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Abstract Plasma cholesteryl ester transfer protein (CETP)
promotes the cholesterol enrichment of apoB-containing
lipoproteins (VLDL and LDL) at the expense of HDL.
Recent studies demonstrated that apoCl is a potent CETP
inhibitor in plasma of healthy, normolipidemic subjects.
Our goal was to establish whether the modulation of CETP
activity by apoCl is influenced by dyslipidemia in patients
with documented coronary artery disease (CAD). In the total
CAD population studied (n = 240), apoC1 levels correlated
negatively with CETP activity, independently of apoE-epsilon,
CETP-TaqlB, and apoCl-Hpal genotypes. In multivariate
analysis, the negative relationship was observed only in
normolipidemic patients, not in those with hypercholester-
olemia, hypertriglyceridemia, or combined hyperlipidemia.
In the normolipidemic subjects, apoCl levels were posi-
tively associated with higher HDL- to LDL-cholesterol ratio
(r = 0.359, P < 0.001).H0 It is concluded that apoCl as a
CETP inhibitor no longer operates on cholesterol redistri-
bution in high-risk patients with dyslipidemia, probably due
to increasing amounts of VLDL-bound apoCl1, which is inac-
tive as a CETP inhibitor. Patients with dyslipidemia could
experience major benefits from treatment with pharma-
cological CETP inhibitors, which might compensate for
blunted endogenous inhibition.—Pillois, X., T. Gautier,
B. Bouillet, J.-P. Pais de Barros, A. Jeannin, B. Verges, J. Bonnet,
and L. Lagrost. Constitutive inhibition of plasma CETP by
apolipoprotein C1 is blunted in dyslipidemic patients with
coronary artery disease. J. Lipid Res. 2012. 53: 1200-1209.
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Large cohort studies have indicated that the risk for car-
diovascular disease correlates positively with the choles-
terol content of apoB-containing lipoproteins (VLDL and
LDL) but negatively with the cholesterol content of HDL
(1). Thus, interest in intervention strategies that lead not
only to a significant reduction in LDL-cholesterol (LDL-C)
but also to a concomitant increase in HDIL-cholesterol
(HDL-C) has grown in recent years. In this context, par-
ticular attention has been paid to the inhibition of choles-
teryl ester transfer protein (CETP) because this factor
promotes the cholesterol enrichment of apoB-containing
lipoproteins at the expense of HDL (2). High CETP activ-
ity was found to accelerate the progression of atheroscle-
rosis and to increase the incidence of coronary artery
disease (3-6). Recent intervention trials of secondary pre-
vention in high-risk patients confirmed that pharmacolog-
ical inhibition of CETP leads to a marked, unrivalled rise
in the HDL-C to LDL-C ratio (7-9). Although the outcome
of the ILLUMINATE study was negative, probably because
of an offssite target effect of the CETP inhibitor torce-
trapib, treatments with anacetrapib in the DEFINE study
(9) and dalcetrapib in the dal-PLAQUE study (10) did not
result in adverse cardiovascular effects. Thus, prevention
of cardiovascular disease with pharmacological CETP in-
hibitors is still worthwhile to pursue, and whether CETP
inhibition might be equally relevant in subgroups of high-
risk patients with distinct lipoprotein profiles remains an
unanswered question.

Unlike apoB-containing lipoproteins, HDL was found in
earlier studies to inhibit CETP activity in a concentration-
dependent manner (11). In subsequent studies, and among
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all the apolipoprotein components of HDL, apoCl1 arose
as a potent inhibitor of CETP in vitro (12). Besides apoCl,
apoF was described as a potent CETP inhibitor in vitro
(13). However, unlike the lipid transfer inhibitory activity
of apoCl1 that is associated with the plasma HDL fraction
(12), apoF exerts its effect almost exclusively when local-
ized in LDL (13). The human apoCl inhibitor operates
through the modification of the HDL electrostatic charge,
which is recognized as a major determinant of the CETP-
lipoprotein interaction and, consequently, of the uptake
and exchange of core neutral lipids (14, 15). Studies in
apoCl-knocked out/human CETP transgenic (apoC1KO/
HuCETPTg) and human apoCl transgenic/human CETP
transgenic (HuapoCl1Tg/HuCETPTg) mice provide di-
rect support to earlier in vitro observations with purified
human apoCl1 (16, 17).

In humans, no cases of isolated apoCl1 deficiency have
been reported. In normolipidemic, healthy subjects,
plasma apoCl concentration was reported to correlate
negatively with cholesteryl ester transfer activity on the
one hand (15), and positively with HDL-C concentra-
tion on the other hand (18, 19). However, the impact of
apoCl on both CETP activity and HDL levels was not
addressed simultaneously in one given population, and
thus evidence for increased HDL-C levels, as well as in-
creased HDL-C to LDL-C ratio because of the apoCl-
mediated blockade of CETP activity remains to be
brought. Most importantly, whether apoC1 still exerts a
potent inhibitory effect on CETP in dyslipidemic pa-
tients is unknown.

The aim of the present study was to address the func-
tionality of plasma apoCl as a CETP inhibitor in normo-
and dyslipidemic patients with documented coronary
artery disease (CAD) and to determine the consequences
in terms of cholesterol distribution between HDL and
apoB-containing lipoproteins.

METHODS

Study design and patients

Two hundred and forty consecutive patients of Caucasian ori-
gin underwent a diagnostic cardiac catheterization from Septem-
ber 2006 to January 2008 at the Cardiology Unit in Bordeaux
University Hospital for the indication of acute myocardial infarc-
tion or stable coronary artery disease. Included patients were
found to have at least one significant coronary lesion = 50% on
angiography. Myocardial infarction was defined on the basis of a
troponin I level = 0.02 ng/ml and ST segment elevation myocar-
dial infarction (STEMI) or non-STEMI (NSTEMI) electrocardio-
graphic changes. The severity of the CAD was recorded on
computerized angiographic data forms. Patients with docu-
mented diabetes were excluded. Included patients were of unre-
stricted age and gender and gave written informed consent for
blood samples to be used in a confidential “deoxyribonucleic
bank,” complying with the Declaration of Helsinki and approved
by the local Research Ethics Committee. Baseline characteristics,
including age, gender, clinical presentation, and initial cardiac
catheterization results, were collected prospectively. Fasting
blood samples and clinical parameters were obtained 3 months
after inclusion. All of the CAD patients were under statin therapy
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for at least 3 months. Some patients were treated for hyperten-
sion, and all of them received lifestyle recommendations (includ-
ing smoking and alcohol cessation, lipid-poor diet, and increase
in walking activity). Lipoprotein profile remained stable after the
initial, first month of treatment.

Hypertension was defined on the basis of a systolic blood pres-
sure of 140 mmHg or higher, and/or a diastolic blood pressure
of 90 mmHg or higher, or a history of hypertension requiring
treatment (20). Body mass index was calculated by body weight
in kilograms divided by the square of height in meters. At
3 months of follow-up, some patients were normolipidemic be-
cause of their initial normal lipid profile or the statin treatment.
Definition of dyslipidemia was determined 3 months after initia-
tion of statin treatment. Hypercholesterolemia was defined as
plasma LDL-C level higher than 2.6 mmol/l; hypertriglyceri-
demia was defined as a plasma triglyceride (TG) level higher
than 1.7 mmol/1; and combined hyperlipidemia was defined as a
plasma LDL-C level higher than 2.6 mmol/I and a plasma TG
level higher than 1.7 mmol/1 (21).

ApoCl distribution studies in a population of
healthy subjects

For mechanistic insights and apoCl distribution studies, an
independent group of 23 healthy subjects was recruited (main
characteristics are shown in supplementary Table I). VLDL were
isolated by a 90 min, 100,000 rpm ultracentrifugation at d= 1.006
in a TLA.100 rotor in a TLX ultracentrifuge (Beckman, Palo
Alto, CA). Supernatants contained VLDL and infranatants con-
tained IDL, LDL, and HDL. Both fractions were subsequently
subjected to apoCl quantitation (see below).

Plasma and DNA preparation

EDTA anticoagulated blood samples were centrifuged for se-
rum separation within the hour of collection. Plasmas were ali-
quoted and stored at —80°C until their analysis. DNA was
extracted from 200 pl buffy coat of a centrifuged EDTA antico-
agulated blood sample, with a QiaAmp®DNA minikit (Qiagen
S.A., Courtaboeuf, France) according to the manufacturer’s
protocol.

Lipids, lipoproteins, and apolipoprotein C1

Total serum cholesterol (TC), TG, and HDL-C levels were de-
termined using enzymatic assay kits (Roche modular, Roche Di-
agnostics SA, France). LDL-C was calculated by the Friedewald
equation when TG were below 5.7 mmol/l, and it was quant-
tated by a direct assay from Beckman coulter (OSR6183 Kkit)
when TG were above 5.7 mmol/l. ApoC1 was quantitated in total
plasma and in lipoprotein fractions by a specific ELISA using an
anti-human apoC1 antiserum from rabbit (22).

Gene polymorphism genotyping
CETP, apoE, and apoCI genotyping was performed by a re-
striction fragment length polymorphism (RFLP)-based method
as previously described (23-26). Briefly, polymerase chain reac-
tion (PCR) amplification was performed using the following
primers: ¢) surrounding the Taq/B polymorphism in intron 1 of
the CETP gene: 5-CAC ACC ACT GCC TGA TAA CC-3’ (for-
ward) and 5-GTG ACC CCC AAC ACC AAA TA-3" (reverse); ii)
surrounding the Hpal polymorphism in the promoter of the
ApoCl gene: 5-ATC GAT CAC GAC CCT CTC- 3’ (forward) and
"“TCC CCC ACT CAG AAT GTA- 3’ (reverse); and i) in the
exon 4 of the ApoE gene: 5-TAA GCT TGG CAC GGC TGT CCA
AGG A- %’ (forward) and 5-ACA GAA TTC GCC CCG GCC TGG
TAC AC-3" (reverse). The amplification mixture included 25
pmol of each primer, 100 ng genomic DNA, 1x GoTaq® reaction
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TABLE 1. Characteristics of total population (n =240) and of normolipidemic patients and dyslipidemic
subgroups
Hyperchol Hypertrig Combined Hy
Total Normolipidemia esterolemia lyceridemia perlipidemia
(n = 240) (n=101) (n=63) (n = 84) (n = 49)
Age (yr) 53.13£10.79  54.17+10.73 53.78 £ 9.05 51.91 £13.11 50.61 +11.17
Gender M [n (%)] 209 (87) 91 (90) 50 (79) 30 (88) 39 (93)
BMI 27.38 + 4.4 26.59 + 3.74 27.47 + 4.82 29.01 +5.11° 27.9 +4.38
HypoHDLemia [n (%) ] 69 (29) 26 (26) 14 (22) 17 (50)* 12 (29)
Hypertension [n (%)] 72 (30) 35 (35) 19 (30) 12 (35) 6 (14)"
Current smoker [n (%)] 157 (65) 63 (62) 41 (65) 24 (71) 29(69)
MI [n(%)] 221 (92) 95 (94) 58 (92) 31 (91) 37 (88)°
Aspirin [n (%)] 161 (67) 69 (68) 41 (65) 22 (65) 29 (69)
B-blocker [n (%)] 77 (32) 29 (29) 21 (33) 12 (35) 15 (36)
ACE inhibitor or ARAII 58 (24) 26 (26) 15 (24) 8 (24) 9 (21)
[n (%)]
Statin [n (%)] 240 (100) 101 (100) 63 (100) 34 (100) 42 (100)
Glycemia (mmol/1) 5.45 + 0.73 5.36+0.63  5.34 +0.69" 5.69 +1.01%"  5.63+0.71“%¢
Total cholesterol (mmol/1) 4.49 £ 1.07 3.75 + 0.67 5.06 +0.91° 4.16 + 0.63"" 5.68 + 0.83""
Triglycerides (mmol/1) 1.83 +2.06 1.09 + 0.32 1.27 £ 0.32 2.95 + 2.79"° 3.58 + 3.53"
HDL-C (mmol/I) 1.29 + 0.37 1.36 + 0.44 1.31£0.3" 1.11+0.27 1.24 £ 0.25%
LDL-C (mmol/1) 2.59 £ 0.85 1.98 +0.41 3.31 + 0.62° 2.09 + 0.4"" 3.42 £ 0.67"¢
HDL-C/LDL-C ratio 0.55+0.25 0.71 £ 0.27 0.4+0.1° 0.54 + 0.15° 0.87 +0.1%
CETP mass (mg/1) 2.76 £ 0.76 2.55 £ 0.63 3.15 + 0.84" 2.61+0.71 2.82 +0.75"
CETP activity (nmol * 0.7 +£0.33 0.61 +0.32 0.72 £ 0.32 0.8 +0.32 0.82 + 0.33°
H-CE/mg/h)
ApoCl mass (mg/1) 51.92 + 14.64 49.84 +13.1 50.85+16.69 55.09+13.49 56.07 + 15.01
CETP Tuglb [n (%)]
B1B1 89 (37) 44 (44) 19 (30) 11 (32) 15 (36)
B1B2 121 (50) 48 (48) 33 (52) 18 (53) 22 (52)
B2B2 30 (13) 9 (9) 11 (17) 5 (15) 5 (12)
ApoCI Hpal [n (%) ]
HIH1 170 (71) 71 (70) 45 (71) 23 (68) 31 (74)
H1H2 66 (28) 29 (29) 17 (27) 10 (29) 10 (24)
H2H2 4 (2) 1(1) 1(2) 1(3) 1(2)
ApoE [n (%)]
E3E3 155 (65) 57 (57) 45 (73)° 23 (70) 30 (71)
E4E3 + E4E4 48 (20) 26 (26) 10 (16) 6 (18) 6 (14)
E2E3 + E2E2 34 (14) 17 (17) 7 (11) 4 (12) 6 (14)

Otherwise specified, values are mean + SD.

a,b,c

Signifigantly different from normolipidemia, P< 0.05, P< 0.01, and P< 0.001, respectively.

““/ Significantly different from hypercholesterolemia, P< 0.05, P< 0.01, and P< 0.001, respectively.
" Significantly different from hypertriglyceridemia, P< 0.05, and P< 0.001, respectively.

buffer, 1.5 mmol/l1 MgCl,, 0.2 mmol/I of each dNTP, and 0.5 U
of GoTaq® DNA Polymerase in a total volume of 25 pl (Promega
Corporation, Madison, WI). Amplification was performed for 40
cycles of 30 s at 95°C, 15 s at 60°C, and 15 s at 72°C with an initial
denaturation period of 5 min at 95°C. About 20 pl of PCR prod-
uct was digested with 2 U of the restriction enzyme 7Taql for CETP
gene polymorphism, Hpal for ApoCl gene polymorphism, and
Hhal for ApoE gene polymorphism according to the recommen-
dations of the supplier (Fermentas, Life Sciences). Fragments
obtained for CETP and ApoCl genes polymorphism, were sepa-
rated on a 2% MP agarose gel (Boehringer Mannheim, Germany)
and stained with ethidium bromide. For ApoE gene polymorphism
analysis, fragments were separated on an 8% polyacrylamide gel
and stained with ethidium bromide. One fragment of 505 bp indi-
cated the absence of the Tagl restriction site in the CETP gene
fragment (B2B2 genotype), two fragments of 415 and 90 bp indi-
cated the presence of the restriction site (BI1BI), and three frag-
ments of 505, 415, and 90 bp indicated heterozygosity for the
restriction site (B1B2). Presence of site restriction for Hpal enzyme
corresponds to H2 allele and results in two migratory species (58
and 137 bp) in homozygous form (H2H2) or in three fragments
(58, 137, and 195 bp) in heterozygous form (H1HZ2). Absence on
the two alleles of the restriction site results in one migratory
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fragments of 195 bp (H1H1). Six potent restriction sites are pres-
ent on the ApoE gene fragments, of which two are polymorphic,
resulting in three distinct alleles. Presence of a migratory fragment
of 83 bp corresponds to the E2 allele; a fragment of 72 bp corre-
sponds to the E4 allele, and copresence of the two migratory spe-
cies of 48 and 91 bp corresponds to the E3 allele.

CETP activity

The cholesteryl ester transfer rate in individual plasma samples
was the measured transfer from [3H]cholesteryl ester-containing
HDL toward endogenous apoB-containing lipoproteins (6). CETP
mass concentration was measured by a specific ELISA with TP1
anti-CETP antibodies (27). CETP activity values were calculated
as the ratio of the plasma cholesteryl ester transfer rate to the
plasma CETP mass concentration, and it was expressed as nano-
moles of *H-CE transferred per milligram of CETP per hour.

Statistics

Data are shown as mean = SD or percentage as indicated. Dif-
ferences between groups were evaluated by the unpaired #test
for continuous variables and by the chi-square test for categori-
cal variables. Relationships between CETP activity and apoCl
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Fig. 1. Relationship between apolipoprotein Cl concentration
and CETP activity in (A) total patients with coronary stenosis (n = 240)

concentration were analyzed by linear or multivariate linear re-
gression analysis, with body mass index (BMI) as covariate. P <
0.05 was considered statistically significant.

RESULTS

Plasma apoC1 concentration correlated with CETP
activity among patients with coronary stenosis

As indicated in Table 1, the mean age of the study popu-
lation was 53.1 + 10.8 years, and 87% were male patients.
Twenty-six percent of the patients presented with hyper-
cholesterolemia, 14% with hypertriglyceridemia, 17% with
combined hyperlipidemia, and 30% with hypertension;
65% were smokers. One hundred and thirty nine patients
(58%) were considered dyslipidemic, i.e., presented with
hypercholesterolemia, combined hyperlipidemia, or hy-
pertriglyceridemia. Two hundred and twenty-one patients
(92%) presented with myocardial infarction.

In a first attempt to assess the relationship between apoC1
and CETP activity, apoCIl concentration and CETP activity
levels were determined in plasma from 240 consecutive
patients with documented CAD. As shown in Fig. 1A, a sig-
nificant, negative correlation was observed between plasma
apoCl concentration and CETP activity in CAD patients
(r=—0.133, P< 0.001; n = 240), although the relationship
was weaker than that reported earlier by the same authors
using the same experimental design in healthy, normolipi-
demic controls (15). In multivariate regression analysis with
BMI and common variants that may have influenced CETP
activity, plasma lipid levels, and/or apoCl concentration
(including Epsilon gene polymorphism for apoE, TaqIB for
CETP, and Hpal for apoCl), again apoCl concentration
was found to contribute significantly to CETP activity in the
whole CAD population studied (P = 0.031; Table 2).

Dyslipidemia abrogates the ability of plasma apoCl to
modulate the CETP-mediated lipid transfer reaction in
patients with CAD

Patients were classified into four groups according to
their LDL-C and TG levels. Patients of the normolipidemic
group had LDL-C levels and TG levels below 2.6 mmol/1
and 1.7 mmol/1, respectively. Other patients presented
with hypercholesterolemia, hypertriglyceridemia, or com-
bined hyperlipidemia. As shown in Table 1, no significant
differences in medication use were observed between the
normolipidemic and dyslipidemic subgroups, in particu-
lar with all patients being treated with statins for at least
3 months. As shown in Fig. 1B, correlation analysis re-
vealed a strong, significant, negative correlation between
plasma apoCl and CETP activity in the normolipidemic
group (r= —0.281, P<0.001). A weaker, however significant,

and in (B) normolipidemic patients (n = 101), and in patients
presenting with (C) hypercholesterolemia (LDL-C levels above
2.6 mmol/l; n = 63), (D) hypertriglyceridemia (TG levels above
1.7 mmol/I; n = 34), or (E) combined hyperlipidemia (LDL-C
and TG levels above 2.6 mmol/l and 1.7 mmol/l, respectively;
n = 42). Correlation coefficients were calculated by linear regres-
sion analysis.
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TABLE 2. Analyses of contributing factors for CETP activity and HDL-cholesterol level

CETP Activity (nmol "H-CE/mg/h)

HDL-C (mmol/1)

B+ SE P B+ SE P
Total (n = 240)
ApoE-epsilon 0.0804 + 0.0419 0.056 —0.0221 + 0.0413 0.593
CETP-Taqlb —0.0237 + 0.0317 0.455 —0.0039 + 0.0348 0.910
ApoCl-Hpal —0.0458 + 0.0426 0.284 —0.0405 + 0.0468 0.388
BMI 0.0055 + 0.0048 0.250 —0.018 = 0.0053 0.001
ApoCl mass —0.0031 = 0.0014 0.031 0.0037 + 0.0016 0.020
Normolipidemia (n = 101)
ApoE-epsilon 0.0927 + 0.0509 0.070 —0.035 + 0.0684 0.605
CETP-Taqlb —0.0154 + 0.0493 0.754 —0.0008 + 0.0663 0.990
ApoCl-Hpal —0.04 + 0.0684 0.555 —0.1325 + 0.092 0.151
BMI —0.0093 + 0.0086 0.281 —0.0225 + 0.0116 0.053
ApoCl mass —0.0078 = 0.0024 0.002 0.009 = 0.0033 0.007
Hypercholesterolemia (n = 63)
ApoE-epsilon 0.0764 + 0.0744 0.307 0.0321 +0.0713 0.653
CETP-Taqlb —0.0146 + 0.0577 0.801 —0.068 + 0.0553 0.222
ApoCl-Hpal —0.0969 + 0.0787 0.221 0.0233 + 0.0754 0.758
BMI 0.0114 + 0.0082 0.170 —0.0097 + 0.0079 0.223
ApoCl mass —0.0029 + 0.0023 0.214 0.0037 + 0.0022 0.102
Hypertriglyceridemia (n = 34)
ApoE-epsilon —0.02 +0.1348 0.883 0.0549 + 0.1117 0.624
CETP-Taqlb —0.0221 + 0.0936 0.814 —0.1162 + 0.0776 0.138
ApoCl-Hpal 0.0243 = 0.1101 0.826 0.0687 + 0.0913 0.453
BMI —0.004 +0.0119 0.740 —0.0073 + 0.0099 0.461
ApoCl mass —0.0023 + 0.0045 0.604 0.0023 + 0.0037 0.539
Combined hyperlipidemia (n = 42)
ApoE-epsilon 0.0181 + 0.1051 0.864 —0.0466 + 0.0805 0.564
CETP-Taqlb —0.0359 + 0.0856 0.676 0.0579 + 0.0656 0.380
ApoCl-Hpal 0.0617 £ 0.1129 0.586 —0.0038 + 0.0865 0.965
BMI 0.0108 + 0.0142 0.449 —0.0158 + 0.0108 0.149
ApoCl mass 0.0002 + 0.0041 0.955 —0.0022 + 0.0031 0.481

Multiple linear regression analysis was performed. The dependent variable was CETP activity or HDL-C
level. Genotypes were encoded as ordinal variables: for apoE-epsilon genotypes, E2E2 + E2E3 = 3, E3E3 = 2,
E4E4 + E4E3 = 1; for ApoC1 Hpal genotypes, HIH1 =3, HIH2 = 2, H2H2 = 1; and for CETP TaqIB genotypes,
B1B1 = 3, BIB2 = 2, B2B2 = 1. Statistically significant relationships are presented with bold values.

relationship was also observed in the hypercholesterolemic
group (r=—0.165, P=0.02; Fig. 1C), whereas no significant
relationship between apoCl and CETP activity was ob-
served in the groups with hypertriglyceridemia or com-
bined hyperlipidemia (Fig. 1D, E). A significant impact of
hypertriglyceridemia in blunting the inhibitory property
of apoCl on plasma CETP activity was evidenced by diago-
nal stratification according to apoCl levels on the two
sides of the 50.6 mg/1 median value. Indeed, and as shown
in Fig. 2, high apoC1 concentration was associated with a
significantly reduced CETP activity in the normolipidemic
subgroup (—28.6% in “high apoC1” versus “low apoCl”
subjects; P < 0.001) and, to a lesser extent, in the hyper-
cholesterolemic subgroup (—19.2% in “high apoC1” versus
“low apoC1” patients; P= 0.045). In subgroups of patients
with isolated hypertriglyceridemia or combined hyperlip-
idemia, similarly elevated plasma cholesteryl ester transfer
rates were observed whether the apoCl level was in the
high or the low range. In fact, a blunting effect on the in-
hibitory property of plasma apoCl was observed with all
the dyslipidemic states when common variants of apokE,
CETP, and apoCl genes were included in the analysis
(Table 2). Overall, these observations support the ability
of apoCl to modulate CETP activity in plasma, however,
only in normolipidemic, not in dyslipidemic, patients. In a
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complementary investigation of healthy subjects (supple-
mentary Table I), plasma TG levels were positively correlated
with apoCl-associated VLDL [inactive as CETP inhibitor
(22)] levels, but not with total apoCl levels, suggesting that
entrapment of apoCl in VLDL may contribute to the blunt-
ing of the constitutive inhibition of CETP activity in dys-
lipidemia (Fig. 3).

A beneficial impact of plasma apoCl levels on the
cholesterol distribution between HDL and LDL was
found only in the subgroup of normolipidemic patients
As shown in Fig. 4A, a significant positive correlation
between apoC1 and HDL-C levels was observed in the total
population (r=0.165, P<0.001). This correlation was even
stronger in the normolipidemic patients (r = 0.330, P <
0.001; Fig. 4B). A weaker, but still significant, correlation
was observed in hypercholesterolemic patients (r= 0.188,
P < 0.001; Fig. 4C); however in comparison with the nor-
molipidemic individuals, no correlation was observed be-
tween plasma apoCl levels and the HDL-C to LDL-C ratio
(Table 2). Plasma apoCl levels were associated neither
with HDL-C levels nor with the HDL-C to LDL-C ratio in
patients with hypertriglyceridemia or combined hyperlip-
idemia, and it was associated positively, not negatively,
with LDL-C in all dyslipidemic subgroups (Fig. 4C, D and
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Fig. 2. Diagonal stratification of CETP activity according to
apoCl and the presence or the absence of dyslipidemia. Sub-
groups were constituted by distinguishing between patients with
normolipidemia (LDL-C and TG levels below 2.6 mmol/1 and 1.7
mmol/l, respectively; n = 101), hypercholesterolemia (LDL-C lev-
els above 2.6 mmol/1; n = 63), hypertriglyceridemia (TG levels
above 1.7 mmol/I; n = 34), or combined hyperlipidemia (LDL-C
and TG levels respectively above 2.6 mmol/l and 1.7 mmol/1; n = 42).
Low and high levels of apoC1 mass were on both sides of the median
value (50.6 mg/1). Vertical bars show mean + SEM. Mean differences
between low and high apoC1 groups were tested by unpaired #test.

Table 3). This finding might reflect, in part, the previously
reported liver X receptor (LXR)-dependent upregulation of
apoCl gene expression in the presence of increasing
amounts of cholesterol in apoB-containing lipoproteins (28).
In multivariate analysis, including Epsilon gene poly-
morphism for apoE, TaqIB for CETP, and Hpal for apoCl,
a significant contribution of apoC1 to HDL-C levels was ob-
served in the normolipidemic subgroup only (Table 2).
Plasma lipid values and CETP parameters were com-
pared in subgroups of patients with low versus high apoCl
concentrations on the two sides of the 50.6 mg/1 median
value (Table 4). In the total population, there was no dif-
ference between the high and low apoCl concentration
subgroups with regard to CETP mass concentration, but
CETP activity was lower in patients with supramedian
(“above”) apoCl concentration compared with patients
with inframedian (“below”) apoCl concentration (0.66 +
0.30 versus 0.74 + 0.35 nmol "H-CE/mg/h, respectively;
P <0.05; Table 4). Higher HDL-C levels mostly accounted
for the higher total cholesterol levels in patients with high
apoCl levels. Among normolipidemic patients, lower CETP

activity (—28.1%; P < 0.001), higher HDL-C (+20.7%; P <
0.05), and higher HDL-C to LDL-C ratio (+26.3%; P <
0.05) were observed with apoCl concentration above the
median value. These differences in plasma lipoprotein pa-
rameters and cholesterol distribution in normolipidemic
patients occurred in the absence of differences in total
plasma cholesterol, triglycerides, and CETP mass concen-
tration (Table 4). Among hypercholesterolemic patients,
higher total cholesterol levels (+13.0%; P < 0.05), lower
CETP activity (—19.0%; P < 0.05), and no significant dif-
ference in HDL-C and in the HDL-C to LDL-C ratio were
observed in the high apoCl subgroup. Among patients
with hypertriglyceridemia or combined hyperlipidemia,
no significant differences in CETP activity or in the lipo-
protein distribution of cholesterol were observed when
comparing patients with supramedian versus inframedian
plasma apoCl concentration (Table 4).

DISCUSSION

Apolipoprotein Cl is a small, basic apolipoprotein that
is mainly produced by the liver. It is known to enter the
bloodstream as a component of TG-rich lipoproteins
(TRL) (29). TRL-bound apoCl was found to inhibit lipo-
protein lipase-mediated triglyceride hydrolysis and to im-
pair recognition of apoCl-containing TRL by cellular
receptors (30, 31). In vivo studies in animal models, which
showed delayed catabolism of TRL in transgenic mice
overexpressing human apoCl (32, 33), have supported
earlier in vitro observations. In the present study involving
patients with documented CAD, no significant differences
in plasma TG levels were observed whether apoCl concen-
tration was in the low range (below the 50.6 mg/I median
value) or in the high range (above the 50.6 mg/1 median
value; Table 3). Whereas the blockade of TRL clearance by
apoCl was found to have pathophysiological relevance in
hypertriglyceridemic mouse models (30, 33) and in some
human populations (34), we found no direct support of
the latter in the high-risk patients studied here. Interest-
ingly, in a previous study (35), the apoCl1 content of TRL
was not a predictor of postprandial concentration of trig-
lycerides in middle-aged men with early atherosclerosis.

Importantly, apoCl, a highly exchangeable apolipopro-
tein, is known to dissociate from TRL during it intravascu-
lar transport to rapidly associate with HDL, which is the

cients were calculated by linear regression analysis.
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TABLE 3. Correlations between plasma apoCl concentration and
total plasma cholesterol, LDL-C, HDL-C, and HDL-C/LDL~C ratio in
normolipidemic and in dyslipidemic subgroups

ApoCl Mass (mg/1)

r P

Normolipidemia (n = 101)

Total cholesterol (mmol/1) 0.107 0.255

LDL-C (mmol/1) —0.131 0.004

HDL-C (mmol/1) 0.330 <0.001

HDL-C/LDL-C ratio 0.359 <0.001
Hypercholesterolemia (n = 63)

Total cholesterol (mmol/1) 0.291 <0.001

LDL-C (mmol/1) 0.201 <0.001

HDL-C (mmol/1) 0.188 <0.001

HDL-C/LDL-C ratio 0.051 1.000
Hypertriglyceridemia (n = 34)

Total cholesterol (mmol/1) 0.204 0.182

LDL-C (mmol/I) 0.248 0.020

HDL-C (mmol/1) 0.078 1.000

HDL-C/LDL-C ratio —0.144 0.864
Combined hyperlipidemia (n = 42)

Total cholesterol (mmol/1) 0.203 0.054

LDL-C (mmol/1) 0.249 0.002

HDL-C (mmol/1) —0.027 1.000

HDL-C/LDL-C ratio —0.187 0.145

Statistically significant relationships are presented with bold values.

main carrier of apoCl in normolipidemic plasma (29).
HDL-bound apoCl is a potent inhibitor of CETP activity
(22), which has been shown to be a strong, negative pre-
dictor of HDL-C levels in several human cohorts (18, 19).
The ability of apoCl to decrease specific CETP activity
and, as a consequence, to reduce the net mass transfer of
cholesteryl esters from HDL toward VLDL and LDL has
been documented earlier in HuCETPTg/apoC1-KO mice
[with higher specific CETP activity (16)] and in
HuCETPTg/HuapoClTg mice [with lower specific CETP
activity (17)] when compared with HuCETPTg counter-
parts. More recently, a negative correlation between
plasma concentrations of apoCl and levels of CETP activ-
ity was reported in healthy, normolipidemic subjects (15).
Again, the resulting apoCl-mediated blockade of the
CETP-mediated flux of cholesteryl esters out of HDL
might actually provide an explanation for the positive cor-
relation between plasma apoCl and HDL-C in normolipi-
demic CAD patients of the present study as well as in
85-year-old participants of the prospective population-
based Leiden 85-Plus Study (18). The CETP-dependent
mechanism comes in addition to the effect of apoCl on
LCAT (36, 37), HL (38, 39), and SRB1 (40). In fact, the CETP
modulatory effect of apoCl might normally contribute
to its effect on plasma cholesterol distribution. Indeed,
higher HDL-C to LDL-C ratio (i.e., the hallmark of an ef-
fective CETP activity blockade) was measured in the pres-
ent study in normolipidemic patients with high versus low
plasma apoCl concentration.

Fig. 4. Relationship between apolipoprotein CI concentration
and HDL-C levels in total patients (A) and in subgroups of patients
presenting with normolipidemia (B), hypercholesterolemia (C),
hypertriglyceridemia (D), or combined hyperlipidemia (E) (patient
subgroups and statistics as in legend to Fig. 1).
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Whereas the present study conducted in patients with
CAD brings new support to the physiological relevance of
the CETP-inhibitory property of human apoCl, the apoCl-
dependent modulation of both CETP activity and plasma
cholesterol distribution appeared to operate mostly in
normolipidemic patients. All the patients were under sta-
tin therapy. Thus, the preservation of the CETP inhibitory
property of apoCl in patients with normalized lipoprotein
profile might have made a significant contribution to the
reduction in cholesteryl ester transfer rates after statin
treatment. It comes in addition to the previously reported
decrease in CETP mass and apoB-containing lipoprotein
acceptors after statin treatment (41). Two main reasons
might account for the partial or complete loss of CETP
inhibitory potential of apoCl in subgroups of patients with
hypercholesterolemia, hypertriglyceridemia, or combined
hyperlipidemia, who all displayed significantly higher
plasma TG levels compared with patients in the normolipi-
demic subgroup. First, and in accordance with earlier ob-
servations in type 2 diabetic patients (4), abundant TRL,
as preferential acceptors of HDL cholesteryl esters, prob-
ably drives the CETP-mediated cholesteryl ester transfer
reaction. As a consequence, it is conceivable that varia-
tions in the level of the apoCl inhibitor would have a
weaker impact as triglyceridemia increases. Second, be-
cause HDL-bound apoCl [i.e., the only one to be able to
inhibit CETP activity (22)] is known to come largely from
the dissociation of VLDL-associated apoCl during the
course of lipolysis (29), accumulation of circulating apoB-
containing lipoproteins might result in the sequestration
of apoCl in these fractions and finally loose control of the
CETP-mediated redistribution of cholesterol between cir-
culating lipoproteins. In support of this hypothesis, the
CETP inhibitory potential of apoC1 was found to decrease
as lipoprotein size increases (14), and VLDL-bound apoCl,
unlike HDL-bound apoCl, was found to be ineffective as a
CETP inhibitor (22). In new support of the blunted inhibi-
tory potential of apoCl when apoB-containing lipopro-
teins accumulate, we report here that plasma triglycerides
correlate positively with nonactive, VLDL-bound apoCl in
a group of healthy subjects. It suggests further that the
concomitant enrichment of TG-rich remnant lipoproteins
with cholesterol and apoCl, which was reported to occur
earlier in men with either early carotid atherosclerosis
(35) or CAD (34) could actually relate, at least in part, to
unrestrained plasma CETP activity, because apoCl no lon-
ger operates as a CETP inhibitor when bound to apoB-
containing lipoproteins. It might also account for the
recent observation that apoCl is an independent risk fac-
tor, and not a protective one, in patients with metabolic
syndrome and systemic inflammation (42).

We conclude that apoC1 has the ability to inhibit CETP
activity in normolipidemic subjects, thus contributing to
the modulation of cholesterol distribution between HDL
and apoB-containing lipoproteins. Importantly, and un-
like in normolipidemic individuals, apoC1 does not oper-
ate properly as a CETP inhibitor in dyslipidemic patients,
in particular those with hypertriglyceridemia or com-
bined hyperlipidemia. Whether in this case treatment with

1208 Journal of Lipid Research Volume 53, 2012

pharmacological CETP inhibitors might compensate for
blunted endogenous CETP inhibition is unknown B

The authors thank Philip Bastable for manuscript editing.
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