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ABSTRACT

Population studies have consistently shown a highly inverse correlation
between plasma concentration of high-density lipoprotein and the risk
of atherosclerotic cardiovascular disease in humans. High-density lipo-
protein (HDL) as a therapeutic target is an intense area of ongoing
investigation. Aiming to solve the shortcomings of native HDL appli-
cation, we prepared recombinant human HDL (rhHDL) that contains
a similar composition and has similar functions with native HDL.
Six kinds of recombinant human apolipoproteins (rhapo)—rhapoA-I,
rhapoA-Il, rhapoA-1V, rhapoC-I, rhapoC-Il, and rhapoE—were expressed
in Pichia pastoris and purified with chromatography. By the facilitation
of cholate, six kinds of rhapo penetrated among the phosphatidyl-
choline acyl chains. After purification by density-gradient centrifuga-
tion, rhHDL was acquired. Based on morphological observation, we
confirmed that the micellar complexes of rhapo with phosphatidyl-
choline and cholesterol were prepared. We carried on comparative
studies in vitro and in vivo between native HDL and rhHDL. Cellular
cholesterol efflux assays showed that rhHDL could promote the efflux
of excess cholesterol from macrophages. Furthermore, rhHDL has
similar effects with native HDL on the blood lipid metabolism in hy-
perlipidemic mice. In conclusion, rhHDL has similar effects on anti-
atherosclerosis with native HDL through reverse cholesterol transport,
antioxidative, and antithrombotic properties. It could be used as a
therapeutic HDL-replacement agent.

INTRODUCTION

therosclerosis is the pathological basis for ischemic car-

diovascular disease, which is the leading cause of mor-

bidity and mortality in the United States and other

industrialized nations.' Major risk factors for atheroscle-
rosis include high plasma levels of low-density lipoprotein cholesterol
(LDL-c) and low levels of plasma high-density lipoprotein cholesterol
(HDL-c).? In addition, population studies have consistently shown a
highly inverse correlation between plasma concentration of HDL-c
and the risk of atherosclerotic cardiovascular disease in humans.?> HDL
may reduce atherosclerosis through several different mechanisms,
including increasing, that is, the removal of free cholesterol from
blood vessels to the liver,** inhibiting physical and chemical modi-
fications of LDL,%” and thus reducing foam cell formation, protecting
against endothelial dysfunction,®® inhibiting chronic inflammation'®
by suppressing adhesion molecules and macrophage chemotactic
proteins, and reducing arterial lipoprotein retention.'!

HDL as a therapeutic target is an intense area of ongoing inves-
tigation.'> Simply, there are two main strategies: increasing the
quantity of HDL-c and/or the quality (function) of HDL. Studies
in animals strongly suggest that HDL has direct antiatherogenic
properties.’> ApoA-I is by far the most common protein component
of HDL, and thus a native choice in developing a therapeutic
HDL-replacement agent.'* Many studies are interested in the use of
apoA-I Milano and apoA-I mimetic peptides as HDL-replacement
agents,'>'® which showed their potential to prevent atherosclerosis.
However, gene deletion of apoA-II in mice remarkably reduced HDL-c
levels, suggesting that apoA-II is also required for normal HDL me-
tabolism.'” The multifunction of HDL depends on its complicated
composition. HDL is the most abundant lipoprotein particle in the
plasma, which has equal composition of lipids and proteins. Identified
proteins in HDL were the dominating apoA-I, apoA-II, apoA-IV, apoC-I,
apoC-II, apoC-III, apoE, and recently discovered apoM, serum amy-
loid A and serum amyloid A-IV. Furthermore, a-antitrypsin and
a-ptyalin were identified in HDL for the first time.'® Similar composi-
tion can lead to similar functions; thereby, we prepared recombinant
human high-density lipoprotein (thHDL) that contains a similar com-
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position with native HDL as an HDL-replacement agent by biotech-
nology. As a result, it will increase HDL-c levels as well as the ability of
HDL to participate in reverse cholesterol transport (RCT) or improve the
anti-inflammatory and antioxidative properties in atherosclerosis.

In this study, we prepared rhHDL that contains egg phosphati-
dylcholine, cholesterol, and six kinds of recombinant human apoli-
poproteins (rhapo)—rhapoA-I, rhapoA-II, rhapoA-IV rhapoC-I,
rhapoC-1I, and rhapoE—in vitro by the facilitation of cholate. After
that, we carried on comparative studies in vitro and in vivo about
pharmacodynamic functions between native HDL and rhHDL to
evaluate the effects of rhHDL on RCT, blood lipid metabolism, anti-
oxidative, and antithrombotic properties, furthermore, to assess the
effects of rhHDL on antiatherosclerosis.

MATERIALS AND METHODS
Preparation of Apolipoproteins

Six kinds of rhapo—rhapoA-I, rhapoA-II, rhapoA-IV, rhapoC-],
rhapoC-II, and rhapoE—were prepared with same methods as
mentioned previously.'®?° Briefly, the six kinds of rhapo were,
respectively, expressed in Pichia pastoris and purified with cation-
exchange chromatography (SP Sepharose XL) and reverse-phase
chromatography (Source 30). They were identified by western blot
and amino-terminal sequence analysis.

Preparation of rhHDL

In accordance with Kato et al.,>' we prepared rhHDL that contains
six kinds of rhapo. An ethanol solution (0.5 mL), containing 7.2 mg
egg phosphatidylcholine and 1.6 mg cholesterol, was rapidly injected
into 12 mL of the phosphate buffer (pH=7.4) through a glass syringe
with a 25-gauge needle. After mixing for 15 min under a stream of N,,
10.8 mg cholate and 3.2 mg rhapoA-I, 0.84 mg rhapoA-II, 0.05mg
rhapoA-IV, 0.64 mg rhapoC-I, 0.05 mg rhapoC-II, and 0.15 mg rhapoE
in phosphate buffer (1 mL) were added to the lipid mixture with
stirring. The mixture was incubated for 30 min at room temperature,
and then it was incubated at 4°C for 12 h. The solution was dialyzed
totally at 4°C (about 2 days) against the phosphate buffer to remove
ethanol and cholate (Table 1).

Purification of rhHDL by Density Gradient Centrifugation
A discontinuous NaCl/KBr density gradient was formed by ad-
justing the density (d) of the rhHDL solution to 1.30 g/mL with KBr
and layering normal saline (d, 1.006 g/mL) over the adjusted rhHDL
solution. The tubes were housed in a 45-Ti rotor and centrifuged
at 41,500 rpm (200,000 g) for 20h in the Beckman Optima bench
(LE-80K); then, rhHDL (d 1.063-1.21 g/mL) was isolated and dialyzed.
A multiplex enzyme-linked immunosorbent assay (ELISA) (Bioss)
was used to quantify apolipoproteins and calculate percentages of
composition of each apolipoprotein. If the percentage of composition of
apolipoproteins was rhapoA-I 65%-75%, rhapoA-II 10%-23%, rhapoA-
IV 1%-3%, rhapoC-I 10%-15%, rhapoC-II 1%-3%, and rhapoE 1%-3%,
the rhHDL can be used for further research. After filtration, steriliza-
tion, and quantitative determination by a commercial kit (Beihua-
kangtai), the solution of rhHDL was reserved at 4°C for further studies.
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Morphologic Observation of rhHDL
We analyzed and photographed the morphological feature and
grain diameters with a transmission electron microscope.

Separation of Native HDL from Human Plasma

Native human HDL (d, 1.063-1.21 g/mL) was separated by density-
gradient centrifugation as reported.”? After filtration and steriliza-
tion, the solution of HDL was reserved at 4°C for further studies.

Animals

Pathogen-free male C57BL/6J mice (5-week old) were obtained from
the Center of Experimental Animals of the Jilin University and were
caged in animal rooms with alternating 12-h periods of light (from
7.00 a.m. to 7.00 p.m.) and dark (from 7.00 p.m. to 7.00 a.m.), with ad
libitum access to water and mouse chow diet. All animal protocols
followed the National Guidelines for the Care and Use of Animals.

Cellular Cholesterol Efflux Assays In Vitro

After 1 week of acclimatation, 10 mice received a high-fat diet, which
includes 87.7% basal feed, 2% cholesterol, 0.3% sodium cholate, and
109% lard,” for 15 days to establish an experimental hyperlipidemic
model. Peritoneal macrophages were isolated by peritoneal lavage with
D-Hanks 3 days after intraperitoneal injection of 1.0mL 4% brewer
thioglycollate medium as described.** Macrophages were plated in an
RPMI-1640 medium supplemented with 10% fetal bovine serum and
were allowed to adhere for 4h at 37°C under 5% CO,-humidified
air. Then, nonadherent cells were removed by washing twice with
phosphate-buffered saline (PBS), followed by loading of the macro-
phages with 50 pg/mL acetylated LDL and 3 pCi/mL [*H]cholesterol
for 24 h and equilibrated for 18 h as previously published.?®

To measure the relationship of dose-effect between the percentage
of cellular cholesterol efflux and the dosage of rhHDL, macrophages
were incubated with bovine serum albumin (BSA; 100 pg/mL, n=6)
or native HDL (12.5, 25, and 50 pug/mL, respectively, n=6) or rhHDL
(12.5, 25, and 50 pg/mL, respectively, n==6) for 24 h. After 24 h, ra-
dioactivity within the medium was determined by liquid scintillation
counting. The cell layer was washed twice with PBS, and thereafter
0.1 M NaOH was added. Plates were incubated for 30 min at room
temperature, and the radioactivity remaining within the cells was as-
sessed by liquid scintillation counting. Wells incubated with BSA
without added HDL or rhHDL were used as blanks to determine the
HDL-independent efflux, and these values were subtracted from the
respective experimental values. Efflux is given as the percentage of
counts recovered from the medium in relation to the total counts
present on the plate (sum of medium and cells). To measure the rela-
tionship of time-effect of cellular cholesterol efflux, macrophages were
incubated with BSA (50 pg/mL) or native HDL (50 ug/mL) or rhHDL
(50 ug/mL) for different time points: 12, 24, and 36 h, respectively. At
different points of time, the efflux was measured as described above.

Lipid Profile of Hyperlipidemic Mice
After 1 week of acclimatation, 40 mice were randomly divided into
five groups: the normal control group (NC; n=8, normal diet and



vehicle-treated group), the model control group (MC; n=8, high-fat diet
and vehicle-treated group), the rhHDL-treated groups (n=8, high-fat
diet and 2 and 4 mg/kg/day rhHDL, respectively), and the native HDL-
treated group (n=8, high-fat diet and 4 mg/kg/day native HDL). All
groups were supplemented with vehicle or thHDL for 3 weeks. Vehicle
or thHDL was administered by intravenous injection once daily.

At the end of the third week, after a 12-h fasting, the mice were
anaesthetized with sodium pentobarbital. Blood samples were obtained
by heart puncture and used to determine triglyceride (TG), total
cholesterol (TC), HDL-c, LDL-c, malondialdehyde (MDA), superoxide
dismutase (SOD), prostaglandin (PG) I,, and thromboxane (TX) A,.
The atherogenic index (AI) was calculated by using the formula, Al=
(TC —HDL-c)/HDL-c. At the same time, the liver samples were dissected
outimmediately, chilled and washed with ice-cold saline, weighed, and
prepared a 10% (w/v) homogenate to determine MDA and SOD.

Biochemical Analysis

Serum and liver homogenates were obtained to determine TG, TC,
HDL-c, LDL-c, SOD, and MDA using the commercial kits (Beihua-
kangtai). Specifically, TC was measured using an enzymatic photo-
metric method, and TG using an enzymatic colorimetric method;
additionally, HDL-c and LDL-c were determined by a precipitation
procedure, and SOD activity was assayed by the nitroblue tetrazolium
reduction method. One unit of enzyme activity was defined as
the amount of enzyme necessity to inhibit the reaction to 50%.
The amount of MDA formed was quantified by a reaction with
thiobarbituric (TBA) and used as an index of lipid peroxidation.
Mouse blood was also collected in tubes containing 0.1% ethylene-
diaminetetraacetic acid, and plasma was separated to measure PGI,
and TXA, using the commercial radioimmunoassay kits (Institute of
Radioimmunoassay).

Histopathological Evaluation

For histopathological examination, tissue samples from the liver
were acquired from all animals. The liver samples were fixed in 10%
neutral buffered formalin, embedded in paraffin, sectioned at 5 um,
and stained with hematoxylin and eosin.

Statistical Analysis

Data are presented as meansz*standard error of the means. All
statistical analyses were performed using Student’s #-test. Probability
values <0.05 were considered statistically significant.

RESULTS
Preparation of rhHDL

The results of western blot and amino-terminal sequence analy-
sis showed that six kinds of rhapo, namely rhapoA-I, rhapoA-II,
rhapoA-1IV, rhapoC-I, rhapoC-II, and rhapoE, were correctly ex-
pressed in P. pastoris, respectively. After being purified with cation-
exchange chromatography and reverse-phase chromatography, the
purity of every six kinds of rhapo was over 95%.

We synthesized large-particle, mature rhHDL in vitro with
rhapoA-I, rhapoA-II, rhapoA-IV, rhapoC-I, rhapoC-II, rhapoE, egg

PREPARATION AND ACTIVITY ANALYSIS OF rHHDL

Fig. 1. Preparation of rhHDL. (A) Tube contains rhHDL after cen-
trifugation. (B) Morphologic observation of rhHDL by a transmis-
sion electron microscope (x6,000). rhHDL, recombinant human
high-density lipoprotein.

phosphatidylcholine, and cholesterol. After purified by density-
gradient centrifugation, the contents of each rhapo were quantified
by ELISA. Based on morphological observation with a transmission
electron microscope, we confirmed that the micellar complexes of
rhapo with phosphatidylcholine and cholesterol were prepared. After
being dialyzed, the solution of rhHDL was proven to consist of par-
ticles of different diameters (10-30 nm) (Fig. I).

Cellular Cholesterol Efflux Assays

HDL is believed to play a prominent role in the process of RCT, in
which it promotes the efflux of excess cholesterol from peripheral
tissues (including macrophages) and returns it to the liver for biliary
excretion. In our studies, after treated with rhHDL at different doses
or time, the medium and macrophages were collected to detect the
cellular cholesterol efflux. As a result, thHDL treatment caused a
dose-dependent increase of cellular cholesterol efflux in macro-
phages at 24 h (Fig. 2A) and a time-dependent increase of cellular
cholesterol efflux in macrophages at a dose of 50 ug/mL (Fig. 2B) as
well as native HDL.

Effects of rhHDL on Lipid Metabolism in Serum

As shown in Table 2, the mean concentrations of serum TC
(P<0.001), TG (P<0.05), and LDL-c (P<0.001) were significantly
higher, but the concentrations of HDL-c were quite lower (P<0.05) in
the MC group than the NC group. Thus, the Al was significantly
higher in the high-fat diet group than in the normal basal diet group
(P<0.001). Moreover, these results indicated that the high-fat ad-
ministration developed lipid metabolic dysfunction and promoted
hyperlipidemia.

After the treatment, the serum TC (P<0.001), TG (P<0.05), and
LDL-c (P<0.001) were rather lower, whereas HDL-c was extremely
higher (P<0.001) in the low-dose rhHDL group, high-dose rhHDL
group, and native HDL group than the MC group. As a result, rhHDL
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Fig. 2. Cellular cholesterol efflux assays. (A) Dose-effect curve of
cellular cholesterol efflux facilitated by BSA (@), rhHDL (m), and
native HDL (A). (B) Time—effect curve of cellular cholesterol efflux
facilitated by BSA (#), rhHDL (m), and native HDL (A). BSA,
bovine serum albumin.

Table 2. Serum Lipid Profile of Hyperlipidemic Mice

Table 1. Protocol Table for Recombinant Human
High-Density Lipoprotein Preparation and Purification

Step Parameter Value Description
1 Phosphate buffer 12mL pH 7.4
2 Egg phosphatidylcholine 0.5mL Dissolved in ethanol
and cholesterol
3 Mixing step 15 min Under a stream of N,
4 Six kinds of rhapo 1mL Dissolved in phosphate
buffer
5 Incubation time 30min Room temperature
6 Incubation time 12h 4°C
7 Dialysis 2 days 4°C, against phosphate
buffer
8 Density-gradient 20h As desired
centrifugation

Step Notes

1. 50-mL centrifuge tube, 12 mL phosphate buffer, pH 7.4.

2. An ethanol solution containing 7.2 mg egg phosphatidylcholine and 1.6 mg
cholesterol, rapidly injected into phosphate buffer.

. Mixing for 15min under a stream of N,.

Six kinds of rhapo were dissolved in phosphate buffer (1mL) as their

proportion in native. HDL and added to the lipid mixture with stirring.

. Mixture was incubated for 30 min at room temperature.

. Mixture was incubated at 4°C for 12 h.

. Solution was dialyzed totally at 4°C (about 2 days) against phosphate buffer
to remove ethanol and cholate.

. A discontinuous NaCl/KBr density gradient was used to purify rhHDL.

W

~N o o

oo

rhHDL, recombinant human high-density lipoprotein; rhapo, recombinant
human apolipoprotein.

Group ‘ TC (mmol/L) TG (mmol/L) LDL-c (mmol/L) ‘ HDL-c (mmol/L)

Normal control 2.11£0.15 0.69+0.23 0.23+0.04 1.46+0.22 0.47£0.19
Model control 2164637 1.25+0.37° 19.3545.29° 1.16+0.19° 17.946.86°
rhHDL (1.25 mg/kg) 7.34+101° 0.78+0.19° 2.03+033° 224+0.25° 227+0.46°
rhHDL (2.5 mg/kg) 591+053° 0.72+0.21° 1.77+0.29° 2.42+030° 1.44+034°
Native HDL (2.0 mg/kg) 5.06+0.48° 0.75+0.32° 1.46+0.22° 243+021° 1.09+0.25°

Normal control (NC) and model control (MC) groups were treated with vehicle; low-dose (LD) and high-dose (HD) groups were treated with rhHDL 2 mg/kg and
4mg/kg, respectively; the positive control group (PC) was treated with native HDL 4 mg/kg once daily.

Data are mean*standard error of the means (n=10).
#P<0.001 versus normal control.

®P<0.05 versus normal control.

‘P<0.001 versus model control.

4P<0.05 versus model control.

TC, total cholesterol; TG, triglyceride; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol; Al, atherogenic index.
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treatment caused a dose-dependent decrease of TC, TG, and LDL-c,
and at the same time, increase of HDL-c in 21-day treatment.

Since MDA is considered to be the major product of lipid perox-
idation, an MDA assay is generally used to detect the existence of
lipid peroxidation as a result of oxidative stress in any tissue.*® In our
study, we found that 15 days of high-fat diet resulted in a prominent
elevation of the concentration of MDA in serum and the liver com-
pared with the NC group (P<0.01). Therefore, this indicated that
oxidative damage in the MC group was more severe compared with
the NC group. Moreover, the level of the antioxidant enzyme SOD,
which is the scavenger of reactive oxygen species in oxidative stress,
was found to be sharply reduced in the MC group (P<0.01 in the liver
and P<0.05 in serum). To sum up, these results indicated that a high-
fat diet lowered the activity of SOD and accelerated lipid oxidation,
thereby resulting in an increased quantity of lipid peroxides. Both
low dose and high dose of rhHDL decreased the concentration of
MDA, and meanwhile increased the activities of SOD in the serum
and liver homogenates remarkably (P<0.01 or P<0.05) compared
with the MC group (Fig. 3).

Effects of rhHDL on PGI, and TXA, in Plasma

As known, PGI, and TXA, are major prostanoids in the cardio-
vascular system; specifically, PGI, is synthesized in the endovascular
system and acts as a vasodilator in addition to its inhibitory effect on
platelet aggregation. In contrast, TXA, is synthesized by platelets,
acts as a vasoconstrictor, and induces platelet aggregation. Accord-
ing to those, their balance is critical in various vascular occlusive
diseases, including coronary heart disease. In this study, the mean
concentrations of plasma TXA, were quite higher (P<0.01), but the
concentrations of PGI, were remarkably lower (P<0.01) in the MC
group compared with the NC group. After the treatment of rhHDL and
native HDL, the concentrations of PGI, were increased (P<0.01), and
the concentrations of TXA, were fairly decreased (P<0.01 or
P<0.05) compared with the MC group (Fig. 4).

Histopathological Examination of the Liver
Compared to the NC group, the MC group demon-

PREPARATION AND ACTIVITY ANALYSIS OF rHHDL
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Fig. 3. Effects of rhHDL on SOD (A) and MDA (B) in experimental
hyperlipidemic mice. Both SOD and MDA were measured in serum
(m) and in the liver (). NC and MC groups were treated with
vehicle; LD and HD groups were treated with rhHDL 2 mg/kg and
4mg/kg, respectively; the PC group was treated with native HDL
4mg/kg once daily. TP<o0.05 versus normal control; *P<o0.01
versus normal control; *P<o0.05 versus model control; **P<o0.01
versus model control. SOD, superoxide dismutase; MDA, mal-
ondialdehyde; NC, normal control; MC, model control; PC, positive
control; LD, low dose; HD, high dose.

strated marked swelling of hepatocytes and fatty de- A

generation due to accumulation of lipid droplets. In 600
addition, the infiltration of inflammatory cells and E 500 |
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When compared to the MC group, the swelling of he-
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patocytes was suppressed in a dose-dependent manner 200 |
in the rhHDL-treated groups, and the fatty degenera- 100
tion of hepatocytes, infiltration of inflammatory cells, 0

and single-cell necrosis were also improved (Fig. 5).

DISCUSSION
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It is well known that the HDL fraction in human
plasma is heterogeneous, consisting of a number of
discrete subpopulations that vary in size, density,
composition of lipids, and apolipoproteins.?® The dis-
tribution profile of HDL subpopulations of patients with

Fig. 4. Effects of rhHDL on PIG, (A) and TXA, (B) in experimental hyperlipidemic
mice. NC and MC groups were treated with vehicle; LD and HD groups were treated
with rhHDL 2 and 4 mg/kg, respectively; the PC group was treated with native HDL
4mg/kg once daily. *P<0.01 versus normal control; *P<o0.05 versus model con-
trol; **P<o0.01 versus model control. PGl,, prostaglandin |,; TXA,, thromboxane A,.
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Fig. 5. Histopathological examination of the liver, stained with hema-
toxylin and eosin (x 200). NC and MC groups were treated with vehicle;
LD and HD groups were treated with rhHDL 2 and 4 mg/kg, respec-
tively; PC group was treated with native HDL 4.0 mg/kg once daily.

mixed hyperlipoproteinemia appears to be abnormal, that is, higher
levels of small-sized particles (pre-HDL and HDL;) and lower levels of
large-sized particles (HDL,),*”*® which have been reported to be as-
sociated with cardiovascular disease severity in previous angiographic
studies.?® Exchangeable apolipoproteins, including apoAs, apoE, and
apoCs, are constituents of HDL.?® We prepared rhHDL that contained
six kinds of rhapo, rhapoA-I, rhapoA-II, thapoA-IV, rhapoE, rhapoC-I,
and rhapoC-II, according to the apolipoprotein percentages of native
mature HDL. Cholate can facilitate penetration of apolipoproteins
between the phosphatidylcholine acyl chains. When phosphatidyl-
choline/cholate is from 1:2 to 2:l, the phosphatidylcholine-cholate
mixtures exist in bilayer discs, and are stabilized by an annular ar-
rangement.’! In our studies, as phosphatidylcholine/cholate was 3:2,
which is between 1:2 and 2:1, we prepared stable rhHDL. Since cholate
disrupts the phosphatidylcholine lattice by intercalation and/or sol-
ubilization, it must be removed by dialysis after incubation at 4°C. The
particle diameter of thHDL was 10-30nm, which was much larger
than native HDL (5-17 nm). We detected the activity of rhHDL by
cellular cholesterol efflux assays and the effects on lipid metabolism.

Apolipoprotein-mediated cholesterol efflux is a critical process of
RCT that describes the transfer of cholesterol from nonhepatic cells to
the liver. In this study, rhHDL can induce cellular cholesterol efflux in
macrophages. Furthermore, thHDL can regulate lipid metabolism
in vivo. After the treatment by rhHDL, the serum TC, TG, and LDL-c of
hyperlipidemic mice were really lower, whereas HDL-c was signifi-
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cantly higher compared with the MC group. It means that rhHDL can
reverse hyperlipidemia that was caused by a high-fat diet.

Increased levels of lipid peroxidation, that is, MDA levels, in an-
imals treated with high-fat diet reflect excessive formation of free
radicals and a greater formation of lipid peroxides. SOD is a me-
talloenzyme that was known to be the first-line cellular defense
against free-radical damage®*** MDA levels, together with SOD ac-
tivity levels, can be measured to monitor the degree of lipid perox-
idation.?* In the present study, SOD activity decreased, whereas MDA
increased rapidly in the high-fat diet group. Administration of rhHDL
effectively prevented the depletion of SOD activities and significantly
decreased the MDA levels. All in all, these results indicated that
rhHDL can reduce lipid peroxidation and plays an important role in
antioxidation as well as native HDL.

PGI, and TXA, are important regulators of vascular homeostasis,
and their respective levels dictate the response to vascular injury.?®
Separately speaking, PGI, could provide cardioprotection; never-
theless, the actions of TXA, on platelets and vasculature should
contribute to the pathogenesis of atherosclerosis and/or vasospasm,
which are prerequisites for coronary heart disease.*® ThHDL can re-
verse the disproportionality of TXA, and PGI, caused by a high-fat
diet.

In conclusion, rhHDL has the similar effects on antiatherosclerosis
with the native HDL via its effects on RCT, blood lipid metabolism,
and antioxidative and antithrombotic properties of rhHDL. It could
be used as a therapeutic HDL-replacement agent.
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