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Elevated CETP Lipid Transfer Activity is Associated with the Risk
of Venous Thromboembolism

Original Article
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Aim: Cholesteryl ester transfer protein (CETP) is an important lipid transfer factor in plasma that
enhances prothrombinase activity in purified systems. This study was conducted to test the associa-
tion of plasma CETP activity with venous thrombosis (VTE) and to address the procoagulant mech-
anism of CETP activity in prothrombinase assays.

Methods: We measured CETP lipid transfer activity in plasmas of 49 male VTE patients and in plas-
mas of matched controls. CETP procoagulant activity was tested in purified prothrombinase sys-
tems.

Results: CETP lipid transfer activity levels were significantly higher in VTE patients than in controls
(p=0.0008). A subset of patients carrying the CETP mutations Ala373Pro and Arg451Gln, which
were also linked to the VTE risk, showed significantly higher plasma CETP activity than the non-
carriers. The plasma CETP activity negatively correlated with APTT, suggesting that the CETP
activity is associated with plasma coagulability. Recombinant (r) CETP bound to both factor Xa
(Kd=15 nM) and Gla-domainless factor Xa (Kd=59 nM), whereas rCETP enhanced prothrombin
activation by factor Xa, but not by Gla-domainless factor Xa. rCETP also required factor Va for
enhancement of prothrombinase activity. When we addressed the effects of mutations in CETP on
prothrombinase activity, GIn451-rCETP was found to have five-fold higher thrombin generation
activity than wt-tCETP or Pro373-rCETP.

Conclusions: Elevated CETP lipid transfer activity in plasma was associated with the risk of VTE.
GIn451-CETP, which is linked to VTE, has much higher procoagulant activity than wt-CETP. CETP

might act as a physiologic procoagulant by mechanisms that involve its direct binding to factor Xa.
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Introduction

Cholesteryl ester transfer protein (CETP) is a
plasma glycoprotein that plays a pivotal role in lipo-
protein metabolism by transferring lipids between var-
ious donors and acceptors. CETP transfers neutral
lipids and phospholipids between lipoproteins, e.g.,
the transfer of cholesteryl ester from high density lipo-
protein (HDL) to apolipoprotein B-containing lipo-
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proteins (i.e., to very low density lipoprotein (VLDL)
and low density lipoprotein (LDL) in exchange for tri-
glyceride ?. As a result of the transferring of lipids,
the plasma level of HDL decreases, especially large
HDL particles, which are linked to cardiovascular dis-
ease and venous thrombosis (VTE)?*®. To reduce the
risk of cardiovascular diseases by increasing HDL lev-
els, CETP inhibitors have been developed by inhibit-
ing lipid transfer out of HDL®?. These CETP inhibi-
tors increased HDL plasma levels by inhibiting choles-
teryl ester transfer activity'*'?, but success could not
yet be achieved in phase Il clinical trials.

Plasma CETP modulates lipoprotein metabo-
lism, and some lipoproteins can affect blood coagula-
tion reactions with either procoagulant or anticoagu-
lant effects'?. Further, CETP itself might act as a pro-
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Table 1. Study population

Variables ?\?Zzgl I\\I/Z 59 p value

Age, yr (SD) 46.3 (8.2) 46.7 (8.6)
Ethnic Group, %

Non-Hispanic White 91.8 91.8
Body-mass Index, kg m™ (SD) 27.2 (4.3) 30.7 (5.9) 0.003
Risk factors, number of subjects (%)

Family History for VTE 4 (8.1) 18 (37) 0.006

Factor V Leiden 2 (4.1) 13 (26.5) 0.01

Prothrombin 20210A 2 (4.1) 7 (14.3) 0.18
Unprovoked 40 (81.6)
>one episode of thrombosis (%) 18 (37)
pulmonary embolism (%) 17 (35)
Diabetes (%) 0 1(2.0) 1.0
Hypertension (%) 0 3(6.1) 0.25
Prior smoking history (%) 8 (16.3) 6(12.2) 0.79
Current smoking (%) 5(10.2) 4 (8.2) 1.0
Total cholesterol, mg/dL (SD) 206 (41) 215 (45) 0.3
Triglyceride, mg/dL (SD) 143 (84) 159 (98) 0.44
HDL-C, mg/dL (SD) 53.6 (15.0) 46.3 (17.8) 0.03
LDL-C, mg/dL (SD) 122 (33) 135 (41) 0.11

coagulant in plasma by enhancing prothrombinase Methods

activity'¥. Therefore, CETP is hypothesized to have
roles in the pathogenesis of thrombotic diseases via
lipoprotein regulation and/or its procoagulant activity.
The association of CETP nucleotide polymorphisms
has been reported for both VTE'™ and cardiovascular
diseases'®?. However, the direct measurement of
CETP activity has led to contradicting results for the
risk of coronary artery disease**?”. Since studies on
the association of CETP lipid transfer activity with
VTE have not been reported, we measured CETP
lipid transfer activity in plasmas of VTE patients and
matched controls to test the hypothesis that CETP
activity is linked to VTE.

Aim

This study was performed to test the hypotheses
that plasma CETP lipid transfer activity is linked to
plasma blood clotting assays and to VTE and that the
CETP Arg451GIn mutation affects CETP activity
and venous thrombosis risk. The mechanisms for
CETP procoagulant activity were also addressed using
purified prothrombinase system studies and Surface

plasmon resonance (SPR) binding assays for factors
Xa and IXa.
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Study Population and Blood Collection

The Scripps Venous Thrombosis Registry is an
ongoing case-control study of risk factors for VTE as
previously described® !> 2%, Inclusion criteria for this
study included age at thrombosis, i.e., <55 years at
the time of first episode of thrombosis, >3 months
since diagnosis of acute thrombosis, a life expectancy
of at least 3 years, and no lipid lowering medications
or cancer. Age- and sex-matched (%2 years) healthy
controls were recruited through the General Clinical
Research Center’s blood donation program. The pro-
tocol was approved by the Institutional Review Board
and subjects provided written informed consent. In
this study, VTE patients (49 males) and age- and sex-
matched male controls were analyzed. Clinical charac-
teristics and the frequency of identified risk factors are
shown in Table 1. Of the 49 VTE patients, 40
(81.6%) presented with idiopathic VTE, defined as
events that did not occur within 90 days of surgery,
trauma, or major immobilization. Eighty-four percent
of the VTE patients were taking warfarin when blood
was donated. Blood was collected after a 12-hour fast.
Ethylenediaminetetraacetic acid (EDTA)-plasma was
stored at —80°C. The samples used for CETP mea-
surement were collected between 2002 and 2003, and
plasmas were stored at —80°C as aliquots. The sam-
ples which had never been previously defrosted were
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analyzed for CETP activity and antigen in 2009. Since
all of the samples were carefully stored under the same
conditions, we have full confidence in assay results.

Normal citrated plasma samples for clotting
assays were taken from 29 healthy adult volunteers
after a 12-hour fast (14 males, 15 females) (35.8 7.1
years, range 19—56 years) from the Scripps General
Clinical Research Center’s blood donation program.
These healthy blood donors were not taking oral con-
traceptives or estrogen replacement therapy or any
medications, and they did not have the thrombophilic
risk factors of factor V Leiden or prothrombin
nt20210A. Blood was collected after a 12-hour fast.

An additional 17-patient cross-over cohort (9
males, 8 females) (58.1%18.6 years, range 27-83
years) was identified through the Scripps Anticoagula-
tion Service. They were administered warfarin for
clinical indications (prophylaxis of VTE, treatment of
VTE, or atrial fibrillation)?”. The crossover design
was on-warfarin treatment and off-warfarin treatment.
Blood draw was performed 4—6 weeks after initiation
of warfarin with a therapeutic international normal-
ized ratio (INR) value (ON-warfarin). The average
INR at the time of blood draw was 2.50+0.65. Blood
draw was performed approximately 10 days after dis-
continuation of the clinically determined course of
warfarin (OFF-warfarin). Blood was collected after
12-hour fast, and EDTA plasma or citrated plasma
was stored at —80°C. All of the protocols for the
Scripps Venous Thrombosis Registry, healthy donors,
and warfarin study were approved by the Institutional
Review Board and subjects provided written informed
consent.

Clinical Analytes

Plasma CETP antigen was measured using a
CETP enzyme-linked immunosorbent assay (ELISA)
kit (Wako Pure Chemical Industries, Ltd, Osaka,
Japan). A hundred percent CETP antigen level was
defined as the average value of control subjects who
did not carry the Pro373 and/or Gln451 mutation
(n=48, 1.97 pg/mL). CETP lipid transfer activity was
determined by an ex vivo CETP Activity Assay kit
(Roar Biomedical, Inc., New York, NY) measuring
plasma derived CETP activity using 100 pL plasma
and 5 pL reagent. A hundred percent CETP activity
level was defined as the average value of control sub-
jects?”). The specific activity of CETP was defined as
CETP activity level divided by CETP antigen level.
Other lipid parameters were measured as described
previously”.

Materials
cDNAs for recombinant (r) wt-human CETP,

Ala373Pro-CETDP, and Arg451GIn-CETP were kindly
provided by Dr. Lloyd and Dr. Bamberger (Pfizer).
rCETDPs were expressed in HEK239 cells as previously
described??. Prothrombin was from Enzyme Research
Laboratories (South Bend, IN), and bovine serum
albumin (BSA) was from Calbiochem-Novabiochem
Corp (San Diego, CA). Factor Va, factor Xa, biotinyl-
ated (B)-EGR-factor Xa, Gla-domainless factor Xa
(DG-factor Xa), BEGR-DG-factor Xa, factor IXa, and
BEGR-chloromethylketone were purchased from
Hematologic Technologies Inc. (Essex Junction, VT).
BEGR-factor IXa was prepared as described?®. Strep-
tavidin chips (Sensor Chip SA) were obtained from
GE Healthcare Bio-Sciences (Pittsburgh, PA).

Clotting Assay

Activated partial thromboplastin time (APTT)
assays (Platelin LS, Trinity Biotec USA, Berkeley
Heights, NJ) were performed for plasma from the
cohort of healthy adult subjects following manufac-
turer’s instructions to test the coagulability of individ-
ual plasma.

Statistical Analysis

Statistical analyses, including Mann—Whitney
u-test, two-tailed Pearson test, and McNemar’s test
were used to evaluate the difference in proportions
between matched pairs for categorical variables (e.g.,
VTE-positive family history, smoking status). Fisher’s
exact test were performed using Prism™ 4.0 software
(Graph Pad Software Inc., San Diego, CA). Odds
ratio (OR) for VTE were determined with a log—
binomial regression model. The difference was consid-
ered significant when p was <0.05.

Prothrombin Activation Assays

Prothrombin (0.76 pM final) activation by puri-
fied factors Xa (0.125 nM final) and Va (6.25 nM
final) plus or minus varying concentrations of rCETP
preparations was assayed in the absence of exogenously
added phospholipids. Reactants were mixed and incu-
bated at room temperature for 5 min to allow pro-
thrombin activation before the reaction was quenched
by EDTA, and then the amidolytic activity of throm-
bin was quantified using Pefachrome TH thrombin
(Ila) chromogenic substrate. Prothrombin (0.76 pM
final) was also activated by purified factors Xa (0.125
nM final) plus or minus varying concentrations of
rCETP preparations for 120 min and was assayed in
the absence of factor Va and phospholipid.

Sensorgrams for CETP Interaction with Biotinyl-

ated Proteins Coupled to Streptavidin Sensor Chips
Coupling of BEGR-factor Xa, BEGR-DG-factor
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Fig.1. CETP lipid transfer activity and procoagulant activity

Correlation between plasma CETP activities and APTT in healthy
blood donors is shown. Coagulability of fasting citrated plasma
samples from 29 healthy donors (14 males, 15 females who gave
informed consent) was assayed using APTT. Pearson correlation
coefficient (r=—0.47) and the p value are noted.

Xa, or BEGR-factor IXa to the gold surface of the sen-
sor chip for SPR studies was achieved by flowing 100
pg/mL of biotin-labeled proteins in 10 mM Hepes
buffer, 300 mM NaCl, and 5 mM CaCl: (pH 7.4)
over a streptavidin sensor chip?®. Coupling was car-
ried out at 300 mM NaCl in order to collapse the
dextran matrix and thus, minimize artifacts that might
occur during the experiments. A control surface was
prepared by flowing free biotin (0.003 mg/mL) in the
same buffer over a second channel of the streptavidin
sensor chip, and this blank channel provided back-
ground values that were subtracted from the sample
data.

Sensorgrams were collected for different CETP
concentrations that flowed over a sensor chip contain-
ing biotin-labeled proteins or biotin alone (present in
the control flow cell) in 10 mM Hepes buffer, 150
mM NaCl, 5 mM CaClz, and 0.1% BSA (pH 7.4).
Preliminary experiments revealed a flow rate depen-
dence on the dissociation rate constant (koff) in which
flow rates less than 50 pL/min showed increasing kd
values with increasing flow rates. All experiments
were, therefore, carried out at the maximum flow rate
of 100 pL/min and at a sampling rate of 1 Hz on a
Biacore 3000. Surface regeneration was carried out
using 2 M NaCl at 100 pL/min flow rate for 2 min,
following which 50 mM NaOH was injected at 50
pL/min flow rate to prepare the surface for the next
run. Rate constants for association (kon) and dissocia-
tion (ko) were obtained by globally fitting the data
from five to six injections of CETP by using the BlAe-
valuation software version 3.2 and the 1:1 Langmuir
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Fig.2. Plasma CETP lipid transfer activity for VTE subjects
and matched controls

Plasma CETP activities were measured for 49 male VTE d and 49
matched male controls. Solid, thick lines indicate median values
and the dotted line indicates the value for the 90th percentile of
the control values.

binding model (global fitting).

Results

Correlation of Plasma CETP Lipid Transfer Activ-
ity with Coagulability

A shortened APTT is associated with the risk of
VTE?. When we assessed the correlation of plasma
CETP lipid transfer activity with APTT, we found a
significant correlation showing that thehigher the
plasma CETP activity, theshorter the clotting time

(r=-0.47, p=0.01) (Fig.1).

Plasma CETP Activity and Antigen in VTE

Plasma CETP lipid transfer and antigen levels
were measured for male VIE patients (2=49) and
matched controls (2=49). Patients with VTE had sig-
nificantly higher plasma levels of CETP activity than
matched controls without VTE [median 115%; inter-
quartile ranges (IQRs), 94.6%—145% vs median
97.6%; IQRs, 78.4%—-117% (p=0.0008)] (Fig.2).
There was no statistically significant difference in
CETP antigen levels between VTE cases and controls
[median 96.6%; IQRs, 86.7%—121% vs median
97.6%; IQRs, 77.6%—118%) (p=0.49)]. An elevated
level of CETP activity (>90th percentile of control)
was significantly associated with VTE, with an OR=
5.1 (95%CI, 1.7-15). Although some VTE patients
were under warfarin treatment, we found that plasma
CETP lipid transfer activity levels were not signifi-
cantly altered by warfarin based on samples from our
warfarin cross-over study (7=16 subjects)?” [(median
98.6%; interquartile ranges (IQRs), 98.5%—105% vs
median 101%; IQRs, 97.3%—106%) (p=0.87)].
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VTE patients carrying Ala373Pro and Arg-
451Gln mutations showed significantly higher CETP
activity and antigen levels in plasma compared with
non-carriers of those mutations (Fig.3A and 3B) for
CETP activity [median 155% (IQRs 123%—166%)
vs median 115% (IQRs 94.9%—113%), (p=0.000)],
and for CETP antigen levels [median 137% (IQRs
84.7%—175%) vs median 96.2% (IQRs 84.0%—
113%), (»=0.02)]. Among subjects with normal gen-
otypes, i.e., those not carrying either the Ala373Pro or
Arg451Gln mutations, the specific activity of CETP
was higher for VTE cases than for controls [median
1.08 (IQRs 0.97—1.37) vs median 0.97 (IQRs 0.65—
1.32), (»p=0.01) (Fig.3C). In contrast, there was no
difference in the specific activity between VTE patients
with normal genotypes and VTE patients carrying the
Ala373Pro and Arg451Gln mutations (p=0.90)
(Fig.3C). This indicates that the specific activity dif-
ference between cases and controls was unrelated to
the 373 and 451 mutations, respectively.

CETP Binds to BEGR-Factor Xa and BEGR-DG-
Factor Xa

SPR analyses were performed to study the bind-
ing of rCETP to BEGR-factor Xa. rCETP bound to
factor Xa in a dose-dependent fashion (Fig.4A). kd of
binding of CETP to BEGR-factor Xa was 15 nM with
a fast-on and slow-off rate binding pattern (kon=4.0 x
10°/Ms, kott=6.0x107%/s, Kd=15 nM). When using
BEGR-DG-factor Xa as immobilized protein instead
of factor Xa, Kd of binding of CETP to BEGR-factor
Xa was 59 nM with a fast-on and slow-off rate bind-
ing pattern (kon=2.6%10%/Ms, kor=1.5x 1073/s) using
regular kinetic binding models (Fig.4B). tCETP prep-
arations contained BSA as stabilizer; controls showed
that BSA (1 mg/mL) did not affect the signal on the
factor Xa binding (Fig.4A dotted line). In a control to
show specificity for factor Xa, no binding of rCETP
to BEGR-factor IXa was detected by SPR (data not
shown). Other controls for the SPR methodology
showed that phospholipid vesicles (80%PC/20%PS)
bound immobilized factor Xa but des—Gla—factor
Xa, as one would predict (data not shown).

CETP Promotes Prothrombin Activation by Factor
Xa/Factor Va but not by DG-Factor Xa/Factor Va
CETP enhanced thrombin generation by factor
Xa and factor Va in a dose-dependent fashion (Fig. 5A).
When DG-factor Xa, lacking the N-terminal Gla
domain of the enzyme, was employed as an enzyme
for prothrombin activation, CETP did not enhance
thrombin generation even in the presence of factor Va.
In the absence of factor Va, rCETP did not enhance
prothrombin activation (Fig.5B). This indicates that
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Fig.3. CETP activity and antigen in VTE cases and matched
controls with normal genotype or with Ala373 or
Arg451 variations

Plasma CETP lipid transfer activity (A), antigen (B) and specific
activity (C) (ratio of activity per antigen) for subgroups of cases
(n=49) and controls (n=49): VTE cases with normal CETP A373
and R451 genotype; subjects carrying one uncommon CETP vari-
ant, P373 and normal R451 (z=1 control and »=2 VTE cases);
and subjects carrying two uncommon CETP variants, P373 and
Q451 (=0 controls and 7=8 VTE cases). The solid lines indicate

median values.
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Fig.4. Binding of CETP to factor Xa or DG-factor Xa using
SPR

Surface Plasmon Resonance (SPR) was used to monitor binding of
CETP (3.75=75 nM) either (A) to BEGR-factor Xa (solid lines) or
10 mg/mL BSA alone (dotted line) or (B) to BEGR-(DG)-factor
Xa. Sensorgrams depict the kinetics for binding and dissociation of
rCETP at different indicated rCETP concentrations.

both the Gla domain of factor Xa and factor Va were
required for the procoagulant activity of CETP

Effect of Ala373 and Arg451 Mutations on CETP
Procoagulant Activity

Recombinant wt-CETP promotes blood clotting
reactions when it is added to plasma or to purified
prothrombinase assay mixtures (Fig.5A)'". For new
studies, recombinant wt and mutant CETPs were
made in a stable HEK293 cell expression system, and
the ability of recombinant wt-rCETP, Pro373-rCETD,
and GIn451-rCETP to enhance thrombin generation
in reaction mixtures containing purified factor Xa,
factor Va, and prothrombin was measured ' (Fig. 5C).
Whereas the Pro373-CETP mutant had the same
activity as wt-CETD, the GIn451 mutation increased
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Fig.5. The effect of rCETP on prothrombinase activity in
purified prothrombin activation assays.

(A) The influence of exogenously added rCETP on purified pro-
thrombin activation by factor Xa (O) or DG-factor Xa (@) in the
presence of factor Va. The rate of thrombin generation is shown as
nM thrombin formed per minute. (B) The influence of exoge-
nously added rCETP on prothrombin activation by factor Xa in
the absence of factor Va. (C) The ability of recombinant wt-CETP,
Pro373-CETP, and Gln451-CETP to enhance activation of puri-
fied prothrombin by factor Xa in the presence of factor Va.
Reagent concentrations were 0.76 pM prothrombin, 0.125 nM
factor Xa or DG-factor Xa, 6.25 nM factor Va (panels A. and B.),
and 5 mM calcium ions.
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the ability of recombinant GIn451-CETP by five-fold

to enhance thrombin generation.

Discussion

CETP is an important lipid transfer factor in
plasma that enhances prothrombinase activity in puri-
fied reaction mixtures'?. Notably, a negative trend for
APTT, a classical clotting time assay, may be associ-
ated with the risk of VTE??, and APTT was shown to
be inversely correlated with CETP activity in this
study. We suggest that CETP activity contributes to
plasma coagulability which, in turn, may contribute
to the risk of VTE. Indeed, when plasma CETP activ-
ity was measured in male VTE patients and matched
controls, significantly higher plasma levels of CETP
activity were found in VTE cases than matched con-
trols.

The association of CETP nucleotide polymor-
phisms with the risk of cardiovascular diseases has been
reported ). We previously reported that the CETP
Tagl B1 allele was also more common in VTE cases
compared with controls'” and that the two relatively
rare CETP genetic variations, Ala373Pro (rs5880) and
Arg451Gln (rs1800777), which cause decreased levels
of HDL, are more common in male VTE patients
compared with male controls> . The Ala373Pro
polymorphism is in high-linkage disequilibrium with
the Arg451Gln polymorphism, so for VTE studies,
these individuals were subdivided into groups with
Ala373Pro in combination with Arg451Gln and with
Ala373Pro alone. We found that patients carrying the
Ala373Pro and/or Arg451Gln mutations had signifi-
cantly higher plasma CETP activity and antigen levels
than the non-carriers of these mutations. Some studies
on wt-CETP and these two CETP mutants imply that
CETP higher activity and antigen is due to the longer
half-lives of Pro373-CETP and GlIn451-CETP* %
In contrast, there was no difference in CETP antigen
levels for the VTE patients not carrying the P373/
Q451 mutation. The discrepancy between association
of CETP antigen and CETP activity has been reported
for coronary artery diseases®”. When analyzing the
specific activity of CETP lipid transfer activity, the
specific activity was higher in the VTE subjects than
in controls (Fig.3C). This might suggest the lower
activity of natural plasma CETP inhibitors in the
VTE group because the CETP activity assay used here
is sensitive to the plasma CETP inhibitors. However,
CETP inhibitors were not measured in our studies.

Generally, the APTT assay is not sensitive to
endogenous plasma lipids and lipoproteins due to the
use of large amounts of exogenously added negatively

charged phospholipid reagents. HDL-C did not corre-

late with APTT (Spearman’s »=—0.24, p=0.22). Thus,
the significant correlation between CETP activity and
APTT may be due to CETP —coagulation factor inter-
actions rather than CETP’s influence on endogenous
lipid/lipoprotein modulation. Consistent with this idea,
we noted that CETP enhances the activity of the puri-
fied prothrombinase complex (Fig.5) 9 and thus, we
hypothesized that there are direct interactions of CETP
with prothrombinase components. Consequently, we
tested the kinetics of binding of rCETP to factor Xa
using SPR analyses. Indeed, rCETP bound to factor
Xa, and the kinetics of the binding showed fast associ-
ation and slow dissociation with a tight binding affin-
ity (Kd=15 nM). Factor Xa lacking the Gla domain
still bound to rCETP affinity (Kd=59 nM) suggesting
that CETP binds to factor Xa outside of its Gla
domain. Nonetheless, in contrast to the binding assay,
rCETP did not enhance prothrombin activation by
factor Xa lacking the Gla-domain. rCETP also required
factor Va to enhance prothrombinase activity, and the
Gla domain likely contributed to factor Xa—factor Va
interactions.

Based on the above findings, we hypothesize that
CETP bound to factor Xa provides or transfers lipids
to the Gla-domain of factor Xa and factor Va to stabi-
lize factor Xa—factor Va complex. CETP binds both
neutral and charged lipids (e.g., cholesteryl ester, tri-
glyceride, cholesterol, and phospholipids) and trans-
fers each type of lipid from donors to acceptors. Mech-
anisms for lipid exchange by CETP may involve pure
shuttle and exchange mechanisms or, alternatively,
bridging mechanisms with donor and acceptor simul-
taneously bound to CETP to facilitate lipid transfer.
CETP may conceivably use both of these mechanisms.
The x-ray crystal structure of CETP shows four bound
lipids®Y, consistent with the notion that CETP may
act as a lipid shuttle. In the CETP structure, phospho-
lipid binding sites are located between the Ala373 and
Arg451 residues. Thus, the CETP structure is consis-
tent with the possibility that the Ala373Pro and/or
Arg451Gln mutation could cause transfer of procoag-
ulant lipids to factor Xa better than wt-CETP and
thereby increase the coagulability to increase the risk
for VTE. This raises the obvious question of whether
these mutations result in higher procoagulant activity.
Thus, recombinant wt and CETP mutants were tested
for their procoagulant activity. Remarkably, the
GIn451-CETP mutant had five-fold higher procoagu-
lant activity in the prothrombin activation assay than
wt-CETP or Pro373-CETP. We confirmed the previ-
ous report’” that the lipid transfer activity of wt-
CETP was not different from that of Pro373-CETP
or GIn451-CETP (data not shown). Since the proco-
agulant activity of Pro373-CETP was the same as wt-
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CETP, we did not study CETP carrying both muta-
tions because we wanted to identify which amino acid
mutation altered CETP’s activities.

This study has the limitation of having relatively
small numbers of subjects and only male subjects.
However, over 80% of these male VTE subjects had
VTE of unprovoked etiology and are considered likely
to enable discovery of novel risk factors. The findings
in this study require replication in further studies,
which should include larger numbers of subjects and
females, especially more VTE cases with unprovoked
thrombosis. Nonetheless, the value of this retrospec-
tive case-control pilot study is based on novel func-
tional data related to CETP’s procoagulant properties,
including the discovery that the Gln451-CETP
mutant, which was found at higher frequency in male
VTE cases, has five-fold elevated procoagulant activ-

ity.

Conclusions

Increased CETP lipid transfer activity correlates
with shorter APTT values and with increased risk for
venous thrombosis. CETP directly binds to factor Xa
outside of Gla domain, but CETP requires factor Xas
Gla domain and factor Va to enhance prothrombinase
activity. The uncommon mutation, R451Q, in CETP
causes five-fold increased procoagulant activity and is
associated with increased risk for venous thrombosis.
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