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Cholesterol Ester Transfer Protein (CETP)
and Cardiovascular Events

CETP is a hydrophobic glycoprotein secreted by 
the liver and is predominantly associated with apo A-I 
containing lipoproteins in the plasm. CETP plays 
important roles in modulating vascular lipoproteins. It 
facilitates the redistribution of cholesterol esters, phos-
pholipids, and triglycerides between plasma lipopro-
teins. As a consequence of CETP-mediated transfer of 
cholesterol esters from HDL(high density lipoprotein) 
to LDL (low density lipoprotein) and VLDL(very low 
density lipoprotein), HDL is remodeled in its content 
and function1). 

Because decreased level of HDL is the risk factor 
of coronary atherosclerotic disease, CETP inhibitors 
are developed and clinical trials were performed to 
prevent the progression of atherosclerotic lesion and 
cardiovascular events. However, all CETP inhibitors 
except anacetrapib failed to provide a positive effect 
and the development of these drugs was stopped. A 
possible reason of these results may be that CETP–
HDL complex generated by CETP inhibitors could 
suppress the anti-atherogenic effects of HDL, such as 
anti-inflammatory, anti-thrombotic, or anti-oxidative 
functions2). 

Venous Thrombosis

The mechanisms of venous thrombosis are 
involved in alteration in blood flow, hypercoagulable 
state, and endothelial injury (Virchow’s triad); heredi-

tary disorders and acquired factors contribute to 
thrombogenesis3, 4) (Fig.1). Stasis of blood flow and 
hypercoagulability are more important. However, the 
cause of venous thrombosis is unidentified in many 
cases in clinical setting. In this issue of the journal, 
Deguchi et al.5) demonstrates a relation between 
CETP and venous thrombosis/thromboembolism 
(VTE), and the knowledge obtained through this 
study may be used to develop new strategies to pre-
vent VTE. 

Mechanism of Blood Coagulation

Formation of fibrin thrombus is initiated by 
extrinsic and intrinsic pathways of blood coagulation. 
The extrinsic pathway begins at the injured site of 
blood vessels, and the trigger of initiation is binding 
tissue factor (TF) expressed in the vascular wall to fac-
tor VII in the blood stream4). The TF–activated factor 
Ⅶ (Ⅶa) complex activates factors Ⅹ and Ⅸ, which are 
bound to the phospholipids of the injured vessels. The 
intrinsic pathway, on the other hand, is initiated by 
the activation of factor Ⅻ bound to platelet phospho-
lipids and collagen tissue of the vascular wall, followed 
by the formation of activated factor Ⅺ (Ⅺa) and acti-
vation of factor Ⅸ by Ⅺa. Activation of factor Ⅹ by Ⅸ
a and subsequent thrombin generation by activated 
factor Ⅹ (Ⅹa) are drastically enhanced by cofactors 
activated factor Ⅷ (Ⅷa) and activated factor Ⅴ (Ⅴa), 
respectively. In this way, multimolecular complex of 
coagulation factors is formed on platelet phospholip-
ids, and coagulation enzymatic reaction is effectively 
accelerated6). 

Role of Xa

Ⅹa plays a key role in the blood coagulation sys-
tem because the coagulation cascade reaction proceeds 
via extrinsic and intrinsic pathways and leads to Ⅹa 
formation and following thrombin generation by the 
Ⅹa–Ⅴa complex. Ⅹa combines with Ⅴa and platelet 
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promote thrombus propagation and formation of 
occlusive thrombus. Although regulation of CETP 
activity is largely unknown in these conditions, intrin-
sic inhibitor of CETP and structural alteration may 
modulate CETP activity5, 10). Therefore, up-regulation 
of the CETP inhibitor without modification of multi-
functional effects of HDL will become an approach to 
prevent venous thrombotic events. Elucidation of the 
regulatory mechanism of CETP activity may lead to 
therapeutic strategy for the treatment and prevention 
of VTE. 
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or tissue phospholipids to form the prothrombinase 
complex and effectively activate thrombin. Thrombin 
generation by the prothrombinase complex is rapid 
more than 300,000 times, compared with Ⅹa alone 
without complex formation6). In addition, Ⅹa acti-
vates PAR2 expressed in white blood cells and smooth 
muscle cells and induces inflammation, edema, and 
vascular contraction leading to wound healing of the 
injured site6). 

CETP Activity and Venous Thrombosis

In the study by Deguchi et al.5) in this issue of 
the journal, CETP activity was significantly higher for 
VTE and negatively correlated with activated partial 
thromboplastin time (APTT), suggesting an associa-
tion of CETP activity and hypercoagulable state con-
tributing to the risk of VTE. Possible mechanism of 
CETP procoagulant activity was shown to be because 
of direct binding of CETP to Xa with enhanced pro-
thrombinase activity5) (Fig.2). Diabetes mellitus, 
nephrotic syndrome, hyperlipidemia, obesity, and 
pregnancy are reported to be associated with increased 
CETP activity7-9). All these conditions are known to 
be complicated with thrombotic events; however, the 
mechanisms of hypercoagulable state in these condi-
tions remain unclear. Increased CETP activity may 
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Fig.1. Virchow’s triad in thrombogenesis

Stasis of blood flow and hypercoagulable state are more important in the pathogenesis of 
venous thrombosis. Thrombus propagation is a crucial process in the formation of 
occlusive thrombus. Endothelial injury is believed to be involved in the initiation of 
thrombus formation. Thrombosis risk is determined by hereditary and acquired risk fac-
tors. Furthermore, activation of coagulation and triggering risk factors increase the 
occurrence of thrombosis. 
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Fig.2. CETP function and CETP–Xa interaction

CETP transfers cholesterol esters and phospholipids from HDL to LDL and VLDL. 
HDL is remodeled in its content and function. In addition, CETP enhances the activity 
of the prothrombinase complex via CETP–Xa interaction. CE, cholesterol ester; LC, 
lipid core; PC, protein C; VTE, venous thrombosis/thromboembolism; Ⅶ/Ⅷ, Factor Ⅶ
/Factor Ⅷ; CE, Cholesterol Ester. 
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