synthesis of new cell membranes.
It was reported that some carcinoma cell- lines express more
LDL receptors than normal cells[16,17]. Our results showed
hepatoma- cells had an increased uptake of  rHDL-ACM
as compared to L02 cells. All these imply that hepatoma cells
could have more HDL receptors than normal cell types.

ACM, a lipophilic anti-tumor anthracycline antibiotic was
developed for the purpose of reducing the cardiotoxicity
of anthracyclines. Our results showed that HDL, as a liver
targeting carrier, could combine with ACM to form a rHDL-
ACM complex. The complex possesses higher selectivity to
hepatoma cells and potent application for targeting therapy
of  hepatoma. The pharmacokinetics studies of  HDL-ACM
in vivo are in progress.
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