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Abstract As assessed by molecular sieve chromatography and
quantitation by a specific radioimmunoassay, apoA-IV is associ-
ated in plasma with the triglyceride-rich lipoproteins, to a high
density lipoprotein (HDL) subfraction of smaller size than
HDL,, and to the plasma lipoprotein-free fraction (LFF). In this
study, the turnover of apoA-IV associated to the triglyceride-rich
lipoproteins, HDL and LFF was investigated in vivo in normal
volunteers. Human apoA-IV isolated from the thoracic duct
lymph chylomicrons was radioiodinated and incubated with
plasma withdrawn from normal volunteers after a fatty meal.
Radioiodinated apoA-IV-labeled triglyceride-rich lipoproteins,
HDL, and LFF were then isolated by chromatography on an
AcA 34 column. Shortly after the injection of the radioiodinated
apoA-IV-labeled triglyceride-rich lipoproteins, most of the radio-
activity could be recovered in the HDL and LFF column frac-
tions. On the other hand, when radioiodinated apoA-IV-labeled
HDL or LFF were injected, the radioactivity remained with the
originally injected fractions at all times. The residence time in
plasma of !%’I-labeled apoA-1V, when injected in association with
HDL or LFF, was 1.61 and 0.55 days, respectively. When '*I-
labeled apoA-IV was injected as a free protein, the radioactivity
distributed rapidly among the three plasma pools in proportion
to their mass. The overall fractional catabolic rate of apoA-IV
in plasma was measured in the three normal subjects and aver-
aged 1.56 pools per day. The mean degradation rate of apoA-IV
was 8.69 mg/kg - day. B The results are consistent with the
conclusions that: 1) apoA-IV is present in human plasma in
three distinct metabolic pools; 2) apoA-IV associated with the
triglyceride-rich lipoproteins is a precursor to the apoA-IV HDL
and LFF pools; 3) apoA-IV in LFF is not a free protein and its
turnover rate is faster than that of apoA-IV in HDL; 4) since no
transfer of apoA-IV from the HDL or the LFF occurs, these
pools may represent a terminal pathway for the catabolism of
apoA-1V; and 5) the catabolism of apoA-IV in HDL is
dissociated from that of apoA-I although both apoproteins
may reside on the same lipoprotein particles. — Ghiselli, G.,
S. Krishnan, Y. Beigel, and A. M. Gotto, Jr. Plasma metab-
olism of apolipoprotein A-IV in humans. J. Lipid Res. 1986. 27:
813-827.
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Human apolipoprotein  A-IV  (apoA-IV) is a
glycoprotein of known amino acid sequence with an ap-
parent molecular weight of 46,000 (1-4). In plasma and in
the lymph, apoA-IV is polymorphic, having a major

isoprotein component along with a number of other
minor components with higher and lower isoelectric
points (3-6). The chemical basis of this polymorphism is
not known. Studies in populations support the idea that
apoA-IV polymorphism is genetically determined, being
controlled by two common (A-IV! and A-IV?) and at least
two rare alleles (A-IV? and A-IV*) which are probably
located at the same apoA-IV structural gene locus (6).
ApoA-IV was first identified in rat plasma (7). The liver
and the intestine are the major sites of synthesis of apoA-IV
in the rat (8, 9). Hepatic synthesis of apoA-IV in humans
may be negligible (2). In humans and rats, apoA-IV is syn-
thesized as preapoA-IV, a precursor protein with a 20-
amino acid-long NH-terminal extension that is cleaved be-
fore protein secretion (10-12). In the rat, approximately
50% of the total plasma apoA-IV is synthesized by the intes-
tine at the same rate as apoA-I (8). ApoA-1V is synthesized
in the rat’s liver, however, at less than half the rate of apoA-I
(8, 9). Windmueller and Wu (8) have presented results
indicating that the production of apoA-IV (and apoA-I as
well) by the small intestine is not regulated by the rate of
intestinal triacylglycerol transport and that it is not
increased by prolonged fat feeding. They found, however,
that there was a marked reduction in the direct release of
newly synthesized intestinal apoproteins into the blood
during active fat absorption, with a concomitant increase
in the proportion appearing in the mesenteric lymph,
which could explain the dramatic increase of apoA-IV
content seen in the urine of chyluric subjects after inges-
tion of fat (13). On the other hand, Gordon et al. (11) have
shown that apoA-IV mRNA increases in the enterocytes
during fat transport, supporting the idea of an increased
synthesis of this apoprotein. Fat feeding in humans (14)
and in rats (15) slightly increases plasma apoA-IV. In

Abbreviations: HDL, high density lipoproteins; PAGE-SDS, poly-
acrylamide gel electrophoresis in the presence of sodium dodecyl sulfate;
DTNB,5, 5-dithiobis-(2-nitrobenzoic acid); LFF, lipoprotein-free fraction.

!Some of the data contained in this manuscript were presented at the
57th Scientific Session of the American Heart Association in 1984 at
Miami, FL.
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addition, the proportion of apoA-IV associated to the
HDL decreases in rats while the amount in the lipo-
protein-free fraction increases, and this shift is more
pronounced when cholesterol (2%) is added to the diet (15).

The bulk of the current evidence indicates that the
metabolism of apoA-IV is remarkably distinct from that
of the other plasma apolipoproteins. In plasma, the
majority is not associated to lipoproteins. Rather, in
humans, at least 90% is recovered in the d > 1.210 g/ml
lipoprotein-free fraction after ultracentrifugation (2-4,
13, 14). ApoA-IV, however, is a major protein constituent
of the lymph chylomicrons. Lymph chylomicrons also
contain as major protein constituents a form of apoB,
denoted B-48 (16), and the precursor of plasma mature
apoA-I, proapoA-I (17). In this respect the intestinal
chylomicron apoprotein pattern is remarkably distinct
from that of any other lymph or plasma lipoprotein. The
plasma concentration of apoB-48 and of proapoA-I is
negligible due to their rapid catabolism, and they do not
accumulate in any lipoprotein classes. Several investiga-
tors have proposed that both of these apoproteins might
serve a unique function in the plasma catabolism of intes-
tinal lipids and of the newly secreted lipoproteins (16-19),
although just what this function is remains to be eluci-
dated. Turnover data in vivo in rats have been interpreted
as evidence that chylomicron apoA-IV is first transferred
to the lipoprotein-free fraction and then, from this pool,
‘to HDL (20). Recent data (21, 22) support the idea that
the transfer of apoA-IV from the lipoprotein-free fraction
to HDL may be linked to cholesteryl ester formation. In
humans, a small fraction of apoA-IV is associated in
plasma with HDL, but it has been found associated also
in increased quantities in the d < 1.006 g/ml cholesteryl
ester-rich lipoproteins that accumulate in the plasma of
subjects genetically deficient in apoE (23) or with chronic
renal insufficiency (24). The kinetic behavior of apoA-IV
and the functional significance of its compartmentaliza-
tion in plasma are the subjects of this report.

We determined with a sensitive radioimmunoassay the
concentration of apoA-IV in a number of normolipidemic
and hyperlipidemic subjects, and the distribution of this
apoprotein in plasma was analyzed by molecular sieve
chromatography. The turnover rate of apoA-IV in plasma
was determined in normal volunteers. The metabolic rela-
tionship of the different pools of apoA-IV in plasma was
investigated and their metabolic characteristics were
assessed.

MATERIALS AND METHODS

Isolation of apolipoprotein A-IV

ApoA-IV was isolated from human thoracic duct lymph
chylomicrons. Lymph was collected from a fistula im-
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planted in the thoracic duct lymph of subjects undergoing
immunosuppression therapy before kidney transplantation;
it was a kind gift from Dr. G. Fish of the University of
Texas Medical Branch in Galveston. Lymph was collected
under sterile conditions in plastic bags and then usuaily
returned to the patient, depleted of lymphocytes and
other plasma cells by centrifugation. Lymph for the isola-
tion of chylomicrons was stored at 4°C and utilized within
3 to 5 days after collection. Chylomicrons were isolated by
ultracentrifugation in a Beckman SW 27 swing-bucket
rotor, at 27,000 rpm for 60 min at 4°C. Under these con-
ditions the chylomicrons became packed at the top of the
tube and could be easily recovered with the aid of a
spatula. Chylomicrons were dispersed in sterile saline and
washed following the same ultracentrifugation procedure.
This operation was repeated twice. The second time,
packed chylomicrons were dispersed in 0.08% ammonium
bicarbonate containing 0.02% NaN;. Chylomicrons
could be stored in this buffer at ~70°C for up to 6 months
without detectable alteration of the apolipoprotein pat-
tern as judged by gel electrophoresis. For the isolation of
apoA-1V, the chylomicron preparations were lyophilized
and lipid was extracted with chloroform-methanol 3:1
(v/v). The extraction procedure was performed the first
time overnight at —20°C and then twice subsequently
with the same organic solvent mixture for 1 hr at room
temperature. The protein was recovered by centrifugation
and dried under a stream of Nj. The pellet was solubilized
in 0.1% SDS, 0.1% B-mercaptoethanol, and 50 mM Tris-
HCI buffer at pH 7.4; it was then loaded on a column
(1.5 x 200 cm) packed with Bio-Gel A-1.5m (200-400
mesh, from Bio-Rad) equilibrated with the sample buffer.
Flow rate was maintained at 30 ml/hr and 2-ml fractions
were collected. The elution of the proteins was monitored
at 280 nm and the apoprotein content was checked by
PAGE-SDS (25). Fractions containing only apoA-IV were
pooled and extensively dialyzed against 0.08% ammonium
bicarbonate before being stored at —70°C. Protein purity
and identity were determined by two-dimensional gel
electrophoresis (26), and by amino acid compositional
analysis. The preparation gave a single immunoprecipita-
tion line with anti-apoA-IV, and no reaction was seen
against anti-apoA-I, anti-apoA-II, anti-apoB (LDL), anti-
apoE, or anti-human serum albumin (27).

Apolipoprotein A-IV radioiodination

ApoA-IV was radioiodinated by a modification of the
iodine~monochloride method of McFarlane (28). Briefly,
50 ul of apoA-IV solution in 0.08% ammonium bi-
carbonate (= 0.5 mg/ml) was mixed with 50 ul of 1 M
glycine-NaOH and 2-5 mCi of carrier-free Na '*’I or Na
311 (NEN). Radiolabeling was done by adding 20 ul of
0.02% ICl in 2 M NaCl. The mixture was immediately
passed on a PDI10 column (Sephadex G25, from Pharmacia)
for the separation of the radioiodinated protein from the
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bulk of unbound radioactive iodine. The eluted fractions
containing '2°I- or !*!]-labeled apoA-IV were pooled and
extensively dialyzed against sterile, injectable saline (0.15
M NaCl from Travenol). The efficiency of the radio-
iodination ranged between 8 and 15%. Before utilization
of these tracers in the in vivo turnover study, the prepara-
tions were diluted 1 to 5 with a concentrated solution
(25%) of injectable human serum albumin (Albuminar 25
from Armour) and passed two times through a 0.22-pm
Millipore filter. These preparations were checked for
sterility and pyrogeneity and directly utilized for the
turnover study within no more than 16 hr.

Preparation of polyclonal antibodies against apoA-IV

Polyclonal antibodies against apoA-IV were raised in
rabbits (29). The protein (200 pg) was emulsified with
complete Freund Adjuvant and injected subcutaneously on
the back of female New Zealand rabbits. After this initial
immunization, apoA-IV (100 ug) was emulsified with
incomplete Freund Adjuvant and injected every other
week. After 2 months the animals were exsanguinated by
cardiac puncture and the sera were tested for titer by
sequential dilution (29) and for specificity by immuno-
diffusion against apoA-IV, apoA-1, apoA-II, apo(LDL)B,
apoE, and apoC-III (27).

Radioimmunoassay of apoA-IV and apoA-I

The radioimmunoassay was performed in 0.125 M
Na-borate, 0.1% BSA, 0.35% Tween 20, pH 8.0, buffer.
Standards and unknown samples were diluted appropri-
ately in the borate buffer and preincubated overnight.
Aliquots of the diluted standard and of the unknowns
were brought to 1 ml with the same buffer to achieve final
dilutions, and 0.1 ml of '?*I-labeled apoA-IV (20,000 cpm;
1-2 ng) and 0.1 ml of anti-apoA-IV antibody (diluted 1 to
300) were added. This concentration of antibody pre-
cipitated 50% of the labeled material in a preliminary
binding study (30). Labeled and unlabeled apoA-IV
were equilibrated with the antibody for 2 days at
4°C. At the end of this incubation period, 0.1 ml of
normal rabbit serum (diluted 1 to 100) and 0.1 ml of goat
anti-rabbit IgG (diluted 1 to 15), both from Pel-Freez,
were added and the radioimmunoassay cocktail was in-
cubated for another 2 days at 4°C. The immunoprecipitate
was pelleted by centrifugation and the supernatant was
removed. The radioactivity associated to the pellet was
counted in a gamma counter for a time sufficient to reach
5,000 cpm. The intraassay coeflicient of variation was
determined for each assay by analyzing in quintuplicate
a normolipidemic and a hypertriglyceridemic control
serum. The interassay coefficient of variation was deter-
mined by averaging the mean value of the control sera
concentrations for all of the assays performed. The con-
centration of the primary apoA-IV standard was deter-

mined by amino acid analysis and routinely with the
Bradford method (31); bovine serum albumin was utilized
as standard. ApoA-I was quantitated by radioimmuno-
assay as previously described (32).

Validation of the radioimmunoassay procedure:
quantitation of the apoA-I'V-to-apoA-I mass ratio
in plasma by gel electrophoresis

An electrophoretic method was developed for the
quantitation of the apoA-IV-to-apoA-I mass ratio directly
in plasma samples. In this way the plasma apoA-IV-to-
apoA-I mass ratio could be calculated and compared with
the value determined in the same plasma samples by
radioimmunoassays. Chromogenicity of apoA-IV and
apoA-I was determined by loading known amounts of
apolipoprotein (1 to 50 ug) onto isoelectrofocusing gels
suitable for two-dimensional gel electrophoresis (26). Fol-
lowing the electrophoretic run, the proteins were stained
with Coomassie Blue R250, destained, and the portion of
the gel corresponding to the protein spot was cut out for
extraction. The dye was extracted for 72 hr with 25%
pyridine in water (33). Absorbance of the extracted dye
was read at 605 nm. Readings were corrected for the
procedural losses by adding known amounts of '?*I-labeled
apoA-IV and '*!I-labeled apoA-l to the proteins before
electrophoresis and counting the radioactivity recovered
with the different apolipoproteins in the final stained gel.
For the quantitation of the apoA-IV-to-apoA-I mass ratio,
plasma samples (20 pl) were treated with 40 pl of a buffer
containing 8.6 M urea and 10% (v/v) of pH 4 to 6
ampholines (5) and electrophoresed. The stained protein
spots were cut out and the eluted dye solution was read
at 605 nm.

Fractionation of plasma lipoproteins by column
chromatography

Plasma lipoproteins were fractionated by molecular
sieve chromatography on an AcA34 (LKB) column (1.5
x 150 cm) equilibrated with 0.15 M NaCl, 50 mM Tiis-
HCI buffer at pH 7.4. Flow rate was maintained at 30
ml/hr and 2-ml fractions were collected. This column could
be loaded with 2 to 5 ml of plasma without detectable
changes in the elution pattern of the peaks or their resolu-
tion. The columns were calibrated with a d < 1.063 g/ml
lipoprotein fraction, HDL, (d 1.063-1.100 g/ml), and HDL,
(d 1.100-1.210 g/ml), separated by sequential ultracentrifu-
gation, and with human serum albumin. For the determi-
nation of the radioactivity distribution in plasma in
samples collected during the turnover study, a series of
smaller columns was utilized (1.5 x 100 cm). These
columns were operated at a flow rate of 45 ml/hr and 5 ml
of plasma was routinely loaded. The chromatographic
run, in this case, could be completed in less than 5 hr. The
chromatographic separations were carried out at 4°C.
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ApoA-IV in vivo turnover studies in humans

The subjects for this study were normolipidemic males,
ages 25 to 32. Complete physical examinations before
admission to the study protocol verified that all the sub-
jects had normal liver, thyroid, and kidney functions. All
protocols for the turnover studies were approved by the
Institutional Review Board of the Baylor College of Medi-
cine and The Methodist Hospital. The normal volunteers
followed an outpatient protocol and were on an ad libitum
diet during the study. All subjects were given 1 g/day of
SSKI beginning 3 days before the injection of radio-
iodinated apoA-IV and thereafter for the entire duration
of the study. The plasma concentrations of cholesterol,
triglycerides, and HDL cholesterol and the body weight
were determined daily. Plasma samples were collected at
10 min and at 3, 6, and 9 hr after the injection of the
radiolabeled preparation and daily thereafter in the
morning. Urine samples were collected between the
plasma sampling times.

In the initial experiments, radioiodinated apoA-IV was
injected as a free protein in three volunteers. When this
was done, !%I-labeled apoA-IV preparations were adjusted
to an activity of 8-10 uCi/ml by dilution, if necessary, with
a 5% solution of injectable human serum albumin (Albu-
minar 5 from Armour). Subjects A and B received a
different radioiodinated preparation than subject C. In a
second series of experiments, apoA-IV was injected into
three other volunteers in association with lipoproteins.
For this purpose, 2-4 pg of radiolabeled apoA-IV (5-20
mCi) was added to 2 ml of the volunteer postprandial
plasma and the sample was immediately fractionated on
an AcA34 column (1.5 x 50) equilibrated with injectable
saline. Prior to column packing, the column and the
fittings were autoclaved, and only freshly opened batches
of AcA34 were utilized. This column was operated under
a sterile hood. The profile of the eluate was monitored by
determining the protein concentration with the Bradford
method (31) and by counting the radioactivity in aliquots
of the collected column fractions. Small cuts of the peak
corresponding to the triglyceride-rich lipoproteins (VLDL
plus LDL), HDL, and the plasma proteins (the lipoprotein-
free fraction here denoted LFF) were dialyzed against in-
jectable saline and diluted with Albuminar 5 prior to fil-
tration through a 0.22-pum Millipore filter. The injected
preparations were sterile and pyrogen-free. One of the
volunteers (D) was injected with '#’I-labeled apoA-1V tri-
glyceride-rich lipoproteins and 3'I-labeled apoA-IV HDL.
A second volunteer (E) received !*’I-labeled apoA-IV
LFF and !*'I-labeled apoA-IV HDL. A third subject (F)
received '*I-labeled apoA-IV triglyceride-rich lipoproteins
and '3'I-labeled apoA-IV LFF. The same radioiodinated
apoA-IV preparations were used for subjects D and E. In
all the studies, when radioiodinated apoA-IV was injected
either as a free protein or associated to lipoproteins, the
plasma samples collected at 10 min and 3, 24, and 72 hr
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after the injection were analyzed for the radioactivity dis-
tribution by column chromatography. Plasma radioactivity
decay curves were analyzed by a graphic procedure (34)
and the area under the curve was calculated by integra-
tion. Protein residence time and degradation rate were
determined by input-output analysis (35).

RESULTS

Apolipoprotein isolation and characterization

Apolipoprotein A-1V, isolated from lymph chylomicrons
by molecular sieve chromatography in the presence of
0.1% SDS, was pure by a variety of criteria. The protein
gave a single band on PAGE-SDS with apparent molecular
weights of 46,000, and on the two-dimensional gel electro-
phoretogram it showed polymorphism with a distribution
pattern virtually identical to that shown by apoA-IV in the
original chylomicron preparation (see Fig. 1). ApoA-IV
reacted with only the corresponding specific antibody in
the immunodiffusion plate when tested against anti-apoA-
IV, anti-apoA-I, anti-apoA-II, anti-apo(LDL)B, and anti-
apoE. No displacement of the radiolabeled antigen was
detected when apoA-IV was added in excess amounts to
the radioimmunoassay cocktail for apoA-I (32), apo(LDL)B
(36), or apoE (37). Amino acid analysis of the protein
gave results consistent with the published composition for
apoA-IV (1-3, 13).

Anti-apoA-IV antisera raised in rabbits were character-
ized by immunodiffusion and gave no reaction when tested

MW
pPHGE 4
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s [ — 46,000
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Fig. 1. Two-dimensional gel electrophoretograms of the thoracic duct
lymph chylomicron apolipoproteins, and of column chromatography
purified apoA-IV (in the insert). Two-dimensional gel electrophoresis
was performed as described in the Methods section. The gels were
loaded with approximately 50 ug of chylomicron apoprotein or 8 ug of
purified apoA-IV.
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Fig. 2.

Human apoA-1V radioimmunoassay competitive displacement curve. The curve shows the displacement of radioiodinated apoA-IV by puri-

fied human apoA-IV, apoA-I, apoC-III, apoE, and apo(LDL)B. See the Methods section for the procedural details.

against apoA-I, apoA-II, apo(LDL)B, apoE, and apoC-IIIL.
A single arc of identity was formed against whole serum
or purified apoA-IV, consistent with the monospecificity
of the antisera.

Apolipoprotein A-IV radioimmunoassay

Optimal conditions for the radioimmunoassay of apoA-
IV were found when Tween 20 (0.35%) was added to the
cocktail. Up to 92% of radioiodinated apoA-IV could be
immunoprecipitated by an excess of anti-apoA-IV anti-
body. Nonspecific binding, determined in a competitive
assay with radioiodinated apoA-IV and saturating amounts
of cold pure apoA-1V, was less than 7%.

ApoA-1, apo(LDL)B, apoE, and apoC-III were unable
to compete with radioiodinated apoA-IV in the apoA-IV
radioimmunoassay. The displacement curve of radio-
iodinated apoA-IV resulting from increasing amounts of
cold pure apoA-1V is shown in Fig. 2. The assay was sen-
sitive up to 5 ng and the usable portion of the displace-
ment curve was within the 5-to-50 ng range. The results
of the displacement experiments of the tracer using serial
dilution of normolipidemic plasma (Chol = 203 mg/dl;
TG = 105), hypertriglyceridemic plasma (Chol = 323;
TG = 732), hypertriglyceridemic VLDL, and the 1.210
g/dl ultracentrifuge bottom from normolipidemic plasma
are, shown in Fig. 3. In these assays, the apoA-IV
secondary standards displaced radioiodinated apoA-IV
indistinguishably from purified apoA-IV and gave logit-
log curves virtually superimposable to those of the
primary standard. These results showed that, under the
conditions chosen for the assay, the expression of the

apoA-IV epitope in the different lipoprotein and plasma
fractions was independent of the dilution.

Further validation of the assay required that identical
values for the apoA-IV mass be obtainable by the radio-
immunoassay method and by an independent method.

LELER IR § . I‘lil"‘l_rr ¥ L]
2 ~
1 -
=
&
o
- 0+ .
Q
o A Apo A-IV
o C Normal plasma
1k © HIG plesma i
- & HTG VLDL
© LFF(d >1.21)
-2~ -
-3 1 I W 1 1ol adl R S |
1 5 10 50 100 500
ng of apo A-1V
Fig. 3. Human apaA-1V radioimmunoassay competitive log-logit dis-

placement curve. ApeA-IV concentration was measured in normo-
lipidemic plasma, hypertriglyceridemic plasma, VLDL isolated from
hypertriglyceridemic plasma, and the d > 1.210 g/ml ultracentrifuge
bottom of normolipidemic plasma utilizing purified apoA-IV as primary
standard. These secondary standards were then added in increasing
amounts to the radioimmunoassay cocktail and the B/Bo logit was
calculated, The linear correlation coefficient for all the sets of data is
better than 0.96.
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For this purpose, the absolute values of apoA-IV and
apoA-I were measured in ten plasma samples by radio-
immunoassay and the mass ratios were compared to
those obtained by a method based on the separation and
quantitation of plasma apoA-IV and apoA-I by gel elec-
trophoresis. For this second method, chromogenicity of
apoA-IV and apoA-I was determined by electrophoresing
known amounts of purified apoA-IV and apoA-I. The
mass ratio for the two apolipoproteins in the plasma
samples, as determined by radicimmunoassay and by
electrophoresis, was (mean + SD) 0.14 + 0.04 and 0.19
+ 0.03, respectively, with the two populations of values
being statistically equivalent.

The intraassay and interassay coefficients of variation
for the apoA-IV and apoA-I radioimmunoassays were,
respectively, 7% and 5%, and 12% and 10%.

Apolipoprotein A-IV levels and distribution in plasma

ApoA-IV concentration was determined by radio-
immunoassay in 105 plasma samples drawn from normal
subjects and subjects with different forms of hyper-
lipoproteinemia. The mean concentration of apoA-IV in
the plasma withdrawn from normal subjects was 17.2
+ 3.2 mg/dl. No statistical difference was found between
the apoA-IV levels in the normal subjects and in the
groups of subjects with type Ila, type IIb, type IV, and
type V hyperlipidemia. In a type III subject, apoA-IV
concentration was 23.4 mg/dl (see¢ Table 1). No linear
correlation could be found between the apoA-IV plasma
concentrations and the plasma cholesterol, triglyceride, or
HDL cholesterol levels.

In order to evaluate whether gross changes in the
individual lipoprotein levels affect apoA-IV distribution
in plasma, as has been reported for other apolipoproteins,
the distribution of apoA-IV in the plasma of several nor-
molipidemic and hypertriglyceridemic subjects was next
examined. The plasma was loaded on a 1.5 x 200 cm
AcA34 column and the mass of apoA-IV and apoA-I in
the eluted fractions was quantitated by specific radio-
immunoassays. This column allowed resolution into
distinct peaks of VLDL together with LDL, HDL,,

TABLE 1. Lipid and and apoA-IV plasma levels in normal and
hyperlipoproteinemic subjects

Plasma Concentration

Type (n) Chol TG HDL Chol ApoA-1V
mg/d!
Normal (30) 178 + 8° 115 + 8 38 + 3 17 + 1
I1a (6) 300 + 17 178 + 10 35 + 4 16 + 3
IIb (20) 277 + 15 340 + 33 33 £ 2 14 + 2
III (1) 332 620 15 23
IV (43) 214 + 8 478 + 39 28 + 1 17 + 1
V (5) 328 + 20 1,231 + 113 27 + 2 18 + 1
“Mean + SEM.
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Fig. 4. Distribution of apoA-IV and apoA-I in human plasma. Five ml
of plasma was subjected to molecular sieve chromatography on an
AcA34 column (1.5 x 200). The eluted fractions were monitored for
their content in apoA-IV and apoA-I by specific radioimmunoassays.
Panel A, normolipidemic plasma (Chol, 186 mg/dl; TG, 98; apoA-IV,
15.3); panel B, type V hypertriglyceridemic plasma (Chol, 361; TG,
1,460; apoA-1V, 16.8); and panel C, type III hypertriglyceridemic plasma
(Chol. 332; TG, 620; apoA-1V, 23.4).

HDL;, as well as a distinct peak containing the bulk
of the plasma protein. This last plasma fraction (LFF)
contained most of the plasma apoA-IV (more than
70%). The remaining apoA-IV eluted in the HDL
region, and the peak had an elution volume slightly but
consistently larger than that of apoA-I in HDL;. The elu-
tion pattern was similar in all the normolipidemic and
hypertriglyceridemic plasma samples analyzed. The frac-
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tion of apoA-IV associated to the triglyceride-rich lipo-
proteins never exceeded 8% of the total plasma mass,
even in a grossly hypertriglyceridemic plasma sample (see
Fig. 4).

Apolipoprotein A-IV metabolism in plasma

The compartmentalization of apoA-IV in plasma
among the lipoprotein fractions and the LFF was investi-
gated through in vivo turnover studies. In the first sets of
experiments, '*I-labeled apoA-IV was injected as a free
protein into three normal volunteers. Before injection, the
tracer was tested for the ability to behave in plasma as
native apoA-IV. For this purpose, '*’I-labeled apoA-IV
(2-4 pg) was added to 5 ml of plasma freshly drawn from
a normolipidemic subject. The plasma contained 0.01%
of DTNB to inhibit the cholesterol esterification reaction.
The mixture was immediately applied to a 1.5 x 200 cm
AcA34 column and the radioactivity and the apoA-IV
mass in the eluate were quantitated. The column elution
profiles show that apoA-IV specific activity (the ratio of
12%].]abeled apoA-IV radioactivity to the A-IV mass) was
similar in the lipoproteins as well as in the LFF (Fig. 5).
Longer periods of incubation (up to 60 min) prior to gel
filtration did not substantially modify these protein and
radioactivity distributions.

The radiotracers were injected in the morning into sub-
jects after an overnight fast. After 10 min the first plasma
sample was withdrawn, followed by plasma withdrawals at
3,.6, and 9 hr postinjection and then daily in the fasting
state up to the sixth day of the study. The disappearance
curves of the '*I-labeled apoA-IV-associated radioactivity

from plasma for the three subjects studied are shown in
Fig. 6. In these subjects, the mean residence time for
apoA-IV in plasma was 0.64 + 0.01 days (mean + SE)
and the degradation rate was 8.69 + 0.23 mg/kg - day.
The observed kinetic parameters of apoA-IV in the three
subjects together with the relevant plasma lipid levels are
tabulated in Table 2. During the course of this same ex-
periment, **I-labeled apoA-IV radioactivity distribution
was analyzed in plasma at different times after the injec-
tion (see Fig. 7). A sufficient number of columns were run
simultaneously to allow rapid processing of the plasma
samples as soon as 20 min after withdrawals. Ten minutes
after the injection, most of the radioactivity in plasma was
recovered in the LFF peak and approximately 33% was
associated to HDL.. At the subsequent times, an increasing
proportion of the radioactivity remaining in plasma was
recovered with HDL. At 24 hr, more than 60% of the
plasma radioactivity was associated to HDL and only
28% with the LFF.

Two possible mechanisms were considered as explana-
tions of the progressive increase of '*’I-labeled apoA-IV in
HDL with time. First, there could be a net transfer of apoA-
1V in the direction of LFF to HDL or, second, apoA-IV
could have different turnover rates in HDL and LFF. In
order to distinguish between these two possibilities and to
establish the metabolic relationship between the plasma
pools of apaA-IV in the triglyceride-rich lipoproteins, HDL,
and the LFF, a new series of in vivo turnover studies was
carried out. Radioiodinated !?°I-labeled apoA-IV or '*'I-
labeled apoA-1V (2-4 pg) was added to the recipient’s own
plasma collected under sterile conditions after a fatty meal,

40 T T T T T T
> VLDL +IDL HDL3
- r 1 L) Ll
< I ﬁI [ _=
§-§ 30} " HDL, HSA —
32
£ § A apo A-IV
=8
® 8
5 [+
3%
g 8
£
g
@
o

Fraction Number

Fig. 5.

Distribution of apoA-IV and radioiodinated apoA-IV in human plasma. A trace amount of !**I-labeled

apoA-IV (approximately 700,000 cpm) was added to 5 ml of freshly drawn normolipidemic plasma containing 0.01%
DTNB, and the mixture was loaded immediately afterwards over an AcA34 column (1.5 x 200 cm) for the plasma
fractionation. ApoA-IV mass on the eluate was measured by a specific radioimmunoassay. HSA, human serum

albumin.
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Fig. 6. Decay of the radioactivity in the plasma of three normolipidemic subjects after injection of 1] labeled apoA-IV or *!I-labeled apoA-IV.
Radioiodinated apoA-IV (5 to 10 uCi) was injected as free protein into three normolipidemic volunteers. Plasma samples were collected 10 min and
3, 6, and 9 hr after the injection and thereafter in the mornings for 5 additional days. The fractions of the activity at 10 min are plotted.

and the sample (2 ml) was immediately chromatographed
onalb x 50 cm AcA34 column. Fractions of the column
eluate were selected to correspond to the peaks of the
triglyceride-rich lipoproteins, HDL, and LFF. In vitro in-
cubation (at 37°C for 60 min in the presence of 0.01%
DTNB) of these fractions with plasma revealed that radio-
activity could be transferred from the triglyceride-rich
lipoproteins to the HDL and LFF fractions. On the con-
trary, when radioiodinated apoA-IV-labeled HDL were
incubated, virtually all of the radioactivity remained
within this fraction only. The same occurred when labeled
LFF was incubated. It was however noted that, when the
LFF was stored at 4°C for more than 72 hr, subsequent
incubation of this fraction with plasma resulted in a trans-
fer of radioactivity, more evidently in the HDL not
matched by a corresponding transfer of mass. For these
reasons radioiodinated apoA-IV-labeled fractions were
immediately sterilized after isolation and utilized for the

turnover studies within 16 hr. The three volunteers for this
study received, respectively, '*°I-labeled apoA-IV triglyc-
eride-rich lipoproteins at the same time as !*'I-labeled
apoA-IV HDL or '#I-labeled apoA-IV triglyceride-rich
lipoproteins together with !3!I-labeled apoA-IV LFF or
125].]abeled apoA-IV LFF together with !*'I-labeled
apoA-IV HDL (see Table 3). Plasma samples were ob-
tained at 10 min and at 3, 6, and 9 hr postinjection and
thereafter daily in the morning for 3 more days. The
plasma was counted for the radioactivity and a portion (5
ml) was quickly chromatographed through the 1.5 x 100
cm AcA34 columns. When radiolabeled apoA-IV associ-
ated to the triglyceride-rich lipoproteins was injected, an
almost complete transfer of the radioactivity to HDL and
LFF was evident at 10 min after the injection. Approxi-
mately 53% of the counts in plasma could be recovered
with LFF and 37% with HDL (Fig. 8). At 3 hr after injec-
tion, most of the plasma radioactivity could again be re-

TABLE 2. Human apolipoprotein A-IV: metabolic parameters in plasma (I)

Plasma Concentration ApoA-1IV

Residence Degradation

Subject Sex Age Height Weight Chol HDL Chol  ApoA-IV Time Rate

cm kg mg/dl d mg/kg - d

A M 25 173 67 186 + 7° 82 + 5 31 + 2 143 t 3.1 0.62 8.65

B M 26 181 70 175 + 5 86 +3 37 + 4 16.0 + 1.2 0.65 9.03

C M 28 176 70 201 + 4 90 + 4 36 +3 144 + 1.4 0.64 8.40
Mean + SD 0.64 + 0.02 8.69 1 0.32

‘Mean + SD from 11 independent determinations performed on plasma samples collected at admission and at

the selected time point during the turnover study.
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Fig. 7. Distribution of the radioactivity in plasma after injection of
radioiodinated apoA-IV as free protein. After the injection of radio-
iodinated apoA-IV, plasma was sampled at different times and subjected
(5 ml) to molecular sieve chromatography on an AcA34 column
(1.5 x 100 cm) for the determination of the radioactivity distribution
among the triglyceride-rich lipoproteins, HDL, and the lipoprotein-free
plasma fraction. The elution curves are those obtained for the turnover
study in subject A. Distributions for the other two subjects are similar.

covered with HDI. and LFF; however, the proportion
associated with HDL had increased.

Ten minutes after the HDL fraction had been injected,
virtually all of the plasma radioactivity could be recovered
in the HDL peak. At all of the subsequent withdrawal
times up to 72 hr no transfer of the radioactivity to the
other apoA-IV plasma pools could be detected and more
than 90% of the radioactivity remaining in plasma was
associated with HDL (Fig. 9). In this metabolic situation,

the decay in plasma of the radioactivity actually repre-
sented exclusively the disappearance of the radioactivity
from the pool of apoA-IV in HDL alone. Thus the kinetic
parameters of apoA-IV in HDL could be calculated from
the plasma radioactivity disappearance curve (Table 3).
The residence time of apoA-IV associated to HDL in
plasma determined in two subjects was 1.61 days and the
apoA-IV degradation rate through the HDL pool was
0.86 mg/kg-day assuming that 25% of apoA-IV in
plasma was in this fraction at all the times.

After injection of radioiodinated apoA-IV-labeled LFF,
virtually all of the plasma radioactivity was recovered
within the chromatographic region of the injected fraction
(see Fig. 10) at all of the times from 10 min to 72 hr.
These results were similar to those for the experiments
with apoA-IV associated with HDL. Thus the kinetic
parameters of apoA-IV in LFF could be calculated from
the plasma radioactivity disappearance curves (Fig. 11
and Table 3). The residence time and the degradation rate
were, respectively, 0.35 days and 7.67 mg/kg-day as a
mean in the two subjects studied.

DISCUSSION

An increasing body of evidence suggests that apoA-IV
may have specific functions in the lipid transport and in
the metabolism of the lipoproteins in plasma. The content
of apoA-IV in the lipoproteins from human lymph rises
during fat absorption and the postprandial levels of apoA-
IV in plasma are increased (13, 14, 38). Similarly, in rats,
a single fatty meal elevates apoA-IV plasma levels above
the prefeeding values and produces detectable changes in
the relative distribution of apoA-IV among HDL and the
lipoprotein-free plasma fraction (15). Green et al. (14)
have found low apoA-IV plasma levels in subjects with
abetalipoproteinemia, a finding consistent with the idea
that impaired intestinal chylomicron formation affects
apoA-IV lymph transport. Other in vitro studies with rat
plasma suggest that apoA-IV in the HDL and LFF pools
is in a dynamic state and that mass transfer of apoA-IV
from LFF to HDL is linked to cholesterol esterification
(21, 22). While this series of observations implicates apoA-
IV in intestinal lipid absorption, in lipoprotein formation,
and in the metabolism of plasma cholesteryl esters, several
aspects of the kinetic behavior of apoA-IV remain obscure.
In particular, there is incomplete knowledge of the distribu-
tion of apoA-IV in plasma, whether or not such compart-
mentalization reflects metabolic heterogeneity and, ulti-
mately, whether it is related to specific functions of
apoA-IV.

The plasma distribution of apoA-IV in humans is nota-
bly different from that of the other apolipoproteins in that
most of the circulating apoA-IV is not associated to any
of the major lipoprotein classes. Several authors (4, 14, 21,
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TABLE 3. Human apolipoprotein A-IV: metabolic parameters in plasma (II)

Plasma Concentration ApoA-IV HDL ApoA-IV LFF
Residence Degradation Residence Degradation
Subject Sex Age Height Weight Injected Tracers Chol TG  HDL Chol ApoA-IV Time’ Rate Time Rate
cm kg mg/dl d mg/kg- d d mg/kg- d
D M 25 170 68 I-A-IV TRL/''I-A-IV HDL® 175 + 6 81 + 5 38 + 2 14.3 + 2.0 1.73 0.77
E M 27 169 72 ‘'PLA-IVLFF/"™I-A-IVHDL 183 + 5 104 + 6 45 + 2 146 + 2.3 1.48 0.95 0.53 7.70
F M 32 180 75 '®I-A-IVTRL/M'I-A-IVLFF 166 + 5 115 + 4 42 + 3 162 + 1.4 0.57 7.64

Mean

1.61 0.86 0.55 7.67

*TRL, triglyceride-rich lipoproteins; HDL, high density lipoproteins; LFF, lipoprotein-free fractions.
*Mean + SD from nine independent determinations performed on plasma samples collected at admission and at the selected time points during

the turnover study.

‘Due to the rapid transfer of the radioactivity from the triglyceride-rich lipoproteins to HDL and LFF, the metabolic parameters for '**I-apoA-IV

TRL could not be calculated.

38) have pointed out that apoA-IV distribution in plasma
can be grossly altered by ultracentrifugation. In fact, a
significantly higher proportion of apoA-IV is recovered
associated with HDL when the plasma is fractionated by
a less disruptive procedure, such as column chromatogra-
phy. The latter procedure was utilized throughout our
study. A column was selected that allowed discrimination
of the HDL into HDL, and HDL; subfractions. More-
over, the plasma fraction free of lipoproteins eluted from
the chromatographic column as a single peak well sepa-
rated from those containing lipoproteins. With this column
technique, only 1 to 5% of apoA-IV was found associated
to the triglyceride-rich lipoprotein fraction in the normo-
lipidemic fasting plasma. Approximately one-fifth of the
plasma apoA-IV eluted together with the HDL. Within
the HDL fraction, the lipoprotein peak containing apoA-1V
had a retention volume higher than that of the apoA-I in
HDL;, which suggests that apoA-IV is associated in
plasma to HDL of small size. It is believed that these
HDL particles also contain apoA-I, apoA-II, and the
C peptides in addition to apoA-IV and that they might
have an intracellular origin, being characterized by a high
ratio of saturated to unsaturated cholesteryl ester (38, 39).
The majority (80%) of apoA-IV eluted from the column
together with the bulk of the plasma proteins. Otha,
Fidge, and Nestel (39) have used an affinity chromatogra-
phy column complexed with anti-apoA-IV to isolate from
the lipoprotein-free plasma fraction a lipoprotein complex
containing apoA-IV, apoA-I, a peptide with a molecular
weight of 59,000, and lipids.

Others have measured the plasma concentration of
apoA-IV by immunoelectrophoresis (3, 4, 14, 24) and the
results are similar to those obtained with our radio-
immunoassay method. These concentrations, however,
are lower than those reported by Bisgaier et al. (38), who
also have utilized a radioimmunoassay method. The dis-
crepancy likely reflects differences in methodology. In our
study, the absolute value of the apoA-IV concentrations
has been validated by a thoroughly independent method

822 Journal of Lipid Research Volume 27, 1986

based on gel electrophoresis and the measurement of the
apoA-IV-to-apoA-I mass ratio in different plasma samples.
In order to assess a possible relationship between apoA-IV
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Fig. 8. Plasma radioactivity distribution after the injection of radio-
iodinated apoA-IV associated to triglyceride-rich lipoproteins. Radio-
iodinated apoA-IV was incubated with the recipient subject’s own
plasma collected after a fatty meal, and the mixture was subjected to
molecular sieve chromatography (see the Methods section). The
triglyceride-rich lipoprotein fraction that eluted from this column was
then utilized for the turnover study. Plasma samples were obtained at
different times after the injection and chromatographed over an AcA34
column for determination of the radioactivity distribution in plasma.
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Fig. 9. Plasma radioactivity distribution after the injection of radio-
iodinated apoA-IV associated to HDL. Radioiodinated apoA-IV was in-
cubated with the recipient subject’s own plasma and radiolabeled HDL
recovered by molecular sieve chromatography. The plasma samples ob-
tained at different times after the injection of radiolabeled HDL were
then chromatographed over an AcA34 column for determination of the
radioactivity distribution in plasma.

plasma concentrations and the levels of the various lipo-
proteins in plasma, apoA-IV was measured in a number
of normal and dyslipoproteinemic plasma samples. Ab-
normal concentrations have been reported for virtually all
the other human apolipoproteins in the different hyper-
lipoproteinemic states (40). A previous study by Utermann
and Beisiegel (4) showed that apoA-IV levels are virtually
identical in normolipidemic and hypertriglyceridemic

subjects. In this study, apoA-IV levels were also normal in
subjects with hypercholesterolemia. Moreover, apoA-IV
distribution did not appear to be correlated with the
degree of hyperlipidemia. This might simply reflect the
fact that the majority of apoA-IV is not associated to the
lipoproteins in plasma.

The results from the turnover experiments indicate that
apoA-IV is among the apolipoproteins with the highest
turnover rate; the fractional catabolic rate is, in fact, 1.56
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Fig. 10. Plasma radioactivity distribution after injection of radio-
iodinated apoA-IV carried in the lipoprotein-free plasma fraction (LFF).
Radioiodinated apoA-IV was incubated with the recipient subject’s own
plasma and the mixture was subjected to molecular sieve chromatogra-
phy to separate radiolabeled LFF. The plasma samples obtained at
different times after the injection of the tracer were then chro-
matographed over an AcA34 column for determination of the radio-
activity distribution in plasma.
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Fig. 11. Plasma radioactivity decay curves generated by the injection
of radioiodinated apoA-IV free or associated to the triglyceride-rich
lipoproteins, the HDL, or the lipoprotein-free plasma fraction (LFF).
Radioiodinated (RI) apoA-IV was incubated with the recipient subject’s
own plasma and the mixture was subjected to molecular sieve chro-
matography over an AcA34 column (1.5 x 50 cm). The eluted
triglyceride-rich lipoprotein, HDL, and lipoprotein-free plasma frac-
tions were then utilized for the turnover studies whose radioactivity
distribution results are shown in Figs. 9, 10, and 11. Since radioiodinated
apoA-1V injected associated to HDL or LFF did not transfer to another
apoA-IV pool while in circulation, the generated plasma radioactivity
decay curves actually monitored the disappearance rate of apoA-1V in
HDL and LFF, allowing calculation of the apolipoprotein catabolic rates
in these two pools. Due to the rapid transfer of triglyceride-rich
lipoprotein radioiodinated apoA-IV to HDL and LFF soon after injec-
tion, the decay curve denoted TG-Rich-RI-apoA-IV simply illustrates
the decay in plasma of the radioactivity originally associated to the in-
jected triglyceride-rich lipoprotein. It should be regarded as a composite
of the decay curves of the radioiodinated apoA-IV in HDL and LFF. The
decay curve for free apoA-IV shown in this figure is the mean of the
curves of Fig. 6 (see also Table 2). The curves for apoA-IV associated to
lipoproteins are the mean of the values from two subjects (see Table 3).

pools per day. Similar results have been reported by others
(41). In order to meet such a catabolic demand, apoA-IV
must be synthesized at the remarkable rate of more than 8
mg/kg - day.? This approaches the rate of synthesis of
apoA-I, which is one of the most abundant plasma

In two hypertriglyceridemic subjects (TG > 700 mg/d!), the apoA-
IV residence time and degradation rate were 0.85 and 0.96 days, and
6.42 and 7.00 mg/kg - day, respectively.
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apolipoproteins (28, 32). The same studies support the
view that apoA-IV is metabolically compartmentalized in
plasma among three major pools, i.e., the triglyceride-rich
lipoprotein, the HDL, and the LFF pools. Subsequent to
the injection of the triglyceride-rich lipoproteins labeled
with radioiodinated apoA-1V, radioactivity rapidly trans-
ferred from this fraction to HDL and LFF. This behavior
lends support to the idea that the HDL and LFF apoA-IV
pools are maintained, at least in part, by an influx from
the plasma triglyceride-rich lipoproteins. Extrapolation of
this catabolic model to apoA-IV carried by lymph chylo-
microns entering the vascular space, however, may not be
warranted as apoA-I, with which apoA-IV shares many
structural similarities (2), is transferred directly from the
chylomicrons to HDL (42-44). When radioiodinated
apoA-IV-labeled HDL and LFF were injected, on the other
hand, no exchange of radioactivity between the different
plasma pools could be detected. The behavior of apoA-IV
in LFF appears noteworthy. If apoA-IV in this fraction is,
in fact, a free protein, a redistribution of the radioactivity
among the different apoA-IV pools would be expected after
the injection of radioiodinated apoA-IV-labeled LFF as
occurred when radioiodinated apoA-IV was injected as a
free protein (see Figs. 8 and 11). The lack of this redistri-
bution suggests that apoA-IV in LFF does not behave as
a free protein. Indeed, complexes of apoA-IV with
cholesterol and phospholipid have been isolated from the
LFF of humans (35) and rats (45). Association of apoA-IV
with lipids may be a constraint for free movement.
Dimers of apoA-IV have also been identified in plasma
(46) and may affect apoA-IV distribution. However, their
relative concentration may be low and dimerization per se
may not preclude the formation of apoA-IV-lipid com-
plexes, reassessing the lipid association as a potential
major constraining factor. LFF-apoA-IV may be of
directly synthesized (8). Alternatively, some of the excess
lipids that form at the surface of chylomicrons and
triglyceride-rich lipoproteins when these are acted upon
by lipoprotein lipase may be specifically removed together
with apoA-IV and transferred to the LFF for final
catabolism (39, 44, 47, 48). ApoA-IV-rich lipoproteins
have been observed in the plasma of subjects with heredi-
tary apoE deficiency (23) or chronic renal failure (24) and
have the characteristics of chylomicron remnants suggest-
ing that apoA-IV may be implicated in the catabolism of
the intestinal triglyceride-rich lipoproteins.

In additional support to the idea that apoA-IV is meta-
bolically compartmentalized in plasma is the finding that
the residence times of apoA-IV in LFF and in HDL are
different (0.55 days vs. 1.61 days, respectively). Transfer of
apoA-IV from LFF to HDL has been observed during
in vitro incubation of human and rat plasma; it appears
to be linked to the cholesterol esterification reaction (21,
22). The question arises whether this pathway is also
operative in vivo. We have observed that in freshly drawn
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human plasma the mass transfer of apoA-IV in the direc-
tion of LFF to HDL occurs in vitro at a noticeably lower
rate than that reported in the rat (data not shown).
Clearly there may be species differences accounting for
this result. In the rat, in contrast to humans, a greater
portion of apoA-IV is found in the HDL than in the LFF
(22). The results from the in vitro incubation studies,
however, may be confusing, since that system is dynam-
ically closed and allows the progressive build-up of
cholesteryl ester-rich lipoproteins which are usually
rapidly cleared in vivo and for which apoA-IV may have
a high affinity.? If in vivo LFF apoA-IV was actually con-
verted into HDL apoA-1IV, it should have resulted in an
accumulation of radiolabeled apoA-IV in HDL because,
in this pool, apoA-IV has a slower turnover rate. Since
this was not seen, the fact that apoA-IV in HDL and in
LFF have different turnover rates rather suggests that the
HDL and LFF apoA-IV pools have different catabolic
fates. Perhaps the HDL and LFF apoA-IV pools have dis-
tinct metabolic functions and this is responsible for their
different catabolism.

In a recent report, Otha, Fidge, and Nestel (41) ob-
served specific activity of apoA-IV in HDL up to 30 times
higher than that in LFF after injection of radioiodinated
apoA-IV. These results are said by these authors to mimic
the behavior of radioiodinated apoA-IV in vitro. Similar
findings, however, could not be obtained in our laboratory.
As illustrated in Fig. 7, the distribution of the radio-
activity in vivo at 10 min after the injection was similar
to that predicted by the distribution of the mass of apoA-
IV. Similar results could be obtained in vitro. The reason
for the discrepancies between our results and those ob-
tained by Otha et al. (41) may depend in part upon differ-
ences in the methods utilized for apoA-IV isolation and
radioiodination. In addition, in our study, apoA-IV distri-
bution in plasma was determined by molecular sieve chro-
matography while ultracentrifugation was used by Otha
et al. (41). As discussed previously, apoA-IV distribution
is plasma may be grossly affected during the ultracentrifu-
gation procedure, and radioiodinated apoA-IV may have
sheared from HDL at a different rate than native apoA-
IV, vyielding erroneous measurements of the specific
activity. Finally, different subject populations were
studied.

The high rate of turnover of apoA-IV may reveal other
major functions of this apolipoprotein. The residence time
of apoA-IV in HDL, even if it is longer than that of apoA-
IV in LFF, is, in fact, much shorter than that of apoA-I
(approximately 4.5 days) which is the major apolipopro-

*Preliminary results suggest that the differences between rat and
human in the magnitude of the HDL. apoA-IV pool, and in the rate of
mass transfer of apoA-IV from LFF to HDL observed in vitro, may be
accounted for by the absence in rat plasma of the cholesteryl ester
transfer system.

tein in HDL (28, 32, 49). If apoA-IV and apoA-I in
human plasma reside on the same lipoprotein particle as
the compositional studies of Otha, Fidge, and Nestel (39)
suggest, then it may occur that HDL lipids, or a selected
portion of these lipids, are directly catabolized together
with apoA-IV without the whole HDL particle being ir-
reversibly degraded. It has been reported (50) that in
the rat the uptake of HDL cholesteryl ester by the liver,
adrenal, and gonads is dissociated from that of apoA-I.
HDL are extremely dynamic lipoproteins (49). Lipids
derived from the breakdown of lipoproteins with lower
density or from the peripheral tissues are quickly accom-
modated with changes in composition, size, and hydrated
density (44, 47, 48, 51-54). Cholesteryl ester is formed on
HDL and transferred to lipoproteins of lower density
(55). ApoA-1V may function in a catabolic system bypass-
ing complete HDL destruction and allowing excess lipids
to leave HDL and the lipoprotein to recirculate. Further
studies are necessary, however, to assess the full validity of
this hypothesis.

In conclusion, the data presented provide evidence that
apoA-IV is metabolically compartmentalized in plasma
into three distinct pools. ApoA-IV in the triglyceride-rich
lipoprotein pool is transferred to the HDL and LFF apoA-
IV pools. In HDL, apoA-IV is carried by lipoprotein
particles smaller than typical HDLj3. On this lipoprotein
particle, the catabolism of apoA-IV appears dissociated
from that of apoA-I. The kinetic behavior of apoA-IV cir-
culating in the LFF suggests that in this plasma fraction
apoA-IV is not a free protein but rather is lipid-associated
or is in a different physical conformation. The fate of
apoA-IV in HDL and LFF appears to be that of final
catabolism, since no transfer of radioactivity could be .de-
tected between these pools and the other apoA-IV plasma
pools during in vivo turnover studies. The facts that
apoA-IV has a rapid plasma catabolism and that its resi-
dence times in HDL and LFF are different may be due
to a specific catabolic processing of apoA-IV at some level.
This process may discriminate between HDL and LFF
apoA-IV. i

We are indebted to Dr. Sarada Prasad for the generous help
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Ms. Sandy White and her staff for the nursing care provided to
the volunteers while at the General Clinical Research Center of
the Methodist Hospital.
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