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Abstract

Synthetic high density lipoprotein nanoparticles (sSHDL) capable of mobilizing excess cholesterol
from atherosclerotic arteries and delivering it to the liver for elimination have been shown to
reduce plaque burden in patients. Unfortunately, sHDLs have a narrow therapeutic index and
relative to the endogenous HDL shorter circulation half-life. Surface modification with
polyethylene glycol (PEG) was investigated for its potential to extend sSHDL circulation /n vivo.
Various amounts (2.5, 5 and 10%) and different chain lengths (2 and 5 kDa) of PEG-modified
lipids were incorporated in sHDL’s lipid membrane. Incorporating PEG did not reduce the ability
of sHDL to facilitate cholesterol efflux, nor did it inhibit cholesterol uptake by the liver cells. By
either adding more PEG or using PEG of longer chain lengths the circulation half-life was
extended. Addition of PEG also increased the area under the curve for the phospholipid
component of SHDL (p < 0.05), but not for the apolipoprotein A-1 peptide component of SHDL —
suggesting sHDL is remodeled by endogenous lipoproteins /in vivo. The extended phospholipid
circulation led to a higher mobilization of plasma free cholesterol, a biomarker for facilitation of
reverse cholesterol transport. The area under the cholesterol mobilization increased about 2 to 4-
fold (p < 0.05), with greater increases observed for longer PEG chains and higher molar
percentages of incorporated pegylated lipids. Mobilized cholesterol was associated primarily with
the HDL fraction, led to a transient increases in VLDL cholesterol, and returned to baseline 24 h
post-dose. Overall, pegylation of sSHDL leads to beneficial changes in sHDL particle
pharmacokinetic and pharmacodynamic behaviors.
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1. Introduction

Cardiovascular disease (CVD) is the leading cause of death in the United States, responsible
for 17% of national health expenditures?. High-density lipoprotein cholesterol (HDL-C)
levels are known to inversely correlate with the risk of CVD2. HDL is natural nanoparticle
composed primarily of apolipoprotein A-1 (ApoA-I1) and lipids. One of the key functions of
HDL is to maintain cholesterol homeostasis through reverse cholesterol transport (RCT),
whereby HDL effluxes free cholesterol from peripheral tissues through ATP-binding cassette
transporters (ABCA1 and ABCG1) and then delivers it to liver for excretion by the
scavenger receptor B type | (SR-BI) receptor2. Thus, the idea of administrating synthetic
HDL (sHDL) to facilitate RCT and promote the regression of atherosclerotic plague has
gained significant interest*’. Several SHDL therapeutic products have been developed that
consist of either ApoA-I protein purified from human plasma, recombinant ApoA-I, or
ApoA-l mimetic peptides89. The protein component is usually combined with
phospholipids to form sHDL nanoparticles, which are administered intravenously following
a cardiovascular event. It was hypothesized that the acute administration of several SHDL
infusions could lead to a rapid reduction in plaque volume and prevent the likelihood of
subsequent cardiovascular events’: 10. A number of sHDL products have been tested in
Phase I and Il clinical trials and were able to increase HDL-C levels, reduce inflammation
and decrease atherosclerotic plaque volume®.

Despite initial clinical success, the translation of SHDL nanomedicine into an FDA approved
therapy has been difficult. This class of drugs has a unique pharmacokinetic-
pharmacodynamic relationship. Administration of sHDL causes rapid mobilization of
cholesterol, which is subsequently delivered to the liver for elimination!l. The amount of
mobilized cholesterol is often several folds higher than pre-dose plasma cholesterol levels,
leading to saturation of hepatic receptors and pathways for cholesterol metabolism?2. Thus,
administration of SHDL often results in drug-related toxicity exhibited by transient elevation
of liver transaminases (ALT and AST), triglycerides, low and very low-density lipoprotein
cholesterol levels (LDL-C and VLDL-C). In addition, the half-life of endogenous ApoA-I
protein in humans is only 3.3 days!3. It is believed that the protein participates in multiple
cycles of RCT by forming HDL, effluxing cholesterol, delivering it to the liver, and
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returning to the peripheral tissues to efflux more cholesterol'L. In contrast, administration of
sHDL results in a protein or peptide half-life of only 8-12 hours4-15,

Due to the rapid elimination of sHDL, the duration of time following administration when
sHDL plasma levels remain above the level required to obtain therapeutic effect is quite
short. This rapid elimination necessitates either frequent dosing, which is inconvenient for
patients especially for an intravenous product, or administration of relatively high doses,
which can lead to off-target toxicity. In addition, following administration /n vivo, SHDL
nanoparticles rapidly interact with endogenous lipoproteins by exchanging lipid and protein
components. This is a natural phenomenon in lipoprotein metabolism, known as remodeling,
that leads to the disassembly of administered SHDL particles, and results in differences in
elimination kinetics of ApoA-I and lipid components of SHDL16. This remodeling, in turn,
affects both the efficacy and safety of administered SHDL. The main hypothesis of this study
is that by modifying the sHDL surface with polyethylene glycol, it may be possible to slow
down sHDL remodeling by endogenous lipoproteins, thereby reducing sHDL nanoparticle
elimination by reticuloendothelial system and increasing its circulation half-life /n vivo.

Polyethylene glycol (PEG) has been widely used to coat or pegylate nanoparticle surfaces to
archive “stealth-like” characteristics!’. Pegylated drug delivery systems have been shown to
be more physically stable /n vitro and have longer circulation half-lives /7 vivo, resulting
from the ability of PEG to escape uptake by the reticuloendothelial system?8. Pegylation has
been shown to be clinically safe and currently used in several products approved by the Food
and Drug Administration1®. It has been reported that by conjugating PEG to ApoA-1 protein,
protein /in vivo circulation was prolonged and anti-inflammatory activity in a murine model
of atherosclerosis was improved??. The PEG density on the nanoparticle surfaces, PEG
molecular weight, and branch structure are all known to affect nanoparticle circulation and
efficacy?1, but this has not been systematically investigated for sHDL. In this study, we
incorporated PEG-modified phospholipids in sHDL nanoparticles and examined how the
degree of surface modification and PEG chain length affected SHDL pharmacokinetics and
pharmacodynamics /n vivo. We investigated whether the addition of PEG would increase /n
vivo stability of SHDL and increase sHDL circulation time without compromising the
nanoparticle’s ability to facilitate RCT.

To test our hypothesis, we decided to pegylate the surface of a model peptide-based sHDL,
ETC-642. ETC-642 was previously examined in single- and multiple-dose clinical studies in
dyslipidemic patients!® 22, It was shown that infusion of ETC-642 increased HDL-C levels
at doses as low as 3 mg/kg and was well tolerated by patients at doses up to 30 mg/kg?2.
However, the plasma circulation half-life of 22A-peptide in humans was only ~12 h, which
is significantly shorter than the reported half-life of endogenous ApoA-I protein, 68 h23-24,
In this study, the abilities of pegylated SHDL to promote cellular cholesterol efflux and
facilitate cholesterol uptake /n vitro were examined. The remodeling of pegylated sHDL by
endogenous lipoproteins was also examined /n vitro, following incubation with human
serum, as well as /n vivo following administration to Sprague-Dawley (SD) rats. The
pharmacokinetic properties of both unmodified and pegylated SHDL nanoparticles in
addition to their abilities to mobilize, esterify and eliminate cholesterol were also examined
in SD rats. Because of the enhanced cholesterol mobilization caused by prolonged
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circulation of sHDL, improvements in SHDL pharmacokinetic parameters may be translated
to reduction of dose and frequency of sHDL dosing and, thus, improvement of safety profile
for this drug class.

2. Experimental Section
2.1 Materials

ApoA-I mimetic peptides 22A (PVLDLFRELLNELLEALKQKLK) and 5A
(DWLKAFYDKVAEKLKEAFPDWAKAAYDKAAEKAKEAA) were synthesized by
Genscript (Piscataway, NJ). The peptide purities were determined to be over 95% by reserve
phase HPLC. 1,2-dipalmitoyl-sr-glycero-3-phosphocholine (DPPC), N-(Carbonyl-
methoxypolyethyleneglycol 2000)-1,2-distearoyl-sr-glycero-3-phosphoethanolamine
(DSPE-PEG-2k) and N-(Carbonyl-methoxypolyethyleneglycol 5000) -1,2-distearoyl-sr-
glycero-3-phosphoethanolamine (DSPE-PEG-5k) were purchased from NOF Corporation
(White Plains, NY). DSPE-PEG-FITC amd Bodipy-labeled cholesterol were purchased from
Avanti Polar Lipids, Inc (Alabaster, AL). All other materials were obtained from commercial
sources.

2.2 Preparation of sHDL particles

All investigated particles were prepared using a lyophilization method. Briefly, 22A peptide,
DPPC, DSPE-PEG2000 (PEG-2k) or DPSE-PEG5000 (PEG-5k) were dissolved in acetic
acid at a molar ratio of 1:7.15 for peptide to total lipids. The molar percentage of DSPE-
PEG2000 in total lipids was 0, 2.5%, 5% and 10% for sHDL, sHDL-PEG-2k (2.5%), sHDL-
PEG-2k (5%), and sHDL-PEG-2k (10%), respectively. Similarly, HDL-PEG-5k (5%)
contained DSPE-PEG5000 at 5% of total lipids. After freeze-drying for over 24 hours, PBS
(pH = 7.4) was added to hydrate to a final 22A peptide concentration of 10 mg/mL. The
mixture was vortexed briefly, heated to 50°C for 10 min and cooled to 25°C for 10 min, and
this cycle repeated three times. SHDL particle concentrations are expressed in terms of 22A
peptide concentration.

sHDL and sHDL-PEG particles loaded with bodipy-labeled cholesterol were prepared by a
freeze-drying method that dissolved labelled cholesterol in glacial acidic acid together with
all other components. The final concentration of bodipy-cholesterol after hydration of
lyophilized powder was 30 ug/mL.

2.3 Characterization of HDL and HDL-PEG patrticles

The purity and particle size of SHDL and sHDL-PEG was analyzed by gel permeation
chromatography (GPC), with UV detection wavelength of 220 nm, using a Tosoh TSK gel
G3000SWx 7.8mm x 30cm column (Tosoh Bioscience, King of Prussia, PA) on Waters
Breeze Dual Pump system. Samples were diluted to 1 mg/ml and 50 pL injection volume
was used. The samples were eluted with PBS (pH 7.4). Particle size distribution was also
determined by dynamic light scattering (DLS), using a Zetasizer Nano ZSP, Malvern
Instruments (Westborough, MA). The samples were diluted to 1 mg/ml prior to analysis.
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2.4 Cholesterol efflux evaluation

Baby hamster kidney (BHK)-mock and BHK cells transfected with ABCAL or SR-BI
receptors were grown in Dulbecco’s modified eagle medium with 10% FBS and 1% pen
strep glutamine. 10 cells were then seeded into 24-well plates and grown for 24 hours. Cells
were washed with PBS (pH 7.4) once at room temperature and labeled with cholesterol for
24 hours in DMEM/BSA/antibiotic media (0.5 mL) containing 1 pCi of [3H] cholesterol/mL
of media. Subsequently, labeled cells were washed with PBS (pH 7.4) twice to remove [3H]
cholesterol that was not taken up by cells. Tritium-labeled cholesterol was effluxed from
cells for 18 hours, using various lipid complex acceptors (5 uM) in duplicate. Finally, all cell
media (0.5 mL) was removed into separate Eppendorf tubes and centrifuged at 10,000 rpm
for 5 min. Remaining cells were lysed with 0.1%SDS/0.1M NaOH solution for 2 hours.
Radioactive counts of media and cell fractions were measured separately, using a Perkin
Elmer liquid scintillation counter. Percent cholesterol effluxed from cells was calculated by
dividing media counts by the total sum of media and cell counts and then multiplying this
number by 100%.

2.5 Liver cell uptake of cholesterol in sHDL

The uptake of bodipy-labeled cholesterol loaded in either sSHDL or SHDL-PEG by HepG2
cells was quantified by confocal laser scanning microscopy and flow cytometry. Briefly,
liver hepatocellular carcinoma (HepG2) cells were cultured in Dulbecco’s Modified Eagle
Medium with 10% FBS and 1% Pen Strep Glutamine and maintained in an incubator at
37°C and 5% CO,. On day 0, 104-10° cells were seeded in a MatTek 35 mm petri dish in
DMEM. The next day, media was aspirated and cells were washed with PBS. Fresh media
containing sHDL and sHDL-PEG loaded with bodipy-labeled cholesterol was added at a
final 22A concentration of 100 ug/ml. After incubation at 37 °C for 2 hours, cells were
washed twice with PBS followed by fixation with 4% paraformaldehyde in PBS for 15 min
at room temperature. 1% Triton-X solution was then added to the dish for 15 min and
washed with PBS twice. Finally, the cell nuclei were stained with DAPI. The nuclei and
bodipy fluorescence images were acquired on a Nikon A-1 Spectral Confocal microscope
system (Nikon Corporation, Tokyo), with an excitation wavelength of 495 nm for bodipy.
Quantification of cellular fluorescent signal was performed using a cell sorter (Beckman
Coulter FC500 5-colour analyzer) at an excitation wavelength of 495 nm.

2.6 Particle remodeling in serum

To study the remodeling of SHDL by endogenous lipoproteins, SHDL or SHDL-PEG-2K
(5%) particles were incubated with human serum at 1 mg/mL 22A concentration at 37 °C for
1 h with shaking at 300 rpm. To track the exchange of DSPE-PEG 2000 between sHDL and
endogenous lipoproteins, SHDL particles were prepared with fluorescent FITC-DSPE-
PEG-2K, which has excitation and emission spectrum peak wavelengths of approximately
495 nm and 519 nm respectively. The cholesterol distribution among different lipoproteins
in samples after incubation was analyzed using Waters HPLC system equipped with a
Superose 6, 10/300 GL column (GE Healthcare, Piscataway, NJ) and on-line detection of
cholesterol was achieved via post-column enzymatic reactions2®. The post column reaction
was done using a 5 mL reaction coil at 37°C by mixing separated lipoprotein and enzymatic
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reagent whose flow rate was 0.2 mL/min. The UV absorbance of the product was detected at
490 nm. The enzymatic reagent solution was composed of 100 mM phosphate buffer (pH
7.0), 4 M sodium chloride, 0.2% triton X-100, 10 mM sodium cholate, 2.5 mM 4-
aminoantipyrine, 7.5 mM 2-hydroxy-3,5 dichlorobenzene, 0.0625 U/ml cholesterol oxidase,
1.25 U/ml peroxidase, 1.25 U/ml lipase and 0.1 U/ml cholesterol ester hydrolase. To
examine the distribution of FITC-DSPE-PEG-2K among endogenous lipoproteins, the
HPLC fractions of HDL, LDL and VLDL were collected after separation, and fluorescence
for each fraction was determined, using a Synergy NEO HTS Multi-Mode Microplate
Reader (Bio-Tek).

To determine the effect of SHDL induced remodeling of endogenous HDL subclasses,
lipoproteins after incubation were separated by one-dimensional native polyacrylamide gel
electrophoresis (PAGE) based on particle size and visualized by western blot for ApoA-I
protein. Samples were subject to electrophoresis in 10-well Tris-Borate-EDTA gradient
(3-25%) acrylamide native gels (Jule, Inc., Milford, CT). For each line, 5 pl of human serum
after incubation with PBS, 22A peptide or 22A-sHDL was mixed with 5 pl of 2X TBE
sample buffer and 6 pl of the resulting mixtures were loaded per line. Gels were run at 200 V
until the sample dye was 2.5 cm away from the bottom of the gel. Proteins were visualized
by western blot by transfer onto PVDF membrane and incubation overnight with anti-human
apoA-1-HRP conjugated antibody (Meridian Life Science, Memphis, TN). Bands were
visualized using SuperSignal™ West Pico Chemiluminescence Substrate (Thermo Fisher)
and images were acquired on a FluorChem M Imager (Protein Simple, San Jose, CA). Image
J was used for spot densitometry.

2.7 Pharmacokinetic and pharmacodynamic study in rats

The sHDL and sHDL-PEG formulations were prepared at a final 22A concentration of 20
mg/mL in PBS. Sixteen male Sprague-Dawley rats were randomly assigned to four groups:
sHDL, sHDL-PEG-2k (5%), SHDL-PEG-2k (10%) and sHDL-PEG-5k (5%), containing
four rats each. All rats were fasted overnight before dosing and received different SHDL
formulations at the dose of 50 mg/kg based on 22A peptide concentration via tail vein
injection. Blood samples of approximately 0.3 mL were collected from the jugular vein in
heparinized BD centrifuge tubes (BD, Franklin Lakes, NJ) at pre-dose and 0.25, 0.5, 1, 2, 4,
8, 24 and 48 hours after dosing. Serum samples were separated immediately by
centrifugation at 10,000 rpm for 10 minutes at 4°C and stored at —20°C until further
analysis.

2.8 Measurement of 22A peptide serum concentration by LC-MS and pharmacokinetic

analysis

To determine 22A peptide concentration in serum, 10 pL of 5A peptide (3 mg/mL) was
added to 10 pL of each serum sample as an internal standard (IS). The sample was then
mixed with 100 uL of methanol containing 0.1% acetic acid and vortexed for 30 seconds.
The mixture was centrifuged at 10,000 rpm for 10 minutes at 4°C and supernatant was
collected for LC-MS analysis. Samples were injected into the Agilent 6520 Accurate-Mass
Q-TOF LC/MS system equipped with a dual electrospray ionization source (Dual-ESI)
(Agilent Technologies, CA). An Agilent 300SB-C18 column (2.1 mm x 50 mm, 3.5 pm)
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was used for separation and the UV detector was set to a wavelength of 220 nm. The flow
rate was 0.3 mL per minute, with the initial mobile phase composed of 90% solvent A
(water containing 0.1% v/v formic acid) and 10% solvent B (methanol containing 0.1% v/v
formic acid). A linear gradient to 40% solvent A and 60% solvent B at 3.5 min, followed by
an additional linear gradient to 5% solvent A and 95% solvent B at 8 min was used. Mass
spectra were acquired in negative ion mode with the mass range set at m/z 100-3200. The
conditions used for the ESI source included a capillary voltage of 3500 V, a drying gas
temperature of 332°C, a drying gas flow of 5 L/min, and a nebulizer pressure of 45 psi as
well as a fragmentor voltage of 225 V. MassHunter Workstation software (Agilent
Technologies, CA) was used for data acquisition and processing. The extracted ion
chromatogram (EIC) of 22A was exported from the total ion chromatogram (TIC) by
monitoring the key fragment of 22A at m/z 656.6. Since 22A(-)Lys (21A) is the main
metabolite of 22A peptide after administration, we also determined 22A(-)Lys levels. The
EIC of 22A(-)Lys metabolite and IS 5A was extracted at m/z 832.5 and m/z 844.4,
respectively. The total integral area of 22A peak and 22A(-)Lys metabolite peak was used to
calculate concentration of 22A. A pharmacokinetic non-compartmental analysis (NCA) was
also performed to derive basic pharmacokinetic parameters of peptide using Phoenix©
WinNonlin® Version 7.3 (Pharsight Corporation, Mountain View, CA, USA), including
maximum serum concentration (Cy;4,), area under the serum concentration-time curve
(AUQ), elimination rate constant (Kjg), elimination half-life (7;,), total clearance (CL) and
volume of distribution (Vss) for each rat using Phoenix© WinNonlin® Version 6.3
(Pharsight Corporation, Mountain View, CA, USA). Coefficient of variation was calculated
for each parameter.

2.9 Quantification of serum phospholipids and cholesterol

The levels of serum phospholipids (PL), total cholesterol (TC), and unesterified or free
cholesterol (FC) were determined by enzymatic analysis, using commercially available Kits
(Wako Chemicals, Richmond, VVA). Cholesterol ester levels (CE) were calculated as the
difference between TC and FC levels at each time point. Briefly, serum samples were diluted
with PBS (pH 7.4) for TC and FC detection, or with Milli Q water for PL detection. Defined
amounts of standards or diluted samples were transferred to 96-well plates (50 uL, 60 uL
and 20 pL for TC, FC and PL analyses, respectively), and assay reagents were added per
manufacturer’s instructions. The plates were gently shaken using an orbital shaker and
incubated at 37 °C for 5 min. The UV absorbance at 600 nm was measured by a Synergy
NEO HTS Multi-Mode Microplate Reader (Bio-Tek). A pharmacokinetic non-
compartmental analysis (NCA) was also performed to derive basic pharmacokinetic
parameters of phospholipids using Phoenix© WinNonlin® Version 7.3 (Pharsight
Corporation, Mountain View, CA, USA). The pharmacodynamic effect in each mouse was
determined as the area under the total effect curve (AUEC) from dosing time point to 48
hours after dosing, which were calculated by trapezoidal rule. Secondary pharmacodynamic
endpoints (maximal effect [ £,2] and time to Eax [ Tmax 1) Were also analyzed to compare
pharmacodynamic effects. The coefficient of variation was calculated for each parameter.
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2.10 Cholesterol distribution among lipoproteins

To study the effect of SHDL or SHDL-PEG on lipoprotein profiles /n vivo, cholesterol
distribution between lipoprotein fractions was determined for rat serum collected at various
post-dose time intervals. Briefly, serum lipoproteins were separated by size using a Waters
HPLC system equipped with a Superose 6, 10/300 GL column (GE Healthcare, Piscataway,
NJ) and cholesterol distribution between VLDL, LDL, and HDL lipoprotein fractions was
determined by post-column enzymatic reactions. Rat serum prior to dosing and 2, 4, 12 and
24 h post-injection was analyzed. Serum aliquots (50 pl) were injected and eluted with 154
mM sodium chloride/0.02% sodium azide solution at 0.8 ml/min. The post column reaction
was used to determine cholesterol concentration as described in section 2.6.

2.11 Statistical Analysis

The significance of difference between data points, calculated Km and Vmax of cholesterol
efflux, pharmacokinetic (Cp20 AUC, T, Kig, CL, Vo) and pharmacodynamic parameters
(Emaxs AUEC) were determined by one-way ANOVA analysis, with SHDL group as the
control. Data are expressed as mean value with CV% of independent experiments. Statistical
significance was established at p < 0.05, p < 0.01, p < 0.001 and p < 0.0001.

3. Results

3.1 Preparation and Characterization of PEG Modified sHDL Nanoparticles

The sHDL selected for PEG modification was composed of 22A ApoA-1 mimetic peptide
and DPPC at 1:2 w/w (1:7.15 mol/mol) ratio of peptide:lipid. This composition was very
similar to the composition of ETC-642, a peptide-based sHDL that has been tested in both
single- and multiple-dose Phase I clinical trials in dyslipidemic patients!® 22, The molar
ratio between peptide and phospholipid components of sHDL dictates both the size and
purity of the resulting SHDL. For our study, a 1:2 weight ratio resulted in formation of
homogeneous prep-like HDL nanodiscs with average diameter of 8 - 10 nm25. Therefore,
the ratio between peptide and lipid was kept constant while a portion of DPPC was
substituted for DPSE-PEG to achieve surface pegylation of sHDL. Two different molecular
weights of PEG were used (2 kDa and 5 kDa) and DSPE-PEG were substituted for DPPC at
either 2.5, 5 or 10 molar percent. One unmodified and four pegylated SHDL nanoparticle
formulations were prepared and their compositions are summarized in Table 1.

The size distributions of sHDL and sHDL-PEG particles were determined by dynamic light
scattering (DLS) (Table 1, Figure 1A). The average diameter of non-pegylated SHDL was
9.2 + 0.3 nm, similar to other reported SHDL sizes?6. The average particle size of SHDL
increased gradually with increasing amounts of surface modifications, from 10.4 + 0.2, 11.4
+0.2to 13.1 £ 0.1 nm with addition of 2.5, 5 and 10% of PEG-2K, respectively. The size
further increased to 14.9 + 0.1 nm upon surface modification with the longer PEG-5K
polymer. The homogeneity of particle size distribution was preserved, as evidenced by the
low polydispersity index. Further characterization of SHDL nanoparticle size and purity was
performed by gel permeation chromatography (GPC) (Figure 1B). In agreement with our
DLS findings, the GPC retention time decreased from 7.89 min to 6.45 min with pegylation,
indicating the formation of larger particles.
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3.2 Impact of PEG modification of sHDL surface on cholesterol efflux capacity

The ability of PEG modified SHDL to facilitate cholesterol efflux was evaluated, using BHK
cells stably transfected with either human ABCA1, ABCG1 or SR-BI transporters. Efflux
from non-transfected or mock-transfected cells was measured for comparison. The cells
were first loaded with 3H- cholesterol and then incubated with sHDL, sHDL-PEG2k (5%),
sHDL-PEG2k (10%) or sHDL-PEG5k (5%) for 18 hours at concentrations of 0, 1.25, 2.5, 5,
10 or 20 puM 22A to obtain dose-response curves (Figure 2). The percent of cholesterol
effluxed into the medium by sHDL was determined by counting the radioactivity in the
medium and combined radioactivity of medium and lysed cells.

The ABCAL transporter is one of the major efflux mechanism for removing cholesterol from
macrophages in the atheroma, and primarily interacts with the lipid-free and or lipid-poor
forms of ApoA-I protein. In contrast, the ABCGL transporter interacts with larger, more
mature HDL to efflux cholesterol. The SR-BI transporter is found in the calveolar regions of
macrophage and endothelial cell membranes and is responsible for mediating bi-directional
cholesterol efflux and anti-inflammatory signaling induced by HDL. All four formulations
showed significant ability to efflux cholesterol passively from the cellular membrane of
BHK mock cells (Figure 2A). Induction of ABCA1, ABCGL1 and SR-BI transporters slightly
increased cholesterol efflux. The amount of effluxed cholesterol reached saturation at 5-10
UM of sHDL in all four cell types and for all sHDL formulations. In summary, pegylation of
sHDL does not appear to shield the functional interaction between sHDL and cholesterol
transporters.

3.3 Impact sHDL pegylation on cholesterol uptake by liver cells

After cholesterol is effluxed from peripheral tissues by sHDL, it is taken up by hepatocyte
receptors, metabolized and excreted into the bilel. To evaluate cholesterol uptake by hepatic
cells, sHDL particles were loaded with bodipy-labeled cholesterol and incubated with
HepG2 cells. Following a two-hour incubation, cellular uptake of bodipy-cholesterol from
both unmodified and pegylated SHDL was visualized by confocal imaging and quantified by
flow cytometry (Figure 3). The bottom row shows the channel overlay, with nuclei in blue
and bodipy-cholesterol in green. The fluorescence of bodipy appears to distribute throughout
cellular membranes and cytosol for all groups. When bodipy uptake by HepG2 cells was
quantified by flow cytometry and compared between different formulations, there were no
significant differences observed between groups. Thus, HDL nanoparticle pegylation at up
to 10% with PEG-2k and up to 5 % with PEG-5K does not prevent cellular uptake of
cholesterol by hepatocytes.

3.4 Effect of sHDL pegylalion on lipoprotein remodeling in vitro

Following /n vivo administration, sHDL are known to undergo significant remodeling in
blood, a process in which both lipid and protein components of SHDL nanoparticle exchange
with lipid and protein components of endogenous lipoproteins?’. The rate of this exchange
and how composition of sHDL affects this rate is not well characterized. To examine if
pegylation of lipid component of SHDL affects particle remodeling, the SHDL nanoparticles
were incubated in serum for 1 h at 37°C. By incorporation of fluorescently labelled DSPE-
PEG2k-FITC in sHDL and monitoring fluorescence, we confirmed that pegylated lipid
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eluted with the HDL fraction before and after incubation with serum (Figure 4A). We used
post-column reaction to measure levels of cholesterol in VLDL, LDL and HDL fractions
before and after serum incubations with various sHDLs (Figure 4B). After one hour
incubation with non-pegylated sHDL, VLDL cholesterol levels appear to decrease and
cholesterol distributes to smaller HDL particles likely due to partitioning to cholesterol-free
SHDL. When sHDL-PEG-2K (5%) were mixed with serum, cholesterol redistribution
toward HDL appears to be reduced.

Potential differences in how serum incubations with pegylated and non-pegylated sHDL
affect redistribution of endogenous apoA-I between various HDL sub-classes were also
examined by 1-D native page electrophoresis. Different free 22A peptide and various sHDLs
formulation were added at either 0, 0.3, and 1.0 mg/ml peptide, incubated for 30 min,
separated by 1-D native page electrophoresis and visualized by western blot for human
ApoA-I (Figure 4C). Compared to control serum (lane 1), addition of all SHDL formulations
resulted in the appearance of a lipid-free band of ApoA-1 (30 kDa) and in some instances a
small pre-p HDL particle or ApoA-1 dimer around 60 kDa. For serum incubations with
pegylated HDL, increase of ApoA-I1 signal in larger a-HDL was seen by the decreased
intensity between 250 and 720 kDa. The increase in pre-p HDL levels are considered to be a
beneficial effect of sHDL infusions as this sub-class of smaller HDL is thought to be
responsible for cholesterol efflux from macrophages by the ABCA1 transporter28. Thus,
serum incubation with non-pegylated sHDL leads to more favorable endogenous HDL
remodeling. However, formation of larger alpha-HDL, in case of pegylated sSHDL
incubations, could be just an artifact of increased hydrodynamic diameter of lipoprotein due
to presence of PEG on the surface.

3.5 Pharmacokinetics of 22A peptide and phospholipids

The pharmacokinetics of the peptide and phospholipid components of SHDL nanoparticles
were examined following IV bolus administration in SD rats (Figure 5). Nanoparticles with
different degrees of pegylation were injected at 50 mg/kg dose of 22A peptide. The peptide
concentration in serum was detected by LC-MS analysis. The total choline containing
phospholipids in serum were measured by plate assay and the pre-dose levels of lipids were
subtracted. The serum concentration kinetics data for peptide and lipid components of SHDL
were fitted using a non-compartment analysis (NCA) by WinNonlin software (\ersion 7.3).
Pharmacokinetic parameters derived included maximum serum concentration (Cp,ay), area
under the serum concentration-time curve (AUC), elimination rate constant (K7y),
elimination half-life (7;,,), total clearance (CL) and volume of distribution at steady state

(Vsg)-

Similar 22A peptide PK profiles were observed among all treatment groups (Figure 5),
indicating that PEG modification had no effect on peptide elimination following SHDL
administration /n vivo. The elimination rate constants obtained from NCA analysis showed
no significant difference among all groups and small inter-subject variability for each group.
The calculated area under the curve (AUC) values were comparable in all groups as well
(Table 2). Different from 22A peptide, the PK behavior of sHDL’s phospholipids was
significantly altered by PEG addition. Phospholipids in SHDL-PEG5k (5%) had a higher
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peak concentration Cp,, (578 mg/dL) relative to the Cp,ay 0f unmodified SHDL (384 mg/dL)
(p < 0.05). Higher surface density of PEG-2000 led to a longer lipid serum half-life /n vivo
and a higher AUC (Figure 5 and Table 3). The AUC increased gradually as more PEG was
added, from 2071 mg*h/dL for non-pegylated sHDL to 3042 and 4473 mg*h/dL for 5 and
10 mol% PEG-2k, respectively. Similarly, the addition of longer PEG chains at the same
surface density of polymer led to a longer half-life and a larger AUC, with half-lives of 8.6 h
for sHDL-PEG2k (5%) and 12.5 h for sHDL-PEG5k (5%) (NS) and AUC of 4473 mg*h/dL
for sSHDL-PEG2k (5%) and 6108 mg*h/dL for sHDL-PEG5k (5%) (p < 0.01).

The dichotomy of how pegylation did not affect pharmacokinetics of ApoA-I peptide
component of SHDL but significantly altered elimination of phospholipid component was
surprising. It became clear that pegylation of SHDL by insertion of pegylated lipid does not
provide stealth properties to the entire nanoparticle, but rather just to the phospholipid
bilayer component. This also points to the fact that following /7 vivo administration, sSHDL
undergoes extensive remodeling. The cholesterol-free lipid bilayers readily accept
cholesterol; the ApoA-I peptide components exchange with endogenous apolipoproteins;
and the phospholipid themselves likely exchange with endogenous lipoprotein lipids.

3.6 Theimpact of sHDL pegylation on in vivo pharmacodynamics

To examine the potential therapeutic effect of sSHDL pegylation on cholesterol metabolism /in
vivo, the pharmacodynamics biomarkers were measured following administration of
nanoparticles to normal SD rats by 1V infusion at a dose of 50 mg/kg 22A peptide. SHDL
has been reported to facilitate cholesterol efflux from peripheral tissues through RCT, and
the level of cholesterol in serum can be used to reflect the transient efflux of cholesterol
induced by administration of SHDL. The levels of plasma total cholesterol (TC, Figure 6A
and B) and free cholesterol (FC, Figure 6C and D) were determined directly, while esterified
cholesterol level was calculated by subtracting free cholesterol level from total cholesterol
level at each time point (CE, Figure 6C). Pharmacodynamics parameters were calculated and
summarized in Table 4. The typical pharmacological response following sHDL infusion is a
rapid mobilization of free cholesterol into the plasma compartment, followed by a rise in
cholesterol ester due to esterification by lecithin-cholesterol acyltransferase (LCAT) and
subsequent elimination of cholesterol by the liver. These expected effects were observed for
sHDL infusions, with a maximum FC mobilization of 75 mg/dL at 0.5 h followed by a peak
in CE (46 mg/dL) at 4 h, and elimination of all mobilized cholesterol by 24 h post-dose. In
line with the improvements in phospholipid PK, the pegylated SHDL exhibited greater
cholesterol mobilization and longer pharmacodynamic effect relative to non-pegylated
sHDLs. Both the higher degree of surface modification by PEG and longer PEG chain
lengths resulted in higher maximum effect levels for TC, FC, and CE increases. For
example, the maximum mobilized FC levels increased from 75 mg/dL for non-pegylated
sHDL, to 110, 125 and 137 mg/dL for sHDL-PEG-2K (5%), SHDL-PEG-2K (10%) and
sHDL-PEG-5K (5%). The area under the effect curve also increased for all pegylated
formulations: from 422 mg*h/dL (sHDL) to 1241 mg*h/dL (a 1.9-fold increase) for sHDL-
PEG-2K (10%) and to 1588 mg*h/dL (a 2.8-fold increase) for sHDL-PEG-5K (5%). Hence,
the longer lipid circulation time for pegylated sHDL resulted in greater levels of mobilized
cholesterol and a longer duration of the effect.
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3.7 Distribution of mobilized cholesterol and lipoprotein remodeling in vivo

In order investigate in greater detail the mechanism of cholesterol mobilization and
elimination following administration of pegylated and non-pegylated sHDL particles, we
determined the relative distribution of mobilized cholesterol in the HDL, LDL and VLDL
fractions by HPLC. The positions of HDL, LDL and VLDL sized particles containing
cholesterol are labeled on Figure 7. The infusion of sHDL caused a rapid mobilization of
cholesterol in the HDL fraction, with the maximum increase at 0.5 h post-dose (blue line,
Figure 7A). The increase in HDL-C was accompanied by small increase in VLDL-C, and
cholesterol returned to baseline levels by 24 h post-dose. The cholesterol profile changes
were different when pegylated sHDLs were administered. Because pegylated sHDLs are
slightly larger in size, the mobilized cholesterol appears to elute between HDL and LDL
fractions at 0.5, 2 and 4 h post administration (Figure 7B-D). The increase in VLDL-C
appears to be higher for all pegylated sHDLs relative to SHDL, especially for SHDL-
PEG-2K (10%). It is possible that DSPE-PEG caused inhibition of lipoprotein lipase or
stimulation of liver lipogenesis, which both lead to the transient increase in VLDL-C.
However, for all formulations cholesterol increases were transient. The cholesterol level and
its relative lipoprotein distribution returned to pre-dose levels, indicating completion of the
RCT process triggered by administered sHDL.

4. Discussion

In this study, we successfully prepared pegylated SHDL with varying PEG surface densities
of 5 and 10 mol%, as well as two different molecular weights of PEG, 2 kDa and 5 kDa.
Incorporation of PEG resulted in a small increase in the sHDL hydrodynamic diameter, but
the overall size homogeneity was preserved. Owing to the relatively low degree of PEG
surface modifications, pegylated SHDL retained their ability to efflux cholesterol by passive
uptake and through ABCA1, ABCG1 and SR-BI transporters and facilitate uptake of
cholesterol by HEPG2 cells. Despite high similarity 7n vitro, the performance of pegylated
sHDL differed when nanoparticles were examined normal rats. Administration of pegylated
sHDL led to greater extent of cholesterol mobilization and longer duration cholesterol
elevation relative to non-pegylated sHDL (Figure 6). However, the pharmacokinetic effect
appeared to be different from cholesterol mobilization. While some increases phospholipid
circulation times and AUCs were observed after administration of pegylated sHDL, the
ApoA-I peptide PK parameters remained unchanged (Figure 5). Overall, 22A peptide
appears to be eliminated more rapidly than sHDL’s lipid components. This indicates that
peptide and lipid components of administered sHDL exchange /n7 vivo with contents of
endogenous lipoproteins and are eliminated independently. Some degree of remodeling was
observed /in vitro following incubation of serum with SHDL, with 22A peptide displacing
endogenous ApoA-I proteins from various sub-fractions of HDL (Figure 4).

Our intention was to improve the duration of sHDL pharmacologic effect by increasing
stability of the entire SHDL nanoparticle in blood and, thus, increasing circulation time.
While extensive pegylation of nanoparticles (20% of lipid) is known to improve their stealth
properties?®, we were concerned that 20% pegylation would interfere with SHDL’s ability to
interact with cholesterol efflux transporters and liver scavenger receptors, leading us to
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choose modest pegylation levels for our sHDL preparations (5 and 10%). We have
previously shown a modest reduction in sHDL internalization by SR-BI receptors expressed
by colon carcinoma cells using fluorescently labelled SHDL containing only 5 mol% DSPE-
PEG-2K relative to non-pegylated sHDL3C. When /n vivo circulation times of fluorescently
non-pegylated sHDL and peg-modified sHDL (5 mol% DPPG-PEG2K) were compared by
measuring fluorescence intensity by Zhang et af., no differences were observed3L. Careful
examination of how the degree of nanoparticle pegylation influence PK was performed by
Liu et a#%. When lipid-calcium phosphate nanoparticles of 30 nm in diameter were modified
with DPPE-PEG2K at 5 mol%, no changes in PK or biodistribution were observed. In
contrast, modification with 20 mol% lead to a significant improvement in plasma
nanoparticle stability and a longer circulation time. Hence, using a higher molar content of
PEG on the sHDL surface may lead to a more significant reduction in SHDL remodeling by
lipoproteins /n vivo and further improvement in PK/PD profiles relative to those observed in
the current study.

In this study, the PK parameters of lipid component of sHDL were improved by pegylation,
but the half-life of 22A peptide remained unchanged. This result confirms that SHDL
particle is not eliminated /n vivoin its intact form. It is likely that elimination rates of
sHDL’s protein and lipid components depend on their exchange with endogenous
lipoproteins. The signs of this remodeling were confirmed by ex-vivo incubation of SHDL
with human plasma (Figures 4), with 22A peptide displacing ApoA-I protein on endogenous
HDL, as is evident by the appearance of lipid-free ApoA-1 band in western blot (Figure 4).
Previously, we observed longer circulation times for sHDL lipid components relative to 22A
peptide, as well as extensive displacement of ApoA-I protein from endogenous HDL by 22A
peptide26. Some differences in elimination rates of protein and phospholipid components
were also noticed in clinical studies of SHDL products. Indeed, faster elimination of ApoA-I
(T1/2 ~ 10 h) was observed relative to phospholipid (T4, ~ 46 h) following administration of
45 mg/kg of CER-001, ApoA-I-sphingomyelin nanoparticles32. The elimination of ApoA-I
and lipid components of CSL-112, ApoA-I-soybean phosphatidylcholine nanoparticles,
followed an opposite trend to CER-001 with a longer protein half-life of 36.4 h relative to
phospholipid half-life of 18.0 h!6. There are known differences in in vivo metabolism of
DPPC used in this study to prepare sHDL, soybeanPC (CSL-112) and sphingomyelin
(CER-001)33. In addition, full-length ApoA-1 has about 10 amphipahtich a-helical
segments, resulting in stronger binding to phospholipid relative to the much smaller 22A
peptide. Thus, it is possible that ApoA-I-based sHDLs are more stable and less susceptible
to the remodeling /n vivo relative to ApoA-1-peptide-based sHDL.

Various strategies have been used to increase /in vivo half-life of the ApoA-I component of
sHDL. In one study, a trimer of the ApoA-1 protein was produced by recombinant
expression34. An improvement in residence PK profiles was observed3-36, but clinical
development of trimeric ApoA-1 was halted likely due to high manufacturing cost and
immunogenicity concerns. Using a similar concept, crosslinked dimers, trimers and star-like
multimers of ApoA-1 mimetic peptides were synthesized to improve the /n vivo stability,
circulation time and efficacy of peptide-based sHDL3’. Having multiple a-helixes to bind
phospholipids resulted in longer /n vivo circulation time and lower plasma cholesterol levels
in murine model of atherosclerosis, but a reduction in atheroma volume was not reported36.
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A different chemical approach, termed hydrocarbon stapling, was employed by Sviridov et
al. to stabilize peptide a-helices and improve cholesterol efflux, but the impact of stapling
on RCT was not fully characterized38. Finally, the ApoA-I protein of SHDL was selectively
pegylated by attaching a single 20K PEG chain to protein N-terminal by Murphy et a/20
Pegylation of ApoA-I did not reduce its ability to efflux cholesterol, but did improve protein
circulation /n vivo and led to the suppression of bone marrow myeloid progenitor cell
proliferation in hypercholesterolemic mice. Pegylation also appeared to improve anti-
atherosclerotic properties of HDL as observed by the reduction in atheroma necrotic core
area and lipid content of the aortic arch relative to placebo. However, differences between
pegylated and unmodified HDL were not significant. This indicates that the composition of
pegylated sHDL needs to be further optimized for their plasma stability and
pharmacokinetic properties prior to formal efficacy studies.

The focus of this study was to understand how pegylation affects the RCT pathway
facilitated by HDL. The impact of pegylation on cholesterol efflux /n vitro and elevation of
cholesterol levels /n vivo were examined as biomarkers of RCT. However, the impact of
pegylation on the anti-inflammatory and anti-thrombotic properties of SHDL has not yet
been examined. In addition, the reduction in atheroma volume following HDL
administration in animal models of atherosclerosis is the ultimate measure of sHDL’s
efficacy /n vivo. We plan to perform these studies following development of a complete
understanding of the impact of pegylation on the pharmacokinetics and /n vivo stability of
sHDL, in addition to selecting the optimal surface-modified sHDL formulation.

The results of our study have broader impact of the field of sSHDL design and nanoparticle
drug delivery. This study underlines the importance of sSHDL remodeling by endogenous
lipoproteins /n vivoin regards to SHDL’s PK and pharmacological effect. Hence, strategies
for minimizing sHDL /n vivo remodeling, such as crosslinking ApoA-I or lipid components,
could potentially improve sHDL PK properties and efficacy. Similarly, HDL-like
nanoparticles used for imaging and drug delivery purposes are likely to remodel /n vivo,
which could lead to rapid cargo release® 313940, |n the recent years, the formation of
protein corona on the surface of nanoparticles used for drug delivery and imaging had
emerged as a critical issue for in vivo efficacy of nanomedicines*1-43. Endogenous
lipoprotein components were found to be major components of the protein corona®*. It has
been reported that endogenous lipoproteins also rapidly remodel liposomal and micellar
nanocarriers and alter cargo release*®-46. Thus, understanding the forces driving lipoprotein
remodeling /n vivo and developing strategies to minimize it could lead to the design of more
stable and efficacious SHDL based nanomedicines.
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intravenous
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apoA-1 mimetic peptide consisting of 37 amino acids—
DWLKAFYDKVAEKLKEAFPDWAKAAYDKAAEKAK
EAA

phospholipid reconstituted HDL based on 22A
1,2-dipalmitoyl-sn-glycero-3-phosphocholine

N-(carbonyl-methoxypolyethyleneglycol)-1,2-distearoyl-
sn-glycero-3-phosphoethanolamine

DSPE-PEG with a 2000 Da molecular weight of PEG
DSPE-PEG with a 5000 Da molecular weight of PEG
HDL cholesterol

Pharmacokinetic

pharmacodynamics

gel permeation chromatography

dynamic light scattering

internal standard

extracted ion chromatogram

total ion chromatogram

phospholipids

total cholesterol

unesterified or free cholesterol

cholesterol ester

reverse cholesterol transport
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Figure 1.

Particle size distribution of different 22A-sHDL particles determined by dynamic light
scattering (Panel A) and gel permeation chromatography (Panel B).
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Cholesterol Efflux of cholesterol from BHK cells transfected with ABCA1 (Panel A),
ABCG1 (Panel B), SR-BI (Panel C), BHK-mock cell (Panel D) by sHDL particles.
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Figure 3.
Cell uptake of bodipy-labelled cholesterol by HepG2 cells at 2 hours after incubation of

sHDL particles (Panel A). The fluorescent intensity was quantified by flow cytometry
(Panel B).
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Figure 4.
The cholesterol distribution between VLDL, LDL and HDL lipoprotein fractions before and

at 1 hour after incubation of sHDL and FITC labelled sHDL-PEG2k (5%) with human
serum at 37 °C (Panel A). The distribution of FITC-labelled PEG2k component in sHDL-
PEG2k (5%) among lipoproteins after incubation was shown in Panel B. The ApoA-I
distribution between various subclasses of HDL after 1 hr incubation was determined by 1-D
native page electrophoresis and visualized by western blot using anti-apoA-I antibody
(Panel C). Lane 1 was the control serum, lane 2, 3, 4, 5,6 represented free 22A, sHDL,
SHDL-PEG 2k (5%), SHDL-PEG2k (10%), SHDL-PEG5k (5%) at peptide concentration of
0.3 mg/ml. Lane 7, 8, 9 represented sHDL, sHDL-PEG 2k (5%), SHDL-PEG2k (10%) at
peptide concentration of 1.0 mg/ml.
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Pharmacokinetics of 22A peptide (Panel A) and phospholipids (Panel B) after intravenous
bolus of various sHDL to Sprague-Dawley rats at 22A peptide dose of 50 mg/kg
corresponding to 100 mg/kg dose of phospholipids. Serum peptide concentrations were
determined by LC-MS and total choline containing phospholipids was measured by a
commercial choline oxidase assay. (*) denotes statistical significant differences of total
phospholipids changes for each group compared with sHDL group, with p-values less than
0.0001.
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pharmacokinetic study. The level of total cholesterol (Panel A), free cholesterol (Panel B)
and cholesterol ester (Panel C) in rat serum were determined by commercially available

kits. (*) denotes statistical significant differences of TC, FC or EC changes for each group
compared with sHDL group, with p-values less than 0.0001.
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Figure 7.
The cholesterol distribution between VLDL, LDL and HDL lipoprotein fractions at different

time points after IV injection of sHDL (Panel A), sHDL-PEG2k (5%) (Panel B), sHDL-
PEG2k (10%) (Panel C) and SHDL-PEG5k (5%) (Panel D) to SD rats.
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Table 1.

The characterization summary of different 22A-sHDL particles

sHDL Formulations (molar ratio) RT2 (min)  Particle size (nm) PDIb

22A: DPPC (1:7.15) 7.89 9.21+0.29 0.36 +0.09
22A: DPPC: DSPE-PEG2k (1:6.97:0.18) 7.78 10.44 £ 0.16 0.15+0.06
22A: DPPC: DSPE-PEG2k (1:6.79:0.36) 7.44 11.38 £ 0.22 0.24 +0.06
22A: DPPC: DSPE-PEG2k (1:6.43:0.72) 6.92 13.06 +0.03 0.23 £0.06
22A: DPPC: DSPE-PEG5kK (1:6.79:0.36)  6.45 14.91 £ 0.02 0.26 +0.02

aRT: retention time

bTDI: polydispersity index.
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Table 2.

Page 27

Pharmacokinetic parameters (% CV) of 22A peptide after 50 mg/kg doses of sHDL, SHDL-PEG2k (5%),
SsHDL-PEG2k (10%) and sHDL-PEG5k (5%) treatments.

Groups

Parameters
sHDL

sHDL-PEG2k (5%)

SHDL-PEG2K (10%)

SHDL-PEG5k (5%)

Cro%(mg/dL) 6335 (22.4)

AUCb (mg*h/dL) 4185 (19.4)

Kio© (hD) 0.1521 (7.94)
Tuz % (h) 4.588 (8.58)

cLé(dLrh) 0.0034 (21.4)
v (L) 0.0221 (21.1)

677.1(15.2)™

4150 (22.6)"™

0.1693 (21.4)"™

4.25 (17.4)™

0.0032 (19.9)™

0.0188 (9.84)™

612.3 (27.5)™
5885 (8.50)
0.1071 (33.7)"
7.14 (28.8)

"

0.0022 (8.40)

0.0216 (9.6)™

712.0 (15.2)"
5163 (10.4)™
0.1377 (6.46)"™
5.05 (6.34)™
0.0025 (9.18)™

0.0179 (13.3)"™

a . . .
Cmax. the maximum plasma concentration of peptide

b . . . L
AUC: the area under the curve in plot of concentration of peptide against time

cK_za elimination rate constant
d . Lo
T1/2. the half-life of elimination

e .
CL: total clearance for peptide

Vs volume of distribution for peptide at steady state. Data was shown as mean with CV%. Significance:

p<0.05

HA
p<0.01

Hok:

*
p<0.001

Aok A

p<0.0001

n5: no significant difference compared with sHDL group.
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Table 3.

Page 28

Pharmacokinetic parameters (% CV) of total phospholipids after 50 mg/kg doses of sHDL, sHDL-PEG2k

(5%), sHDL-PEG2k (10%) and sHDL-PEG5k (5%) treatments.

Groups

Parameters

sHDL SHDL-PEG2k (5%) SHDL-PEG2k (10%) sHDL-PEG5k (5%)
Crad (mg/dL)  383.9(28.0) 4381 (9.5)™ 477.0 27.3)® 578.0 (4.8)*
Toal (0) 0.38(385)  0.88(28.6)" 1.6 (46.2)" 1.0 (0)"
AUCS (mghidL) 2071 (2L7) 3042 (26.2)"™ 4473 (11.8) 6108 (18.5)
Ky (h-1) 0.17(345) 011 (54.9)" 0.072 (19.7)* 0.065 (37.9)*
LP0) 459 (433) g2 (46.9) 9.96 (18.2) ™ 125(382)*
et @um) 0.014 (23.6)  0.0088 (20.5) ™ 0.0057 (10.7) 0.0044 (30.4) ™
Ve (dL) 0.083(19.7) 010 (37.2)® 0.084 (28.0)® 0.074 (27.4)™

a . . .
Cmax. the maximum plasma concentration of phospholipids

b .
Tmax: the time to observe Cmax

c . . . L
AUC. the area under the curve in plot of concentration of phospholipids against time

d Lo
K10 elimination rate constant

eTJ/g the half-life of elimination

fCL: total clearance for phospholipids

g\/gs. volume of distribution for phospholipids. Data was shown as mean with CV%.

*
p<0.05

Aok

p<0.01

Aok

*
p<0.001

Heok kA

p<0.0001

ns Lo . .
: no significant difference compared with SHDL group.
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Table 4.

Page 29

Pharmacodynamic parameters (% CV) of total phospholipids after 50 mg/kg doses of sHDL, sHDL-PEG2k
(5%), sHDL-PEG2k (10%) and sHDL-PEG5k (5%) treatments.

Parameters sHDL SHDL-PEG2k (5%) sHDL-PEG2k (10%) sHDL-PEG5K (5%)
Tmace (h) 094 (826) 20(70.7)™ 2.0(0)° 3.3(46.2)%
b

TC  Epa (mg/dL) 1149 (25.4) 177.8(8.1)"" 181.4 (17.4) 2125 (7.7)*
AUECS (mg*h/dL) 562.8 (25.9) 1660 (37.2)* 2031 (13.1) 77 3171 (25.8) 7
Trmaxe () 056 (55.9) 0.8 (28.6) 2.0 (0) ¥ 15(385)"

FC  Epmex (mg/dL) 74.6(26.8)  109.6 (7.0)" 125.1 (31.6)® 136.9 (12.0)
AUEC (mg*h/dL) 4217 (36.5) 740.7 (31.5)" 1241 (35.6) " 1588 (26.1)
Trnaxe (h) 12(795  43(67.6)° 5.0 (40.0)* 7.0 (28.6)"

CE  Epma (mg/dL) 46.4(430)  76.2(14.6)" 73.5 (39.8) 89.9 (33.5)®
AUEC (mg*h/dL) 3729 (21.4) 869.6 (51.8)" 1034 (41.3) 1562 (32.1)

a . . .
Tmax: time at which the E/mgxis observed.

b . . . .
Emax. the maximum plasma concentration of different cholesterol species.

c )
AUEC: the area under the effect curve. Data was shown as mean with CV%.

*
p<0.05

*ok

p<0.01

Aok

p<0.001

Hok kA

p<0.0001

ns. - . .
: no significant difference compared with sHDL group.
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