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Abstract Treatment with the peroxisome proliferator-acti-
vated receptor y agonist rosiglitazone has been reported
to increase HDL-cholesterol (HDL-C) levels, although the
mechanism responsible for this is unknown. We sought to
determine the effect of rosiglitazone on HDL apolipopro-
tein A-I (apoA-I) and apoA-II metabolism in subjects with
metabolic syndrome and low HDL-C. Subjects were treated
with placebo followed by rosiglitazone (8 mg) once daily. At
the end of each 8 week treatment, subjects (n = 15) under-
went a Kinetic study to measure apoA-I and apoA-II produc-
tion rate (PR) and fractional catabolic rate. Rosiglitazone
significantly reduced fasting insulin and high-sensitivity
C-reactive protein (hsCRP) and increased apoA-II levels. Mean
apoA-I and HDL-C levels were unchanged following rosigli-
tazone treatment, although there was considerable individ-
ual variability in the HDL-C response. Rosiglitazone had no
effect on apoA-I metabolism, whereas the apoA-II PR was
increased by 23%. The change in HDL-C in response to
rosiglitazone was significantly correlated with the change in
apoA-II concentration but not to changes in apoA-I, mea-
sures of glucose homeostasis, or hsCRP. Treatment with
rosiglitazone significantly increased apoA-II production in
subjects with metabolic syndrome and low HDL-C but had
no effect on apoA-I metabolism.ll The change in HDL-C
in response to rosiglitazone treatment was unrelated to ef-
fects on apoA-I, instead being related to the change in the
metabolism of apoA-Il.—Millar, J. S., K. Ikewaki, L. T.
Bloedon, M. L. Wolfe, P. O. Szapary, and D. J. Rader. Effect
of rosiglitazone on HDL metabolism in subjects with meta-
bolic syndrome and low HDL. J. Lipid Res. 2011. 52:
136-142.
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The metabolic syndrome consists of a cluster of abnor-
malities that include hypertension, abdominal obesity, im-
paired fasting glucose, elevated fasting triglyceride levels,
and low HDL-cholesterol (HDL-C). Patients with meta-
bolic syndrome are at increased risk of cardiovascular dis-
ease and, as a result, recommendations have been made to
reduce the risk in these patients. These recommendations
include therapeutic lifestyle changes and, if treatment
goals are not met, pharmacological intervention (1).

Currently, few drugs are available that are suitable for
treating patients with two components of the metabolic syn-
drome, insulin resistance and low HDL-C. Among treat-
ments available for improving insulin resistance are the
thiazolidinediones (TZDs) rosiglitazone and pioglitazone,
which activate the nuclear receptor peroxisome proliferator-
activated receptor y (PPARYy). In addition to their insulin-
sensitizing effects, TZDs have been shown to increase
HDL-C levels in diabetic populations (2) by up to 14% for
rosiglitazone and up to 19% for pioglitazone (3). These
changes in HDL-C compare favorably to HDL-C changes
achieved with other drugs currently approved to treat low
HDL-C levels (4-7). Although rosiglitazone and pioglita-
zone both activate PPARy, they each have a characteristic
metabolic response in regard to plasma lipid levels, with
rosiglitazone also increasing plasma triglyceride levels in the
relatively short term, whereas pioglitazone does not (8).

The mechanisms responsible for the HDL-C-raising ef-
fects of TZDs are currently unknown. Studies that have
measured apolipoprotein A-l (apoA-I) and apoA-II levels
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following rosiglitazone treatment have found that although
HDL-C and apoA-II generally increase, levels of apoA-I re-
main unchanged (9-14). Weak, partial transactivation of
PPAR« by rosiglitazone (15, 16) and pioglitazone (16, 17)
has been demonstrated in vitro and may result in upregula-
tion of the PPAR« targets apoA-I and apoA-II, leading to an
increase in the production rates (PRs) of these proteins.
Consistent with these in vitro findings, Carreon-Torres et al.
(18) recently reported that rosiglitazone increased apoA-I
production in rabbits. In contrast, a study in patients with
type 2 diabetes demonstrated that treatment with pioglita-
zone had no effect on apoA-I kinetics (19). To date, no
studies have measured apoA-I kinetics in humans treated
with roziglitazone, and no study has examined the effect of
TZDs on the kinetics of apoA-II in humans.

We conducted studies with rosiglitazone in subjects with
metabolic syndrome and low HDL-C. These studies were
conducted to test the hypothesis that rosiglitazone increases
HDL-C by increasing apoA-I and apoA-II production in hu-
mans. Similar to what was reported for pioglitazone (19),
the results show that the metabolism of apoA-I was un-
changed in response to rosiglitazone treatment, whereas
there was a significant increase in the PR of apoA-Il. The
change in HDL-C in response to rosiglitazone was associ-
ated with the change in apoA-II levels, with those subjects
increasing the plasma concentration of apoA-II having the
greatest increase in HDL-C in response to rosiglitazone.

MATERIALS AND METHODS

Subjects

Men and women between the ages of 18 and 75 years were re-
cruited from the local area to participate in the study. All subjects
had low HDL-C (<40 mg/dl for men, <50 mg/dl for women) and
at least two additional risk factors for metabolic syndrome as de-
fined by the Adult Treatment Panel III: abdominal obesity de-
fined by increased waist circumference, hypertension or current
treatment for hypertension, impaired fasting glucose without a
diagnosis of diabetes, and fasting triglycerides >150 mg/dl and
<800 mg/dl. Exclusion criteria included current treatment with
statins or niacin; a history of cardiovascular disease including
coronary artery disease or heart failure; a history of diabetes or
recent treatment with diabetic medications; a history of renal dis-
ease or a serum creatinine level greater than 2.0 mg/dl; a history
of testing HIV positive; being pregnant or lactating; a history of a
major active rheumatologic, pulmonary, or dermatologic disease
or an inflammatory condition; uncontrolled blood pressure
(>180/100 mmHg); abnormal measures of thyroid function; lev-
els of aspartate aminotransferase, alanine aminotransferase, alka-
line phosphatase, or total bilirubin greater than 2.0 times the
upper limit of normal. All subjects gave written, informed con-
sent. All protocols and procedures were approved by the Human
Investigational Review Board at the University of Pennsylvania.

Study design

This study was a single-site, single-blind, placebo-controlled,
fixed-sequence study. A fixed-sequence design with placebo treat-
ment followed by rosiglitazone treatment was selected to avoid
potential carryover effects from rosiglitazone treatment. Eligible
subjects visited the General Clinical Research Center (GCRC) at
the University of Pennsylvania for baseline fasting blood collec-

tion. Prior to discharge, subjects were instructed to take placebo
once daily for 8 weeks. At the end of the 8 week placebo treat-
ment period, subjects were admitted to GCRC for an overnight
kinetic study. Following the kinetic study, subjects were instructed
to take rosiglitazone (8 mg) once daily for 8 weeks. At the end of
the 8 week rosiglitazone treatment period, subjects returned to
the GCRC for a second kinetic study. After this second kinetic
study, the drug was discontinued and the subjects discharged.

Kinetic study

Apolipoprotein kinetics were measured as previously described
(20). Briefly, subjects were fed a standardized meal representing
1/20™ of their daily caloric intake hourly for 5 h. Participants were
then given a bolus of [5,5,5-Dg]leucine (10 pmol/kg) immediately
followed by a constant infusion of [5,5,5-Ds]leucine (10 pmol/
kg/h). Hourly standardized meals were given throughout the ki-
netic study to maintain a constant rate of lipoprotein production.
Blood samples were collected at various time points over a 15 h
period, at which point the infusion was stopped. Lipoprotein frac-
tions were isolated by sequential ultracentrifugation, and apoli-
poproteins were isolated by SDS-PAGE. Apolipoproteins were
hydrolyzed, their amino acids derivatized, and their isotope en-
richment analyzed by GC/MS. The fractional catabolic rates
(FCRs) for HDL apoA-I and apoA-II were determined using the
WinSAAM modeling program by fitting a rising monoexponential
curve that incorporated a secretory delay to the HDL apoA-I and
apoA-II [5,5,5-D;]leucine tracer data using a weighted least-squares
approach (21). The apoA-I and apoA-II liver precursor pool en-
richment was assumed to be equal to the maximal estimated VLDL
apoB-100 enrichment (i.e., VLDL apoB-100 enrichment plateau).
Pool sizes for apoA-I and apoA-II were calculated as plasma con-
centration (mg/dl) multiplied by the estimated plasma volume
(0.45 dl/kg body weight). PRs were calculated by multiplying the
FCR by the pool size using the formula PR (mg/kg/day) = FCR
(pools/day) e pool size (mg/kg body weight/pool).

Biochemical measurements

Plasma lipids were measured from EDTA plasma collected af-
ter a 12 h fast in a Centers for Disease Control and Prevention-
standardized laboratory. Plasma total cholesterol (TC), VLDL-C
(d < 1.006 g/ml fraction), HDL-C, and triglycerides were mea-
sured enzymatically on a Cobas Fara Il autoanalyzer (Roche Diag-
nostic Systems, Inc.; Basel, Switzerland) using Sigma reagents
(Sigma Chemical Co.; St. Louis, MO). LDL-C levels were deter-
mined by subtracting VLDL-C and HDL-C from the TC measure-
ment. ApoA-l, apoB, apoC-II, apoC-III, apoE, and lipoprotein [a]
(Lpla]) were measured with immunoturbidemtric assays using
Wako reagents (Wako Chemicals USA, Inc.; Richmond, VA).
HDL particle sizes were measured using NMR (LipoScience;
Raleigh, NC). High-sensitivity C-reactive protein (hsCRP) was
measured with an ultra high-sensitivity latex turbidimetric immu-
noassay (Wako Chemicals USA, Inc.), and glucose and non-
esterified FAs were measured using enzymatic reagents (Wako
Chemicals USA, Inc.) on a Hitachi 912 autoanalyzer (Roche
Diagnostics). Insulin levels were measured by radioimmuno-
assay (Linco Research, Inc). Insulin resistance was estimated
with the homeostasis model assessment of insulin resistance
(HOMA-IR) calculated as [plasma insulin (pIU/ml) x plasma
glucose (mmol/1)]/22.5.

Cellular cholesterol efflux studies

Cholesterol efflux from FubAH rat hepatoma cells to patient
HDL was obtained following precipitation of apoB-containing li-
poproteins with polyethylene glycol, as previously described (22).
FubAH cells efflux cholesterol primarily via the scavenger recep-
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tor class B type I (SR-BI) and aqueous diffusion pathways (23).
Efflux was measured over a 4 h period on samples collected at
the end of the placebo and rosiglitazone treatment periods.

Statistical analysis

Differences between treatment groups were determined using
a paired ttest. Differences for nonnormally-distributed data were
determined using the Wilcoxon sign rank test. Analyses were
performed using GraphPad Prism, Version 3.02 (GraphPad
Software, Inc.). Stepwise multiple regression was conducted us-
ing Intercooled Stata, Version 9. A two-tailed Pvalue of less than
0.05 was considered statistically significant.

RESULTS

Subjects

Seventeen subjects (nine male, eight female) enrolled
in the study. The mean age of the subjects was 50.6 + 10.5
years, with nine Caucasian and eight African-American
subjects. Two subjects voluntarily withdrew from the study
prior to initiating rosiglitazone treatment, and fifteen sub-
jects completed all study-related visits. Baseline subject
characteristics are shown in Table 1. Body mass index
(BMI) ranged from 25.8 to 42.6 kg/mQ, with the mean
falling within the obesity range (>30.0 kg/ mz). Five of the
enrolled subjects were smokers.

Treatment with rosiglitazone (8 mg once daily) was well-
tolerated and there were no serious adverse events re-
ported. One subject was found to have trace edema in
lower extremities after 8 weeks on rosiglitazone, which re-
solved within 2 weeks of drug discontinuation and was
judged as possibly related to treatment. A second subject
gained an unexplained 5.8 kg between baseline and 8
weeks on placebo and another 2.1 kg after being on rosigl-
itazone for 8 weeks that was judged as possibly related to
treatment. Neither subject had symptoms of congestive
heart failure or ischemic cardiovascular events. Because
the second subject with unexplained weight gain was not
in a steady state during the study period, the results for
this subject were excluded from all analyses.

Effects on plasma lipoproteins

The plasma lipid levels at the end of the placebo and
rosiglitazone phases are shown in Table 2. There was an
11% increase in plasma TC in response to rosiglitazone
that was due to a significant increase in the VLDL choles-
terol level. There were no significant changes in triglyceride,

TABLE 1. Baseline characteristics of the subjects enrolled

in the study

Subject characteristics (n = 17)
Age (years), mean + SD 50.6 £ 10.5
Male sex, n (%) 9 (53)
Race

White, n (%) 9 (53)

African-American, n (%) 8 (47)
BMI (kg/m2), mean + SD 31.5+4.0
Current smoker, n (%) 5 (29)

BMI, body mass index.
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LDL-C, or HDL-C levels following rosiglitazone treatment.
Plasma nonesterified FA levels were significantly decreased
(—36%) following rosiglitazone treatment. ApoA-I and
apoB levels in plasma were unchanged following rosigli-
tazone treatment, whereas apoA-Il, apoE, apoC-III, and
Lp[a] levels in plasma were all significantly increased.

Effect on fasting glucose, insulin, and hsCRP

Fasting glucose, insulin, and hsCRP levels at the end of
the placebo and rosiglitazone phases are shown in Table 2.
There was no change in fasting plasma glucose, whereas
there were significant reductions in fasting insulin (—22%)
and the HOMA-IR in response to rosiglitazone treatment.
Plasma levels of hsCRP were significantly reduced follow-
ing rosiglitazone treatment.

Effects on HDL particle concentration, size,
and composition

We assessed HDL particle concentrations and particle
size by NMR (Table 3). Consistent with the lack of change
in the HDL-C concentration, there was no change in HDL
particle concentration. There was, however, a change in
the HDL size distribution, with an increase in medium-
sized HDL and a decrease in small HDL.

The lipid composition and apolipoprotein content of
HDL isolated by ultracentrifugation was determined at the
end of the placebo and rosiglitazone treatment periods
(Table 3). Treatment with rosiglitazone significantly in-
creased the percent phospholipid content and content of
apoE in the HDL fraction. There was a trend toward the
percent triglyceride content in HDL with rosiglitazone
treatment being reduced.

Effects on serum cholesterol efflux capacity

Treatment with rosiglitazone significantly increased the
ability of HDL to promote cholesterol efflux from FubAH
cells in in vitro studies. After 8 weeks of treatment with
rosiglitazone, there was a 30% increase in the ability of
HDL to promote cholesterol efflux (1.17 £ 0.41% efflux/4 h
vs. 1.45 + 0.44% efflux/4 h, placebo vs. rosiglitazone; P =
0.03). The percent change in HDL levels in response to
rosiglitazone treatment was significantly correlated with
the percent change in cholesterol efflux (r = 0.79; P =
0.0008).

Effects on apoA-I and A-II metabolism

The results for changes in apoA-I and apoA-Il metabolism
in response to rosiglitazone are summarized in Table 4.
There was no significant change in the apoA-I pool size
following rosiglitazone treatment, as compared with pla-
cebo treatment, although there was a trend toward a
lower pool size (—7%). There was also no significant
change in the apoA-I PR or FCR in response to rosiglita-
zone treatment.

In contrast, the apoA-II pool size was significantly in-
creased in subjects treated with rosiglitazone. There was a
significant increase in the apoA-Il PR (23%) following
rosiglitazone treatment, whereas the apoA-II FCR showed
no significant change, although the individual changes in
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TABLE 2. Plasma lipid, apolipoprotein, glucose, insulin, and high-sensitivity C-reactive protein levels in subjects
completing the placebo and rosiglitazone treatment phases (n = 14)

Placebo Rosiglitazone % Change P

Total cholesterol (mg/dl) 209 + 51 231 + 68 11% 0.05
Triglycerides (mg/dl) 203 + 98 244 + 157 18% 0.11
VLDL-C (mg/dl) 34 (24-39) 41 (33-88) 40%" 0.01
LDL-C (mg/dl) 141 + 37 138 + 47 1% 0.77
HDL-C (mg/dl) 34+6 36+7 4% 0.22
Lp[a] (mg/dl) 25 (11-59) 26 (12-63) 34%" 0.04
Nonesterified FAs (mEq/1) 0.22 + 0.06 0.14 £ 0.06 —-36% 0.0002
ApoA-I (mg/dl) 94 + 14 86+ 13 —8% 0.08
ApoA-II (mg/dl) 28 + 4 33+4 19% <0.0001
ApoB (mg/dl) 100 + 22 105 + 32 5% 0.76
ApoE (mg/dl) 5.3+ 1.7 59+2.0 12% 0.009
ApoC-I (mg/dl) 5.8+2.7 7.7+3.9 37% 0.0003
ApoC-II (mg/dl) 14.0 £ 6.2 16.7 + 8.3 16% 0.009
Fasting glucose (mg/dl) 86+ 7 83+8 —3% 0.30
Fasting Insulin (mU/ml) 17.6 + 8.8 12.6 + 4.6 —22% 0.02
HOMA-IR 3.7+19 2.6+1.0 —23% 0.02
hsCRP (mg/1) 1.9 (0.7-3.4) 1.3 (0.3-3.4) —40%" 0.01

Data are expressed as mean + SD except for Lp[a] and hsCRP, which are median (interquartile range). ApoA-I,
apolipoprotein A-I; HDL-C, HDIL-cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance;
hsCRP, high-sensitivity C-reactive protein; LDL-C, LDL cholesterol; Lp[a], lipoprotein [a].

“Median change.

this variable ranged from —24% to 32%. Interestingly, the
correlation between the percent change in the apoA-II PR
and the percent change in the apoA-II pool size in re-
sponse to rosiglitazone was not statistically significant (r =
—0.17; P = 0.55) due to a concomitant increase in the
apoA-II FCR in many subjects. Instead, there was a signifi-
cant inverse correlation between the percent change in
the apoA-II FCR and the percent change in the apoA-II
poolsize (r=—0.72; P=0.004), indicating that the subjects
with reduced or unchanged apoA-II FCR had the greatest
change in apoA-II pool size.

Determinants of the change in HDL-C levels

The HDL-C response to rosiglitazone treatment was het-
erogeneous, ranging from —20% to 35%. To attempt to
identify the factors that determine the HDL-C response to
rosiglitazone, correlations were conducted between the
percent change in HDL-C and the percent change in the
following variables: plasma apoA-I and apoA-II concentra-

TABLE 3. Effects of rosiglitazone on HDL particle concentration,
size, and composition (n = 14)

Placebo Rosiglitazone P

Total HDL particles (pmol/1) 25.9+3.5 245+29 021
Large HDL particles (pmol/1) 2.7+16 23+19  0.16
Medium HDL particles (pmol/1) 2.2+ 2.1 58+4.1  0.0002
Small HDL particles (pmol/1) 21.0+3.1 16.4+42  0.003
HDL size (nm) 8.5+0.2 8.5+0.2 0.91
Lipid composition (% lipid)

Cholesterol 28.1+1.4 28.4+24  0.66

Free cholesterol 53+0.4 53+0.7 0.89

Cholesteryl ester 228 +1.2 23.1+21  0.62

Triglyceride 12.5+2.4 11.2+27  0.10

Phospholipids 59.4+1.9 60.4+23  0.04
HDL apolipoproteins (mg/dl)

apoE 05+0.4 0.7+05  0.004

apoC-IIT 22+1.5 32+24 0.2

Data are expressed as mean + SD.

tion, apoA-I and apoA-II FCR and PR, triglyceride, apoC-I11,
nonesterfied FAs, fasting insulin, fasting glucose, HOMA,
and hsCRP (Table 5). Of these, the percent changes in the
apoA-II concentration, the apoA-II FCR, the apoC-II con-
centration, and the nonesterfied FA concentration were
significant correlates. When adjusting for BMI and smok-
ing, only the percent changes in the apoA-II concentration
and the nonesterfied FA concentration remained signifi-
cant correlates with the change in HDL-C.

To determine whether the variables identified as signifi-
cant correlates were independent predictors of the percent
change in HDL-C levels, these variables were included in a
stepwise regression model. When this was done, the percent
change in the plasma apoA-II and apoC-II concentrations
remained significant (P=0.0001) and accounted for 75% of
the change in the HDL-C concentration. When controlling
for both BMI and smoking in the model, only the percent
change in the plasma apoA-II remained a significant predic-
tor of the percent change in HDL-C in response to rosiglita-
zone, accounting for 70% of the change, whereas apoC-II
was of marginal significance in the model (P=0.07). The re-
lationship between the percent change in apoA-II concentra-
tion and the percent change in HDL-C is shown in Fig. 1.

DISCUSSION

Activation of the nuclear receptor PPARYy with rosiglita-
zone improves insulin sensitivity in patients with insulin
resistance and type 2 diabetes. The mechanism by which
this occurs is not completely understood but may involve
reduction of hepatic glucose production and enhanced
glucose uptake into adipose tissue following upregulation
of the glucose transporter GLUT4 (24, 25). In addition to
improving insulin sensitivity, rosiglitazone also reduces
plasma nonesterified FAs and inflammatory cytokines and
increases adiponectin, all of which are thought to contrib-
ute to improved insulin sensitivity (9).
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TABLE 4. ApoA-I and apoA-II kinetic parameters measured at the end of the placebo and
rosiglitazone treatment periods (n = 14)

Placebo Rosiglitazone % Change P
ApoA-I pool size 3,715 + 817 3,426 + 808 —7% 0.14
ApoA-I PR 9.81 + 2.47 9.47 £ 4.04 3% 0.69
ApoA-I FCR 0.238 + 0.084 0.244 + 0.095 4% 0.70
ApoA-II pool size 1,105 + 282 1,315 + 350 19% <0.0001
ApoA-IT PR 2.33 £0.67 2.87 £0.94 23% <0.0001
ApoA-Il FCR 0.190 + 0.060 0.197 + 0.067 4% 0.37

Data are expressed as mean + SD. FCR, fractional catabolic rate; PR, production rate.

In addition to improving insulin sensitivity, rosiglita-
zone may have beneficial effects on lipoprotein metabo-
lism, possibly mediated through transactivation of PPARa
in liver. Initial studies with rosiglitazone in rats examined
the mechanisms responsible for its lipid-altering effects
and concluded that there was no significant transactiva-
tion of PPARa in liver (26). However, subsequent reports
have indicated that rosiglitazone increases apoA-I produc-
tion in rabbits (18) and the human hepatoma cell line,
HepG2 (16), via partial activation of PPARa. We found
that there was no change in the PR of the PPAR«a target
apoA-I following rosiglitazone treatment. Our results sug-
gest that if there is activation of PPARa by rosiglitazone, it
is relatively weak and insufficient to activate APOAI tran-
scription at doses given in humans, similar to what was re-
ported in humans treated with pioglitazone (19).

In contrast to the lack of change in apoA-I production
or FCR, we found a significant increase in the PR of apoA-
II following rosiglitazone treatment. Although this could
be due to transactivation of PPARe, it is also possible that
there are direct or indirect effects of PPARYy activation that
lead to increased transcription of APOA2. There was no
evidence to suggest that the increase in the apoA-II PR was
due to improvement in insulin sensitivity (not shown).
Rosiglitazone has been shown to increase levels of the nu-
clear receptor hepatic nuclear factor (HNF)-4a in rat liver
(27). A number of genes encoding proteins that are al-
tered by rosiglitazone, including APOA2, APOC3, and LPA,

TABLE 5. Correlations between the percent change in HDL-C and
the percent changes in candidate HDL-C determinants in
response to rosiglitazone treatment (n = 14)

Correlation Coefficient,

Correlation Coefficient, Adjusted for BMI and

Unadjusted Smoking

ApoA-I concentration 0.35 0.44
ApoA-T FCR —0.26 —0.14
ApoA-1 PR 0.00 0.18
ApoA-II concentration 0.80 0.83"
ApoA-Il FCR —0.53" —0.51
ApoA-II PR —0.07 —0.05
Fasting insulin 0.21 0.42
Fasting glucose —0.25 —0.23
HOMA 0.08 0.27
HsCRP —0.11 —0.14
Triglyceride —0.45 —0.50
ApoC-11II —0.60" —0.50
Nonesterified FAs —0.66" —0.68"

“P=<0.05.

"P=<0.001.
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have HNF-4a binding sequences in their promoter re-
gions, suggesting that HNF-4a activation may have con-
tributed to the increase in apoA-Il production (28).
Another possible mechanism by which rosiglitazone could
increase the apoA-II PR is through reduction in circulat-
ing levels of inflammatory cytokines (9). ApoA-II mRNA
levels and transcription (29) are decreased in rodents in
response to acute inflammation (30), owing to both direct
effects of cytokines on APOA2 gene expression (31) and
indirect effects of NF-«kB interfering with HNF4 activation
of gene expression (32).

In general, treatment with rosiglitazone results in an
increase in HDL-C (33). However, some studies have re-
ported that HDL-C levels were unchanged or decreased
following rosiglitazone treatment despite improvement
in glucose homeostasis (13, 14). In the current study in-
volving subjects with metabolic syndrome, there was no
change in the mean HDL-C level in response to rosiglita-
zone. However, the response among individual subjects
was variable, with some subjects increasing HDL-C levels,
whereas others showed a decrease. A previous report sug-
gests that the HDL-C response to PPARvy agonists is re-
lated to improvement in insulin sensitivity (34). However,
we found that there was no significant correlation be-
tween changes in measures of glucose homeostasis and
changes in HDL-C. Instead, the change in HDL-C was
positively correlated with the change in apoA-II concen-
tration in plasma. ApoA-II is known to influence HDL
remodeling by cholesteryl ester transfer protein (CETP)
and may inhibit cholesterol transfer between HDL and
other lipoproteins, leading to an increase in HDL size
and composition (35). Interestingly, we found that the
change in apoA-II concentration significantly correlated
with the change in the apoA-II FCR. Ng and coworkers
(36) recently reported that the apoA-II FCR was influ-
enced by changes in adiposity following weight loss. Be-
cause rosiglitazone promotes changes in adiposity, it is
possible that it influences apoA-II metabolism, with ef-
fects on liver, to increase apoA-II production, and effects
on adipose tissue that could influence the apoA-II FCR.
Although speculative, effects on both apoA-II production
and catabolism could contribute to the reported variabil-
ity in the HDL response to rosiglitazone.

In addition to increasing HDL size, we also found that
rosiglitazone altered the composition and apolipoprotein
content of HDL. The change in HDL lipid composition
may be related to effects on the CETP-mediated exchange
of triglyceride between VLDL and HDL. There may also be
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Fig. 1. The relationship between the percent change in HDL-
cholesterol and percent change in apolipoprotein A-II concentra-
tion in plasma in response to rosiglitazone treatment.

changes in phospholipid transfer protein, whose expression
increases in response to acute inflammatory stimulation
and may be expected to decrease following rosiglitazone
treatment (37). We also observed an increase in the apoE
content of HDL during rosiglitazone treatment, an effect
that should be interpreted with caution because there are
significant losses of apoE from HDL during isolation by
ultracentrifugation. These changes in lipid and apolipopro-
tein content were associated with a significant increase in
the efflux of cholesterol from the hepatic cell line FubAH to
HDL during the rosiglitazone treatment period, as com-
pared with placebo, indicating a change in the functionality
of HDL. FubAH cells efflux cholesterol primarily through
SR-BI and aqueous diffusion (23). Increases in both the
apoE content and percent phospholipid content of HDL
have previously been shown to enhance the ability of HDL
to accept cholesterol from cells via SR-BI (38-40). These
changes in HDL composition and functionality would be
expected to be antiatherogenic because they would be ex-
pected to promote reverse cholesterol transport. However,
arecent report indicated that rosiglitazone has no effect on
the progression of atherosclerosis, compared with placebo
(41), similar to the results of the RECORD trial that showed
no effect of rosiglitazone on cardiovascular risk (42). Thus,
other metabolic effects of rosiglitazone may neutralize any
beneficial effects of the drug on HDL levels and functional-
ity. Itis also possible that raising HDL enriched with apoA-II
adversely influences HDL function and is of no cardiovascu-
lar benefit. The role of apoA-II in reducing cardiovascular
risk is currently controversial and its benefits have yet to be
established (43, 44).

There are a number of limitations to this study. These
include the relatively small sample size, which was powered
to detect a 10% change in the apoA-I- and apoA-Il-associated
metabolic parameters. The study is also of relatively short
duration. Itis possible that some metabolic effects of rosigli-
tazone treatment only become apparent with longer term
treatment. Another limitation is the fixed-sequence design
of the study. This design was selected to avoid residual
drug effects that may have lingered beyond a washout
period. This design does not control for temporal changes
in lipoprotein metabolism that are unrelated to the study
drug.

In conclusion, treatment of subjects with metabolic syn-
drome with rosiglitazone (8 mg) had no effect on apoA-I

metabolism, whereas apoA-II production was significantly
increased. Subjects in which apoA-II levels increased had
the greatest rise in HDL, which was associated with signifi-
cant stimulation of cholesterol efflux from cells in vitro.
The results indicate that the change in HDL-C in response
to rosiglitazone treatment is unrelated to changes in apoA-I
metabolism, and instead is related primarily to changes in
apoA-II levels. B
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