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CETP efficiency due to a novel mutation in the CETP gene promoter and its effect on cholesterol
efflux and selective uptake into hepatocytes

Atherosclerosis, 2011 vol216: 370-373

Objectives: To identify the genetic variant in the CETP gene of the proband with high HDL-C
and low CETP activity and to investigate whether HDL from the CETP-deficient subject was
dysfunctional in the reverse cholesterol transport (RCT) pathway. Methods: We sequenced the
CETP gene and assessed its promoter activity. Cholesterol efflux and hepatic cholesteryl ester
delivery studies were also performed using the proband’s HDL. Results: A proband was a
compound heterozygote for a known D459G variant and a novel 18-bp deletion mutation in the
CETP promoter. This promoter mutation markedly reduced the transcriptional activity in HepG2
cells. HDL2 from this subject increased SR-Bl-mediated cholesterol efflux, whereas cholesteryl
ester delivery into hepatocytes was maintained. Conclusion: A novel deletion mutation in the
CETP promoter is associated with high HDL-C and decreased promoter activity. HDL from this
CETP-deficient subject was not dysfunctional in mediating two main steps of RCT assessed in

vitro.
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ABSTRACT

Objectives: To identify the genetic variant in the CETP gene of the proband with high HDL-C and low CETP
activity and to investigate whether HDL from the CETP-deficient subject was dysfunctional in the reverse
cholesterol transport (RCT) pathway.

Methods: We sequenced the CETP gene and assessed its promoter activity. Cholesterol efflux and hepatic
cholesteryl ester delivery studies were also performed using the proband’s HDL.

Results: A proband was a compound heterozygote for a known D459G variant and a novel 18-bp deletion
mutation in the CETP promoter. This promoter mutation markedly reduced the transcriptional activity
in HepG2 cells. HDL2 from this subject increased SR-Bl-mediated cholesterol efflux, whereas cholesteryl
ester delivery into hepatocytes was maintained.

Conclusion: A novel deletion mutation in the CETP promoter is associated with high HDL-C and decreased
promoter activity. HDL from this CETP-deficient subject was not dysfunctional in mediating two main
steps of RCT assessed in vitro.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Reverse cholesterol transport (RCT) is one of the major mecha-
nisms by which HDL protects against atherosclerosis and involves
a number of receptors, enzymes, and transfer proteins. Cholesteryl
ester transfer protein (CETP) is one of the key players in the RCT
pathway in humans. Genetic mutations in the gene encoding CETP
are commonly found in subjects with very high levels of HDL-C
or hyperalphalipoproteinemia (HALP) [1], especially in Japan, but
information on the cause of HALP outside Japan is relatively scarce.

Whether CETP deficiency is associated with protection against
atherosclerosis is still unclear. Earlier reports have shown that HDL-
mediated cholesterol efflux was impaired in subjects with CETP
deficiency [2,3]. Recent studies, however, have demonstrated that
HDL from subjects with homozygous CETP deficiency enhances
cholesterol efflux, but the underlying mechanism is conflicting
[4,5]. Whether HDL from CETP deficiency is dysfunctional in later
steps of RCT pathway is also unknown.

* Corresponding author at: Endocrinology and Metabolism Unit, Department of
Medicine, Samakkee Payabarn Bldg., 2nd floor, King Chulalongkorn Memorial Hos-
pital, Rama IV Road, Patumwan, Bangkok 10330, Thailand. Tel.: +66 02 256 4101,
fax: +66 02 652 5347.

E-mail address: wkhovid@gmail.com (W. Khovidhunkit).

0021-9150/$ - see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.atherosclerosis.2011.01.051

Our previous study in Thai subjects with HALP has discovered
both known and novel mutations in the CETP gene [6], although not
all subjects with lower plasma CETP activity were found to have
mutations in the coding region. In this study, we examined the
genetic variations in the entire CETP gene including its promoter
in a proband who had HALP and low CETP activity and determined
the function of the identified genetic variation in vitro. Further-
more, we performed additional experiments to test whether HDL
from this subject with CETP deficiency was functional in mediating
two main steps of RCT, cholesterol efflux from cells and selective
uptake of cholesteryl ester (CE) into hepatocytes.

2. Materials and methods

Methods are described in online supplementary material. Data
on clinical characteristics and the composition and concentrations
of HDL of the proband and her family are shown in Supplemental
Fig. 1A and B, Table 1.
3. Results and discussion

3.1. Genetic analysis of the CETP gene in the proband

The A21.1 proband had high HDL-C levels and low plasma CETP
activity (6.8 pmol/pL/h vs. 20.1+ 1.7 pmol/pL/h from 5 unrelated
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Fig. 1. (A) Genomic DNA sequence of the promoter of the CETP gene in the A21.1 proband showing a novel 18 bp deletion mutation, —25 to —42del GGGCGGACATACATATAC.
(B) Transcriptional activity in HepG2 cells transfected with CETP promoter/reporter gene constructs. HepG2 cells were transiently transfected with wild-type or mutant
constructs (—629C, —629A, and 18 bp deletion). Luciferase activity was measured in the cell lysates and was normalized to pRL-TK luciferase. Each value represents the
mean + SEM of three separate transfections, each performed in duplicate. *P<0.001 vs. —629C.

healthy control subjects, Supplemental Fig. 1C). Sequencing the
coding region of the CETP gene of the proband revealed that she was
heterozygous for the c.1376A>G variant (rs2303790, p.Asp459Gly
or D459G, also previously known as D442G) in exon 15 of the CETP
gene. Because subjects with a heterozygous D459G variant have
only mildly decreased CETP activity [7], a marked reduction in
her CETP activity suggested that other sequence variation might
be present. Further examination of the promoter region of the
CETP gene revealed a novel heterozygous 18 bp deletion mutation
from position —25 to —42 (relative to the transcription start site),
—25 to —42del GGGCGGACATACATATAC (Fig. 1A, GenBank acces-
sion number HM191724). This novel mutation was not found in
115 unrelated normolipidemic subjects. The mutation was also not
present in her son or her daughter (Supplemental Fig. 1A) but a
heterozygous D459G variant of the CETP gene was found in both
of her children. Therefore, the proband is a compound heterozy-

gote with two different variants, an 18 bp deletion in the promoter
and a D459G variant in the coding region, of the CETP gene on two
different alleles.

3.2. Molecular pathology of the novel deletion mutation in the
CETP gene promoter

Binding sites for both the Sp1 transcription factor and the TATA
box have been reported in the —26 to —43 bp segment of the CETP
gene promoter [8] and Sp1 has been shown to act as an activator
of CETP gene expression at position —37 [9]. Therefore, the novel
deletion mutation in this region found in our proband is predicted
to disrupt these sites (Supplemental Fig. 2). We next performed
transfection experiments to evaluate the transcriptional activity in
HepG2 cells. The 777-bp DNA fragment of the promoter region of
the CETP gene was cloned into the luciferase reporter vector and
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Fig. 2. (A)Effect of HDL2 particles on cholesterol efflux through the SR-BI-mediated
pathway. HDL2 subfractions were isolated from each of the healthy control subjects
(n=5), A21.1 proband, and her family. Free cholesterol efflux was determined after
4 hofincubation with isolated HDL (10 g phospholipid/mL). Values are mean =+ SD.
Pool Ctrl indicates the average values from 5 healthy control subjects. *P<0.05 vs.
Pool Ctrl, **P<0.01 vs. Pool Ctrl. (B) Effect of HDL particles on selective uptake of
HDL-CE into hepatocytes. HDL were isolated from each of the healthy control sub-
jects (n=5), A21.1 proband, and her family. Selective uptake of 3H-CE labelled HDL
(60 ng protein/mL) was determined after 5 h of incubation with Fu5AH cells. Val-
ues are mean =+ SD. Pool Ctrl indicates the average values from 5 healthy control
subjects. *P<0.05 vs. Pool Ctrl, **P<0.01 vs. Pool Ctrl.

transfected into HepG2 cells. We found that luciferase activity in the
cell lysates after transfection with the —629A plasmid was approx-
imately 66% of that observed with the —629C plasmid, which was
consistent with the previous report [10]. For the 18 bp deletion
mutant, however, the luciferase activity in the cell lysates was only
12% of that of the wild-type sequences (0.60+0.1 vs. 4.93+0.2,
P<0.001, Fig. 1B). Similar results were obtained in COS7 cells (data
not shown). These results suggest that the novel 18 bp deletion
mutation in the CETP gene promoter is associated with a marked
decrease in the transcriptional activity.

So far, only one missense mutation at position —69 (—69G>A) in
the CETP promoter has been reported, which was associated with
reduced CETP activity, marked HALP, and a reduction in transcrip-
tional activity in HepG2 cells [11].

3.3. Analysis of the ability of HDL to promote cholesterol efflux
from cells

Because CETP-mediated transfer of CE from HDL to apo B-
containing lipoproteins is the major route of CE transport from
peripheral tissues to the liver in humans [12], there is a concern
that CETP deficiency might disrupt the RCT and that HDL in sub-
jects with CETP deficiency might be dysfunctional due to changes
in its composition and physical properties.

Using isolated HDL2 particles from the A21.1 proband with
partial CETP deficiency, we investigated whether HDL from
this subject was able to support cholesterol efflux from cells
using three different cellular models to specifically represent the
scavenger receptor class B type I or SR-BI/CLA-1 (Fu5AH rat hep-
atoma), the ATP-binding cassette A1 or ABCA1 (RAW264.7 mouse
macrophages + 8Br-cAMP), and the ABCG1 (CHO-WT vs. CHO-
hABCG1) pathways.

AsshowninFig.2A,HDL2 particles from the A21.1 proband had a
higher capacity to promote cholesterol efflux via the SR-BI pathway
than those of control subjects (14.44+0.9 vs. 10.8 +0.9%/mol HDL,
P<0.05). Similar results were obtained when cellular cholesterol
efflux experiments were standardized to apo A-I concentrations
(data not shown). Although the number of the subjects tested was
small, we found a good correlation between SR-Bl-dependent efflux

and phospholipid content of HDL2 (data not shown), which is con-
sistent with the previous observation by Yancey et al. that the
phospholipid composition of HDL is a major determinant in pro-
moting cholesterol efflux from cells via an SR-BI pathway [13].
Enrichment of CE and lower triglyceride content of the HDL2 par-
ticles in the proband (Supplemental Table 2) were reflective of the
defective role of the proband’s CETP in the transfer of CE and triglyc-
eride. Among subjects with an identical CETP genotype (A21.3
and A21.4), however, there were differences in the composition
of HDL particles and the capacity of cholesterol efflux. These data
suggest that, in some individuals, genetic factors at other loci or
other environmental factors may have more pronounced effects on
cholesterol efflux capacity, HDL composition, and/or HDL-C level
despite the presence of the same variant in the CETP gene.

In contrast, we did not observe a significant difference in the
capacity of HDL2 particles in promoting cholesterol efflux via
an ABCG1 pathway between the proband and control subjects
(Supplemental Fig. 3), even though the phospholipid content is also
associated with the efflux capacity via the ABCG1 pathway [14],
suggesting a different mechanism is involved.

Our result is consistent with the result from a recent report
showing that HDL from CETP-deficient subjects displays enhanced
cholesterol efflux via the SR-BI pathway [5], although the role of
ABCG1 was not examined in that study. In subjects with com-
plete absence of CETP due to the homozygous mutation in the CETP
gene, two studies reported that HDL from these subjects showed
enhanced ability to promote cholesterol efflux from cells, although
the underlying mechanism remains conflicting. It is possible that
the discordant results might be due to the different cellular models
[15], since one study reported that the enhanced efflux from mouse
macrophages was due to ABCG1 [4], whereas another study showed
that the increased efflux from rat hepatoma cells was dependent
on SR-BI [3].

3.4. Selective uptake of HDL-CE into hepatocytes

Selective uptake of HDL-CE into the liver is the final step of
RCT. In rodents, SR-BI is a key protein mediating this step. In
humans, however, CETP-mediated transfer of CE from HDL to apo
B-containing lipoproteins is the major route of CE transport to the
liver whereas selective uptake of CE plays a minimal role [12]. In
human CETP deficiency, we hypothesized that selective uptake of
HDL-CE into hepatocytes by SR-BI might become a major pathway,
like in other animal species that lack CETP.

We found that HDL from the A21.1 proband had an increased
capacity to deliver CE into hepatocytes, compared with control sub-
jects (Fig. 2). Similar to what was observed with cholesterol efflux
studies, there were differences in HDL-CE uptake into hepatocytes
among subjects with an identical CETP genotype, suggesting that
other factors might play a role independent of CETP activity.

In summary, we identified a novel deletion mutation in the CETP
promoter associated with HALP in vivo and decreased transcrip-
tional activity in vitro. Our results on cellular cholesterol efflux
and CE hepatic uptake clearly showed that HDL particles from the
patient with partial CETP deficiency were not dysfunctional in their
capacity to mediate two important steps of RCT as compared to
those from controls.
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