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Abstract Cholesteryl ester transfer protein (CETP) catalyzes
the transfer of neutral lipids among plasma lipoproteins and in
this way plays a prominent role in cholesterol metabolic routing
and, thus, probably for atherosclerosis. Studies of this important
protein in various clinical settings require the ability to ac-
curately quantify CETP in plasma. In order to gain access to
such a capability, an immunoradiometric assay (IRMA) for
quantification of CETP was developed. CETP was purified from
human plasma to apparent homogeneity and used for raising
anti-CETP antibodies in rabbits. The specificity of the poly-
clonal antiserum obtained was demonstrated by inhibition
assays and immunoblot analysis. Before use in the CETP-
IRMA, the antibodies were affinity-purified by chromatography
on CETP-Sepharose. Sensitivity of the CETP-IRMA was 0.1
ng, and intra- and interassay coefficients of variation were 2.9
and 8.0%, respectively. In 30 normolipidemic healthy subjects,
the mean (+ SD) CETP concentration was 1.1 (+ 0.22) pg/ml
of plasma; individual values ranged from 0.644 to 1.694 ug
CETP/ml and agreed well with measurements of CETP activity
of the same samples (- = 0.83).—Ritsch, A., B. Auer, B. Fager,
S. Schwarz, and J. R. Patsch. Polyclonal antibody-based im-
munoradiometric assay for quantification of cholesteryl ester
transfer protein. J Lipid Res. 1993. 34: 673-679.
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The distribution of cholesteryl esters and triglycerides
among plasma lipoproteins greatly affects the metabolism
of LDL and HDL, both known to constitute powerful risk
factors of coronary artery disease (CAD) (1). Individuals
with elevated fasting triglycerides tend to have a prepon-
derance of small LDL, termed pattern B (2), and small
HDL, ie.,, HDL; (3). Even in normolipidemic subjects,
who display high triglyceride concentrations in the post-
prandial state only, the transfer of postprandial triglycer-
ides from chylomicrons and VLDL into HDL, is
sufficient to enrich the core of the HDL, for conversion
into HDL; by hepatic lipase (4). The transfer of triglycer-

ides and cholesteryl esters among lipoproteins is catalyzed
by a plasma glycoprotein, called lipid transfer protein
(LTP-I) (5) or cholesteryl ester transfer protein (CETP)
(6-9). The important role of this protein for the
metabolism of lipoproteins and the development of CAD
is demonstrated by the inherited condition CETP defi-
ciency. So far, one molecular defect has been elucidated
as a cause for CETP deficiency, where a mutation in the
CETP gene prevents correct mRNA splicing and synthe-
sis of CETP (10). Affected family members show extreme-
ly high levels of HDL-cholesterol with a preponderance of
large HDL particles and a reported decreased risk for
CAD resulting in longevity (11).

With the crucial role that CETP holds for the distribu-
tion of cholesteryl esters and triglycerides among plasma
lipoproteins and, thus, for cholesterol metabolic routing
to body tissues, extensive studies will be necessary if we
are to understand how CETP is affected by diet, exercise,
hormones, and drugs. For such studies, a basic require-
ment is the ability to accurately measure the concentra-
tion of CETP in plasma. Measurement of CETP activity
has been made available (12) and has proved helpful and
informative (13). However, this approach has limitations
inherent in activity measurements in general, where ex-
ogenous substrates have to be prepared and partial loss of
activities is difficult to control. Measuring enzyme mass
directly avoids such problems and is much more feasible
for everyday use. Indeed, mass measurement of CETP

Abbreviations: CETP, cholesteryl ester transfer protein; IRMA, im-
munoradiometric assay; RIA, radioimmunoassay; HDL, high density
lipoprotein; LDL, low density lipoprotein; VLDL, very low density
lipoprotein; SDS-PAGE, sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis; PBS, phosphate-buffered saline; EDTA, ethylenediamine
tetraacetic acid; BSA, bovine serum albumin; CAD, coronary artery
disease.
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has been successfully developed by Marcel et al. (14) and
by Fukasawa, Arai, and Inoue (15). Both methods used in-
dependently raised monoclonal antibodies against CETP
for establishing solid-phase radioimmunoassay (RIA)
procedures. The well-documented method of Marcel et
al. (14) has provided a great deal of information on CETP,
including plasma levels in normolipidemic and hyperlipi-
demic individuals and correlations of CETP levels with
other plasma lipid transport parameters (14, 16). Also, the
effects of alcohol (17) and probucol (18) were described.
The focus of our research interest over recent years has
been to study the effect of triglyceride-rich lipoproteins on
HDL particles. As CETP is a major mediator in this rela-
tionship, the ability to quantify CETP mass is important
for our studies. We therefore set out to develop a reliable
and accurate method to measure CETP mass. In this
report we describe the development of an immunoradio-
metric assay (IRMA) for CETP quantification and
demonstrate its applicability and usefulness for clinical
studies.

MATERIALS AND METHODS
Blood samples

Blood samples were collected from donors, after an
overnight fast, into tubes containing EDTA to give a final
concentration of 1.6 mg/ml. To obtain a normolipidemic
plasma pool as internal standard for the IRMA, plasma
samples (1 ml) from each of 100 normolipidemic donors
were combined. HDL-cholesterol ranged from 40 to 60
mg/dl, low density lipoprotein (LDL)-cholesterol from
120 to 170 mg/dl, and triglycerides from 0 to 180 mg/dl.
The pooled plasma was supplemented with sodium azide
(NaNj) to a final concentration of 1 mM and stored in
aliquots at —80°C. Concentrations of total cholesterol,
LDL-cholesterol, HDL-cholesterol, and triglycerides in
this plasma pool were 223, 148, 48, and 132 mg/d],
respectively.

Preparation of LDL and HDL

For CETP activity assays, LDL and HDL were isolated
from fresh human EDTA-plasma by zonal ultracentrifu-
gation using Beckman Ti-14 rotors and Beckman L-8
ultracentrifuges (19). For LDL, rotor fractions under the
entire LDL peak were pooled. For HDL, fractions under
both the HDL,; and HDL; peaks were pooled. LDL and
HDL isolated in this way correspond to LDL and HDL
isolated by conventional sequential ultracentrifugation of
densities 1.02-1.06 g/ml and 1.07-1.20 g/ml, respectively
(3, 20). Lipoproteins were dialyzed against phosphate-
buffered saline (PBS), concentrated by pressure filtration
in an Amicon® stirred cell (Amicon Corporation, Dan-
vers, MA) equipped with membranes YM100 and PM30,
respectively, and stored in 1 mM NaNj; at 4°C.
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Radioactive labeling of LDL

[1*C]cholesteryl-oleate (DuPont-New England Nuclear
Research Products, Boston, MA) was incorporated into
LDL by the use of synthetic [1*C]cholesteryl-oleate/phos-
pholipid vesicles and lipoprotein-deficient plasma (12).
The labeled LDL were purified from the labeling mixture
by ultracentrifugation in a NaBr step-density gradient
(12), dialyzed against PBS, and stored at 4°C. The
specific radioactivity of the labeled LDL ranged from
1000 to 2000 cpm/ug cholesteryl ester.

Determination of CETP activity

To assay for CETP activity, the transfer of [*C]cho-
lesteryl-oleate from LDL to HDL was quantified. The
CETP activity of plasma samples was measured as de-
scribed by Groener, Pelton, and Kostner (12). For mea-
surement of CETP activity of various fractions in the
course of the purification procedure, we used the assay
described by Ohnishi, Yokoyama, and Yamamoto (21).

Purification of CETP

CETP was isolated from fresh human plasma obtained
from patients after an overnight fast following essentially
the procedure described by Ohnishi et al. (21) using, con-
secutively, Fractogel TSK Butyl-650 (M) for hydrophobic
interaction chromatography, Fractogel TSK CM-650 (M)
for ion exchange chromatography, and Fractogel TSK
HW-55 (S) for gel permeation chromatography (all from
Merck, Darmstadt, Germany). However, to assure a gen-
tle treatment of the protein, the procedure of Ohnishi et
al. (21) was modified as follows: all dialysis steps, except
the one at the end, were eliminated. Furthermore, all
precipitation steps were eliminated. Instead, we used
small Butyl-Sepharose columns (Fractogel TSK Butyl-
650, M) to concentrate the protein solutions. For this pur-
pose, samples were supplemented with 2 M NaCl, and
applied to the Butyl-Sepharose columns whose volumes
ranged from 0.5 to 2.0 ml. After washing the columns
with 50 mM Tris-HCI, pH 7.6, protein was eluted with
3 mM Tris-HCI, pH 7.6. At the end of the procedure the
protein was dialyzed against PBS and stored at —80°C.

For estimation of protein concentrations in the course
of the purification procedure we used the method of
Lowry et al. (22) using bovine albumin as a standard.
However, when assaying purified CETP by the Lowry
method, 3.7-fold higher values were obtained when com-
pared to those from amino acid analysis. Therefore, we
used the method described by Scopes (23) which is based
on the peptide bond absorbance; with this procedure,
values only 6% higher than those from the amino acid
analysis were obtained. Therefore, results from the
Scopes method were used.
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Immunization

Two rabbits were immunized by injecting 100 pg of
purified CETP in Freund incomplete adjuvant (Difco,
Detroit, MI) subcutaneously at 5-8 sites. The injection
procedure was repeated after 2 months and 4 months,
respectively. Rabbits were bled before and after each im-
munization, and the sera obtained were tested for their
content of CETP-specific antibodies with a dot-blot im-
munobinding assay using purified CETP fixed to a cellu-
lose nitrate membrane (BA 83, Schleicher and Schuell,
Dassel, Germany). Two weeks after the last boosting, the
rabbits were bled and the serum was stored at —80°C.

Affinity purification of the antibody

Whole IgG-type antibodies were isolated from the anti-
serum by a Protein-G column (Protein G Sepharose 4
Fast Flow, Pharmacia, Uppsala, Sweden) and applied to
an affinity column prepared by coupling 1 mg CETP to
3 g CNBr-activated Sepharose 4B (Pharmacia, Uppsala,
Sweden). After elution with 0.1 M glycine (pH 2.7), the
IgG solution was dialyzed against PBS and stored at
-80°C.

CETP-depleted plasma

For the preparation of CETP-depleted plasma, an anti-
CETP column was prepared by adding 4.6 mg antibody
(purified from 1 ml antiserum with a Protein-G column)
to 1.5 g of CNBr-activated Sepharose 4B. Using this
column, CETP could be entirely removed from a 50-ml
sample by passing the plasma and the respective eluates
for a total of 3 times through the column. Between pas-
sages the column was washed with 0.1 M glycine (pH 2.7).

Iodination of anti-CETP antibody

The affinity-purified anti-CETP antibody was iodi-
nated by the Chloramin T method (24). Five pg of anti-
CETP antibody was incubated with 0.5 mCi sodium
125j0dide (Na 12°I, Behringwerke AG, Marburg, Ger-
many) and 50 pg Chloramin T in a total volume of 55 ul
for 20 sec after 10 sec of gentle mixing. The reaction was
terminated by the addition of 100 g sodium disulfite and
1 mg potassium iodide. The remaining free Na !2°] was
removed by filtration of the reaction mixture through a
Sephadex G-25 column (Pharmacia, Uppsala, Sweden).
The specific radioactivity for the anti-CETP antibody was
4500 Ci/mmol. The iodinated anti-CETP antibodies were
stored in aliquots at —20°C.

Immunoradiometric assay

Polystyrol tubes (12 x 75 mm, MaxiSorp® StarTubes,
Nunc, Roskilde, Denmark) were coated with 250 ul
affinity-purified anti-CETP antibody solution containing
10 pg/ml 0.01 M bicarbonate buffer, pH 9.6, at room tem-
perature for 2 h. After rinsing two times with PBS, 200 ul
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of sample in PBS, supplemented with 2% BSA and 1%
Triton X-100, was added to each tube. After an incubation
of 30 min at room temperature and two washes with PBS,
200 ul of radiolabeled antibody solution (100,000 cpm)
was added and incubated for 4 h. After three rinses with
PBS, the radioactivity bound to each tube was measured
in a gamma counter (1272 Clinigamma, Pharmacia-LKB,
Uppsala, Sweden).

Other analytical methods

Plasma cholesterol and triglycerides were measured by
enzymatic methods (25, 26). Quantification of HDL-,
HDL,-, and HDL;-cholesterol, included the same en-
zymatic methods in combination with a stepwise precipi-
tation procedure to remove apoB-containing lipoproteins
and HDL,, respectively (27, 28). SDS-PAGE was per-
formed as described by Laemmli (29). Protein bands were
visualized by staining the gels with Coomassie Brilliant
Blue R-250 or by silver staining (Silver stain plus, Bio-
Rad, Richmond, CA).

RESULTS
Purification of CETP

Repeated purification procedures were necessary to ob-
tain CETP in quantities sufficient for the immunization
of the rabbits, the preparation of the CETP-Sepharose
column, and for amino acid analysis. For example, start-
ing with 2350 ml of human plasma, we obtained 1.19 mg
CETP corresponding roughly to a 30,000-fold purifica-
tion. When the final protein-solution was scrutinized by
SDS-PAGE, only the duplex band typical of CETP (21)
was detected, even when gels were heavily loaded with as
much as 1 pg of protein and subjected to silver staining
(Fig. 1A). Furthermore, amino acid analysis assured us
that it was indeed CETP that had been purified, because
it was in excellent agreement with published data (30).

Production of CETP-specific IgG

As early as after the first immunization step, antibodies
specific for CETP could be detected in both immunized
rabbits by a dot-blot immunobinding assay using pure
CETP fixed to a cellulose nitrate membrane.

The specificity of the anti-CETP antiserum obtained
was ascertained as follows. ) In a Western blot, the duplex
band of CETP was detected by the antibody (Fig. 1B);
i2) in an inhibition study, various amounts of IgG were
added to CETP-activity assays of a normal plasma pool,
and the entire transfer activity of the plasma was in-
hibited; and #i7) when plasma was passed through an anti-
CETP IgG-Sepharose column, it lost 93% of its CETP
activity.

Quantification of cholesteryl ester transfer protein 675
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Fig. 1. A: Analysis of purified CETP by 10% SDS-

PAGE. Molecular weight (MW) marker proteins used
were phosphorylase B (MW 97,000), bovine serum al-
bumin (MW 66,000), ovalbumin (MW 45,000), car-
bonic anhydrase (MW 31,000), trypsin inhibitor (MW
22,000), and lysozyme (MW 14,000). One ug CETP
was applied to the gel and visualized by silver staining.
B: Western blot analysis of CETP (lanes 3 and 4) com-
pared to SDS-PAGE analysis of CETP (lanes 1 and 2);
lane 2, 100 ng of purified CETP was applied to SDS-
PAGE; lane 1, same MW standards as in Fig. 1A. A
second identical gel (lane 3: molecular weight stan-
dards, lane 4: 100 ng of CETP) was blotted on a cellu-
lose nitrate membrane, and incubated subsequently
with affinity-purified anti-CETP antibodies. There-
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66k —» . 66K —>
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31k == 31K —>

22K = L 22k —>

14 > 4

after, bound rabbit-IgG was visualized with anti-

4 rabbit-IgG antibodies coupled to peroxidase (Tago

Inc., Burlingame, CA).

Immunoradiometric assay

The immunoradiometric assay is a two-site binding
assay. In a two-step procedure, CETP is first bound quan-
titatively to an anti-CETP antibody adsorbed to a solid
phase (capture antibody), and subsequently is detected by
the same antibody labeled with 23] (detection antibody).

The concentration of the capture antibody in the coat-
ing solution was 10 pg/ml. In our hands, this solution
could be used as often as six times without a noticeable
decrease of capture antibody bound. Two hours were
sufficient for binding of the capture antibody to the tube.
Extending the coating time for up to 12 h did not have any
effect. The MaxiSorp® StarTubes (Nunc, Roskilde, Den-
mark) proved superior to standard tubes, due probably to
the larger surface area thus increasing the binding of the
capture antibody, and in turn, leading to a higher binding
capacity for the antigen.

With samples containing 1 ng or more of CETP, the
binding of CETP reaches its maximum within 30 min,
whereas the second incubation step with the detection
antibody requires at least 4 h.

Intra- and interassay coefficients of variation on 10
samples and 10 subsequent measurements at ~1.2 ug
CETP/ml were found to be 2.9 and 8.0%, respectively.
The scale of accurate measurements ranged from 5 to
200 ng CETP with incubation times of sample and detec-
tion antibody of 30 min and 3 h, respectively. Increasing
incubation time of the sample to 14 h increased the sensi-
tivity to a detection limit of 0.1 ng CETP.

For determination of the CETP concentration in the
normal plasma pool, we used purified CETP in CETP-
depleted plasma to create a standard curve for the IRMA.
From these data we obtained a CETP concentration value
of 1.2 pg/ml for our normal plasma pool. This figure is in
excellent agreement with our results from the CETP-
activity assays, where our normal plasma pool showed an
activity corresponding to 1.6 pg/ml purified CETP in
CETP-depleted plasma (Fig. 2).
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One of the advantages of our CETP-IRMA is its high
specificity for CETP, thus affording the possibility to as-
say samples with high concentrations of other proteins as
is the case with total untreated plasma. We assayed
plasma samples of 30 normolipidemic healthy subjects, 18
males and 12 females, and determined a CETP concen-
tration of 1.1 + 0.22 pg/ml of plasma (mean + SD) for
the entire set of subjects. For the males, mean CETP con-
centration was 1.03 + 0.18 pug CETP/ml plasma, and for
the females, it was 1.18 + 0.26 pg CETP/ml plasma.
CETP activity in these samples measured according to
Groener et al. (12) was 102 + 22.6 (mean + SD) nmol
[1#C]cholesteryl-oleate/ml-h transferred from LDL to
HDL. In the plasma samples that we assayed, there was
a strong direct association of CETP mass and activity
(Fig. 3).

A second requirement of the CETP quantification
method was a precision sufficient to perform studies on
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CETP added to CETP-depleted plasma, pg/mi

Fig. 2. CETP activity assay for the estimation of CETP protein con-
centration in a normal plasma pool. CETP-depleted plasma was sup-
plemented with 0.5, 1, 2, and 4 pg of purified CETP/ml, respectively,
and used to create a standard curve. Means of duplicate activity assays
are shown. Mean coefficient of variation was 2.4%.
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the effect of diet, exercise, and drugs on CETP. To test for
this capability of our IRMA, we followed the plasma
CETP concentration of eight participants in a bicycle
marathon. As a result of the strenuous exercise, we found
a precipitous decrease of the plasma CETP levels (Fig. 4),
steadily increasing in subsequent days until, by day 8,
they almost reached the pre-exercise levels.

DISCUSSION

The assay described in this report was developed be-
cause CETP affects the transfer of cholesteryl esters from
particles such as HDL into triglyceride-rich lipoproteins.
This transfer becomes of particular quantitative impor-
tance when triglycerides accumulate as in the postpran-
dial phase (31). To be useful for our purposes, the assay
had to fulfill the following requirements. It had to be
unaffected by high amounts of proteins other than CETP
in the sample, so as to allow measurement of CETP in
whole untreated plasma. Precision and accuracy of the
quantification method had to be sufficient for kinetic
studies, where changes in CETP concentration on the
order of 10% would be clearly definable. Also, the assay
had to be simple so as to be feasible for everyday use. A
further desirable feature was a sensitivity high enough to
study the effect of postprandial lipoproteins on CETP
production by cells in culture.

We first approached our goal through setting up a com-
petitive RIA, a methodology successfully used by others
(14, 15). Our RIA did not show satisfactory results with
total plasma when compared to those with purified
CETP. We thought plasma components other than CETP
were responsible for this discrepancy, because CETP-
depleted plasma showed strong competition. Several at-
tempts to abolish these effects were undertaken including
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Fig. 3. Comparison of CETP activity and CETP mass in the plasma
of 30 normolipidemic healthy subjects.
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Fig. 4. Plasma CETP concentrations of eight participants (mean + SD)
in a bicycle marathon, measured 2 days prior to and 1, 2, 3, 5, and
8 days after the race.

delipidation of plasma with a mixture of n-hexane and
isopropanol, precipitation of lipoproteins with sodium
phosphotungstate and MnCl,, removal of IgG using a
protein G Sepharose column, and addition of various
amounts of Triton X-100 and Tween 20 to the assay. None
of these measures diminished the putative matrix effects
of plasma satisfactorily. To obtain reliable data with
purified CETP it was, therefore, necessary to add an ex-
cess of CETP-depleted plasma to the incubation mixture.
Unfortunately, under these conditions the cpm-range of
the RIA was small, resulting in an unacceptably low pre-
cision. The two solid-phase RIAs for CETP developed
successfully by Marcel et al. (14) and Fukasawa et al. (15)
both use monoclonal antibodies. Our antibody is poly-
clonal and appears unsuitable for methods with simul-
taneous incubation of sample and antibody. Therefore,
we decided to take another approach for quantification of
CETP by attempting to develop an immunoradiometric
assay (IRMA).

Generally, the IRMA does not depend heavily on anti-
gen or antibody concentration, an advantage over the
RIA where the concentration of the radiolabeled antigen
strongly determines measuring range, lower limit, and
precision. Crucial for the reliability of an IRMA,
however, is the correct specificity of the antibody used. For
the production of the polyclonal anti-CETP antibody we
used only CETP whose purity was attested to by SDS-
PAGE and amino acid analysis. For the purification of
CETP, use of small Butyl-Fractogel columns instead of
the ammonium sulfate precipitation steps helped to avoid
denaturation of the protein. Also, the purification proce-
dure was shortened considerably in that no dialysis steps
for removing ammonium sulfate were necessary. In con-
trast to the precipitation steps, the Butyl-Fractogel
columns are very well suited for highly diluted protein so-
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lutions such that almost no protein is lost. Fortunately, the
troublesome background effects seen in our competitive
RIA did not appear in the IRMA, due probably to the
separate sequential incubation steps of sample and detec-
tion antibody, respectively.

There are several findings that attest to the correct
specificity of the CETP-IRMA described. First, the poly-
clonal antibody used in this assay is able to inhibit CETP
activity of both plasma and purified CETP. Second, the
mean CETP level of our 30 controls is only 35% lower
than that reported by Marcel et al. (14) and, thus, quite
comparable. More importantly, we also observed the sex-
related difference reported by Marcel et al. (14). In our
opinion, the differences of the average CETP levels are
not caused by the use of RIA or IRMA, because data
from our competitive RIA were in accordance with our
IRMA data. A possible reason may be differences in
quantification of the CETP standard solutions, which can
yield very different results depending on which method
for protein estimation is used (see below). Third, if our
polyclonal antibody detected proteins other than CETP,
our values would be higher than those of Marcel et al. (14)
and of Fukasawa et al. (15). Lastly, our IRMA data are
in accordance with our CETP activity measurements.

The different results of CETP concentration observed
with the methods of Lowry et al. (22) and Scopes (23) and
with amino acid analysis were unexpected. However,
repeated measurements using different CETP prepara-
tions were in excellent agreement. Furthermore, measure-
ments of a BSA-solution with the Lowry method agreed
well with the results obtained with the method of Scopes
for the same sample. One explanation for the unexpected
phenomenon with the Lowry method may be the high
hydrophobicity of CETP (30).

The effect of exercise on CETP levels and the useful-
ness of our IRMA were demonstrated by the marathon
study. Effects of other perturbations such as diet and
drugs need to be studied also and our assay can be ex-
pected to prove adequate for such studies.

Finally, our observation on the severe effect of rigorous
exercise on the plasma levels of CETP suggests that many
more systematic studies are warranted to identify major
factors and/or measures that influence CETP. We expect
that the CETP-IRMA described herein will prove a valu-
able supplement to the methods already described for the
quantification of this important protein. i

The authors wish to thank Dr. Jérg Striessnig (Department of
Biochemical Pharmacology, University of Innsbruck) for the
performance of the amino acid analysis, Dr. Siegfried Schwarz
(Institute for General and Experimental Pathology, University
of Innsbruck) for helpful discussions, and Elisabeth Gasser for
technical assistance. The work was supported by grant S-4606
(J-R.P) of the Austrian Fond der Wissenschaftlichen Forschung.
Manuscript received 6 August 1992 and in revised form 6 November 1992.

678 Journal of Lipid Research Volume 34, 1993

10.

i1

12

13.

14.

15.

16.

REFERENCES

Castelli, W. P., J. T. Doyle, T. Gordon, C. G. Hames,
M. C. Hjortland, S. B. Hulley, A. Kagan, and W. J. Zukel.
1977. HDL-cholesterol and other lipids in coronary heart
disease: the cooperative lipoprotein phenotyping study.
Circulation. 55: 767-772.

Austin, M. A., J. L. Breslow, C. H. Hennekens, J. E.
Buring, W. C. Willett, and R. M. Krauss. 1988. Low den-
sity lipoprotein subclass patterns and risk of myocardial in-
farction. J. Am. Med. Assoc. 260: 1917-1921.

Patsch, W., G. Schonfeld, A. M. Gotto, jr., and J. R.
Patsch. 1980. Characterization of human high density lipo-
proteins by zonal ultracentrifugation. J. Biol Chem. 255:
3178-3185.

Patsch, J. R., S. Prasad, A. M. Gotto, Jr, and G.
Bengtsson-Olivecrona. 1984. Postprandial lipemia: a key
for the conversion of high density lipoprotein, into high
density lipoprotein; by hepatic lipase. [ Clin. Invest. 74:
2017-2023.

Albers, J. J., J. H. Tollefson, C. H. Chen, and A. Stein-
metz. 1984. Isolation and characterization of human
plasma lipid transfer proteins. Arteriosclerosis. 4: 49-58.
Barter, P. ., G. J. Hopkins, and G. D. Calvert. 1982. Trans-
fers and exchanges of esterified cholesterol between plasma
lipoproteins. Biockem. J. 208: 1-7.

Morton, R. E., and D. B. Zilversmit. 1982. Purification and
characterization of lipid transfer protein(s) from human
lipoprotein-deficient plasma. J. Lipid Res. 23: 1058-1067.
Jarnagin, A. S., W. Kohr, and C. J. Fielding. 1987. Isola-
tion and specificity of a M, 74,000 cholesteryl ester transfer
protein from human plasma. Proc. Natl. Acad. Sci. USA. 84:
1854-1857.

Hesler, C. B, T. L. Swenson, and A. R. Tall. 1987.
Purification and characterization of human plasma choles-
teryl ester transfer protein. J. Biol Chem. 262: 2275-2282.
Brown, M. L., A. Inazu, C. B. Hesler, L. B. Agellon, C.
Mann, M. E. Whitlock, Y. L. Marcel, R. W. Milne, |.
Koizumi, H. Mabuchi, R. Takeda, and A. R. Tall. 1989.
Molecular basis of lipid transfer protein deficiency in a
family with increased high-density lipoproteins. Nature.
342: 448-451.

Inazu, A., M. L. Brown, C. B. Hesler, L. B. Agellon, J.
Koizumi, K. Takata, Y. Maruhama, H. Mabuchi, and
A. R. Tall. 1990. Increased high-density lipoprotein levels
caused by a common cholesteryl-ester transfer protein gene
mutation. N. Engl. ]| Med 323: 1234-1238.

Groener, J. E. M., R. W. Pelton, and G. M. Kostner. 1986.
Improved estimation of cholesterylester transfer/exchange
activity in serum or plasma. Clin. Chem. 32: 283-286.
Dullaart, R. P. F,, J. E. M. Groener, H. van Wijk, W. J.
Sluiter, and D. W. Erkelens. 1989. Alimentary lipemia-
induced redistribution of cholesteryl ester between lipopro-
teins. Arteriosclerosis. 9: 614-622.

Marcel, Y. L., R. McPherson, M. Hogue, H. Czarnecka,
Z. Zawadzki, P. K. Weech, M. E. Whitlock, A. R. Tall, and
R. W. Milne. 1990. Distribution and concentration of cho-
lesteryl ester transfer protein in plasma of normolipidemic
subjects. J. Clin. Invest. 85: 10-17.

Fukasawa, M., H. Arai, and K. Inoue. 1992. Establishment
of anti-human cholesteryl ester transfer protein monoclonal
antibodies and radioimmunoassaying of the level of choles-
teryl ester transfer protein in human plasma. J Biochem.
111: 696-698.

McPherson, R., C. J. Mann, M. Hogue, L. Martin, R. W.
Milne, and Y. L. Marcel. 1991. Plasma concentrations of

2TOZ ‘8T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

17.

18.

19.

20.

21.

22.

23.

24.

cholestery! ester transfer protein in hyperlipoproteinemia.
Arteriosclerosis. 11: 797-804.

Hannuksela, M., Y. L. Marcel, A. Kesidniemi, and M. J.
Savolainen. 1992. Reduction in the concentration and ac-
tivity of plasma cholestery! ester transfer protein by alcohol.
J- Lipid Res. 33: 737-744.

McPherson, R., M. Hogue, R. W. Milne, A. R. Tall, and
Y. L. Marcel. 1991. Increase in plasma cholesteryl ester
transfer protein during probucol treatment. Arteriosclerosis.
11: 476-481.

Patsch, J. R., S. Sailer, G. Kostner, F. Sandhofer, A.
Holasek, and H. Braunsteiner. 1974. Separation of the
main lipoprotein density classes from human plasma by
rate-zonal ultracentrifugation. J. Lipid Res. 15: 356-366.
Patsch, J. R., and W. Patsch. 1986. Zonal ultracentrifuga-
tion. Methods Enzymol. 129: 3-26.

Ohnishi, T., S. Yokoyama, and A. Yamamoto. 1990. Rapid
purification of human plasma lipid transfer proteins.
J. Lipid Res. 31: 397-406.

Lowry, O. H., N. J. Rosebrough, A. L. Farr, and R. J.
Randall. 1951. Protein measurement with the Folin phenol
reagent. J Biol. Chem. 193: 265-275.

Scopes, R. K. 1974, Measurement of protein by spectro-
photometry at 205 nm. Anal. Biochem. 59: 277-282.
Hunter, W. M., and F. C. Greenwood. 1962. Preparation
of iodine-131 labeled human growth hormone of high
specific activity. Nature. 194: 495-496.

Ritsch et al.

25.

26.

27.

28.

29.

30.

31

Siedel, J., E. O. Hagele, J. Ziegenhorn, and A. W.
Wabhlefeld. 1983. Reagent for the enzymatic determination
of serum total cholesterol with improved lipolytic efficiency.
Clin. Chem. 29: 1075-1080.

Nagele, U., E. O. Hagele, G. Sauer, P. Wiedemann, E.
Lehmann, A. W. Wahlefeld, and W. Gruber. 1984. Reagent
for the enzymatic determination of serum total triglycerides
with improved lipolytic efficiency. J. Clin. Chem. Clin.
Biochem. 22: 165-174.

Warnick, G. R., J. Benderson, and J. J. Albers. 1982.
Quantitation of high density lipoprotein subclasses after
separation by dextran sulfate and Mg?* precipitation. Clin.
Chem. 28: 1574 (Abstr.).

Patsch, W,, S. A. Brown, J. D. Morrisett, A. M. Gotto, Jr.,
and J. R. Patsch. 1989. A dual-precipitation method evalu-
ated for measurement of cholesterol in high-density lipo-
protein subfractions HDL, and HDL; in human plasma.
Clin. Chem. 35: 265-270.

Laemmli, U. K. 1970. Cleavage of structural proteins
during the assembly of the head of bacteriophage T4.
Nature. 227: 680-685.

Drayna, D., A. S. Jarnagin, J. McLean, W. Henzel, W.
Kohr, C. J. Fielding, and R. Lawn. 1987. Cloning and se-
quencing of the human cholesteryl ester transfer protein
cDNA. Nature. 327: 632-634.

Patsch, J. R. 1987. Postprandial lipaemia. Bailliere’s Clin.
Endocrinol. Metab. 1: 551-580.

Quantification of cholesteryl ester transfer protein 679

2T0Z ‘8T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

