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Abstract Previously we have reported on a kindred with
hypobetalipoproteinemia in which three sisters were found to be
compound heterozygotes for two newly described truncated forms
of apoB, apoB-40 and apoB-89. ApoB-83-containing low densi-
ty lipoproteins (LDL) bound with increased affinity to cultured
normal human fibroblasts and were internalized and degraded
at increased rates, suggesting that the low plasma concentrations
of apoB-89-LDL of the patients could be due to enhanced rates
of clearance through LDI-receptors. To examine this hypothe-
sis, apoB-89-LDL was isolated from the three study subjects and
apoB-100-LDL from two control subjects. LDL was conjugated
to the radioiodinated residualizing label, dilactitol tyramine (*1-
DLT, containing either '**I or *'I). *I-DLT-apoB-89-LDL and
*1-DLT-apoB-100-LDL were simultaneously injected into ear veins
of rabbits. The clearance from plasma and hepatic accumula-
tions of both radiolabeled LDL fractions were followed over 24
h. Fractional catabolic rates (FCR) of apoB-89-LDL were
0.105 + 0.012 h™* compared to 0.054 + 0.007 h™' for apoB-100
-LDL. In agreement with the enhanced clearance from plasma,
1.72 to 1.87 times more *I-DLT-apoB-83-LDL than *I-DLT
apoB-100-LDL accumulated in the livers 24 h after injection. There
was no significant difference in splenic accumulation, suggest-
ing that LDL-receptors rather than scavenger receptors mediat-
ed the enhanced clearance of apoB-89-LDL. To assess further
the importance of LDL-receptors, *I-DLT-apoB-89-LDL and *I-
DLT-apoB-100-LDL were reductively methylated to inhibit their
interactions with LDL-receptors. Reductive methylation resulted
in a marked decrease in FCRs for both LDL preparations
(apoB-89-LDL: 0.028 h™' vs. 0.105 h™ ! unmodified; apoB-100-
LDL: 0.023 h™! vs 0.054 h™! unmodified) and almost eliminated
the difference in the FCR between apoB-89-LDL and apoB-100-
LDL. The injection of *1-DLT-apoB-89-LDL and *I-DLT-
apoB-100-LDL into a WHHL rabbit yielded similar results
(apoB-89-LDL: 0.043 h™'; apoB-100-LDL: 0.032 h™!).'B@ These
data suggest that deletion of 11% of the carboxyterminal of
apoB-100 resulted in enhanced plasma clearance of apoB-89-LDL
by liver primarily mediated by LDL-receptors. This may contrib-
ute to their low concentrations in plasma.—Parhofer, K. G., A.
Daugherty, M. Kinoshita, and G. Schonfeld. Enhanced clear-
ance from plasma of low density lipoproteins containing a trun-
cated apolipoprotein, apoB-89. J. Lipid Res. 1990. 31: 2001-2007.
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The mechanisms responsible for the reduced concentrations
or absence of apolipoprotein B (apoB)-containing lipoproteins
observed in plasmas of hypobetalipoproteinemic subjects
have not been defined. Potential mechanisms include a
diminished ability to synthesize and/or secrete apoB from
intestinal and hepatic tissue. In addition, this state may
be a consequence of enhanced clearance of apoB-containing
lipoproteins from plasma (1-4).

We have reported recently on a kindred with
hypobetalipoproteinemia (5). In this kindred three com-
pound heterozygous sisters were identified with fasting plasma
concentrations of low density lipoprotein (LDL)-cholesterol
and apoB that were < 5 percentile for their sex, age, and
race. The apoB in the plasmas of the three sisters was not
the normal apoB-100. Instead, low concentrations of two
truncated forms of apoB were present, which were desig-
nated as apoB-40 and apoB-89 based on the percentile system
(5). Heterozygotes for apoB-100/apoB-89 and apoB-100/apoB-40
also were found in this kindred. The genetic defects responsible
for both apoB-89 and apoB-40 variants appeared to be the
presence of premature stop codons (6). LDL isolated by
ultracentrifugation at a density of 1.019 - 1.063 g/ml from
these sisters contained ~ 95% apoB-89, < 5% apoB-40,
and no detectable apoE. The high density lipoprotein (HDL)
fraction (1.063-1.21 g/ml) contained most of the small amounts
of apoB-40 present in plasma in addition to the usual
apoproteins associated with this fraction (apoproteins A-
I, A-I1, E, and the Cs) (5). ApoB-89-containing LDL were
smaller than most normal LDL and were bound and processed

Abbreviations: apoB, apolipoprotein B; LDL, low density lipoprotein;
HDL, high density lipoprotein; DLT, dilactitol tyramine; GGE, gradient
gel electrophoresis; FCR, fractional catabolic rate; NZW, New Zealand
White; WHHL, Watanabe Heritable Hyperlipidemic; *I-DLT, DLT la-
beled with either '**I or **'I.
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by normal fibroblasts in culture with greater affinity than
apoB-100-containing LDL isolated either from normal subjects
or from patients with hypobetalipoproteinemia born into
other, unrelated kindreds, whose LDL contained only apoB-100
(5). Based on these results, we hypothesized that the low
plasma concentrations of apoB-89-LDL were due to
apoB-89-containing LDL being cleared more rapidly than
apoB-100-containing LDL (5, 6). To test the hypothesis,
LDL were 1solated from all three compound heterozygous
sisters (apoB-89 and apoB-40) and two control subjects
(apoB-100). Metabolism of these LDL preparations was de-
termined in vivo following conjugation to the residualiz-
ing protein label, dilactitol tyramine, radiolabeled with either
1 or ¥'I (*I-DLT). LDL preparations were simultane-
ously injected into marginal ear veins of New Zealand White
(NZW) rabbits. Clearance from plasma of *I-DL.I'apoB-89-LDL
and *I-DIT-apoB-100-LDL and extent of accumulation within
hepatic tissue and the spleen were determined. To estab-
lish whether the different clearance rate of apoB-89-LDL
is mediated via LDL-receptors, experiments were performed
using reductively methylated LDL particles that are known
to interact poorly, if at all, with LDL-receptors (7). Fur-
thermore, the clearance rates of apoB-89-LDL and
apoB-100-LDL were studied in 2 Watanabe Heritable Hyper-
lipidemic (WHHL) rabbit, an animal totally deficient in
functional LDL-receptors (8).

MATERIALS AND METHODS

Materials

NZW rabbits (1.68-2.49 kg body weight) were obtained
from Boswell Rabbit Farm (Pacific, MO) and maintained
on standard laboratory diet (Ralston Purina, St. Louis, MO).
The WHHL rabbit (3.42 kg body weight) was derived from
a stock supplied by Dr. J. L. Goldstein, (Dallas, TX). Na'®I
and Na '"'I (carrier free) were obtained from Amersham
Radiochemical Center, (Arlington Heights, IL).

Preparation of lipoproteins

Blood from fasted patients (subjects, Nos. 1-3 in Fig.
1 of reference 5) and two normolipidemic control donors
were drawn into tubes containing EDTA (1.0 mg/ml). Af-
ter separating plasma from blood cells by centrifugation,
D-Phe-L-Phe-L-Arg chloromethylketone (20 uM; PPACK)
and D-Phe-L-Pro-L-Arg chloromethylketone (20 uM; Pierce
Chemical Co., Rockford, IL) were added promptly to prevent
cleavage of apoB by kallikrein or thrombin, respectively
(9). Control LDL (apoB-100-LDL) and patients’ LDL
(apoB-89-LDL) were isolated from plasma by sequential
ultracentrifugation between the densities of 1.019 and 1.063
g/ml. LDL preparations were dialyzed at 4°C against
phosphate-buffered saline (pH 7.4). The sizes of donor
lipoproteins were evaluated by subjecting the plasmas of
the donors to nondenaturing gradient gel electrophoresis
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(GGE) in 2-20% (w/v) gels, followed by transferring the
protein to nitrocellulose and immunoblotting (10) with an
anti-apoB monoclonal antibody directed against an NH,
terminal epitope of apoB-100 (5, 11).

Radioiodination of lipoproteins

ApoB-89-LDL and apoB-100-LDL were radiolabeled with
$'I-DLT or '**1-DLT, respectively, by reductive amination
as described previously (12, 13). To evaluate isotope-specific
effects, apoB-89-LDL. was radiolabeled with **I-DLT and
apoB-100-LDL with "'I-DLT in two animals receiving LDL
from subject #1. After conjugation, the radiolabeled LDL
particles were separated from free *I-DLT by gel filtration
using QUIK-SEP (Isolab; Akron, Ohio) and dialyzed overnight
against EDTA /saline. The specific radioactivities of *I-DLT
apoB-89-LDL and *I-DLT-apoB-100-LDL were between 58
cpm/ng and 505 cpm/ng protein.

Reductive methylation of lipoproteins

*I-DLY-apoB-89-LDL and *I-DLT-apoB-100-LDL were
modified by reductive methylation of lysine residues as de-
scribed previously (7). Briefly, *I-DLT-apoB-100-LDL and
*I-DLT-apoB-89-LDL (in EDTA /saline) were diluted with
borate buffer (0.3 M, pH 9.0) to 1.5 the original volume.
Sodium borohydride (1 mg total) was added with stirring
at 4°C followed by seven aliquots of 1 4l of 37% w/v aque-
ous formaldehyde over 36 min (at time 0, and thereafter
every 6 min). After the last addition of formaldehyde the
reaction was stopped by chromatography on Sephadex G50.
Reductively methylated *I-DLT-LDL were dialyzed against
EDTA/saline at 4°C overnight.

Metabolism of lipoproteins in vivo

Mixtures of LDL preparations (84-149 ug protein) la-
beled with either **I-DLT or " I-DLT were injected simul-
taneously via a marginal ear vein of NZW rabbits or a WHHL
rabbit. The following kinetic studies were performed: 1)
“'I-DLTapoB-89-LDL and **I-DLT-apoB-100-LDL in eight
NZW rabbits (four rabbits for subject #1, four rabbits for
subject #2, two rabbits for subject #3); 2) *I-DIT:apoB-89-LDL
and *'I-DLTapoB-100-LDL in two NZW rabbits (subject
#1); 3) *'I-DLT-apoB-100-LDL and methylated **I-DLT-
apoB-100-LDL in two NZW rabbits; 4) methylated-*'I-DLT:
apoB-89-LDL and methylated-'**1-DLT-apoB-100-LDL in
two NZW rabbits; and 5) "*'I-DLT-apoB-89-LDL and '**I-
DLI-apoB-100-LDL in one WHHL rabbit.

Blood was drawn into EDTA-containing tubes at the in-
dicated times over 24 h and plasma was separated by cen-
trifugation. Radioactivity was determined in 150-ul aliquots
of whole plasma and in 10% trichloroacetic acid (TCA)-
precipitated fractions. For determination of the accumu-
lation of radioactivity in liver, animals were anesthetized
with sodium pentobarbital 24 h after injection. The ab-
dominal cavity was opened, a cannula was placed in the
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portal vein, and EDTA /saline was introduced into the portal
vein at a rate of 10 ml/min while blood was withdrawn from
the inferior vena cava. After perfusing the liver with 50
ml of EDTA /saline, livers were removed, weighed, and sam-
ples were taken for determination of radioactivity. In most
animals, the spleens were also removed, weighed, and sam-
ples were counted. Lipoprotein accumulation in tissue was
expressed as the percentage of injected dose of radiolabeled
lipoproteins that accumulated in the organs 24 h after in-
jection. Clearance curves were constructed from the TCA-
precipitable fractions of plasma radioactivity. In all radi-
oactivity determinations, the values for '*°I radioactivity
were corrected for spillover from *'I, and for the radionuclide
decay of "*'I. Fractional catabolic rates (FCR) for the radio-
labeled LDL were computed based on the two-pool model
using the RStrip program (MicroMath Scientific Software,
Salt Lake City, UT), run on a DOS-based computer. The
model selection criterion (a program-specific quality con-
trol) showed that all clearance curves could be described
best by a two-exponential equation.

As the LDL fraction of the subject also contained small
amounts of apoB-40 (<5%) there was some concern that
any differences in the clearance rate could be due to a rapidly
turning over subfraction of LDL (containing apoB-40).
Therefore, the localization of the radioactivity was assessed
in the labeled LDL preparations by SDS gradient polyacry-
lamide gel (3-10% w/v) electrophoresis (14) followed by
autoradiography.

To assess the density distributions of injected radiolabeled
LDL in plasma during 24 h of observation, aliquots of plasma
(of two rabbits) were subjected to density gradient ultracen-
trifugation in a SW 40 Ti rotor (Beckmann Instruments,
Palo Alto, CA) as described by Terpstra, Woodward, and
Sanchez-Muniz (15) at 40,000 rpm at 20 °C for 22 h. Frac-
tions (0.33-0.40 ml) were collected, and radioactivities and
densities of fractions were determined. In addition, plas-

A B C

apoB-100-LDL-— -

apoB-89-LDL-— ‘

Fig. 1. Particle diameters of LDL. Plasmas from a control subject (homozygous
for apoB-100) (lane A), subject #1 (heterozygous for apoB-89 and apoB-40)
(lane B), and her brother (heterozygous for apoB-100 and apoB-89) (lane
C) (nos. 1 and 8, respectively, of Fig. 1 in reference 5) were separated
by 2-20% (w/v) GGE. After electrophoresis, proteins were transferred to
nitrocellulose paper by the method of Lefevre, Goudey-Lefevre, and Ro-
heim (10), and the nitrocellulose paper was incubated with the monoclonal
anti-apoB, Cl.4, that recognizes amino acids near the N-terminal of apoB-100
(11). The reactive proteins were detected by incubating the nitrocellulose
paper with '**I-labeled goat anti-mouse 1gG.
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Fig. 2. Clearance curves from plasma of *I-DLT-apoB-89-LDL (trian-
gles) and *I-DLT-apoB-100-LDL (circles) in NZW rabbits. A) subject #1,
B) subject #2, C) subject #3. Points are means + SEM from four animals
for subject #1 (A) and subject #2 (B), and are means of two animals for
subject #3 (C). Solid lines are predicted values from the two-exponential
equation used to fit the data and to calculate FCRs. Concentration of
radioactivity in plasma 1 min after injection was used as the 100% value.

mas of rabbits were subjected to electrophoresis in 2-20%
(w/v) nondenaturing gradient polyacrylamide gels (GGE)
followed by drying of the gel and autoradiography.

RESULTS

Particle diameters of donor apoB-100-LDL and
apoB-89-LDL were analyzed from unfractionated plasmas
of a control subject, the compound heterozygous patient,
and her apoB-100/apoB-89 heterozygous brother, by 2-20%
w/v GGE (Fig. 1). LDL were subsequently visualized by
immunoblotting. The apoB-100-LDL of the control sub-
ject and of the apoB-100/apoB-89 heterozygote were larg-
er than apoB-89-LDL. This result confirms previous findings
obtained by gel permeation chromatography (5).

Clearance curves of *I-DLT-apoB-89-LDL and *I-DLT-
apoB-100-LDL from plasma were obtained in a total of ten
NZW rabbits each of which was injected with both radio-
labeled LDL preparations (Fig. 2). Fig. 2A-2C shows the
clearance kinetics for the different subjects (#1-#3 respec-
tively). Indicated concentrations of radioactivity represent
mean values + SEM for each time point (four animals for
subject #1 and #2, two animals for subject #3). In all ten
rabbits, *I-DLT-apoB-89-LDL was cleared more rapidly
from plasma than *I-DLT-apoB-100-LDL. The FCRs of the
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TABLE 1. Fractional catabolic rates of native and reductively methylated *I-DLT-apoB-89-LDL and
*1-DLT-apoB-100-LDL in NZW and WHHL rabbits

FCR (h™)) Ratio

Injected Recipient Rabbit  Subject n ApoB-89-LDL ApoB-100-LDL FCR-apoB-89-LDL

Lipoprotein FCR-apoB-100-LDL
LDL NzZw #1 4 0.126 + 0.030 0.069 + 0.017 1.83
LDL NZw #2 4 0.087 + 0.007 0.045 + 0.004 1.93
LDL NZw #3 2 0.099 0.048 2.06
Reductively methylated LDL NZwW #1 2 0.028 0.023 1.28
LDL WHHL #1 1 0.043 0.032 1.34

FCRs were calculated on the basis of a two-compartment model. FCR values represent means + SEM. When n < 4 no SEM was calculated.

LDL from the different study subjects are listed in Table
1. In every animal studied the ratio of FCRs of apoB-89-LDL
and of apoB-100-LDL was very consistent (1.19 + 0.08).
Accumulations in the hepatic tissue of apoB-89-LDL and
apoB-100-LDL over 24 h also were different, with apoB-89-LDL
accumulation being 1.72-1.87 times that of apoB-100-LDL
(Table 2). Only a small amount of the label (< 2%) could
be found in the spleen after 24 h, with somewhat greater
accumulation of apoB-100 particles than apoB-89 parti-
cles (Table 2). TCA precipitabilities of *I-DLT-apoB-89-LDL
and *I-DLT:apoB-100-LDL. were both 99.0% before injection,
and between 91% and 989%, for all rabbits in the plasma
samples taken at 24 h.

On density gradient ultracentrifugation, flotation rates
of the radioactivity peaks of both **I-DLT-apoB-89-LDL
and “*'I-DLT-apoB-100-LDL were similar after injection and
both remained in the LDL density range, but with increasing
time the former moved to a slightly denser fraction, while
B-DLTapoB-100-LDL moved to a slightly less dense fraction
(Fig. 3). On GGE, LDL particles remained intact (Fig. 4).

Before injection the radiolabeled LDL fractions were sub-
jected to SDS polyacrylamide gel electrophoresis and au-
toradiography to assess whether any apoB-40 was radiolabeled
in the LDL of the subject (Fig. 5). More than 99% of the
label in the LDL fraction was in the study subjects’ apoB-89
and in the control subjects’ apoB-100.

To study the effect of chemical modification of radio-
labeled LDL particles on their clearance rate from plas-
ma and their accumulation in tissues, reductively methylated

*1-DLT-apoB-100-LDL and native *I-DLT:apoB-100-LDL
were compared. Reductive methylation decreased the FCR
of apoB-100-LDL from 0.080 h™" to 0.032 h~* Correspond-
ingly, the accumulation of methylated apoB-100-LDL in
the liver was approximately 50% of the accumulation of
unmodified apoB-100-LDL (20.1% and 11.1%, respectively).
Next, the plasma kinetics and hepatic accumulation of reduc-
tively methylated-*I-DLT-apoB-89-LDL were compared to
reductively methylated-*I-DIT-apoB-100-LDL in two NZW
rabbits (Fig. 6A). Both reductively methylated LDL prepa-
rations were cleared considerably slower than native LDL.
In contrast to the native LDL, the plasma clearance ki-
netics of modified apoB-89-LDL and modified apoB-100-LDL
were very similar (Table 1). Also, both methylated prepa-
rations accumulated in the liver to the same extent (Table
2). A similar result was achieved when *I-DLT-apoB-89-LDL
and *I-DLT-apoB-100-LDL were injected into a WHHL
rabbit (Fig. 6B).

DISCUSSION

Although no formal surveys have been performed, it is
probable that most patients with hypobetalipoproteinemia
have normal sized apoB-100 molecules. However, a num-
ber of molecular defects of apoB have also been identified
in hypobetalipoproteinemia. The variant proteins range in
size from apoB-27 to apoB-89 (5, 6, 16-20). All are car-
boxyl terminal deletions of apoB-100 due to deletions of
single bases or larger pieces of genomic DNA.

TABLE 2. Accumulation of native and reductively methylated *I-DLT-apoB-89-LDL and *I-DLT-apoB-100-LDL in liver and spleen of NZW rabbits

Accumulation (% of injected dose) Ratio
Studied Tissue Injected Subject n ApoB-89-LDL ApoB-100-LDL ApoB-89-LDL
Lipoprotein ApoB-100-LDL
Liver LDL #1 4 36.5 + 13.8 211 £ 75 173
Liver LDL #2 4 159+ 15 8.5+ 1.1 1.87
Liver LDL #3 2 13.1 7.6 1.72
Liver Reductively methylated LDL # 2 10.2 10.3 0.99
Spleen LDL #1 2 1.51 1.77 0.85
Spleen LDL #3 2 0.70 0.97 0.72
Spleen Reductively methylated LDL #1 2 1.92 1.99 0.96

Values represent the precentage of the injected dose of *I-DLT-apoB-89-LDL or *I-DLT-apoB-100-LDL that accumulated in livers and spleens of
rabbits 24 h after injection. Values represent means + SEM. When n < 4 no SEM was calculated.
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Fig. 3. Distribution of radioactivity in plasma fractions separated by
density gradient ultracentrifugation. The top two panels represent the
radioactivity of *I-DLT-apoB-100-LDL and the middle panels represent
the *I-DLT-apoB-89-LDL. Plasma samples were collected at 15 min, 6
h, and 24 h from rabbit 1 (left) and at 30 min, 6 h, and 24 h from rabbit
2 (right). Bottom panels represent the density curves of three samples.

The mechanisms responsible for the reduced plasma LDL
concentrations are unknown for most hypobetalipoproteinemia
patients. ApoBs that are shorter than apoB-48 are not likely
to be cleared by LDL-receptors because apoB-48 contains
the amino terminal ~v 2200 amino acids, which do not in-
clude the LDL-receptor recognition domain (21). Thus,
chylomicron remnants that contain apoB-48 and apoE are

A B

Fig. 4. Electrophoresis of injected radiolabeled lipoproteins. Plasma samples
were drawn 6 h (lane A) and 24 h (lane B) after injection, and analyzed
by 2-20% (w/v) GGE. After electrophoresis, this gel was fixed, dried,
and autoradiographed to detect radiolabeled lipoproteins.

not cleared via LDL-receptors but rather via chylomicron
remnant receptor (22) or the LDL-receptor-like protein (23)
on hepatocytes that recognize apoE. Since LDL isolated
from compound heterozygous hypobetalipoproteinemia pa-
tients with apoB-40 and apoB-89 contain very little, if any,
apoE (5), one would expect their LDL to be cleared slow-
ly and to accumulate in plasma. The fact that they do not
suggests that production and/or secretion rates are very low.

ApoB-89 contains the LDL-receptor recognition region
and the present data demonstrate that apoB-89-LDL is cleared
more rapidly from plasma than apoB-100-LDL and that
the enhanced clearance was due to increased hepatic ac-
cumulation, mediated primarily by LDL-receptors (Fig. 2,
Tables 1 and 2). As the radioactivity in the spleen is minimal
it is probable that trapped label in the liver was present
in hepatocytes rather than in reticuloendothelial cells.

Two approaches were used to test whether LDL-receptors
mediated the enhanced clearance of apoB-89-LDL: 1) in-
jection of reductively methylated LDL; and 2) injection
of LDL into a WHHL rabbit. The former abolishes the
ability of LDL to be recognized by LDL-receptors (7, 24,
25) while in the latter, no functional LDL receptors are
present (8). An experiment was performed to confirm that
reductive methylation decreased the clearance of apoB-100-LDL
from plasma as reported by others (7, 24, 25). This process
resulted in a marked decrease of FCR and liver uptake.
The observed reduction of FCR of 60% is within the range
reported by other investigators (24, 25). The delayed clearance
from plasma of methylated apoB-89-LDL to nearly the same
extent as methylated apoB-100-LDL suggests that the more
rapid clearance of apo-B-89-LDL is mainly mediated by
LDL-receptors. Similarly, in the WHHL rabbit, the decreased
FCRs of both unmodified LDL preparations suggest that
LDL receptors are important, while the absence of selec-
tive uptake by the spleen further suggested that scavenger
receptors are not important in mediating the different metabolic
behavior.

A B C D E F

- e - T Ew

Fig. 5. Polyacrylamide gel electrophoresis (3-10%, w/v) followed by au-
toradiography of the injected material. Lane A: labeled myosin (M, 200
kDa); lane B; *I-DLT-apoB-100; lanes C and D; *I-DLT-apoB-89 (sub-
jects #2 and #3, respectively); lanes E and F: injected mixtures (*I-DLT-
apoB-100 and *I-DLT-apoB-89 from control subject and subject #2 and
subject #3, respectively). Only tracer amounts of radiolabeled apoB-40
were detectable.
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Fig. 6. A) Clearance curves from plasma of reductively methylated- *I-
DLT-apoB-89-LDL (triangles) and reductively methylated- *I-DLT-
apoB-100-LDL (circles) in two NZW rabbits. B) Clearance curves from
plasma of *I-DLT-apoB-89-LDL (triangles) and *I-DLT:apoB-100-LDL
(circles) in a WHHL rabbit. Concentration of radioactivity in plasma 1
min after injection was used as the 100% value. Solid lines are predicted
values from the two-exponential equation used to fit the data and to cal-
culate FCRs.

The primary difference in the metabolic behavior of
apoB-89-LDL and apoB-100-LDL occurred within the first
4 to 8 h. Interpretation of these data could have been con-
founded by the presence of apoB-40 in the LDL fraction.
This, however, is unlikely to have any significant effects,
since as discussed earlier, apoB-40 lacks the receptor binding
region and an increase in FCR would be expected rather
than the observed decrease. Even more important, only a
tracer amount of radioactivity could be detected in apoB-40
following the conjugation to *I-DLT (Fig. 5). Another pos-
sible confounding factor in the enhanced clearance from
plasma of *I-DLT-apoB-89-LDL could have been the presence
of denatured protein rapidly degraded by the reticuloen-
dothelial system. However, denatured protein did not con-
tribute significantly to the clearance as judged by the minimal
accumulation of radioactivity within the spleen. Also, reductive
methylation would not have retarded the clearance from
plasma of denatured protein. Thus, the observed differ-
ences in the metabolic behavior of apoB-89-LDL were not
due to contamination by rapidly turning over radiolabeled
apoB-40-LDL or the presence of denatured material.

Further indication that apoB-89 is responsible for the
enhanced clearance of apoB-89-LDL comes from another
study. Krul et al. (5) reported that the monoclonal anti-
apoB antibody B1B3 (an antibody that does not recognize
apoB-40) inhibited the binding of **I-apoB-89-LDL to fibrob-
last receptors, whereas an anti-apoE antibody did not. This
suggests that apoB-89 and not apoB-40 or apoE is respon-
sible for the binding of these LDL particles.
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Control LDL were obtained from two different donors,
thus excluding the possibility that an unusual control LDL
was responsible for the different metabolic behavior of
apoB-89-LDL.

These studies were performed under nonsteady-state con-
ditions since human LDL was injected into rabbits. Cal-
culations of FCR, therefore, may not provide data directly
applicable to situations where homologous lipoproteins and
subjects are used. Nevertheless, it is possible to compare
the relative behavior of two tracers and it is clear that
apoB-89-containing LDL particles were cleared consider-
ably faster than apoB-100-LDL.

Both apoB-100-LDL and apoB-89-LDL remained intact
as LDL particles in rabbit plasma over 24 h, but they did
undergo small changes in flotation rates (Fig. 3). The metabolic
events responsible for these small shifts are not known, but
it is unlikely that these shifts contributed to the differences
between the metabolic behavior of the two LDL, for two
reasons. First, the plasma clearance curves of the two LDL
began to diverge within 15-30 min after injection, before
any changes in physical properties were noted, and remained
divergent for the 24 h. No changes were seen in the flota-
tion properties of apoB-89-LDL even 6 h after injection
(Fig. 4) by which time 50-80% of the injected dose had
left the plasma (Fig. 2A). Second, in cultured fibroblast
studies conducted in lipoprotein-deficient serum where the
changes in LDL probably did not occur, apoB-89-LDL was
bound (5) and degraded (Krul, E. S., unpublished data)
more avidly than apoB-100-LDL. Thus, it appears that the
conformations present on apoB-89 at the time of injection
of the radiolabeled LDL were responsible for its acceler-
ated clearance from plasma.

In summary, we conclude that the enhanced clearance
from plasma of apoB-89-LDL compared to apoB-100-LDL
may be a contributing factor to the low plasma concen-
tration of this lipoprotein in these hypobetalipoproteine-
mia subjects. Bl
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