
patient-oriented and epidemiological research

Effects of cholesteryl ester transfer protein inhibition
on apolipoprotein A-II-containing HDL subspecies
and apolipoprotein A-II metabolism

Margaret E. Brousseau,1,2,* John S. Millar,† Margaret R. Diffenderfer,* Chorthip Nartsupha,*
Bela F. Asztalos,* Megan L. Wolfe,† James P. Mancuso,§ Andres G. Digenio,**
Daniel J. Rader,† and Ernst J. Schaefer*

Cardiovascular Research Laboratory,* Tufts University School of Medicine, Boston, MA; Department of
Medicine and Center for Experimental Therapeutics,† University of Pennsylvania School of Medicine,
Philadelphia, PA; and Departments of Clinical Biostatistics§ and Clinical Sciences,** Pfizer, Groton, CT

Abstract This study was designed to establish the mecha-
nism responsible for the increased apolipoprotein (apo)
A-II levels caused by the cholesteryl ester transfer protein
inhibitor torcetrapib. Nineteen subjects with low HDL cho-
lesterol (,40 mg/dl), nine of whom were also treated with
20 mg of atorvastatin daily, received placebo for 4 weeks,
followed by 120 mg of torcetrapib daily for the next
4 weeks. Six subjects in the nonatorvastatin cohort partici-
pated in a third phase, in which they received 120 mg of
torcetrapib twice daily for 4 weeks. At the end of each
phase, subjects underwent a primed-constant infusion of
[5,5,5-2H3]L-leucine to determine the kinetics of HDL
apoA-II. Relative to placebo, torcetrapib significantly in-
creased apoA-II concentrations by reducing HDL apoA-II
catabolism in the atorvastatin (29.4%, P , 0.003) and non-
atorvastatin once- (29.9%, P 5 0.02) and twice- (213.2%,
P 5 0.02) daily cohorts. Torcetrapib significantly increased
the amount of apoA-II in the a-2-migrating subpopulation
of HDL when given as monotherapy (27%, P , 0.02; 57%,
P, 0.003) or on a background of atorvastatin (28%, P, 0.01).
In contrast, torcetrapib reduced concentrations of apoA-II
in a-3-migrating HDL, with mean reductions of 214%
(P 5 0.23), 218% (P , 0.02), and 218% (P , 0.01) noted
during the atorvastatin and nonatorvastatin 120 mg once-
and twice-daily phases, respectively. Our findings indi-
cate that CETP inhibition increases plasma concentrations
of apoA-II by delaying HDL apoA-II catabolism and sig-
nificantly alters the remodeling of apoA-II-containing HDL
subpopulations.—Brousseau, M. E., J. S. Millar, M. R.
Diffenderfer, C. Nartsupha, B. F. Asztalos, M. L. Wolfe, J. P.
Mancuso, A. G. Digenio, D. J. Rader, and E. J. Schaefer. Ef-
fects of cholesteryl ester transfer protein inhibition on apolipo-

protein A-II-containingHDL subspecies and apolipoprotein A-II
metabolism. J. Lipid Res. 2009. 50: 1456–1462.
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Low levels of HDL cholesterol are inversely associated
with coronary heart disease (CHD) risk. HDLs contain
two major proteins, apolipoprotein (apo) A-I and apoA-II,
which constitute ?70 and 20% of total HDL protein mass,
respectively. In human plasma, HDL can be classified
on the basis of apolipoprotein composition into lipo-
proteins containing apoA-I but no apoA-II [lipoprotein
A-I (LpA-I)] and lipoproteins containing both apoA-I
and apoA-II (LpA-I:A-II) (1). ApoA-II has a higher lipid
affinity than apoA-I and, based on in vitro studies, is able
to displace apoA-I from lipoprotein particles (2, 3). A num-
ber of studies have shown that apoA-II can influence the
metabolism of HDL by altering the activity of lipolytic en-
zymes and lipid transfer proteins. The presence of apoA-II
on HDL particles has been shown to inhibit the ability of
endothelial lipase to influence the metabolism of HDL
in vivo (4). Similarly, the lipid transfer activities of both
cholesteryl ester transfer protein (CETP) and phospholipid
transfer protein are partially inhibited by apoA-II (5, 6). It
has also been reported that LCATactivity is reduced inHDL
reconstituted with apoA-II relative to HDL reconstituted
with apoA-I (7). Conflicting results have been reported
regarding the effect of apoA-II on hepatic lipase, with
evidence to support both stimulatory (8) and inhibitory
(9, 10) effects.
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CETP is a plasma glycoprotein that plays a critical role in
HDL metabolism by mediating the exchange of cholesteryl
ester from HDL for triglyceride in apoB-containing lipo-
proteins, which include LDL and VLDL. We previously
reported that partial inhibition of CETP activity in humans
with torcetrapib significantly increased steady-state con-
centrations of apoA-I by reducing its clearance rate (11),
an effect that was thought to be beneficial. Since that time,
torcetrapibʼs development was halted due to an imbalance
in all-cause mortality in CHD patients (12). The failure of
this first in class CETP inhibitor has caused speculation as
to whether the adverse effects of torcetrapib might be mol-
ecule or mechanism based. However, evidence to support
the concept that the failure of torcetrapib was due to a
compound-specific, rather than a class, effect is beginning
to accumulate. In addition to having adverse effects on sys-
tolic blood pressure, it is now known that torcetrapib in-
creased serum aldosterone levels and altered serum
electrolyte concentrations in some subjects (12). More-
over, experiments in preclinical models have further re-
vealed that the increased blood pressure caused by
torcetrapib is independent of CETP inhibition and is ac-
companied by increased circulating levels of aldosterone
(13). Taken together with the apparent lack of this side ef-
fect with other CETP inhibitors, such as anacetrapib and
dalcetrapib (14), there is renewed optimism for CETP as
a therapeutic target. With this in mind, it is important to
define the mechanisms responsible for the lipoprotein
changes associated with CETP inhibitor therapy.

With regard to cardiovascular disease risk reduction, the
potential benefit of increasing apoA-II levels remains contro-
versial. Although epidemiological evidence supports an in-
verse relationshipbetweenapoA-II levels and atheroscelerotic
risk in humans (15–17), no clinical evidence of coronary
atherosclerosis was found in the only known cases of
apoA-II deficiency in humans, two Japanese sisters with in-
herited apoA-II deficiency (18). Moreover, it has also been
shown that apoA-II can inhibit the remodeling of HDL
in vitro (19), which could potentially influence the ability
of HDL to promote reverse cholesterol transport. In this
report, we describe the results of a study that was designed
to establish the mechanism by which apoA-II levels are in-
creased by CETP inhibition and to determine the effect of
CETP inhibition on concentrations of apoA-II-containing
HDL particles in patients with low baseline levels of HDL.

METHODS

Subjects
Subjects were recruited at two medical centers, Tufts-Medical

Center, Boston, MA and the University of Pennsylvania School of
Medicine, Philadelphia, PA. Patients were eligible for this trial if
they met the following criteria: an age of 18–70 years, an HDL
cholesterol of ,40 mg/dl, triglycerides of ,400 mg/dl, an LDL
cholesterol level of ,160 mg/dl, and a body mass index between
18 and 35 kg/m2. Subjects having an LDL cholesterol of
.160 mg/dl were considered for the atorvastatin arm of this study
provided that they met all other criteria, including that of an LDL
cholesterol of ,160 mg/dl once stabilized on 20 mg atorvastatin.

Exclusion criteria are described elsewhere in detail (20). The study
protocol was approved by the Human Investigation Review Com-
mittee of each institution, and informed written consent was ob-
tained from each participant.

Experimental design
This was a single-blind, placebo-controlled, fixed sequence

study designed to examine the effects of torcetrapib on lipoprotein
metabolism in subjects with low HDL cholesterol. A total of 19 sub-
jects were enrolled in this trial, with nine subjects in the atorvastatin
arm and 10 in the nonatorvastatin arm. A detailed description of
the study design has been reported previously (20). Briefly, the
study consisted of an introductory period of 2 to 4 weeks, during
which time subjects were screened and, if necessary (LDL choles-
terol.160mg/dl), stabilizedonatorvastatin 20mg.All subjects next
received placebo for 4 weeks, followed by torcetrapib 120mg once a
day for an additional 4 weeks. Six subjects from the nonatorvastatin
cohort also participated in a third phase, in which they received
torcetrapib 120mg twice daily for 4 weeks. At the end of each 4-week
phase, subjects underwent a primed-constant infusion of deuterated
leucine, while fed 20 identical small meals, to determine the kinetics
ofHDLapoA-II (21). At 11AM(0h), [5,5,5-2H3]L-leucine, 10mmol/
kg body weight, was injected as a bolus IV over 1 min and then by
continuous infusion, 10mmol·kg body wt21·h21, over a 15 h period.
Blood samples, 20 ml, were collected at 0, 30, 35, and 45 min and
1, 1.5, 2, 3, 4, 6, 9, 12, 14, and 15 h, and HDL particles were isolated
by sequential ultracentrifugation.

Determination of plasma LpA-I and
LpA-I:A-II concentrations

Blood samples were collected from subjects, after a 12–14 h
fast, into tubes containing 0.1% EDTA. Plasma was isolated by
centrifugation at 2500 rpm, 4°C, for 20 min. LpA-I was measured
by rocket electrophoresis using the Hydragel LpA-I particle assay
from Sebia (Norcross, GA). LpA-I:A-II concentration was calcu-
lated by subtracting LpA-I from the total plasma apoA-I concen-
tration, as previously described (22).

Analysis of apoA-II-containing HDL subpopulations by
two-dimensional lipoprotein electrophoresis

The distribution of apoA-II-containing HDL subpopulations in
the plasma was determined using nondenaturing two-dimensional
agarose-polyacrylamide gel electrophoresis as reported pre-
viously (23). The concentration of apoA-II within each HDL
subpopulation was calculated bymultiplying the percentage of dis-
tribution of the apoA-II-containing HDL subpopulation with the
plasma concentration of apoA-II.

Quantitation and isolation of HDL apoA-II
Plasma apoA-II concentrations at each kinetic time point were

measured on a Hitachi 911 autoanalyzer using an immunoturbi-
dimetric assay, reagents, and calibrators from Wako Diagnostics
(Richmond, VA). HDL particles (d 5 1.063 to 1.21 g/ml) were
isolated from 5 ml of plasma by sequential density ultracentrifu-
gation. ApoA-II was isolated from HDL by preparative SDS-PAGE
using a 6–30% linear gradient in a Tris-glycine buffer system, as
previously described (21, 24). The protein was transferred to a
Westran S polyvinyl difluoride membrane (25) (Schleicher and
Schuell BioScience) using a Tris-glycine-methanol buffer system
and visualized with Coomassie brilliant blue R-250.

Sample hydrolysis, derivatization, and determination of
isotopic enrichment

ApoA-II bands were excised from the polyvinyl difluoride
membranes and hydrolyzed in 12 N HCl at 110°C for 24 h. After
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removal of the HCl by evaporation, the amino acids were converted
to N-propyl ester, N-heptafluorobutyramide derivatives and the
isotopic enrichment determined as previously described (26).

Kinetic analysis
The kinetic parameters of HDL apoA-II were determined as

previously described (24). Briefly, the SAAMII program was used
to fit the model to the observed tracer data using a weighted-least-
squares approach to determine the best fit. The VLDL apoB-100
enrichment plateau was used as the maximal level of apoA-II en-
richment. ApoA-II pool size (PS) was calculated by multiplying
the plasma apoA-II concentration (mg/dl) by plasma volume
(0.45 l/kg body weight). ApoA-II production rate (PR) was calcu-
lated using the formula PR (mg·kg21·d21) 5 [fractional catabolic
rate (FCR; pools/d) 3 apoA-II concentration (mg/dl) 3 plasma
volume (0.45 l/kg body weight)]/ body weight (kg).

Statistical analyses
The normality of end points was assessed by the Shapiro-Wilk

goodness-of-fit test (27), in addition to visual examination of his-
tograms and box plots. Paired t-tests were used to assess differ-
ences between the placebo and drug phases within a given group,
whereas two-sample t-tests were used to detect statistically signifi-
cant differences between the atorvastatin and nonatorvastatin
groups (SAS System for Windows, release 8.02; SAS Institute, Cary,
NC). Percentage change relative to placebo was computed on an
individual subject basis and summarized descriptively by cohort.
All data in the text and tables are presented as means 6 SD.

RESULTS

Effects of torcetrapib on plasma concentrations of apoA-II
and LpA-I and LpA-I:A-II particles

As reported previously (20), partial inhibition of CETP
activity with torcetrapib significantly increased plasma con-
centrations ofHDLcholesterol and apoA-I, eitherwhen given
as monotherapy or in combination with atorvastatin. Plasma
concentrations of apoA-II were also significantly increased
by torcetrapib (Fig. 1). Relative to placebo, torcetrapib
increased plasma apoA-II levels by a mean of 10% (P ,
0.001), from 30 6 4 to 33 6 4 mg/dl, in the atorvastatin
cohort, by 12% (P 5 0.01), from 29 6 2 to 33 6 5 mg/dl,
in the 120 mg torcetrapib once daily cohort, and by 21%
(P , 0.001), from 30 6 1 to 36 6 3 mg/dl, in the 120 mg
torcetrapib twice daily cohort.

The effects of torcetrapib on concentrations of LpA-I and
LpA-I:A-II particles are shown inTable 1. Torcetrapib signif-
icantly increased LpA-I levels by 40% in the atorvastatin co-
hort, by 36% in the 120mg once daily cohort, and by 73% in
the 120 mg twice daily cohort. LpA-I:A-II concentrations
were increased to a lesser extent than were LpA-I concen-
trations. Torcetrapib increased the mean level of LpA-I:
A-II (mg/dl) from 81 6 14 to 86 6 13 (6%, P 5 0.19) in the
atorvastatin cohort, from 796 6 to 86 6 9 (9%, P 5 0.01) in
the 120 mg once daily cohort, and from 79 6 6 to 95 6 8
(20%, P , 0.03) in the 120 mg twice daily cohort.

Effects of torcetrapib on apoA-II-containing
HDL subpopulations

The effects of torcetrapib on concentrations of apoA-II-
containing HDL subpopulations are provided in Table 2.

Relative to placebo, torcetrapib 120 mg once daily in-
creased the amount of apoA-II in the a-2 subpopulation
of HDL in both the atorvastatin (27%, P , 0.02) and non-
atorvastatin (28%, P , 0.01) cohorts, while an increase of
57% (P , 0.003) was observed in the 120 mg twice daily
group. In contrast, torcetrapib reduced concentrations of
apoA-II in a-3-migrating HDL, with mean reductions of
214% (P 5 0.23), 218% (P , 0.02), and 218% (P ,
0.01) noted during the atorvastatin and nonatorvastatin
120 mg once daily and twice daily phases, respectively.
As shown in Fig. 2, the preceding changes in absolute con-
centrations of apoA-II within a-2 and a-3 HDL were, in
turn, associated with significant differences in the per-
centage of distribution of apoA-II between these HDL
subpopulations. Relative to placebo, the percentage of dis-
tribution of apoA-II within a-2 increased from 58 6 6 to
67 6 10% (17%, P , 0.04) in the atorvastatin cohort, from
54 6 7 to 65 6 11% (16%, P , 0.01) in the 120 mg once
daily cohort, and from 53 6 8 to 69 6 4% (31%, P , 0.01)
in the 120 mg twice daily cohort. Conversely, torcetrapib
significantly reduced the percentage of distribution of
apoA-II within a-3 in each of the cohorts. The 120 mg once
daily dose of torcetrapib reduced the percentage of distribu-
tion of apoA-II within a-3 by 221% in both the atorvastatin
(P 5 0.04) and nonatorvastatin (P , 0.01) cohorts, while a
reduction of230%was observed for the torcetrapib 120mg
twice daily cohort (P , 0.01).

Effects of torcetrapib on HDL apoA-II kinetic parameters
HDLapoA-II kinetic parameters at the end of the placebo

anddrugphases are presented inTable 3. Relative to placebo,
torcetrapib 120 mg once daily increased HDL apoA-II
PS by 11 6 13% (P , 0.03) in the atorvastatin cohort and
by 12 6 6% (P , 0.001) in the nonatorvastatin cohort. The
relatively higher HDL apoA-II PS values that were ob-
served for the nonatorvastatin cohort, as compared with the

Fig. 1. Effect of torcetrapib on the percentage of change in plasma
concentrations of apoA-II versus placebo. Relative to placebo, torce-
trapib increased plasma apoA-II levels by amean of 10%, from 306 4
to 33 6 4 mg/dl, in the atorvastatin group, by 12%, from 29 6 2 to
33 6 5 mg/dl, in the 120 mg torcetrapib once daily group, and by
21%, from 30 6 1 to 36 6 3 mg/dl, in the 120 mg torcetrapib twice
daily group. *P , 0.001 and **P 5 0.01 for the comparison of abso-
lute concentrations of apoA-II with the placebo phase. QD, once
daily; BID, twice daily.
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atorvastatin cohort, during the placebo and torcetrapib
120 mg once daily phases were not significantly different.
The 120 mg twice daily dose of torcetrapib increased HDL
apoA-II PS to the greatest extent (25 6 7%, P , 0.001).

In the atorvastatin cohort, analysis of the HDL apoA-II
kinetic data revealed that the torcetrapib-induced in-
creases in HDL apoA-II PS were primarily due to reduc-
tions in the HDL apoA-II FCR. Relative to placebo, HDL
apoA-II FCR was reduced by a mean of 29%, from 0.207 6
0.036 to 0.1876 0.036 pools/day (P, 0.003), in thenine sub-
jects that received combination therapy. When given as
monotherapy, torcetrapib 120 mg once daily significantly re-
duced HDL apoA-II clearance by210%, from 0.2286 0.080
to 0.2066 0.088 pools/day (P5 0.02), while the twice daily
cohort had a 13% reduction in FCR, from 0.201 6 0.028 to
0.177 6 0.027 pools/day (P 5 0.02). Torcetrapib did not
significantly alter HDL apoA-II production rate in any of
the treatment groups.

DISCUSSION

Because of its critical role in HDL metabolism, CETP
represents an attractive target for HDL-raising therapies.
We have previously reported that torcetrapib, a potent in-
hibitor of CETP activity, significantly increased plasma con-
centrations of apoA-II in patients with low HDL cholesterol
levels (20). Given the key role that apoA-II plays in HDL
metabolism, the present study was designed to establish
the mechanism responsible for the increased apoA-II levels
caused by CETP inhibition and to determine the effect of
CETP inhibition on concentrations of apoA-II-containing
HDL particles.

Analysis of the HDL apoA-II kinetic data revealed
that the increases in apoA-II pool size observed in sub-
jects treated with torcetrapib were due to reductions in
HDL apoA-II clearance rate. Torcetrapib did not signifi-
cantly alter apoA-II production rate in any of the cohorts.
These results are similar to what we previously reported for
torcetrapibʼs effects on HDL apoA-I (11), a finding consis-
tent with the concept that CETP inhibition influences the
metabolism of both LpA-I:A-II and LpA-I only HDL parti-
cles. Our findings are consistent with those of Ikewaki et al.
(28), who reported that the elevated concentrations of
apoA-I and apoA-II observed in patients with CETP defi-
ciency were solely due to delayed catabolism of each pro-
tein. The delayed catabolism of HDL apoA-I and apoA-II
observed in CETP deficiency and with small mole-
cule CETP inhibition is likely due to increased HDL core
lipid content and, in turn, increased particle size, as
small HDL particles are cleared more rapidly than larger
HDL (29, 30).

The majority of apoA-I in the plasma has a-mobility. By
two-dimensional lipoprotein electrophoresis, a-migrating
HDL particles can be further classified into a-1, a-2, and
a-3, with particle sizes of 11.2, 9.51, and 7.12 nm, respec-
tively (31). In healthy subjects, apoA-II is present only in
the a-2 and a-3 subpopulations of HDL, with the a-1 sub-
population containing only apoA-I (23). In contrast, we
previously reported that three out of five subjects with
heterozygous CETP deficiency had apoA-II in a-1 HDL
(32). Thus, one of our aims was to examine the effects of
CETP inhibition with torcetrapib on the distribution and
concentration of apoA-II among a-migrating HDL sub
populations. In all but one subject, where apoA-II was found
in a-1 HDL during the 120 mg twice daily dose phase, we

TABLE 2. Effects of torcetrapib on concentrations of apoA-II-containing HDL subpopulations

Atorvastatin1Torcetrapib Torcetrapib

Parameter (120 mg once daily) (120 mg once daily) (120 mg twice daily)

a-2 (mg/dl)
Placebo 17.5 6 2.9 16.4 6 3.1 15.8 6 2.0
Torcetrapib 21.8 6 3.8c 21.3 6 5.6b 24.6 6 1.5a

Change (%) 26.7 27.7 56.6
a-3 (mg/dl)

Placebo 12.9 6 2.7 13.0 6 2.4 14.2 6 2.5
Torcetrapib 11.2 6 4.9 10.9 6 2.5c 11.4 6 2.1b

Change (%) 214.1 218.3 218.2

Data are presented as mean 6 SD. aP , 0.003, bP , 0.01, and cP , 0.02 for comparison with placebo phase.

TABLE 1. Effects of torcetrapib on concentrations of LpA-I and LpA-I:A-II particles

Atorvastatin1Torcetrapib Torcetrapib

Parameter (120 mg once daily) (120 mg once daily) (120 mg twice daily)

LpA-I (mg/dl)
Placebo 24 6 10 31 6 7 33 6 8
Torcetrapib 34 6 16c 41 6 8a 6 6 14a

Change (%) 39.7 36.4 73.3
LpA-I:A-II (mg/dl)

Placebo 81 6 14 79 6 6 79 6 6
Torcetrapib 86 6 13 86 6 9b 95 6 8c

Change (%) 6.3 9.1 20.3

Data are expressed as mean 6 SD. aP , 0.001, bP 5 0.01, and cP , 0.03 for comparison with placebo phase.
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found that torcetrapib did not alter the normal distribution
of apoA-II (data not shown). However, torcetrapib did signif-
icantly alter the distribution and concentration of apoA-II
among a-2 and a-3 HDL. In subjects treated with torcetrapib

on a background of atorvastatin, we observed significant in-
creases in the amount of apoA-II in a-2 HDL in response to
torcetrapib, while concentrations of apoA-II in the relatively
smaller-sized a-3 HDL subpopulation were not altered. In
subjects that received torcetrapib asmonotherapy, significant
dose-dependent increases in apoA-II a-2 HDL concentra-
tions were observed, as well as significant reductions in the
apoA-II content of thea-3 subpopulationofHDL, with similar
reductions noted in both groups (i.e., not dose dependent).
These findings are consistent with in vitro observations
where apoA-II prevented preb-migrating, lipid-poor apoA-I
from dissociating from HDLs that were being remodeled
by CETP (19). CETP inhibition likely reduces the remodeling
of a-1 and a-2 HDL, possibly through inhibitory effects of
apoA-II on phospholipases (endothelial lipase and hepatic
lipase), which, in turn, may influence the association of
apoA-I and apoA-II with these particles.

In evaluating the available data, it can be argued that
neither a compelling “pro” nor “con” case can be made
for the role of increased apoA-II in atherosclerotic risk re-
duction. This is due to the fact that apoA-II appears to
have both beneficial and deleterious effects on lipoprotein
metabolism. For example, a potential inhibitory role for
apoA-II in the first step of the reverse cholesterol transport
pathway, cellular cholesterol efflux, has been suggested
(33). In contrast, de Beer et al. (34) have reported that
apoA-II enhances a different step in the reverse cholesterol
transport pathway, namely, the scavenger receptor class B
type 1-mediated uptake of cholesteryl esters. In terms of
the results of the present study, the HDL subpopulation
profile induced by torcetrapib therapy, increased apoA-I
in the a-1 subpopulation of HDL (11), increased apoA-II
in the a-2 subpopulation of HDL, and reduced apoA-II
content in the a-3 subpopulation of HDL, would be pre-
dicted to reduce CHD risk based on our previous findings
in the Veterans Affairs HDL Intervention Trial cohort (35).
Further support for this concept comes from a recent study
by Birjmohun et al. (36), who found that apoA-II was asso-
ciated with reduced risk of developing coronary artery dis-
ease in apparently healthy subjects.

TABLE 3. Effects of torcetrapib on HDL apoA-II kinetic parameters

Atorvastatin1Torcetrapib Torcetrapib

Parameter (120 mg once daily) (120 mg once daily) (120 mg twice daily)

ApoA-II PS (mg)
Placebo 968 6 175 1018 6 165 1000 6 135
Torcetrapib 1067 6 194c 1143 6 208b 1236 6 134b

Change (%) 10.8 12.4 25.3
P value 0.03 0.0005 0.0005

ApoA-II FCR (pools/d)
Placebo 0.207 6 0.036 0.228 6 0.080 0.201 6 0.028
Torcetrapib 0.187 6 0.035d 0.206 6 0.088 0.177 6 0.027a

Change (%) 29.4 29.9 213.2
P value 0.0025 0.02 0.02

ApoA-II PR (mg·kg·d21)
Placebo 2.27 6 0.35 2.62 6 0.63 2.55 6 0.42
Torcetrapib 2.31 6 0.57 2.65 6 0.74 2.79 6 0.59
Change (%) 0.9 5.7 9.0
P value 0.66 0.93 0.15

Data are presented as mean 6 SD. aP 5 0.00002, bP , 0.001, cP 5 0.025, and dP , 0.04 for comparison with
placebo phase.

Fig. 2. Effect of torcetrapib on the percentage of distribution
of apoA-II among HDL subpopulations (mean 6 SD). Relative to
placebo, the percentage of distribution of apoA-II within the a-2
subpopulation of HDL increased from 58 6 6 to 67 6 10%
(17%, P , 0.04) in the atorvastatin cohort, from 54 6 7 to 65 6
11% (16%, P , 0.01) in the 120 mg torcetrapib once daily cohort,
and from536 8 to 696 4%(31%, P, 0.01) in the 120mg torcetrapib
twice daily cohort. Conversely, torcetrapib significantly reduced the
percentage of distribution of apoA-II within the a-3 subpopulation of
HDL in each of the cohorts. *P, 0.01 and **P5 0.04 for comparison
with placebo phase. QD, once daily; BID, twice daily; PBO, placebo;
TOR, torcetrapib.
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In conclusion, our results provide new insight into
the mechanisms by which CETP inhibition influences
HDL metabolism in humans. These data indicate that
torcetrapib has similar effects on concentrations of apoA-II
in the a-2- and a-3-migrating subpopulations of HDL,
when given either as monotherapy or on a background
of atorvastatin. Torcetrapib significantly increases the
apoA-II content of a-2 HDL but reduces that of apoA-II
in a-3 HDL, an HDL subpopulation profile consistent
with reduced CHD risk. In all cohorts, the increases in
plasma apoA-II concentrations were solely due to delayed
HDL apoA-II catabolism, with no changes observed in
HDL apoA-II production rates.
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