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A biomimic reconstituted high density lipoprotein (rHDL) based system, rHDL/Stearic-PEI/VEGF complexes, was fabricated
as an advanced nanovector for delivering VEGF plasmid. Here, Stearic-PEI was utilized to effectively condense VEGF plasmid
and to incorporate the plasmid into rHDL. The rHDL/Stearic-PEI/VEGF complexes with diameter under 100 nm and neutral
surface charge demonstrated enhanced stability under the presence of bovine serum albumin. Moreover, in vitro cytotoxicity
and transfection assays on H9C2 cells further revealed their superiority, as they displayed lower cytotoxicity with much higher
transfection efficiencywhen compared to PEI 10K/VEGF and Lipos/Stearic-PEI/VEGF complexes. In addition, in vivo investigation
on ischemia/reperfusion rat model implied that rHDL/Stearic-PEI/VEGF complexes possessed high transgene capacity and strong
therapeutic activity. These findings indicated that rHDL/Stearic-PEI/VEGF complexes could be an ideal gene delivery system for
enhanced VEGF gene therapy of myocardial ischemia, which might be a new promising strategy for effective myocardial ischemia
treatment.

1. Introduction

In spite of increasing efforts to improve its management,
cardiovascular disease (CVD) continues to be the leading
cause of death worldwide, accounting for almost 30% of
all deaths [1]. Within this group of disorders, myocardial
ischemia remains to be one of the major causes, which
occurs when blood supply to the myocardium is reduced
by stenosis or occlusion of a coronary artery [2]. To avoid
severe consequences of ischemia in the heart, the idea
of growing new blood vessel for increasing blood supply
and insuring better heart function has been proposed [3].
Evidences have proved that angiogenic factors could promote
vessel growth and restore blood supply to the myocardium,
thus preserving left ventricular (LV) function and preventing
left ventricular remodeling [4, 5]. Therapies using vascular

endothelial growth factor (VEGF) have demonstrated bene-
ficial effects of relieving myocardial ischemia symptoms [6,
7]. Compared with gene therapy, VEGF administered as a
natural recombinant human protein in vivo exhibited some
disappointing results [8, 9], which were attributed, at least
partially, to the short lived effect and high instability of the
protein when injected as a bolus [10]. The most common
technique for myocardial ischemia gene therapy has been
the utilization of viral vectors to deliver VEGF plasmid into
cardiomyocytes [11]. While viral gene therapy offers high
transfection efficiencies, its clinical utility is limited by many
disadvantages, including host immune responses, oncogenic
potential, limitations in viral loading, and difficulty in large-
scale manufacturing. Owing to these reasons, the develop-
ment of safer, nonviral methods for gene delivery gains its
popularity [12].
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Among various nonviral vectors, polyethyleneimine
(PEI) has been treated as the gold standard in cationic gene
delivery polymers, for it shows high transfection efficiency.
However, the inherent cytotoxicity and rapid clearance from
the blood induced by its highly positive charges limit its
further application in vivo [13]. As a result, the fabrication
of a PEI derived vector with high transfection efficiency and
low cytotoxicity appears to be a challenging issue in successful
application of VEGF in myocardial ischemia gene therapy.

High density lipoprotein (HDL) is one of the essen-
tial components of the lipid transport system, which has
been well established to play a protective role against the
development of CVD [14]. The major protein component
(∼70%) in HDL is apolipoprotein A-I (apoA-I), a highly 𝛼-
helical polypeptide (28 kDa), which has been proved to have
high affinity to the ABCA1 protein, ABCG-I, and scavenger
receptor-BI (SR-BI) on the vascular and myocardial cells
[15, 16]. EndogenousHDL particles are of complete biodegra-
dation and nonimmunogenicity. Reconstituted HDL (rHDL)
is the synthetic form of the endogenous human HDL,
and it possesses similar physicochemical properties. In the
past decades, rHDL has been successfully developed as a
gene carrier [17, 18], which displayed promising application
potential in vivo.

In this study, an rHDL-based system was developed
for effective VEGF delivery and gene therapy in myocar-
dial ischemia model. Stearic-PEI was first synthesized and
then employed to construct a lipophilic core of rHDL
(Lipos/Stearic-PEI). The cationic Stearic-PEI was served to
condense the VEGF plasmid to formulate Lipos/Stearic-
PEI/VEGF complexes. Finally, functional protein apoA-I
was introduced to eventually assemble the delivery system
(rHDL/Stearic-PEI/VEGF complexes). As a biomimic deliv-
ery system, the rHDL/Stearic-PEI/VEGF complexes were
expected to remain stable and reduce the cytotoxicity of
PEI in vitro. Moreover, they should be able to exert high
transfection efficiency and strong therapeutic effect in vivo
due to the combination effect of PEI and rHDL.

2. Materials and Methods

2.1. Materials. Polyethyleneimine (PEI, Mw: 10 KDa), 1-
ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC), N-
hydroxysuccinimide (NHS), stearic acid, sodium cholate,
bovine serum albumin (BSA), and 3-[4,5-dimethylthiazol-2-
yl]-2,5-diphenyltetrazolium bromide (MTT) were purchased
from Sigma Aldrich (St. Louis, MO). Soybean phospholipids
(PC, purity 90%) were obtained from Evonik Degussa China
Co., Ltd. (Shanghai, China). Cholesterol and cholesteryl
esters (CE) were purchased from Pharmacia Biotech (NJ,
USA). The apoA-I was isolated from the industrial waste
during production of albumin in our laboratory. All other
reagents were of analytical grade and used without further
purification.

2.2. Plasmid Preparation. The VEGF plasmid used in this
study was prepared as described previously [19]. Briefly,

plasmid carrying theVEGF-165 coding region under the con-
trol of the cytomegalovirus (CMV) immediate early pro-
moter enhancer region and the chicken beta globulin
intron (pCMV-VEGF) was created. The therapeutic gene
was inserted into pCMV-lei based on the MluI and BamHI
restriction sites. Plasmid preparation was performed by
double CsCl gradient purification and purity was confirmed
by spectrophotometer (Hitachi Japan) at A260/A280.

2.3. Cell Culture. H9C2 cells were purchased from the Cell
Bank of Shanghai Institute of Biochemistry and Cell Biology,
ChineseAcademyof Sciences (Shanghai, China) and cultured
in DMEM medium (Gibco, USA) supplemented with 10%
FBS (HyClone, USA), 100U/mL penicillin, and 100 𝜇g/mL
streptomycin (Gibco, USA) in a humidified atmosphere of
95% air/5% CO

2
incubator at 37∘C. All experiments were

performed on cells in the logarithmic phase of growth.

2.4. Synthesis of Stearic-PEI. Stearic-PEI was prepared by
coupling the carboxylic groups of stearic acid with the
secondary amine groups of PEI through amidation reac-
tion. Stearic acid (17.09mg, 0.06mmol), EDC (34.34mg,
0.18mmol), and NHS (20.61mg, 0.18mmol) were charged
into a 5mL tube, dissolved in 2mL of dimethyl sulfoxide
(DMSO), and kept at room temperature for 30min to activate
the carboxyl groups of stearic acid. PEI 10 KDa (PEI 10K,
100mg, 0.01mmol) was dissolved in 5mL of DMSO in a
10mL flask. The activated stearic acid solution was then
dropwise added to the PEI solution with magnetic stirring.
The reaction was allowed to continue with the protection of
argon at room temperature for 24 h.Themixture was purified
by repeated precipitation in diethyl ether. The raw product
was further purified by dialysis in deionized water (MWCO
3500Da, 2 L × 3) to remove the unreacted stearic acid,
EDC, and NHS. The resulting solution was lyophilized to
obtain Stearic-PEI.The chemical structure of Stearic-PEI was
characterized by 1H NMR (Avance 300, Bruker, Germany).

2.5. Preparation of rHDL/Stearic-PEI/VEGF Complexes

2.5.1. Preparation of Lipos/Stearic-PEI. Thin-film dispersion
methodwas employed to construct Lipos/Stearic-PEI. Briefly,
120mg of PC, 12mg of cholesterol, and 24mg of CE were
dissolved in 2mLof organic solvent (chloroform :methanol =
1 : 1, v/v), and the solvent of lipid solutions was evaporated
with a rotary evaporator at 30∘C until a thin film was formed.
The trace solvent residue was finally removed with a stream
of nitrogen gas. 500𝜇L of Stearic-PEI solution (20mg/mL),
50 𝜇L of sodium cholate solution (30mg/mL in PBS buffer),
and Tris buffer (0.1M KCl, 10mM Tris, 1mM EDTA, pH
8.0) were added to dissolve the thin film. The mixture was
vortexed thoroughly for 5min, followed by ultrasonication
using an ultrahomogenizer (JY92II, Ningbo, China) until
a clear suspension was obtained. The dispersion was then
filtered through a 0.22𝜇m filter and dialyzed to remove the
free sodium cholate (MWCO 7500Da, 2 L × 3). Finally, the
prepared Lipos/Stearic-PEI complexes were collected and
stored at 4∘C until further use.
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2.5.2. Preparation of Lipos/Stearic-PEI/VEGF Complexes.
VEGF plasmid was dissolved in PBS buffer to obtain a final
concentration of 0.1mg/mL and then dropwise added to the
above prepared Lipos/Stearic-PEI complexes with vortex to
formulate Lipos/Stearic-PEI/VEGF complexes.

2.5.3. Preparation of rHDL/Stearic-PEI/VEGF Complexes.
Lipos/Stearic-PEI/VEGF complexes were incubated with
100 𝜇L of apoA-I solution (30mg/mL in PBS buffer) to form
rHDL/Stearic-PEI/VEGF complexes under 600 rpm stirring
at 25∘C for 8 h. The prepared rHDL/Stearic-PEI/VEGF com-
plexes were obtained and stored at 4∘C until further use.

2.6. Particle Size and Zeta Potential Measurement. The par-
ticle size and zeta potential of Lipos/Stearic-PEI/VEGF and
rHDL/Stearic-PEI/VEGF complexes were measured in trip-
licate by dynamic light scattering (DLS) using a Malvern
Zetasizer (Nano ZS-90, Malvern instruments, UK) at 25∘C
with 90∘ scattering angle.

2.7. BSA Challenging Assay. PEI 10K/VEGF, Lipos/Stearic-
PEI/VEGF, and rHDL/Stearic-PEI/VEGF complexes were
prepared and then incubated with BSA solution at the final
BSA concentrations of 0.2, 0.4, 0.6, and 0.8mg/mL for 1 h
at 37∘C. The alteration in turbidity at 350 nm was monitored
with spectrophotometer [13].

2.8. Cytotoxicity. The cytotoxicity of the complexes was
measured by MTT assay. The H9C2 cells were seeded in 96-
well plates at a density of 1 × 104 cells/well and incubated
for 70–80% cell confluence. PEI 10K/VEGF, Lipos/Stearic-
PEI/VEGF, or rHDL/Stearic-PEI/VEGF complexes contain-
ing various concentrations of PEI were cocultured with cells
for 24 h. After that, MTT solution (20𝜇L, 5mg/mL) was
added and cells were further incubated for 4 h at 37∘C. After
the medium was removed, DMSO (150 𝜇L) was added to
each well. The absorption was measured at 570 nm using a
Universal Microplate Reader (EL800, BIO-TEK Instruments
Inc., USA). The cell viability was determined as a percentage
relative to untreated control cells.

2.9. In Vitro Transfection of VEGF. H9C2 cells were seeded
on 24-well plates at a density of 5 × 104 cells/well. After 24 h of
incubation, the culture media were replaced with serum-free
media containing PEI 10K/VEGF, Lipos/Stearic-PEI/VEGF,
or rHDL/Stearic-PEI/VEGF complexes. After 4 h, the cells
were washed with PBS three times to thoroughly remove
the uninternalized complexes and cultured with complete
medium for 48 h. The cell culture media were collected
after transfection and the amount of VEGF production and
secretion was quantified using a VEGF ELISA kit (R&D
Systems; Minneapolis, MN) according to the manufacturer’s
protocol.

2.10. Rat Ischemia/Reperfusion Model. The rat ischemia/re-
perfusion model was produced according to previous report
[20]. All animal experiments were conducted in compliance

with our institutional and NIH guidelines for care and use
of research animals. Male Sprague Dawley rats purchased
from Shanghai Laboratory Animal Center (SLAC, China)
were firstly anesthetized in an induction chamber delivering
4% isoflurane. Then animals underwent tracheal intubation
for ventilation that was maintained during the procedure on
an operating table equipped with a warm water pad (2%
isoflurane at a tidal volume of 2.0mL and a respiration rate
of 70 breaths per minute). A small incision was made in the
5th intercostal space and the ribs were spread to expose the
chest cavity. The left lung was gently collapsed and retracted
to visualize the heart using a wet 2× 2 gauze pad. After
widely incising the pericardium, the left anterior descending
artery (LAD) coronary artery was exposed and then blocked
2-3mm distal from its origin with an 7/0 polypropylene
suture. The suture was threaded through a 2 cm length of
PE-50 tubing (Becton Dickinson; Franklin Lakes, NJ) and
then removed 30min after the ligation. Blanching of the
myocardium and visible dyskinesia of the anterior wall of the
left ventricle was observed to confirm successful ligation of
the LAD. The rats were randomly assigned to one of four
experimental groups: (1) ligation only (control, 𝑛 = 6); (2)
injection of PEI 10K/VEGF complexes (𝑛 = 6); (3) injection
of Lipos/Stearic-PEI/VEGF complexes (𝑛 = 6); and (4) injec-
tion of rHDL/Stearic-PEI/VEGF complexes (𝑛 = 6). After
assignment, the suture was removed from the myocardium
and 100 𝜇L PBS or complexes solution containing 25 𝜇g of
plasmid DNA was injected in 4 sites of the myocardium (3
sites around the ischemic border zone and 1 site in the central
infarct zone). The chest was closed in layers and the animal
was allowed to recover under a warming lamp and given
injections of pain alleviating medication (Buprenorphine)
and antibiotics (Cefazolin). Only those rats with an EF equal
to or below 55% (as determined by echocardiography) 2 days
after surgery were included in the following study.

2.11. Echocardiographical Evaluation. The echocardiographic
analysis was performed using a Vevo 770 high-resolution
ultrasound system (Visualsonics, Toronto, Canada). Ejection
fraction (EF)measurement was performed to evaluate the left
ventricular (LV) systolic function of the heart.The calculation
followed Simpson’s rule and was based on a parasternal
long axis view and four parasternal short axis views at
different levels of the LV. At the long axis view, the left
ventricle length was measured from the aortic annulus to
the endocardial border at the apex level in both diastole and
systole. At the parasternal short axis view, the endocardium
was traced at four different levels in both systole and diastole,
to derive the areas required to obtain Simpson’s value. All
measurements were performed offline using dedicated Vevo
770 quantification software (Vevo 770 version 3.0.0) [21].

2.12. Histological Studies. Three weeks after surgery, animals
were sacrificed and hearts were harvested for subsequent
histological analysis. Harvested hearts were fixed and sliced
in three 4 mm thick segments from apex to base. The hearts
were dehydrated and embedded in paraffin. Sections (5𝜇m)
were cut from each slice.
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In order to quantify the small caliber vessel density and
area, anti-caveolin-1𝛼 antibody (diluted 1 : 50) was used as
marker, and 2 peri-infarct and 2 intrainfarct images per
section were analyzed. Secondary antibody was Alexa Fluor
488 goat conjugated anti-mouse IgG (diluted 1 : 100). Images
were captured using the Axio CamMR3 video camera at 20x
connected to the Zeiss Axio ImagerM1microscope equipped
with epifluorescence optics. Digital images were analyzed by
MATLAB software platform (Mathworks Inc., Natick, MA,
USA) [22].

The determination of apoptosis was performed by a com-
mercially available ApopTag Fluorescein Apoptosis Detec-
tion Kit (Millipore; Billerica, MA) according to the man-
ufacturer’s instructions. Apoptosis in the border zone was
imaged at 40x magnification using confocal laser scanning
microscope (CLSM, Leica TCS SP5,Germany) and quantified
by counting positively stained cells from five random high
power fields for each animal.

3. Results and Discussion

3.1. Characterization of Stearic-PEI. The conjugation of
stearic acid with PEI was conducted via amidation reaction.
The cationic amido groups of PEI 10K were employed to
condense the VEGF plasmid; on the other hand, the highly
hydrophobic stearic groups were introduced to incorporate
the PEI/DNA complexes with the hydrophobic component
of rHDL through hydrophobic interaction. Here, the Stearic-
PEI served not only in packaging the VEGF plasmid, but also
as a linker to integrate the DNA with rHDL. The chemical
structure of Stearic-PEI was confirmed by 1H NMR in D

2
O.

As shown in Figure 1, comparedwith the spectrumof PEI, the
proton peaks of −NHCH2CH2− from Stearic-PEI appeared
at 2.4−3.4 ppm, whereas PEI only appeared at about 2.7 ppm.
Moreover, the products had alkyl peaks of stearic acid at 0.82,
1.18, and 1.38 ppm. These results provided decisive evidences
that stearic acid was successfully grafted to the PEI chain.

3.2. Particle Size, Zeta Potential Measurement, and BSA
Challenging Assay. An ideal gene delivery system requires
meticulous design of its particle size and zeta potential,
as multiple researches have demonstrated that the cellular
uptake of particles is in great relation to their size and surface
charge [23, 24]. Smaller size usually leads to preferable cellu-
lar uptake and superior therapeutic effect of particles, for they
can be readily recognized and transported by correspond-
ing receptor or channel [25]. Herein, the particle size and
zeta potential of Lipos/Stearic-PEI/VEGF and rHDL/Stearic-
PEI/VEGF complexes were analyzed. As shown in Table 1,
both Lipos/Stearic-PEI/VEGF and rHDL/Stearic-PEI/VEGF
complexes showed nanoscale size under 100 nm. Comparing
the particle size of these two complexes, a minor increase was
observed in rHDL/Stearic-PEI/VEGF group, which indicated
the successful coating of apoA-I protein. This conclusion
was further confirmed by the significant change of zeta
potential between them. It is well established that the pos-
itively charged particles tend to interact with negatively
charged proteins in the blood and extracellular matrix, which

PEI

Stearic-PEI

8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5

Figure 1: 1H NMR of PEI and Stearic-PEI.

Table 1: Particle size and zeta potential of complexes.

Particle size
(nm)

Zeta potential
(mV)

Lipos/Stearic-PEI/VEGF 83.6 ± 3.2 +32 ± 5.4
rHDL/Stearic-PEI/VEGF 95.4 ± 2.8 −5.2 ± 0.9

could be an obstacle for the effective transfection of VEGF
plasmid; however, negatively charged particles are less likely
to be taken up by the cells, for the cell membrane is also
negatively charged and, also, it is a common rule that negative
charged carrier has less stable complex with DNA [26]. To
dissolve this dilemma, we employed layer-by-layer method
to construct rHDL/Stearic-PEI/VEGF.The positively charged
Lipos/Stearic-PEI was firstly introduced to condense VEGF
plasmid; then the Lipos/Stearic-PEI/VEGF complexes were
coated with apoA-I protein to shield the surface charge.
In order to verify the superiority of the apoA-I coating in
inhibiting serum protein interaction, the protein adsorp-
tion behavior of Lipos/Stearic-PEI/VEGF and rHDL/Stearic-
PEI/VEGF complexes was explored with the presence of
negatively charged BSA. As revealed in Figure 2, positively
charged PEI 10K/VEGF and Lipos/Stearic-PEI/VEGF com-
plexes exhibited serious protein adsorption profile with the
increase of BSA concentration as predicted. On the contrary,
rHDL/Stearic-PEI/VEGF complexes with neutral surface
charge showed negligible change in turbidity, suggesting their
safe application and high transfection potential in vivo.

3.3. Cytotoxicity. The safe issue should always be the pri-
mary concern of an ideal delivery system. As a result, the
cytotoxicity of PEI 10K/VEGF, Lipos/Stearic-PEI/VEGF, and
rHDL/Stearic-PEI/VEGF complexes was evaluated against
H9C2 cells by MTT assay. Cells were treated with complexes
containing various PEI concentrations ranging from 2 to
100 𝜇g/mL. As presented in Figure 3, significant inhibitory
effects of PEI 10K/VEGF and Lipos/Stearic-PEI complexes
were observed. PEI 10K/VEGF and Lipos/Stearic-PEI/VEGF
complexes displayed 70.42% and 67.28% mortality on H9C2
cells at 100 𝜇g/mL, respectively, which might be related
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to their considerable positive charges. In contrast, com-
pared with PEI 10K/VEGF and Lipos/Stearic-PEI/VEGF
complexes in all groups, the cell viability of rHDL/Stearic-
PEI/VEGF complexes was higher. At the PEI concen-
tration of 100 𝜇g/mL, especially, the serious cytotoxic-
ity of Lipos/Stearic-PEI/VEGF complexes was dramatically
decreased after apoA-I protein shielding, indicating that
rHDL as a biomimic delivery vector could indeed lower the
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cytotoxicity of PEI, which was in line with our speculation in
Section 3.2.

3.4. In Vitro Transfection of VEGF. HDL is one of the
essential components of the lipid transport system with the
ability to specifically bind with the SR-BI. As rHDL has
been proved to possess similar properties to HDL, which
can directly deliver their payload from rHDL to cytoplasm
through nonaqueous “channel” of SR-BI [27], we antici-
pated that the VEGF plasmid in rHDL/Stearic-PEI/VEGF
complexes can be internalized more effectively than that
in PEI 10K/VEGF and Lipos/Stearic-PEI/VEGF complexes
via the receptor mediated transportation. In order to verify
our speculation, the transfection efficiency of the VEGF
plasmid in H9C2 cells using PEI 10K/VEGF, Lipos/Stearic-
PEI/VEGF, and rHDL/Stearic-PEI/VEGF complexes was
assessed by ELISA. The untreated cells were employed as a
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blank control with secretion of VEGF as 1-fold. As shown in
Figure 4, the relative secretion of VEGF in PEI 10K/VEGF
and Lipos/Stearic-PEI/VEGF complexes was 2.7- and 3.2-fold
higher than that in control group, respectively, indicating that
both PEI 10K/VEGF and Lipos/Stearic-PEI/VEGF complexes
hold certain transfection efficiency. However, it was worth
mentioning that rHDL/Stearic-PEI/VEGF complexes with
apoA-I protein shielding displayed themost effective capacity
among three complexes with a relative secretion level of 6.4-
fold, which was 2.4- and 2.0-fold higher than PEI 10K/VEGF
and Lipos/Stearic-PEI/VEGF complexes, respectively. This
finding provided decisive evidence that rHDL could indeed
improve the transfection efficiency of PEI and the combina-
tion of them was proved to be more powerful than applying
PEI alone. Based on the above results, effective transfection of
rHDL/Stearic-PEI/VEGF complexes in vivo can be expected.

3.5. In Vivo Therapeutic Effect. The in vivo therapeutic
effect of different formulations was evaluated by measuring
the EF rates and performing histological assays on ischemia/

reperfusion rat model. As depicted in Figure 5, all for-
mulations improved the heart function to some extent,
among which rHDL/Stearic-PEI/VEGF complexes signifi-
cantly restored the heart function as indicated by most
increased EF rates when compared to other groups. In detail,
rHDL/Stearic-PEI/VEGF complexes improved 7.32% of the
EF rates, which was 3.47- and 3.04-fold higher than that
of PEI 10K/VEGF and Lipos/Stearic-PEI/VEGF complexes,
respectively. The same conclusion could also be reached
by the histological assays. Animals receiving rHDL/Stearic-
PEI/VEGF complexes showed a statistically highly significant
increase in the number of capillaries in the infarct and peri-
infarct area (Figure 6(a)). In addition, average vessel diameter
analysis (Figure 6(b)) implied that these vessels were mostly
neonatal ones, whose diameter was merely half of that in
control group. Similar conclusion could also be drawn from
the TUNEL assay. TUNEL-positive cells indicated the pres-
ence of apoptotic cardiomyocytes in the border zone of the
infarct area (Figure 6(c)). The average number of TUNEL-
positive cardiomyocytes in five random regions was ∼127 in
the control group, ∼110 in the PEI 10K/VEGF group, ∼76
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in the Lipos/Stearic-PEI/VEGF complexes treatment group,
and ∼43 in the rHDL/Stearic-PEI/VEGF complexes treat-
ment group.The rHDL/Stearic-PEI/VEGF complexes treated
hearts demonstrated the most remarkable reduction in apop-
totic cardiomyocytes compared to both PEI 10K/VEGF and
Lipos/Stearic-PEI/VEGF groups. All the above data indicated
that the rHDL/Stearic-PEI/VEGF complexes with the com-
bination of PEI and rHDL were the most potent formulation
and the myocardial ischemia was greatly improved with the
treatment of rHDL/Stearic-PEI/VEGF complexes.

4. Conclusion

In this work, a biomimic rHLD based gene delivery system,
rHDL/Stearic-PEI/VEGF, was successfully developed with
the aim of enhancing the efficacy of VEGF gene therapy
of myocardial ischemia. The rHDL/Stearic-PEI/VEGF com-
plexes containing PEI 10K were able to condense VEGF plas-
mid into nanosized particles with a diameter under 100 nm.
On the other hand, the biomimic structure of rHDL with
similar properties to natural HDL demonstrated biocompat-
ible and safe profiles in vitro. Transfection in H9C2 cells and
in vivo therapeutic assays on ischemia/reperfusion rat model
provided convincing evidences to the high performance of
rHDL/Stearic-PEI/VEGF complexes. Taking all these data
into account, we can conclude that rHDL/Stearic-PEI/VEGF
complexes with biocompatible and potent transgene proper-
ties could be selected as a potential nonviral VEGF delivery
system and a new promising strategy for effective myocardial
ischemia treatment.
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