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Abstract Patients with coronary heart disease or equiva-
lent risk received a single dose of 30, 100, 300, or 500 mg
of unformulated D-4F (n 5 8, each dose) or placebo (n 5
8) under fasting conditions. An additional 10 patients re-
ceived 500 mg (n 5 8) or placebo (n 5 2) with a low-fat
meal. There were no significant trends in any safety pa-
rameter. D-4F was detectable in plasma at all doses with
a Tmax of 30 min, 1 h, and 2 h for 30, 100, and > 300 mg,
respectively. The area under the curve(02t) was 27.81 ng/
hr/ml and 54.71 ng/hr/ml for the 300 mg and 500 mg
dose groups, respectively, and 17.96 ng/hr/ml for the
500mg dose given with food. HDL from each time point
for each subject was tested for its ability to inhibit LDL-
induced monocyte chemotactic activity in cultures of hu-
man aortic endothelial cells. The values obtained were
normalized to 1.0 for LDL alone to obtain the HDL in-
flammatory index. This index significantly improved at
4 h at the 300 mg dose and at 2 h at the 500 mg dose com-
pared with placebo (P , 0.05). There were no changes in
plasma lipid or lipoprotein levels. We conclude that un-
formulated D-4F has low bioavailability that is improved
under fasting conditions, and that a single dose of D-4F is
safe and well tolerated and may improve the HDL anti-
inflammatory index.—Bloedon, L. T., R. Dunbar, D. Duffy,
P. Pinell-Salles, R. Norris, B. J. DeGroot, R. Movva, M. Navab,
A. M. Fogelman, and D. J. Rader. Safety, pharmacokinet-
ics, and pharmacodynamics of oral apoA-I mimetic peptide
D-4F in high-risk cardiovascular patients. J. Lipid Res. 2008.
49: 1344–1352.
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Epidemiologically, levels of HDL cholesterol and its
major protein, apolipoprotein A-I (apoA-I), are inversely
related to cardiovascular risk (1). ApoA-I is widely rec-
ognized to be involved in the initial steps of macrophage
reverse cholesterol transport (2). It may also be critical to
the anti-inflammatory properties of HDL (3). Deficiency
of apoA-I in atherosclerosis prone mice results in signif-
icantly more atherosclerosis despite preserved HDL cho-
lesterol levels (4). Conversely, transgenic overexpression,
somatic gene transfer, or intravenous infusion of apoA-I in
mice and rabbits has demonstrated reduced progression
and even regression of atherosclerosis (5–7). In humans,
a small-scale clinical trial with intravenous recombinant
apoA-I Milano complexed with phospholipids demon-
strated a significant reduction in coronary atheroma vol-
ume as measured by intravascular ultrasound after 5 weeks
of therapy in patients with acute coronary syndrome (8).
Given such results, it is believed that directly targeting
apoA-I in humans may positively influence atherosclerosis.

One approach to targeting apoA-I is to develop struc-
turally related peptides that “mimic” apoA-I function
in vivo (9). D-4F is an apoA-I mimetic peptide composed
of 18 D-amino acids, thereby preventing degradation by
gut peptidases and enhancing oral absorption (9). Like
apoA-I, D-4F binds nonoxidized lipids (9) but D-4F has a
structure that enhances its ability to bind and sequester
fatty acid hydroperoxides and proinflammatory oxidized
phospholipids (10). Oral administration of D-4F has been
shown to improve HDL anti-inflammatory properties
in mice and monkeys and dramatically reduce lesions in
mouse models of atherosclerosis despite no change in
plasma levels of HDL cholesterol (11).
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We present data from the first trial of D-4F in humans. We
evaluated the safety, tolerability, pharmacokinetics, and
pharmacodynamics of a single oral dose of D-4F in patients
with stable coronary heart disease (CHD) or a CHD
equivalent state.

EXPERIMENTAL PROCEDURES

Subjects

The study included 36 men and 14 postmenopausal women
(age range, 21–75 years) with stable CHD or a CHD equivalent
as defined by the National Cholesterol Education Program Adult
Treatment Panel III criteria (12). Eligible subjects were required
to have been on a stable (.4 weeks) regimen of statin therapy.
Major exclusion criteria included unstable CHD, congestive
heart failure, New York Heart Association class III or IV angina
pectoris, niacin .500 mg or fibrate use, uncontrolled hyperten-
sion, hemoglobin A1c .10%, serum creatine kinase above the
upper limit of normal, and serum albumin ,2.5 mg/dl. The
protocols were approved by the General Clinical Research Cen-
ter and the Institutional Review Board at the University of
Pennsylvania. All subjects provided written informed consent
to participate in the study.

Study design

In this double-blinded study, eligible subjects were random-
ized to a single oral dose of D-4F at 30, 100, 300, or 500 mg or
matching placebo after a 12 h fast. The first 3 dose groups
included 10 subjects (8 were randomized to D-4F, 2 received
placebo). The 500 mg dose group included 20 subjects (16 re-
ceived D-4F, 4 received placebo). Thus, there were a total of
10 placebo subjects in these groups that were available for com-
parison with the subjects receiving D-4F. The first 3 dose groups
and the first 10 subjects in the 500 mg dose group (500 mg,
fasted) received the single dose of test article after an overnight
fast and at least 2 h prior to a standardized low-fat meal and
any concomitant medications. The last 10 subjects who received
500 mg or placebo had a standardized low-fat meal provided
within 10 min after dosing (500 mg, fed).

Blood was obtained at baseline, 15 min, 30 min, 1 h, 2 h, 6 h,
12 h, and 24 h after study drug administration for plasma D-4F
levels. Subjects returned for follow-up visits 2, 7, 14, and 30 days
after study drug administration to evaluate safety laboratory
measures (chemistry, hematology, coagulation, creatine kinase,
and cytokine profiles), adverse events (AEs), and clinical find-
ings. AEs were judged by a study investigator as mild, moderate
or severe. Relationship of AEs to study drug was assigned by the
investigator as probable, possible, unlikely or none. A single study
investigator reviewed all AEs at the end of the study.

Intervention

The peptide D-4F with the primary amino acid sequence Ac-
D-W-F-K-A-F-Y-D-K-V-A-E-K-F-K-E-A-F-NH2 was synthesized by the
solid phase method using an automated solid phase synthesizer
(PS3 Protein Technologies, Woburn, MA) following Good Man-
ufacturing Practice guidelines. D-amino acids were coupled to a
Rink AM resin (Matrix Innovation) and were acetylated with
acetic anhydride at the N-terminus. The peptides were cleaved
from the solid support using 70% trifloroacetic acid in dichloro-
methane and were purified via reverse-phase HPLC column. The
purity of the peptides was verified via analytical reverse-phase
HPLC and mass spectral analysis. Because there is no difference
other than oral bioavailability between the peptide 4F when syn-

thesized from all D-amino acids (D-4F) compared with the same
peptide synthesized from all L-amino acids (L-4F), the latter
was used for some in vitro experiments.

D-4F is highly water-soluble, and each dose was diluted in
30 ml of 25% sucrose-water solution, yielding a test article con-
centration ranging from 1 mg/ml (lowest dose) to 16.67 mg/ml
(highest dose). The vehicle control (25% sucrose solution) served
as the placebo. The chilled diluted study agent was administered
immediately after dilution and filter sterilization. Samples from
each dose group were validated for purity, content uniformity,
and concentration of D-4F by an independent laboratory (Alta
Analytical Laboratory, Inc., El Dorado Hills, CA).

Outcome measures

Plasma levels of D-4F were determined by Alta Analytical Labo-
ratory, Inc., using HPLC and liquid chromatography atmospheric
pressure ionization tandem mass spectrometry (LC-API-MS-MS)
with 13C, 15N-4F as the internal standard. The validated lower
limit of quantification was 1.0 ng/ml. Intra-assay accuracy and
precision values were within 615%. The calibration curves were
linear over a range of 1–250 ng/ml.

Pharmacokinetic calculations

Pharmacokinetic parameters including the area under the
curve (AUC) from time zero to the time of the last measurable
concentration [AUC(02t)], the AUC from time zero to infinity
[AUC(o2inf)], the terminal elimination rate (Kel), the apparent
elimination half-life (T1/2), maximum drug concentration (Cmax),
and time of the maximum drug concentration following dosing
(Tmax) were computed by MDS Pharma (Lincoln, NE) from the
plasma drug concentration time data for D-4F by noncompart-
mental analysis, using WinNonlin version 4.0 and SAS version
8.2 (SAS Institute).

Pharmacodynamic measurements

Lipid parameters were analyzed from EDTA plasma collected
after a 12 h fast in a Centers for Disease Control and Preven-
tion standardized lipid laboratory. Plasma total cholesterol (TC),
HDL cholesterol, and triglycerides (TG) were measured enzy-
matically on a Cobas Fara II autoanalyzer (Roche Diagnostic
Systems Inc.) using Sigma reagents (Sigma Chemical Co.). LDL
cholesterol and VLDL cholesterol levels were determined after
ultracentrifugation at a density of 1.006 g/ml. ApoA-I was mea-
sured using Wako reagents (Wako Chemicals USA, Inc.). ApoA-I
and HDL cholesterol were measured over 24 h at the same time
points as the HDL inflammatory index.

Samples for analysis of the HDL inflammatory index were
coded and shipped on dry ice from the University of Pennsyl-
vania by overnight courier to the University of California-Los
Angeles where the determinations were made blinded to treat-
ments. The samples for the HDL inflammatory index were
sucrose cryopreserved and the HDL inflammatory index was de-
termined as previously described (13). Briefly, a normal control
human LDL was added to human aortic endothelial cells in cul-
ture at 100 mg LDL cholesterol per ml without added HDL or
together with the test HDL prepared by fast protein liquid chro-
matography and added at a concentration of 50 mg HDL cho-
lesterol per ml. After 8 h the supernatants were collected and
assayed in triplicate for monocyte chemotactic activity as pre-
viously described (13). The monocyte chemotactic activity pro-
duced in this assay is virtually all due to the production of
monocyte chemotactic protein-1 by the endothelial cells (14).
The values in the absence of HDL were normalized to 1.0. Val-
ues .1.0 after the addition of HDL indicated proinflammatory
HDL; values ,1.0 indicated anti-inflammatory HDL. The HDL
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inflammatory index has been shown to correlate with athero-
sclerotic lesion area and with serum amyloid A levels in
cholesterol-fed rabbits (15). Determination of LDL lipid hydro-
peroxide levels and paraoxonase activity were performed as
previously described (16). The data from the University of
California-Los Angeles and from Alta Analytical Lab (El Dorado
Hills, CA) were sent to the Data Management Center at MDS
Pharma (Lincoln, NE), where the samples were decoded and
statistical analyses were performed.

In vitro studies

D-4F or scrambled D-4F (Ac-DWFAKDYFKKAFVEEFAK-NH2),
a peptide that does not promote a-helix formation, was added
at concentrations up to 300 ng/ml to human plasma from sub-
jects with CHD or a CHD equivalent (prior to administration of
the test article). The plasma was incubated under argon for 1 h
and fractionated by fast protein liquid chromatography and the
HDL inflammatory index, lipoprotein lipid hydroperoxide
contents and HDL-paraoxonase activity were determined as pre-
viously described (13, 16). In other in vitro studies L-4F was
added to the endothelial cells at concentrations ranging from
1–1,000 ng/ml with LDL in the absence of HDL.

Statistical analyses

All individual and group mean data for pharmacokinetics
pattern of D-4F were tabulated along with descriptive statistics
[N, N missing, mean, SD, CV (%), SEM, median, minimum,
and maximum]. Changes in pharmacodynamic measures were
assessed by mean change from predose to postdose time points
by dose group, dose group versus placebo, treatment versus
placebo, and time. All descriptive and lipid statistical analyses
were performed by MDS Pharma (Lincoln, NE) using SAS sta-
tistical software version 8.2 (SAS Institute, Cary, NC). The sta-
tistical analysis of the lipid concentration and HDL inflammatory
index was performed for change from baseline values within
each treatment group and compared with placebo. The analysis
was conducted using ANOVA using a linear mixed model of re-

peated measurements to test the differences between D-4F dose
groups and placebo at each time point. Pairwise comparisons of
the LS means between D-4F dose groups and placebo at each
time points of collection were examined. Analysis of data from
the in vitro studies after addition of D-4F or scrambled D-4F
was performed by ANOVA using GraphPad InStat version 3.05,
32 bit for Windows 95/NT (GraphPad Software, San Diego, CA).
For the in vitro studies, the appropriate statistical analysis of
change from baseline for HDL inflammatory index for each in-
dividual time point was based on the normality of the data within
each time point and treatment. For the comparison between DF-
4 and placebo at each time point, the Mann-Whitney test (non-
parametric test) was used if the data were not normal. For the
comparison of each postdose time point to baseline for each
treatment, the Wilcoxon’s signed rank test (nonparametric test)
was used if the data were not normal. If the data were normal
for the pairwise comparisons, ANOVA with Satterhwaite’s ad-
justment was performed. For all statistical analyses, the a level
was defined at the 0.05 statistical significance level. Because the
primary objective was assessment of safety and tolerability, no
formal sample size or power calculations were performed.

RESULTS

The baseline demographics of the subjects are presented
in Table 1. The majority of subjects were male, Caucasian
(subjects were given the option to report more than one
race), and obese. Thirty-two percent of the subjects had
CHD; 70% had type 2 diabetes mellitus (T2DM).

Pharmacokinetics

Fig. 1 shows the mean plasma concentrations of D-4F
over time. Absorption of D-4F was rapid, less than 1%, and
dose-dependent in the fasted groups. The mean maxi-
mum plasma concentrations for 30 mg, 100 mg, 300 mg,

TABLE 1. Baseline demographics by population and dose group

Trait 30 mg 100 mg 300 mg 500 mg fasted 500 mg fed All Placebo Overall

Male sex, n 6 7 6 4 5 8 36
Female sex, n 2 1 2 4 3 2 14
Race

American Indian/Alaska Native 0 0 0 1 2 0 3
Asian/Pacific Islander 0 0 0 0 1 0 1
Black 3 4 2 1 0 3 13
Caucasian 5 4 6 6 5 7 33
Hispanic 0 2 1 0 0 1 4

Age (mean 6 SD), y 63.5 6 5.6 52.6 6 9.4 58.5 6 6.6 58.4 6 6.7 64.5 6 6.3 61.6 6 8.8 59.9 6 8.1
Weight (mean 6 SD), kg 91.5 6 20.0 91.3 6 13.6 95.0 6 18.1 82.9 6 17.3 89.3 6 14.3 95.9 6 15.5 91.2 6 16.3
Body mass index

(mean 6 SD), kg/m2
31.7 6 5.8 30.0 6 2.2 31.4 6 4.7 29.7 6 3.9 31.7 6 4.1 32.0 6 3.5 31.3 6 4.0

CHD, n 3 0 4 3 3 3 16
Receiving an angiotensin receptor

blocker or angiotensin-converting
enzyme inhibitor

3 7 5 1 5 5 26

T2DM, n 4 7 5 5 6 8 35
Other forms of cardiovascular

disease, n
0 0 3 1 1 1 6

.20% risk if no CHD or T2DM 1 1 0 0 0 0 2
Systolic blood pressure

(mean 6 SD), mm Hg
134 6 12.6 138 6 31.7 136 6 16.7 116 6 11.3 142 6 23.0 136 6 22.4 —–

Diastolic blood pressure
(mean 6 SD), mm Hg

76 6 14.5 81 6 19.0 79 6 10.5 72 6 6.7 76 6 10.0 80 6 12.6 —–

HDL cholesterol (mean 6 SD), mg/dl 41 6 11.69 46 6 14.24 46 6 13.84 45 6 11.75 48 6 14.97 54 6 21.03 —–
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500 mg fasted, and 500 mg fed were: 1.62 6 1.92 ng/ml,
7.75 6 6.43 ng/ml, 8.13 6 5.66 ng/ml, 15.9 6 6.53 ng/ml,
and 4.49 6 5.47 ng/ml, respectively. Five of the eight
subjects (62.5%) randomized to 30 mg D-4F had at least
one time point with measurable plasma levels of D-4F
compared with 7 of 8 (87.5%) of the subjects in the
100 mg and 300 mg dose groups; 8 (100%) in the 500 mg
(fasted) dose group and 6 (75%) in the 500 mg (fed)
group. The AUC(02t) values for each dose group were
determined by averaging the detectable values for each
dose group and were 2.17 6 2.51 ng/h/ml (30 mg),
23.11 6 26.19 ng/h/ml (100 mg), 27.81 6 17.04 ng/h/ml
(300 mg), 54.71 6 22.10 ng/h/ml (500 mg fasted), and
17.96 6 17.96 ng/h/ml (500 mg fed). The Tmax by dose
group was 0.5 6 0 (30 mg), 0.938 6 0.8 (100 mg), 2.45 6

1.6 (300 mg), 2.0 6 0 (500 mg fasted), and 1.98 6 2.1 h
(500 mg fed).

Pharmacodynamics

No formal sample size calculations were performed for
pharmacodynamic readouts, because these were not the
primary objective of this study. The 10 subjects in the
500 mg fed group were not analyzed for any pharmaco-
dynamic parameter, becuase they were only included in
the pharmacokinetic and safety studies.

There was no change in HDL cholesterol or apoA-I lev-
els over 24 h at any dose over time compared with placebo
(Fig. 2) or when comparing all D-4F dose groups to pla-
cebo (data not shown). The change from baseline was
significant for VLDL cholesterol and triglycerides at 24 h
within several treatment groups (including placebo for
triglycerides), but there were no differences in the change
from baseline for any other plasma lipids and lipopro-
teins at any dose over time compared with change from
baseline in placebo (Table 2) or when combining data
from all D-4F-treated subjects to placebo (data not shown).

Nor was there a significant change in LDL lipid hydro-
peroxide levels or HDL paraoxonase activity (data not
shown). The mean 6 SD for the baseline HDL inflam-
matory index values for all fasting subjects was 1.18 6

0.32 (range, 0.59–1.97). Of the 40 subjects studied in the
fasted groups, 30 subjects (75%) had an HDL inflamma-
tory index .1.0 at baseline despite statin treatment. The
number of subjects with an HDL inflammatory index
.1.0 at baseline in the 30 mg, 100 mg, 300 mg, and
500 mg fasted groups was: 4 (40%), 8 (80%), 9 (90%), and
9 (90%), respectively. The change in HDL inflammatory
index within each treatment group compared with pla-
cebo is presented in Table 3. There was a significant
improvement in the HDL inflammatory index at 4 h at
300 mg and 2 h at 500 mg compared with placebo. In
all treatment groups, including the placebo group, the
mean HDL inflammatory index was ,1.0 at 8 h post dose
which returned to .1.0 at 24 h. Compared with baseline
within each treatment group, the change at 8 h was sig-
nificant in the 100, 300, and 500 mg dose groups, but
not placebo.

In vitro studies

Adding D-4F to human plasma in vitro at 250 ng/ml
was previously shown to improve HDL inflammatory in-
dex. Given the low plasma concentrations achieved in this
study, concentrations of D-4F starting at 25 ng/ml up to
300 ng/ml were added to plasma from 3 patients taken
at baseline and compared with the results obtained from
adding the same concentration of scrambled D-4F, a pep-
tide with the same D-amino acids as are in D-4F but
arranged in a sequence that does not promote a-helix
formation. The HDL inflammatory index significantly im-
proved at the lowest dose tested and continued to improve
in a dose response fashion up to 300 ng/ml (Fig. 3A).
While the HDL inflammatory index improved significantly

Fig. 1. Plasma D-4F concentrations increased by dose group in subjects who were administered the peptide
in the fasting state and significantly decreased in subjects given a 500 mg dose of D-4F that was followed
immediately by a meal.
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with addition of 25 ng/ml and the mean values for
LDL lipid hydroperoxide levels and paraoxonase activity
improved after addition of 25 ng/ml, statistical signifi-
cance for the latter two parameters was not achieved until
100 ng/ml had been added (data not shown). Thus, the
HDL inflammatory index appears to be the most sensitive
of the pharmacodynamic measurements made in these
studies. As shown in Fig. 3B, adding as little as 10 ng/ml
of 4F to cultured human aortic endothelial cells signifi-
cantly (P , 0.001) reduced the ability of LDL to induce
monocyte chemotactic activity.

Safety and tolerability

Twenty-one subjects (42%) experienced a total of 36 AEs,
with none judged as serious (Table 4). The number of
subjects with any reported adverse event in the 30 mg,
100 mg, 300 mg, 500 mg (fasted), or 500 mg (fed) dose
groups were 1 (13%), 5 (63%), 4 (50%), 5 (63%), and
3 (30%) subjects, respectively. Three subjects (30%) in
the placebo group reported at least one AE. The major-
ity of reported AEs were rated as mild to moderate, with
only 3 subjects experiencing an AE rated as severe. The
AEs rated as severe were vomiting in one subject who
received 300 mg, seasonal allergies in one subject who re-
ceived 30 mg, and a back injury in one subject who re-
ceived 100 mg. None of these events was judged related
to D-4F administration, and all of these events resolved
with no sequelae. The events assessed by the investigator
as “possibly” related to D-4F included one report each of
the following: diarrhea (30 mg), dizziness (500 mg fed),
and headache (300 mg).

There were no significant trends in any of the safety
laboratory parameters over the duration of this study (data
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Fig. 2. There was no significant change in plasma apoA-I con-
centrations (A) or HDL cholesterol levels (B) after administration
of D-4F.
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not shown). There were no clinically significant abnor-
malities, including electrocardiogram (ECG) changes, in
any individual in the study. There were no dose-related
changes to any of the parameters measured, and no cor-
relation of any lab with the frequency or type of AEs re-
ported in this study. There were no clinically significant
changes in the physical signs or symptoms, or changes in
blood pressure, heart rate, ECG parameters, or other phys-
ical measurements (data not shown).

DISCUSSION

This first report of oral apoA-I mimetic peptide D-4F in
humans demonstrated that single doses (up to 500 mg)
were well tolerated, absorbed rapidly, and yielded low but
dose-dependent plasma concentrations under fasting con-

ditions in high-risk cardiovascular patients. Although the
study was not powered to test the effects of D-4F or dose
on HDL function, the HDL inflammatory index improved
at the two highest doses relative to placebo by 4 h post dose.

An unformulated version of the peptide was used, which
likely accounted for the variation in absorption that was
seen. The time to reach maximum plasma levels of D-
4F was quick and dose dependent, with the highest dose
group reaching Tmax at 2 h. The Cmax and AUC were
greatly reduced when D-4F was administered with food.
The reasons for the differences in bioavailability when
D-4F is administered with or without food may include:
1) coadministration of food with D-4F decreases absorp-
tion in the stomach and upper gastrointestinal tract and
results in “bolus” dosing of D-4F and/or 2) D-4F was ab-
sorbed primarily in the upper gastrointestinal tract, and
absorption was limited past this area. As noted above, we

Fig. 3. A: Addition of D-4F to human plasma in vitro improves the HDL inflammatory index in a dose-dependent fashion. B: Addition of
10 ng/ml of L-4F to cultured human aortic endothelial cells significantly reduced the ability of LDL to induce monocyte chemotactic
activity. Error bars indicate 6 SD.

TABLE 3. Change in HDL inflammatory index by time point and treatment group compared with placebo

Time Point 30 mg (n 5 8) 100 mg (n 5 8) 300 mg (n 5 8) 500 mg (fasted) (n 5 8) All Placebo (n 5 10)

Baseline 0.99 (0.11) 1.15 (0.11) 1.38 (0.11) 1.30 (0.11) 1.10 (0.11)
2 hours post dose 1.01 (0.08) 1.01 (0.08) 1.21 (0.08) 1.07 (0.08) 1.09 (0.08)

D 5 0.02 D 5 20.14 D 5 20.17 D 5 20.23 D 5 20.01
P 5 0.87 P 5 0.11 P 5 0.07 P 5 0.01 P 5 0.90
y 5 0.03 y 5 20.13 y 5 20.15 y 5 20.22
P 5 0.80 P 5 0.22 P 5 0.14 P 5 0.03

4 hours post dose 1.02 (0.10) 0.94 (0.10) 1.02 (0.10) 1.05 (0.12) 1.05 (0.10)
D 5 0.03 D 5 20.21 D 5 20.36 D 5 20.25 D 5 20.05
P 5 0.79 P 5 0.02 P , 0.001 P 5 0.01 P 5 0.62
y 5 0.07 y 5 20.16 y 5 20.31 y 5 20.20
P 5 0.55 P 5 0.17 P 5 0.009 P 5 0.09

8 hours post dose 0.80 (0.12) 0.89 (0.12) 0.92 (1.12) 0.90 (0.12) 0.92 (0.12)
D 5 20.19 D 5 20.26 D 5 20.46 D 5 20.40 D 5 20.17
P 5 0.06 P 5 0.01 P , 0.0001 P , 0.001 P 5 0.09
y 5 20.02 y 5 20.08 y 5 20.28 y 5 20.23
P 5 0.92 P 5 0.60 P 5 0.08 P 5 0.16

24 hours post dose 1.11 (0.12) 1.12 (0.12) 1.19 (0.12) 1.17 (0.12) 1.16 (0.12)
D 5 0.12 D 5 20.03 D 5 20.19 D 5 20.13 D 5 0.06
P 5 0.23 P 5 0.82 P 5 0.07 P 5 0.19 P 5 0.57
y 5 0.06 y 5 20.08 y 5 20.25 y 5 20.19
P 5 0.71 P 5 0.63 P 5 0.15 P 5 0.26

Results are reported as LS means (SE). D 5 Change compared with baseline within treatment group. y 5 Net change from baseline in each
dose group compared with change from baseline in placebo.
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used unformulated peptide for these studies. We think it
is likely that the information gained from this study will
lead to efforts to formulate the peptide to give significantly
higher plasma levels for future studies.

Overall, the frequency and types of AEs were not un-
expected, and none were thought attributable to the ad-
ministration of D-4F. The most common AE reported was
seasonal allergies (8%) followed by arthralgia (6%). No
serious AEs occurred during the study. The frequency of
AEs did not appear to be associated with the dose of D-
4F. The three AEs judged as severe by the investigator
were not considered related to D-4F administration. There
were no dose-related changes to any of the laboratory
parameters measured and no correlation of clinical chem-
istries, hematology, coagulation, urinalysis, or ECG mea-
surements with frequency or type of AEs reported in the
study. The majority of subjects (70%) had T2DM. The
study agent was administered in 30 ml solution of 25%
sucrose, and though we did not follow blood glucose con-
centrations immediately after D-4F administration, glu-
cose concentrations were measured at 24 h as part of a
standard safety laboratory panel and were unchanged rel-
ative to baseline within each treatment group and com-
pared with placebo.

Although epidemiological studies consistently reveal an
inverse relationship between HDL cholesterol concentra-

tions and atherosclerosis (17), recent clinical data sug-
gest pharmacologic increase in HDL cholesterol per se is
not necessarily beneficial in patients with CHD. In recent
studies of the cholesteryl ester transfer protein inhibitor,
torcetrapib, significant increases in HDL cholesterol in
combination with significant decreases in LDL cholesterol
did not affect progression of atherosclerosis (18, 19) It has
been suggested that HDL function may be more impor-
tant in relation to risk of atherosclerosis as opposed to
plasma concentrations per se (13, 20, 21). HDL has anti-
inflammatory properties that may contribute to its athero-
protective effects. Normal, anti-inflammatory HDL can
inhibit LDL oxidation and reduce the migration of mono-
cytes within the wall of the artery (22, 23). By contrast,
proinflammatory HDL cannot prevent LDL oxidation or
the infiltration of monocytes and may even exacerbate the
inflammatory response (21, 24). HDL varies in its anti-
inflammatory capacity and is influenced by systemic con-
ditions. The acute phase response as seen after major
surgery converts HDL from anti-inflammatory to proin-
flammatory (25). The HDL inflammatory index as used
in this study is a sensitive measure of the ability of the
subject’s HDL to alter the inflammatory response induced
by LDL when added to cultures of human aortic cells (13,
22, 23) and is correlated with levels of oxidized LDL in
patients with systemic lupus erythematosu (26). This assay

TABLE 4. Number of subjects reporting adverse events by dose group and event

Dose Group

Adverse Event 30 mg 100 mg 300 mg 500 mg (fasted) 500 mg (fed) All Placebo Total

Eye disorders 0 0 0 0 0 2 (20%) 2 (4%)
Arcus lipoides

Gastrointestinal disorders
Constipation 0 0 0 0 0 1 (13%) 1 (2%)
Diarrhea 1 (13%) 0 0 0 0 0 1 (2%)
Dyspepsia 0 0 1 (13%) 0 0 0 1 (2%)
Loose stools 0 0 1 (13%) 0 0 0 1 (2%)
Vomiting 0 0 1 (13%) 0 0 0 1 (2%)

General disorders
Asthenia 0 0 0 1 (13%) 0 0 1 (2%)
Edema, peripheral 0 0 0 0 1 (13%) 0 1 (2%)
Pitting edema 0 0 0 1 (13%) 0 0 1 (2%)

Immune system disorders
Seasonal allergies 0 2 (25%) 2 (25%) 0 0 0 4 (8%)

Infections and infestations
Nasopharyngitis 1 (13%) 0 0 0 0 0 1 (2%)
Sinusitis 1 (13%) 0 0 0 0 0 1 (2%)

Injury, poisoning and procedural complications
Back injury 0 1 (13%) 0 0 0 0 1 (2%)
Contusion 0 0 1 (13%) 1 (13%) 0 0 2 (4%)

Investigations (Investigators term)
Cardiac murmur 0 1 (13%) 0 0 1 (13%) 0 2 (4%)
Carotid bruit 0 0 0 1 (13%) 0 0 1 (2%)
Heart rate irregular 0 1 (13%) 0 0 0 0 1 (2%)

Musculoskeletal and connective tissue disorders
Arthralgia 0 1 (13%) 2 (25%) 0 0 0 3 (6%)
Back pain 0 0 1 (13%) 0 0 0 1 (2%)

Nervous system disorders
Dizziness 0 1 (13%) 0 0 1 (13%) 0 2 (4%)
Headache 0 1 (13%) 1 (13%) 0 0 0 2 (4%)
Tremor 0 0 0 1 (13%) 0 0 1 (2%)

Respiratory, thoracic and mediastinal disorders
Cough 1 (13%) 0 0 0 0 0 1 (2%)
Pharyngolaryngeal pain 0 0 0 1 (13%) 0 0 1 (2%)
Wheezing 0 0 0 0 0 1 (13%) 1 (2%)

1350 Journal of Lipid Research Volume 49, 2008



has been used as one measure of HDL function in human
studies in populations associated with an increased risk
for atherosclerosis (13, 21, 26–30). A pro-inflammatory
HDL index (i.e., HDL inflammatory index .1.0) has been
associated with CHD (13) and systemic lupus erythema-
tosus, and this index was higher in individuals with sys-
temic lupus erythematosus and coronary artery disease
(26), whereas matched healthy controls in these studies
were found to have a more anti-inflammatory HDL. The
HDL inflammatory index was found to separate patients
with CHD from healthy control subjects better than HDL
cholesterol level (21). An improvement in the HDL in-
flammatory index has been seen after statin administra-
tion in patients with CHD (13) and rheumatoid arthritis
(27), as well as after LDL apheresis (30) and after follow-
ing a low-fat, high-fiber diet in obese patients with meta-
bolic risk factors for CHD (28). Seventy five percent of
the subjects reported here had a pro-inflammatory HDL
inflammatory index at baseline, despite the fact that all
were regularly taking a statin. These results are consistent
with the previously reported finding that the HDL inflam-
matory index improved significantly after statin therapy
but on average remained proinflammatory (13).

The study was not powered to test the effects of D-4F or
dose of D-4F on the HDL inflammatory index. Nonethe-
less, the HDL inflammatory index significantly improved
by 4 h in the two highest dose groups compared with pla-
cebo, suggesting a possible dose effect. In vitro data pre-
sented here are consistent with the ability of low plasma
D-4F levels to improve the HDL inflammatory index. We
also found that in each dose group of 8–10 subjects
(including the placebo group), the mean HDL inflamma-
tory index dropped below 1.0 (and thus became anti-
inflammatory) at 8 h and increased above 1.0 at 24 h. This
may be because statins (which are known to lower the
HDL inflammatory index) and perhaps other concomi-
tant medications were administered 2 h post dose; how-
ever, we cannot rule out that a diurnal effect may also be
a contributing factor. Based on the proposed mechanism
of action for the HDL inflammatory index assay, it is likely
that inhibition of the renin angiotensin system (e.g., by
angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers) also would improve the HDL inflam-
matory index (31). Twenty-one (42%) of the subjects in-
cluded in the HDL inflammatory index analysis received
either an angiotensin-converting enzyme inhibitor or an-
giotensin receptor blocker; however, in the 500 mg dose
group, in which a significant improvement was seen at
2 h compared with placebo, only one (12.5%) subject re-
ceived either concomitant medication, compared with five
(50%) placebo subjects. Because we did not match agents
taken across treatment groups, the results of this study
with regard to the improvement in the HDL inflamma-
tory index with D-4F treatment are consistent with the
known action of D-4F but cannot be considered conclusive
evidence of the superiority of D-4F in improving this pa-
rameter compared with other agents or rule out a possi-
ble diurnal effect. We did not measure insulin levels or
plasma levels of gut-derived peptides. Because many of the

subjects had T2DM, it is possible that gut-derived peptides
may have had an effect that related to the administration
of sucrose. However, the placebo group received the same
amount of sucrose, and although there was a decrease in
the HDL inflammatory index to below 1 in the placebo
group 8 h after the dose, this change was not significant
compared with baseline. There were significant changes in
the HDL inflammatory index at 8 h compared with base-
line in subjects receiving 100, 300, or 500 mg of D-4F.

There are no data on D-4F in humans, but preclinical
data suggest that D-4F can improve HDL function in mice
and monkeys (11). In apoE null mice, D-4F improved the
anti-inflammatory properties of HDL (16). These proper-
ties of D-4F may account for the decrease in atheroscle-
rotic lesions by 79% and 75% seen in LDL receptor-null
and apoE-null mice, respectively, without changes in to-
tal plasma or HDL cholesterol concentrations (32). In a
mouse model of influenza infection and atherosclerosis,
D-4F prevented HDL from becoming pro-inflammatory
(24). Data presented here provide evidence to warrant a
study designed to test whether multiple doses of D-4F im-
prove HDL function.

In summary, we have demonstrated that a single dose
of unformulated D-4F appears to be safe and is absorbed
at doses as low as 30 mg, and is improved when fasting
and administered at higher doses. Although oral admin-
istration of D-4F to humans with high cardiovascular risk
produces levels of peptide in the plasma that are in the
nanogram/milliliter range, this level may be sufficient to
improve the anti-inflammatory activity of HDL isolated
from these individuals. These results establish proof of
concept to initiate multiple dose studies using the oral
administration of an apoA-I mimetic peptide to improve
HDL function in humans.
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