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Abstract High levels of high-density lipoprotein choles-
terol (HDL-C) occur with cholesteryl ester transfer protein
(CETP) deficiency. However, the extent to which CETP
deficiency states may be associated with protection against
coronary artery disease (CAD) has been controversial. We
evaluated a Greek pedigree with high levels of HDL-C and
no history of premature CAD. The proband, a 45-year-old
male with an HDL-C of 194 mg/dl with absent CETP
activity, was heterozygous for two novel CETP mutations
(Q87X and Q165X). A 64-slice multidetector CT scan
revealed minimal (<10%) narrowing of the proximal left
anterior descending artery without any other evidence of
coronary atherosclerosis. In contrast to previous studies,
these data suggest that complete CETP deficiency does not
promote premature atherosclerosis. However, it remains
unclear as to whether the relative lack of coronary
atherosclerosis was the direct consequence of CETP
deficiency and/or the lack of traditional CAD risk factors.

Keywords CETP deficiency . Mutations . Multidetector
CT scan

Introduction

Human plasma cholesteryl ester transfer protein (CETP) is
a 476-residue hydrophobic glycoprotein that plays an
integral role in reverse cholesterol transport (RCT) by

facilitating transfer of cholesteryl esters from high-density
lipoprotein (HDL) to lower density lipoproteins en route to
hepatobiliary excretion [1]. Decreased or absent activity of
CETP results in high (60–99 mg/dl) or very high
(>100 mg/dl) levels of HDL-C, and at least ten functional
CETP variants have been reported, residing predominantly
within the Japanese population [2].

While the traditional view infers that high or very high
HDL-C is cardioprotective [3], molecular variation in at
least one gene (e.g., hepatic lipase) has been associated with
premature coronary artery disease (CAD) [4]. Similarly, an
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ongoing debate has emerged as to whether CETP deficiency
states may also be associated with atherosclerosis [2, 5].

Recently, multislice CT angiography has been demon-
strated to be a highly sensitive and specific tool for the
noninvasive evaluation of coronary atherosclerosis [6, 7].
Using this modality, we studied the coronary arteries of a
middle-aged male with complete CETP deficiency to
evaluate the presence and extent of early coronary
atherosclerosis.

Materials and methods

Study subject and pedigree

The proband is a 45-year-old male of Greek descent with
no familial history of vascular disease. His biologic
relatives reside on the island of Drama, and there is a
history of longevity with maternal siblings living into the
tenth decade of life. The family pedigree is shown in Fig. 1.
The proband reported no history of hypertension, cigarette
smoking, or diabetes mellitus. His dietary habits include
consumption of red meat and cheese three to four times
weekly, and he consumes one to two alcoholic beverages
weekly. He is engaged in aerobic activities twice a week
and has never complained of chest discomfort, shortness of
breath, or other cardiac symptoms. He takes no medica-
tions. The range of five fasting lipids and lipoproteins
measured during the previous 5 years were: total choles-
terol, 240–284 mg/dl; triglycerides, 59–103 mg/dl; HDL-C,
184 to >200 mg/dl; LDL-C, 40–75 mg/dl; and apolipopro-
tein (apo) B, <50 mg/dl and apo AI, >200 mg/dl. Both the
proband and family members signed consent forms, and the
protocol was approved by the Institutional Review Board of
the University of Maryland Medical Center.

Determination of levels of plasma lipids
and lipoproteins

Blood samples were collected after a 12-h overnight fast.
Samples drawn in Drama, Greece were placed on wet ice
and shipped by Federal Express to Baltimore, Maryland
(U.S.A.). Levels of plasma total cholesterol and triglycer-
ide were measured using enzymatic/colorimetric methods
with the Vitros 950 Chemistry Analyzer (Johnson &
Johnson, New Brunswick, NJ, USA). HDL-C was
determined by the heparin–manganese precipitation meth-
od, and apolipoproteins AI and B were measured using
radial immunodiffusion as previously described [8]. LDL-C
was calculated using the formula of Friedewald et al [9].

CETP activity assay

Cholesterol ester transfer activity was determined using the
Roar CETP Activity Assay Kit (NYC, NY, USA). Briefly,
4 μl of donor particle and 4 μl of acceptor particle were
combined with the desired CETP source (0.2 to 0.8 μl of
undiluted plasma or serum, fresh or frozen) in 200 μl total
volume with reconstituted assay buffer. Samples were
incubated for 3 h at 37°C. The increase in fluorescence of
samples was measured using a fluorimeter (excitation:
465 nm; emission: 535 nm). The fluorescence intensity
transferred in the plasma or serum sample was determined
by subtracting the blank fluorescence intensity from each
sample.

Fig. 1 Greek pedigree with
CETP deficiency. Numerical
values listed below each subject
indicate HDL-C (mg/dl). Arrow
denotes the proband
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PCR amplification and dHPLC of CETP

The promoter and all coding regions of the CETP gene
were screened using one of the two methods. The promoter
and the majority of exons were directly sequenced. The
remaining exons were screened using denaturing high-
performance liquid chromatography (dHPLC) (Transge-
nomics Wave, Omaha, NE, USA), and altered patterns
were then subjected to direct sequencing. Sequencing
reactions were run on an ABI 3730XL automated
sequencer (Applied Biosystems, Foster City, CA, USA).
PCR cycling conditions included initial denaturation of
95°C for 10 min, followed by 35 cycles of 95°C for 30 s,
55°C for 30 s, and 72°C for 30 s to 1.5 min (depending
upon the length of the amplicon) and additional extension
of 72°C for 5 min. Amplifications were performed in a
Techne Genius thermocycler (Techne, Burlington, NJ,
USA). Samples were amplified using 50 μl reaction
volumes consisting of 20 to 100 ng genomic DNA,
10 pmol each primer, 0.2 mM each dNTP, 1× Gold Buffer,
2.0 mM MgCl2, and 1.25 U AmpliTaq Gold.

Gated multislice CT angiography

Images were acquired using a 64-slice multidetector CT
scanner (Brilliance, Phillips Medical Systems, Best,
Netherlands). Retrospective ECG-gated images were
obtained through the heart during a single breathhold
beginning in a craniocaudal direction. Scanning protocol

included collimation of 16×0.625 mm with section
thickness of 0.9 mm. Scanning technique was performed
at 140 kVp and 600 mA s. A pitch of 0.24 was utilized with
a scanner rotation time of 0.4 s. One-hunded twenty cubic
centimeters of iodinated contrast was injected through a
20-gauge angiocatheter into an antecubital vein at 5 cm3/s.
Automated bolus timing was performed using a threshold
value of 150 HU and a region of interest placed over the
ascending aorta.

Results

Lipid and lipoprotein levels of the proband and associated
family members are shown in Table 1. Both paternal and

Table 1 Lipids, lipoproteins, and apolipoproteins AI and B (mg/dl) in the pedigree with CETP deficiency

Subject
ID

Gender Age Total
Cholesterol

Triglyceride HDL LDL Apo A Apo B

I-1 F 71 223 180 66 121 164 98
I-2 M 87 222 116 70 129 116 95
II-1 F 47 245 93 86 140 93 100
II-2 F 51 257 95 75 163 95 111
II-3 M 45 246 59 194 40 >200 <50
II-4 M 43 209 78 76 117 78 94
III-1 F 23 234 124 95 114 124 85
III-2 F 14 115

Table 2 Assessment of CETP activity in the proband (II-3) and
family members with the CETP mutations Q87X and/or Q165X

Subject ID CETP activity
(pmol/3 h)

Activity
of controls (%)

Mutation

I-1 59.25 70.75 Q165X
I-2 54.61 65.21 Q87X
II-1 83.66 99.90 Normal
II-2 83.82 100 Normal
II-3 0.00 0.00 Q87X/

Q165X
II-4 54.90 65.56 Q165X
III-2 91.07 108.75 Q87X

Fig. 2 Curved planar reconstructed image of the left coronary artery
using a 64-multidetector CT scan demonstrating minimal CAD in a
45-year-old male with complete CETP deficiency
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maternal family members displayed elevated HDL-C with
the most striking levels observed in the proband. After the
identification of absent CETP activity in the proband
(Table 2), mutational analysis of the CETP gene disclosed
two novel variants in the proband. Each mutation was
caused by a C-to-T substitution, resulting in conversion of
glutamine with a stop codon (CAG→TAG) and premature
protein truncation (Q87X and Q165X). All first-degree
relatives manifested either of the two mutations. To the best
of our knowledge, this represents the first pedigree of
Greek ancestry identified to date with CETP deficiency.
The proband also underwent 64-multidetector CT scan
imaging, and Fig. 2 illustrates a curved planar recon-
structed view of the left coronary artery. There was no
evidence of coronary calcification present and only min-
imal disease (<10%) estimated in the proximal left anterior
descending coronary artery. The remainder of the coronary
vascular bed was free of atherosclerosis.

Discussion

In the present study, two novel CETP mutations were
identified (Gln87X and Gln165X), each predicts a
considerably truncated product and the composite results
in complete loss of CETP activity as compared with the
normal translated protein of 476 amino acids. Under
normal circumstances, CETP mediates the transfer of
cholesteryl ester from HDL to lower density lipoproteins in
exchange for triglycerides. With complete absence of
CETP activity, HDL-C levels rise, although associated
alterations in particle size and apolipoprotein composition
may render them less efficient in RCT [10]. These
unfavorable characteristics may be offset by associated
low LDL-C due to lack of cholesteryl ester exchange from
HDL to lower density lipoproteins as evident in the present
case. Therefore, the biochemical impact of CETP defi-
ciency increased, but functionally impaired HDL may
translate into an overall reduced CAD risk if associated
with low LDL-C. Indeed, a history of familial longevity
was reported in ten homozygous CETP-deficient subjects
[11]. However, what is more likely to be meaningful from a
clinical standpoint is whether CETP deficiency negates the
proatherogenic state amplified by CAD risk factors. To this
end, CETP deficiency states have not been shown to be
cardioprotective if elevated LDL-C and/or traditional risk
factors are present [5, 12]. Thus, while the present case
demonstrates minimal coronary atherosclerosis in a CETP-
deficient patient, it cannot be determined whether the low
rate of atherosclerosis resulted in part from lipoprotein
alterations and/or the absence of CAD risk factors.
Ongoing clinical trials with CETP inhibitors should help
to resolve this issue and determine whether this therapeutic
modality effectively impacts CAD event rates.

Note added in proof

Following submission of this manuscript, Matsuura et al., found that
cholesterol efflux from CETP-deficient patients was enhanced, rather
than decreased as previously believed due to reduced efficiency of
ABCA1 to interact with enlarged HDL particles. Rather, ABCG1
mediates cholesterol efflux with enhanced CE formation resulting
from LCAT activation by apoE enriched HDL.

Matsuura F, Wang N, Chen W, Jiang XC, Tall AR. (2006) HDL from
CETP-deficient subjects shows enhanced ability to promote choles-
terol efflux from macrophages in an apoE- and ABCG1-dependent
pathway. J Clin Invest. 116:1435–1442.
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