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A STUDYIN NORMALANDHYPERTRIGLYCERIDEMICSUBJECTS
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R. F. LUTMER, and C. J. GLUECK
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A B S T R AC T A specific, precise, and sensitive
double-antibody radioimmunoassay for the measure-
ment of human apolipoprotein CII (apoCII) was
developed. ApoCII was labeled with 1251 (chloramine-
T) and monospecific antibody was raised in rabbits.
No appreciable cross-reactivity with apolipoproteins
CI, CIII, AI, AII, low density lipoproteins, and lipo-
protein-free plasma was observed. Lipoporteins con-
taining apoCII displaced the standard curve in parallel.
ApoCII measurement was not affected by pretreatment
of plasma with tetramethylurea, ethanol-diethyl ether,
or heating.

Mean (±SE) plasma-immunoreactive apoCII in 47
normotriglyceridemic subjects was 51.8 ± 3.2 ug/ml,
generally comparable with previous estimates of its
concentration by other methods. ApoCII levels in
9 subjects with type IIB lipoprotein pattern, 14 with
the type IV lipoprotein pattern, and 5 with type V
lipoprotein pattern were respectively, 89.9±4.6, 85.4
+6.9, 132.8±21.0 ,ug/ml, all higher than normals (P
< 0.001). Plasma apoCII and triglyceride concentra-
tions correlated in normo- and hypertriglyceridemics
(r = 0.36 and 0.58, P < 0.05). Plasma triglycerides
correlated inversely with the fraction of total apoCII
in very low density lipoprotein (VLDL)-free plasma
(r = -0.75, P < 0.01). There was no correlation be-
tween plasma apoCII and high density lipoprotein
cholesterol.

In normotriglyceridemics, VLDL apoCII levels cor-
related with in vitro lipoprotein lipase (LPL) activa-
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tor activities (r = 0.89, P < 0.01). In hypertriglyceri-
demic subjects the mean concentrations of apoCII per
milligrams VLDL protein, LPL activator activity per
milligrams VLDL protein, and LPL activator activity
per micrograms VLDL apoCII were all lower than
in normotriglyceridemics, P < 0.05.

As plasma triglycerides and apoCII increase, apoCII
is redistributed from high density lipoprotein to VLDL.
However, the amount of apoCII per milligram VLDL
protein and its LPL activator potency per milligram
VLDL protein are reduced. These factors may con-
tribute to impaired VLDL catabolism.

INTRODUCTION

Plasma triglycerides in humans are principally trans-
ported by chylomicrons after fat ingestion, and by
very low density lipoproteins (VLDL)1 during fasting.
Triglyceride catabolism is mediated by lipoprotein
lipases (LPL) which hydrolyze chylomicron and VLDL
triglyceride into glycerol and fatty acids. LPL are
activated and probably inhibited by a group of
apolipoproteins (2-4). Apolipoprotein CII (apoCII) is
generally accepted as the major activator of LPL
from various sources: human adipose tissue (4), the
human heart (5), human and rat post-heparin plasma
LPL (6, 7), bovine milk LPL (6, 8), and rat adipose
tissue (7). An apoCI-activated LPL from post-heparin
plasma has been described (9). Conversely, certain
apolipoproteins in VLDLand high density lipoproteins
(HDL): CI, CIII, Al, and E inhibit human adipose
tissue LPL (4).

1 Abbreviations used in this paper: apoA, B, C, and E, apo-
lipoproteins A, B, C, E: HDL, high density lipoproteins;
ILDL, intermediate low density lipoproteins; LDL, low
density lipoproteins; LPL, lipoprotein lipase; TMU, tetra-
methylurea; VLDL, very low density lipoproteins.
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The C apolipoproteins are found in HDL and
VLDL. After fat ingestion in humans, apoCII and LPL
activator property are transferred from HDL to chylo-
microns, with HDLfunctioning as an apoCII reservoir,
contributing activator to potentiate triglyceride hydrol-
ysis (10). As chylomicrons and VLDL are catabolized,
C apolipoproteins are lost, presumably to HDL, and
low density lipoprotein (LDL) is formed (11, 12). If
apoCII is deficient in plasma (cannot be transferred
from HDL to VLDL or suboptimally activates LPL)
hypertriglyceridemia may result. Breckenridge et al.
(13) have recently described a severely hypertriglyc-
eridemic patient with absent apoCII (polyacrylamide
gel electrophoresis) whose plasma failed to activate
LPL in vitro. Thus, the C apolipoproteins play a
very important role in triglyceride metabolism.

To enhance understanding of the possible role of
apoCII in the pathophysiology of the hypertriglyceri-
demias, a sensitive, accurate, precise, and specific
method for its measurement is necessary. Miller and
Schonfeld (14) have reported the development of a
radioimmunoassay for apoCII measurement. In this
preliminary report they found that the content of
apoCII in VLDL and HDL protein was 10-13 and
1-2%, respectively. The other methods for apoCII
quantitation currently available have utility but also
disadvantages. Havel and associates have used in vitro
systems with various LPL sources and quantitation
of the LPL activator property of serum, plasma, or
various subfractions (2, 10). Subsequently, other quan-
titative bioassays based on the activator property have
been described (15, 16). They indicate net LPL activator
concentration of a given sample, and are not specific
for apoCII.

Lipoprotein apoCII content has been quantitated by
Kane et al. (17) using tetramethyl urea (TMU) for
delipidation and separation of constituent polypeptides
by polyacrylamide gel electrophoresis. This method
does not allow measurement of the total plasma
apoCII and may have limitations in its sensitivity.

Electroimmunoassays or radial immunodiffusion
methods are generally less sensitive than the radio-
immunoassay and require relatively large volumes of
antibody. These considerations are important in
apoCII measurement since this apolipoprotein may
have the lowest concentration among human plasma
apolipoproteins (18) and is biologically active in very
small concentrations.

This paper describes a sensitive, specific, precise,
and accurate radioimmunoassay for quantitation of
apoCII in plasma and in lipoprotein subfractions,
and provides comparison with the LPL activator
property of the same plasmas and lipoprotein sub-
fractions. The utility of the radioimmunoassay as a
tool for assessment of hypertriglyceridemia is also
evaluated.

METHODS

The radioimmunoassay
Antigen preparation. Blood was collected in EDTAtubes

(1 mg/ml) from heatlhy fasting (12-14 h) normal volunteers
who were on no medication; plasma was separated in a
refrigerated centrifuge. VLDL was isolated by preparative
ultracentrifugation according to Havel's method (19) using a
40.3 rotor and a L5-50 Beckman ultracentrifuge (Beckman
Instruments, Inc., Spinco Div., Palo Alto, Calif.). VLDL
from the first ultracentrifugal run was layered with normal
saline and respun a second time. ApoCII was isolated from
this VLDL according to the method of Brown et al. (20)
by sequential dialysis, lyophilization, delipidation with
ethanol-diethyl ether, solubilization of the apoVLDL in tris
buffer containing sodium dodecyl sulfate, Sephadex gel chro-
matography, and DEAE ion-exchange chromatography. The
second peak from this step was dialyzed against 0.05 M
ammonium bicarbonate and lyophilized. The amino acid
composition of this fraction was determined using the Dur-
rum D-500 amino acid analyzer (Durrum Instrument Corp.,
Sunnyvale, Calif.) with results similar to those obtained by
Brown et al. (21). Polyacrylamide gel electrophoresis in
urea (17) and sodium dodecyl sulfate (22) revealed a single
band.

Antibody preparation. Female albino New Zealand rab-
bits weighing approximately 2.5 kg were immunized with
apoCII emulsified with complete Freund's adjuvant. Injec-
tions were given directly into the popliteal lymph nodes
(23) and also intradermally in multiple sites on the back (24).
Booster injections on the back were given twice, at approxi-
mately 3 wk apart, and then the animals were bled 14
days after the last injection. The serum was kept at -20°C.

Iodination of apoCII with 125J. Basically the method
of Greenwood et al. (25) was used. To 7 ,ug of lyophilized
apoCII, 0.1 ml of 0.5 Mphosphate buffer, pH 7.6 was added
and the tube gently tapped to dissolve the apoprotein.
This was followed by the addition of 0.5 mCi 1251 and 87.5
,ug of chloramine-T in 25 Al of 0.05 M phosphate buffer,
pH 7.6. After 30 s, 250 ug of sodium metabisulfite in 0.1
ml of 0.05 M phosphate buffer, pH 7.6 was added to stop
the reaction. 50 ul of 7% bovine serum albumin was then
added. The reactant mixture was then subjected to gel
chromatography using Sephadex G-100 (a 1 x 100-cm column
previously coated with 3% bovine serum albumin) and
equilibrated with 0.07 M barbital buffer at pH 8.6. The
elution profile showed three major peaks as shown in Fig.
1. The following procedures were done to assess homo-
geneity of the labeled apoCII. When mixed with unlabeled
apoCII both eluted in the same peak on gel chromatog-
raphy, were noted as a single band on polyacrylamide gel
electrophoresis. Thin gel slices subjected to scintillation
counting also revealed a single peak which corresponded
to the band stained with Coomassie Blue. The percent bind-
ing of labeled protein from the first and second peaks
with antibody diluted 1:2,000 was 14 and 79%, respectively.
With an antibody dilution of 1:10,000, the percent binding
of labeled protein from the second peak was 48%. The
specific activity of the labeled apoCII ranged between 87 and
107 mCi/mg.

The assay. The assay was done with a 10 x 75-mm
Kimble (Kimble Products Div., Owens-Illinois, Inc., Toledo,
Ohio) tube. To 0.4 ml of 1% bovine serum albumin in
0.02 Mbarbital buffer (pH 8.5 containing 1% sodium azide),
the following were added in order: (a) 0.1 ml plasma or
unknown sample diluted 1:50-1:400 with barbital buffer or
standard unlabeled apoCII (for the standard curve); (b)
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FIGURE 1 Elution profile of apoCII after labeling with 1251
and separation of products in Sephadex G-100 column.
The second peak was used as tracer in the radioimmuno-
assay system.

0.1 ml antibody diluted 1:10,000; (c) 0.1 ml of '25I-apoCII
containing approximately 10,000 cpm.

The assay was done with tubes in ice throughout. The
mixture was incubated for 72 h at 4°C and then 0.1 ml of
sheep anti-rabbit gammaglobulin (diluted to give maximum
precipitation) was added to each tube. Further incubation
for 48 h at 40C was followed by centrifugation in a re-
frigerated centrifuge at 2,500 rpm for 20 min. The supemate
was aspirated and counts from the precipitate were meas-
ured in a Packard Autogamma scintillation spectrometer 5230
(Packard Instrument Co., Inc., Downers Grove, Ill.).

The LPL activator assay
The in vitro LPL activator property of plasma and its

subfractions was measured by an adaptation of the methods
of Havel et al. (2) and Schotz et al. (26). The method was
similar to that of Rogers et al. (16) and Chu et al. (15)
except that milk LPL and sonicated triolein were used.
The detailed procedure used in this study was as follows:

A mixture of 4.0 ItCi of [14C]triolein and 0.108 g of [12C]-
triolein was placed in a 50-ml beaker. This amount of tri-
olein provided excess unlabeled substrate throughout the
period of hydrolysis, not affected by variation in the amount
of added VLDL triglycerides. The mixture was dried down
under a stream of nitrogen. To this 3.6 ml of 1% bovine
serum albumin, 3.6 ml of 1% Triton X-100 and 10.8 ml of
0.2 M Tris-HCl buffer, pH 8.0 were added. The beaker
was placed in a bucket of ice. Immediately before sub-
strate preparation, the mixture was sonicated for exactly
4 min (in two 2-min bursts) at no. 5 on the Branson
model W185Dsonifier cell disruptor (Branson Sonic Power
Co., Danbury, Conn.).

The enzyme extract was made by adding NH40H to 0.4 g
of milk LPL prepared according to Bier and Havel (27) with a
final volume of 10 ml. The mixture was mixed gently for
3 min with a vortex shaker. It was then centrifuged for
10 min at 3,000 rpm (at 4°C). The supernate was saved for
the enzyme in the assay system.

For a single assay the following were added: 0.3 ml of
serum cofactor standard, blank (0.9% sodium chloride) or
unknown sample, 0.9 ml of 0.9% sodium chloride, 0.6 ml of
sonicated substrate, and 0.2 ml of enzyme preparation. The
volume of 0.9% sodium chloride was increased if the sample

volume was less than 0.3 ml and decreased for a larger
sample. A 15- or 18-ml test tube with a ground glass-
stoppered closure was used. After vortex mixing the tubes
were then placed in a shaker bath at 37°C for 20 min. The
reaction was terminated by addition (and mixing) of 4 ml of an
isopropanol, 3 N H2SO440:1 solution. Lipids and fatty acids
were extracted by adding 2 ml distilled H20 and 5 ml hexane.
The tube was shaken end-to-end on a mechanical agitator
for 2 min. The extraction mixture was left to stand for 20 min.
A 5.0-ml aliquot of the upper (hexane) phase was added to
1 ml of 0.1 NKOHin a 15-ml conical calibrated centrifuge tube
with a ground glass-stoppered closure. The tube was then
mixed for 10 min on an end-to-end shaker to extract the
free fatty acids into the alkali.

The volume of the lower phase was recorded. 1 ml of the
lower (KOH) phase was dissolved in 5 ml of Packard
Instagel (Packard Instrument Co., Inc.,) and the radioactivity
assayed in a Packard liquid scintillation counter. 0.6 ml of the
sonicated substrate was dissolved in 5 ml of Instagel and
used as the measurement of unhydrolyzed triolein standard.

The total radioactivity of the hexane extract minus the radio-
activity from a blank containing saline was used to calculate
the amount of triolein hydrolyzed in 20 min. The percent
(x+SE) of radioactivity in the blank to that given by 0.3
and 0.5 ml of the standard plasma was 8.5±0.3 and 4.7±0.2%,
respectively (n = 10). Preincubation of LPL at 60°C for 30 min
inactivated it. Incubation of plasma at 60°C did not affect
cofactor activity. Addition of heat-inactivated enzyme to
LPL, substrate, and serum did not alter the amount of tri-
olein hydrolyzed indicating that there was probably no activator
or inhibitor in the milk LPL preparation. The result can
be expressed as micromoles of free fatty acids (FFA)
per milliliters of medium per 20 min by assuming the libera-
tion of 3 mol FFA/mol triolein or it can be expressed as
the amount of triolein hydrolyzed. We have chosen to ex-
press the results in the first method. All samples were run
in duplicate.

Approximately 600 ml of pooled serum was collected,
divided into 1- and 2- ml aliquots and then frozen. A fresh
tube of this serum was thawed for each experiment. A
typical standard curve showing the relationship of the
addition of increasing volumes of serum on activation of
LPL in the above system is shown in Fig. 2. A similar
curve was obtained with unknown samples of hyperlipemic
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FIGuRE 2 Effects of increasing volume of serum on libera-
tion of free fatty acids from emulsified triolein in the presence
of milk LPL.
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FIGuRE 3 Displacement of tracer (l25I-apoCII) by unlabeled apoCII, apoCl, apoCIII0, CIII1,
CIII2, AI, AII, and apoB as low density lipoprotein (B).

plasma or VLDL. For each run, 0.1, 0.3, and 0.5 ml of serum

which corresponded to the straight upslope of the activation
curve were included. The regression line for the three
points was plotted from the regression equation. The pooled
plasma was given an arbitrary value of 100 U/ml. The con-

centration (in units per milliliter) of the unknown sample was

read from this standard. An increased volume of the sample
or its dilution with the 0.9% sodium chloride as necessary

was performed to yield a value that was clearly within
linear range of the standard. Serial sample dilution did not
affect activator concentration, provided sample dilutions were

within the range of linear portion of the activation curve.
With fixed amounts of enzyme and the usual amount of
labeled and unlabeled triolein, additional unlabeled triolein
(within the range of the mass of triglyceride that was added
in an unknown sample) was added. This did not decrease
the amount of labeled fatty acids liberated in the system.
There was no significant difference between plasma (EDTA
used as anticoagulant) and serum.

The inter- and intra-assay coefficients of variation of this
method were 3.9 and 2.9%, respectively. The sensitivity of
this method was 8 U/ml with the above-mentioned precision.

Other analytical methods
Proteins were determined according to Lowry's method

(28). Cholesterol, triglycerides, lipoprotein electrophoresis,
and plasma HDLcholesterol were measured with Autoanalyzer
according to the Lipid Research Clinics Methodology (29).
Preparative ultracentrifugation for isolating lipoproteins was

performed according to Havel et al. (19). Except for VLDL, iso-
lation of intermediate LDL (ILDL) (d > 1.006 < 1.019),
LDL (d > 1.019 < 1.063), HDL2 (d > 1.063 < 1.125), HDL3
(d > 1.125 < 1.210, VHDL (d > 1.210 < 1.25), and lipopro-
tein-free plasma (residue) (d > 1.25) was followed by dialysis
in 0.15 Msodium chloride in 1 mMdisodium EDTA.

Organic solvent extraction of plasma and lipoproteins was

performned according to Schonfeld et al. (30). TMUdelipi-
dates and solubilizes apolipoproteins except apoB (10, 31).
Weassessed the effect of TMUpretreatment on the apoCII
content of plasma, and lipoproteins. TMUpurchased from
Burdick & Jackson Laboratories Inc. (Muskegon, Mich.,
lot 49442) was freshly distilled in glass and added to an

equal volume of plasma. When undiluted TMUwas added,
a dense semi-solid mass formed which did not permit
accurate pipetting for subsequent dilutions. Subsequently,
4.2, 1.0, and 0.5 M concentrations were used. The mixture
was incubated at room temperature (26°C in a water bath)
for 30 min. In one experiment, the incubation was per-

formed at 370 and 52°C for 30 min. The mixture was centri-
fuged at 2,500 rpm for 20 min and the apoCII concentra-
tion in the supernate was measured.

Study subjects
Studies were made in 32 normal healthy volunteers, and

in 43 patients with primary and familial hyperlipoprotein-
emias who were classified according to Lipid Research Clinics
criteria (32). There were no patients with familial types
I or III hyperlipoproteinemia in this study. All patients
fasted except for water for 12-14 h. Venous blood was drawn
in tubes containing EDTA to give a blood concentration of
1 mg/ml. After centrifugation, the plasma was refrigerated
and the determination of plasma lipids, electrophoresis,
and preparative ultracentrifugation was begun as soon as

possible.

Statistical methods
Statistical significance of mean differences and correlation

coefficients were calculated according to Snedecor and Coch-
ran (33).

RESULTS

ApoCII -radioimmunoassay
Characterization of the apoCII antisera. Fig. 3

shows the displacement of the tracer by pure apoCII
and other apolipoproteins. The counts per minute of
a precipitate (_5,000 cpm) from a tube containing la-
beled apoCII and no unlabeled apoCII minus counts
per minute precipitated in a nonspecific binding tubes
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was given a value 100%o and regarded as control.
The precipitate in nonspecific binding tubes con-
tained <3% of the label (range = 0.96-3.00%). Cross-
reactivity with other apolipoproteins was defined as
xly x 100 where x = the amount of unlabeled apoCII
required to displace 50%of the control; y = the amount
of another apolipoprotein required to also displace
50%o of control. Apolipoproteins CI, CIIIO, CIII1,
and CII2 were obtained from VLDL during isolation
of apoCII. Their identity was confirmed by amino
acid analysis which showed a composition similar to
that reported by Brown et al. (21). LDL was used to
study cross-reactivity as apolipoprotein B is insoluble
in the buffer system employed. The LDL was isolated
as the density fraction between 1.024 and 1.050
from a normal healthy individual. Apolipoproteins AI
and All were isolated from delipidated purified HDL
(34).

The percent cross-reaction of different apolipopro-
teins and LDL with apoCII antiserum was as follows:
AI, 0.013%; AII, 0.002%; B (as LDL), 0.219%; CI, 0.70%;
CIII0, 3.182%; CIll1, 0.292%; CIII2, 0.292%. All apoli-
poproteins and LDL showed a cross-reactivity of
<1% except apolipoprotein CIII which showed a
cross-reactivity of 3.18%. Webelieve this to be second-
ary to a contamination of apolipoprotein CIIIo with
apoCII which has been noted as a problem in the
purification of apoCIII0 (35). Furthermore, the amino
acid sequence of the CIII subspecies is the same (36).
ApoCII was undetectable in lipoprotein-free plasma
obtained from the infranate after a single ultracentrif-
ugation of plasma at d = 1.250.

VLDL, ILDL, HDL2, HDL3, and VHDL fractions
showed displacement curves that were parallel to the
standard curve using unlabled apoCII. The content of
apoCII (as percent of total lipoprotein protein) in each
of these fractions (from a normal subject) is shown in
Table I.

Characteristics of the assay system. The system
was sensitive enough to detect displacement with 0.6
ng of unlabeled apoCII in each tube. For the standard
curve the working range was 1.56-50 mg. The mean
coefficient of variation of seven standard curves was
4.8%. Serial dilution of a given sample gave cor-
respondingly lower values of the concentration of
apoCII indicating that the apoCII was completely
soluble and reactive in the undiluted sample. The
inter- and intra-assay coefficient of variation of a given
sample were 4.9 and 3.5%, respectively.

Effect of preheating plasma on apoCII concentra-
tion. Karlin et al. (37) have shown that the concen-
tration of radioimmunoassayable human apoAI is in-
creased by heating plasma before measurement and
found that the maximum increment occurs in plasma
preheated for 3 h at 52°C. Two plasma samples were
incubated at 26°C, and 52°C for 3 h in a constant

TABLE I
ApoCII Content of Total Protein of Lipoprotein

Fractions of HumanPlasma

Lipoprotein fraction Density Content*

VLDL <1.006 12.30
ILDL 1.006-1.019 0.81
LDL 1.019-1.063 0.32
HDL2 1.063-1.125 1.61
HDL3 1.125-1.210 0.55
VHDL 1.210-1.250 0.12

* Expressed as
(d) fraction.

percent of total protein in each density

temperature bath. In sample 1, apoCII concentration
was 63.9 and 60.3 ,ug/ml at 260 and 52°C, in sample
2, 62.4 and 60.6 ,ug/ml. Thus, heating had no effect on
the concentration of total plasma apoCII. Aliquots of
a third plasma sample were heated for 30 min at 260,
370, and 520C with no appreciable change in apoCII
concentration (41.1, 41.1, 39.6 Ag/ml, respectively).

Effect of organic solvent extraction before apoCII
measurement. Schonfeld et al. (30) found that the con-
centration of apoAl increased after pretreatment of
plasma with ethanol-diethyl ether and solubilization
of the protein precipitate in 8 M urea. Two experi-
ments were carried out to assess the effect of organic
solvent extraction on apoCII measurement. Untreated
and pretreated apoCII concentrations in two aliquots of
a plasma sample were 47 and 36 ug/ml. A purified
VLDL sample containing 75 ,ug/ml apoCII measured
66 ,ug/ml after organic solvent extraction.

Effect of pretreatment of plasma with TMUon meas-
urement of apoClI. No significant change in total
plasma apoCII was noted after pretreatment of plasma
with 4.2, 1.0, and 0.5 MTMUat 26°C for 30 min. In
three aliquots of a plasma sample after a 30-min in-
cubation with 4.2 M TMU at 260, 370, and 520C,
apoCII levels were 42.0, 25.0, and 9.4 .ug/ml, respec-
tively.

ApoCII in normal and hypertriglyceridemic
subjects
Total plasma apoCII concentration in normals and

in subjects with IIA, IIB, IV, and V lipoprotein
phenotypes. Fig. 4 summarizes the distribution of
total plasma apoCII in 32 normolipoproteinemic sub-
jects, in 15 with type IIA, 9 with type IIB, 14 with
type IV, and 5 with type V lipoprotein phenotypes.
The mean + SE total plasma apoCII in 32 normolipo-
proteinemic subjects (49.7+4.0,ug/ml) was not signif-
icantly different from that in 15 subjects with IIA
lipoprotein patterns (56.2±+-5.4 ,ug/ml). Mean-+-SE apoCII
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)20 Fig. 5. For all 75 subject the (log) triglyceride:
apoCII correlation was 0.75, P < 0.01, Fig. 5.

140 - Relationship between plasma apoCII and HDLcho-
130 lesterol. Total plasma apoCII did not correlate sig-130 * nificantly with plasma HDL cholesterol (n = 28;
120 r = -0.23, P > 0.1).

* * Distribution of apoCII in VLDL and VLDL-free
110 - plasma. The percentage of plasma apoCII in VLDL-

. * free plasma (d> 1.006 fraction) in normotriglyceri-
100 demics and hypertriglyceridemics was 53.0±4.1 and
90 * 8 * 21.3±3.8%, respectively (P < 0.001). There was a sig-90

T nificant inverse relationship between (log) total plasma
80 * . triglycerides and the percent of total plasma apoCII
*.*. in VLDL-free plasma fraction in 35 subjects (r = -0.75,

70 - * P < 0.01), Fig. 6.

60;. . Relationship between apoCII concentration and ac-, tivator activity in VLDL and VLDL-free plasma in
0* normal subjects. In 18 normotriglyceridemic subjects* 0* (arbitrarily defined by total plasma triglyceride con-

40 l . centration of c 170 mg/dl), the in vitro LPL activator
* . property of the VLDL subfraction correlated positively

30 - with the VLDL apoCII concentration (r = 0.89; P
. = <0.01) Fig. 7. As depicted by Fig. 8, for 25 normo-

20 triglyceridemic subjects, there was a significant posi-
10 tive correlation between apoCII in the plasma frac-tion (d > 1.006) and the activator concentration (r
0 N I = 0.65, P < 0.01). For the 18 normals, there was also aN IA IIB N Y

LIPOPROTEIN PATTERN

FIGURE 4 Total plasma apoCII distribution in normal and
type IIA, IIB, IV, and V subjects.

in these 47 normotriglyceridemic subjects was 51.8+3.2
jug/ml.

In the 9 subjects with IIB and 14 with type IV
lipoprotein patterns, mean (+SE) plasma apoCII con-

centrations did not significantly differ (89.1+4.6 and
85.4±6.9 ,ug/ml, respectively), but were higher (P
< 0.001) than in normotriglyceridemic individuals.

The highest apoCII levels were quantitated in five
subjects with type V lipoprotein patterns, 132.8+21.0
,ug/ml, significantly higher than those with types IIB,
and IV patterns (P < 0.02), or normotriglyceridemic
subjects (P < 0.001).

The mean levels of plasma apoCII in normotri-
glyceridemic males and females were 55.4±4.2 and
43.9±3.9 ,ug/ml, with plasma triglycerides 89.7+8.5
and 64.5+7.7 mg/dl, respectively. By analysis of co-

variance taking into account an ancillary variable
(total plasma triglycerides) there was no significant
male-female difference in total plasma apoCII.

Relationship of total plasma apoCII to plasma tri-
glyceride. The (log) total plasma triglycerides posi-
tively correlated with total plasma apoCII in the 47
normotriglyceridemic subjects (r = 0.36; P < 0.05), and
in 28 hypertriglyceridemic subjects (r = 0.58, P < 0.01),
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FIGURE5 Correlation between total plasma triglycerides and
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FIGURE 6 Correlation between total plasma triglyceride and
percent of total plasma apoCII in VLDL-free plasma (d
> 1.006) in normotriglyceridemic and hypertriglyceridemic
subjects.

positive correlation between VLDLapoCII and VLDL
protein concentrations (r = 0.94; P < 0.01).

Content of apoCII and activator in VLDL protein
in normotriglyceridemic and hypertriglyceridemic
subjects. VLDL was isolated by ultracentrifuging
plasma from 18 normal and 8 hypertriglyceridemic
subjects, and the amount of VLDL protein, amount of
VLDL apoCII, and percentage of VLDL protein as

apoCII determined. VLDL protein from normotriglyc-
eridemic subjects contained 9.9±0.7% apoCII, signif-
icantly more than in hypertriglyceridemic subjects,
7.1±0.9% (P < 0.05).

Hypertriglyceridemic subjects had much less LPL
activator concentration per milligram of VLDL protein
(73.5±10.1 U/mg), then did normotriglyceridemics
(145.6±11.3 U/mg) (P < 0.01). From measurements
of VLDL apoCII concentration and VLDL LPL ac-

tivator levels, LPL activator potency per microgram
of apoCII was calculated. The eight hypertriglyceri-
demic subjects had notably less LPL activation per

microgram of VLDL apoCII than the normals, 1.02
±0.04 and 1.54±0.13 U/,g, respectively (P < 0.025). As
the percent of total plasma apoCII in VLDL rose, the
amount of LPL activator activity per microgram of
VLDL apoCII fell (r = -0.71, P < 0.01) (Fig. 9).

DISCUSSION

Further understanding of the role of apolipoproteins
in normal and abnormal lipid transport will require
specific, accurate, precise, and sensitive methods for
their measurement. Methods for measurement of apoAl
(30, 37, 38), apoAII (39), and apoB (40-42) that satisfy
these requirements have been described.

The radioimmunoassay method. Our radioim-
munoassay for the measurement of apoCII is specific.
There was no appreciable cross-reactivity with apoAI,
apoAII, LDL, apoCl, and apoCIII. ApoCII was not
detected in lipoprotein-free plasma, d > 1.25. Lipo-
protein fractions VLDL, ILDL, HDL2, and HDL3
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FIGURE 7 Correlation between VLDL apoCII and VLDL
activator concentration in 18 normotriglyceridemic subjects.

which contain apoCII, produced parallel displacement
of labeled apoCII. LDL contains approximately one-

third of total plasma apoE (->10 mg/dl) (43). We
did not detect significant cross-reactivity with LDL nor

a parallel displacement of the tracer by LDL to the
standard curve. Thus we infer that the apoCII antibody
did not significantly cross-react with apoE.

The method was also accurate. Plasma total apoCII
was not increased by pretreatment with organic sol-
vent to extract lipid (30). Preincubation of plasma
with heating (37), did not change apoCII concentra-
tion. Delipidation with the organic solvent TMUwhich
solubilizes apolipoproteins except apoB (10, 17) did not
increase apoCII levels. The 10-13% content of apoCII
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in normal VLDL protein (by radioiu
ported by Miller and Schonfeld (14) i
our observations. Using densitome
TMU-soluble VLDL apolipoproteins
trophoretically in polyacrylamide gel
reported apoCII values ranging betwe
In our study the range of apoCII c(

VLDL (5.1 - 16.9%) is somewhat hig
ported by Kane et al. The mean level
by our radioimmunoassay (=50 ,ug/r
also comparable to the 40 ,ug/ml foun
and Alaupovic using electroimmun
concentrations of normal VLDL and
estimated to be =25 and 150-200 m

(17, 30, 38). Since 10% of VLDL pro
HDL protein is apoCII (14) the cal

centration of apoCII would be expe
6.5 mg/dl. This approximation of tot
concentration from published work
our measurements.

The radioimmunoassay method w

allowing quantitation of as little as I
The method was also precise, with
day coefficients of variation being i
spectively. The accuracy of the r

method is indirectly validated by the
of VLDL apoCII and the CII media
concentration by the bioassay systen

ApoCII in normal and hypertriglyceridemic sub-
jects. In normal and hypertriglyceridemic subjects
fasting plasma triglycerides correlate positively with
plasma apoCII. There is an inverse correlation be-
tween plasma triglyceride and the apoCII content of
VLDL-free plasma (Fig. 6) which suggests a transfer
of apoCII to VLDL from HDL as triglycerides in-
crease.

Although total net LPL activator property in plasma
does not change after acute fat ingetion, both C and
apolipoproteins and LPL activator property are trans-
ferred from HDL to chlomicrons (10). HDL probably
functions as carrier and reservoir of the C peptides for

* * the metabolism of chylomicrons formed afte1 triglyc-
%a eride ingestion. In subjects with plasma triglyceride

* - 170 mg/dl, an average of 47% of the total apoCII
is present in VLDL (Fig. 6, calculated as [total
apoCII]-[apoCII in d > 1.006 fraction]). In 10 subjects
whose plasma triglycerides ranged from 171 to 1,220
mg/dl, the fraction of the total apoCII in VLDL in-
creased to 78.7%. The percent of apoCII in the d

7I0 8I 90 100 > 1.006 fraction fell as triglyceride levels increased in

7C08IN VLDL hyperlipemic subjects (Fig. 6). In three subjects with
triglycerides to 580, 768, and 1,220 mgldl and chylo-

nt of total plasma micronemia, the percent of total apoCII in VLDL-
ridemic and hyper- free plasma was 7.0, 6.3, and 4%, respectively.

As plasma triglycerides and total apoCII increase in
parallel the distribution of apoCII shifts, with progres-

mmunoassay) re- sive reduction of apoCII in the VLDL-free plasma
is in accord with- fraction.
!tric scanning of The VLDL-free plasma fraction includes apoCIl-
s separated elec- containing lipoporteins, ILDL, and HDL. The former
1, Kane et al. (17) is considered to be an intermediate product of VLDL
,en 4.5 and 12.0%. and chylomicron catabolism and contains some apoCII.
ontent in normal These considerations suggest that as triglyceride levels
gher than that re- increase, HDL is progressively depleted of apoCII.
of plasma apoCII This would lead to limited reserves in HDL for trans-
nl in normals) is fer to apoCII to VLDL to facilitate catabolism of newly
id by McConathy synthesized VLDL and chylomicron triglyceride. The
oassay (18). The apoCII content per milligram of VLDL protein is
HDL protein are much lower in hypertriglyceridemic patients, possi-

ig/dl, respectively bly because of insufficient transfer from HDL.
ttein and 1-2% of In hypertriglyceridemia, reductions of immunoreac-
culated total con- tive apoCII in VLDL are accompanied by decreased
cted to be -4.0- LPL activation per milligram of total VLDL protein.
al plasma apoCII Hypertriglyceridemic subjects have less LPL activator
is in accord with per unit of VLDL apoCII. As total plasma triglycerides

and the proportion of total apoCII in VLDL increase,
as very sensitive, the LPL activator potency per unit of VLDL apoCII
0.6 ng of apoCII. progressively falls (Fig. 9). We speculate that VLDL

inter- and intra- apoCII in hypertriglyceridemic subjects may be in-
4.9 and 3.5%, re- hibited in its activating property on LPL. ApoCI,
adioimmunoassay apoAl, apoE, apoCIII are inhibitors of human adi-
z close correlation pose tissue LPL (4). These peptides, possibly along
.ted LPL activator with the apoE, the arginine-rich peptide, are also
n. transferred from HDL to VLDL during alimentary
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lipemia, and an increase in their concentration relative
to apoCII in hypertriglyceridemic VLDL is suggested
by our data. It is possible that the addition of very
high concentrations of VLDL triglyceride to the tri-
olein substrate might somewhat dilute labeled triolein,
leading to an apparent reduction in LPL in the more
hypertriglyceridemic subjects. Although this possi-
bility cannot be completely ruled out, it is unlikely,
as serial dilutions of a lipemic sample gave correspond-
ingly lower concentrations of activator. With fixed
amounts of enzyme and the usual amount of labeled
and unlabeled triolein the addition of triolein (within
the range of triglyceride mass added in an unknown
sample) did not decrease its activator concentration.
Also the unlabeled substrate concentration is in excess
of the amount of VLDL triglyceride added and the
assay operates under conditions of substrate excess.

An inverse correlation between increasing plasma
triglycerides and plasma post-heparin extrahepatic
LPL has been noted, using selective immunochemical
methods (44). In patients with hypertriglyceridemia,
however, plasma post-heparin lipolytic activity is nor-
mal, or low normal (44). Disorders involving an ab-
solute or relative deficiency of apoCII might then lead
to hypertriglyceridemia, as would reductions of extra-
hepatic lipoprotein lipase as in type I hyperlipo-
proteinemia. The recent report of a severely hypertri-
glyceridemic patient with absent apoCII (13) illustrates
the importance of apoCII and LPL in triglyceride
homeostasis. The deficiency of apoCII in VLDL in
some of the hypertriglyceridemic subjects of this study
suggests another apoCII-hypertriglyceridemia interac-
tion. Further research as suggested in the current
studies is obviously necessary to understand the funda-
mental nature of these abnormalities.
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