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Abstract

Wedescribe a kindred in which the proband and 6 of his 12
children have hypobetalipoproteinemia. The plasma lipopro-
teins of the affected subjects contained a unique species of apo-
lipoprotein (apo) B, apo B67, in addition to the normal species,
apo B100 and apo B48. The size of apo B67 and immunochemi-
cal studies with a panel of apo B-specific antibodies indicated
that apo B67 was a truncated species of apo B that contained
approximately the amino-terminal 3,000-3,100 amino acids of
apo B100. Sequencing of genomic apo B clones revealed that
affected family members were heterozygous for a mutant apo B
allele containing a single nucleotide deletion in exon 26 (cDNA
nucleotide 9327). This frameshift mutation is predicted to re-
sult in the synthesis of a truncated apo B containing 3,040
amino acids. Apo B67 is present in low levels in the plasma but
is easily detectable within the very low density lipoprotein and
low density lipoprotein fractions. Examination of the proband's
immediate family revealed seven normolipidemic subjects and
seven subjects with hypobetalipoproteinemia. In the affected
subjects, the mean total and low density lipoprotein cholesterol
levels were 120 and 42 mg/dl, respectively. A significantly
higher mean high density lipoprotein cholesterol level was
found in the affected subjects (75 vs. 55 mg/dl). Wehypothe-
size that the elevated high density lipoprotein cholesterol levels
in subjects heterozygous for the apo B67 mutation maybe meta-
bolically linked to the low levels of apo B-containing lipopro-
teins in their plasma. (J. Clin. Invest. 1991. 87:1748-1754.).
Key words: apolipoprotein B * cholesterol * hyperalphalipo-
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Introduction

Within the past 3 years, investigators from several laboratories
have demonstrated that familial hypobetalipoproteinemia can

A portion of the data in this article was presented at the 1989 and 1990
Scientific Sessions of the American Heart Association.

Address reprint requests to either Dr. Welty, Section of Cardiology,
New England Deaconess Hospital, 185 Pilgrim Road, Boston, MA
02215; or Dr. Young, Gladsone Foundation Laboratories for Cardio-
vascular Disease, P.O. Box 40608, San Francisco, CA94140-0608.

Receivedfor publication 2 October 1990 and in revisedform
28 December 1990.

be caused by a variety of apolipoprotein (apo) B gene muta-
tions that prevent the translation of a full-length apo BI00 (1).
Several of these apo B gene mutations result in the synthesis of
a truncated species of apo B that can be detected within the
plasma lipoproteins (1). Individuals homozygous for familial
hypobetalipoproteinemia typically have extremely low low
density lipoprotein (LDL) cholesterol levels, usually < 5 mg/dl
(2). Because apo B synthesis is required for intestinal absorp-
tion of dietary fats, these homozygotes may have clinical symp-
toms related to malabsorption of fats and fat-soluble vitamins.
Although the absorption of dietary fats in carefully docu-
mented familial hypobetalipoproteinemia heterozygotes has
not yet been rigorously examined, it is rare for these heterozy-
gotes to report any symptoms of fat malabsorption (2). Hetero-
zygotes typically have total plasma cholesterol levels in the
range of 90-150 mg/dl, with LDL cholesterol levels in the
range of 25-50 mg/dl (1). Because of their low cholesterol lev-
els, heterozygotes may actually be protected from the develop-
ment of atherosclerotic coronary artery disease (3). Glueck and
co-workers (4) have reported evidence suggesting that subjects
with familial hypobetalipoproteinemia may live longer than
normocholesterolemic subjects.

Recently, in screening a rural midwestern population, one
of the authors (Dr. Welty) identified an adult male subject who
had very low cholesterol levels even though he consumed a diet
rich in cholesterol and saturated fats (5). Examination of the
proband's 12 children revealed that the phenotype of hypo-
betalipoproteinemia was inherited in a simple Mendelian fash-
ion. In this article, we show that the plasma of hypocholester-
olemic family members contained a unique truncated species
of apo B, apo B67. Apo B67 was easily detectable within the
lipoproteins of the very low density lipoprotein (VLDL) and
LDL fractions. Apo B67 is synthesized as a result of a single
nucleotide deletion in the apo B gene. The report of this
kindred and their unique apo B gene mutation is informative
for several reasons. Examination of the lipoproteins of affected
family members provides important support for the hypothesiL
that the length of apo B is an important determinant of the
buoyant density of apo B-containing lipoproteins. Based on
our prior studies, we had hypothesized that the longer the apo
B, the more buoyant the apo B-containing lipoproteins, pre-
sumably because longer apo B's contain more lipid-binding
regions. The apo B67 mutation supports this hypothesis, in
that we found that apo B67-containing lipoproteins are more
buoyant than apo B3 1- and apo B37-containing lipoproteins,
yet slightly more dense than apo B86-containing lipoproteins.
This kindred is also interesting because affected family
members have elevated high density lipoprotein (HDL) choles-
terol levels, as compared with the values in population controls
and unaffected family members. Wehypothesize that low lev-
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els of apo B-containing lipoproteins in affected family
members may be metabolically linked to elevated HDLcholes-
terol levels.

Methods

Humansubjects. Cholesterol measurements were obtained in 126 sub-
jects in a rural midwestern town. Many of these subjects were members
of farm families who consume a diet rich in saturated fats and choles-
terol. One subject, the proband of the kindred described below, had a
total plasma cholesterol concentration of 151 mg/dl. Additional blood
samples were taken from the proband, as well as from his 12 offspring.
The presence of angina pectoris in the proband and his family was
assessed by the Rose questionnaire (6). A 12-lead electrocardiogram
was performed on each family member.

Analysis of lipid levels and blood chemistry. Blood samples were
obtained after the subjects had fasted for 14 h. The blood was collected
into tubes containing EDTA (I mg of EDTA/ml of blood), and the
plasma was immediately separated by centrifugation. Total cholesterol,
LDL cholesterol, HDL cholesterol, and triglycerides were measured
according to Lipid Research Clinic techniques (7) in a laboratory partic-
ipating in the standardization program of the Centers for Disease Con-
trol, Atlanta, GA. Serum thyroxin levels, vitamin A, and vitamin E
levels were determined using standard techniques. The concentrations
of apo A-I and apo B in plasma were determined by radioimmunoas-
says.

Analysis of diet. The diet of the proband and his family was ana-
lyzed by a detailed questionnaire. Each individual provided a complete
written record of everything they consumed during a 3-d period. No
recall was involved. The total caloric intake per day, the percent carbo-
hydrate, protein, saturated fat, monounsaturated fat and polyunsatu-
rated fat, and cholesterol were determined using the University of Min-
nesota dietary analysis computer program (8). The height and weight of
each subject were recorded, and the ratio of the subject's weight divided
by ideal body weight was calculated (9). The body mass index [weight
in kilograms/(height in meters)2] was also calculated (9).

Isolation and characterization of lipoproteins. The VLDL (d
< 1.006 g/ml), intermediate density lipoprotein (IDL)' (1.006-1.025
g/ml), LDL (1.025-1.063 g/ml), and HDL(1.063-1.21 g/ml) fractions
were isolated from fresh plasma by ultracentrifugation (10). The pro-
tein content of the lipoproteins was determined by a Lowry protein
assay in which bovine serum albumin was the standard (1 1). The apoli-
poprotein content of each lipoprotein fraction was assessed by 3-12%
gradient sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) on gels stained with 0.1% Coomassie Brilliant Blue R-250
or with silver. In some cases, the apolipoproteins separated by SDS-
PAGEwere electrophoretically transferred to nitrocellulose mem-
branes for Western blotting (12, 13). For Western blots, we used a
variety of previously characterized apo B-specific antibodies (12, 14-
18). The size of lipoprotein particles within the LDL and HDL frac-
tions was assessed by nondenaturing gradient polyacrylamide gels, as
previously described (15, 19, 20). In some cases, the lipoproteins sepa-
rated according to size by the nondenaturing gels were electrophoreti-
cally transferred to nitrocellulose membranes for Western blots (15).

Enzymatic amplification of DNAand DNAsequencing. The SDS-
polyacrylamide gels revealed a unique truncated apo B species, apo
B67, in the lipoproteins of affected family members. The size of the
protein, as well as its reactivity with apo B-specific antibodies sug-
gested that its carboxy terminus must be in the vicinity of apo B100
amino acid residues 3030-3050 (see Results). To determine the precise
mutation in the apo B gene responsible for apo B67, a 1,126-base pair

1. Abbreviation used in this paper: IDL, intermediate density lipopro-
tein.

segment of exon 26 of the apo B gene (apo B cDNAnucleotides 8729-
9854) was enzymatically amplified using Thermus aquaticus DNA
polymerase (21), oligonucleotides B67-1 (5' AAATACACTGGAtCc-
TAGTAATGGAGTGATTG3', apo B cDNAnucleotides 8720-8751)
and B67-2 (5' CTGAAAAATCTCACGACGAGCTCCCCAGGACC
3', complementary to apo B cDNAnucleotides 9832-9863), and 0.5 ,g
of genomic DNAprepared from peripheral white blood cells. Two base
mismatches (lower-case letters above) were included in B67-1 to create
a BamHI site. Enzymatic amplification was performed for 40 cycles,
with denaturation, annealing, and extension temperatures of 960C,
650C, and 720C, respectively. The amplified DNAfrom subject II-2
was purified from a polyacrylamide gel and digested with BamHI and
EcoRI, and then a fragment containing apo BcDNAnucleotides 8729-
9607 was cloned into M13 for DNAsequencing. DNAsequencing was
performed by the dideoxynucleotide chain termination technique of
Sanger et al. (22).

After the mutation responsible for apo B67 had been determined,
the presence of this mutation in other family members was assessed by
analyzing freshly prepared lipoprotein samples for the presence of apo
B67 by SDS-PAGE.

Results

A pedigree illustrating the apo B67 kindred is shown in Fig. 1.
The proband (subject I- 1) had total and LDL cholesterol levels
of 151 and 47 mg/dl, respectively (Table I). These cholesterol
values fall below the 5th percentile for population controls. His
apo B level was 48 mg/dl, again below the 5th percentile. The
results of thyroid tests, as well as vitamin A and E levels, were
normal. The HDLcholesterol and apo A-I levels were 103 mg/
dl (Table I) and 212 mg/dl (not shown), values well above the
95th percentile for population controls. An examination of the
proband's VLDL revealed a unique truncated species of apo B,
apo B67, in addition to the normal apo B species, apo B100 and
apo B48 (Fig. 2). The apo B67 was also easily detectable in the
IDL and LDL density fractions. No apo B67 was observed in
the HDLfraction by Coomassie Blue-stained gels (Fig. 2); how-
ever, small amounts of apo B67 were detectable in the HDL
fraction on silver-stained gels (not shown). The apo B67-con-
taining particles within the LDL density range were easily de-
monstrable by nondenaturing gradient polyacrylamide gel elec-
trophoresis (Fig. 3). The particles were smaller than normal

I
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Figure 1. Pedigree showing the proband of the apo B67 kindred, his
spouse, and 12 of his offspring. The proband, subject I-1, is indicated
by the arrow. Subjects possessing the apo B67 allele are indicated by
a half-shaded circle (female) or square (male). I and II denote the two
generations of the proband's family. The concentrations of the lipo-
proteins in the plasma for each subject illustrated on this pedigree are
listed in Table I. Lipoprotein profiles on five siblings of the proband
indicated that none of the proband's siblings had hypobetalipopro-
teinemia. The proband actually had 14 offspring; however, one was
deceased and one other refused to be interviewed or have his blood
sampled. Those two family members are not shown on this pedigree.
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Table L Lipoprotein Concentrations in the Apolipoprotein B67 Kindred

Total plasma HDL LDL
Subject no. Age/Sex cholesterol cholesterol cholesterol* Triglycerides

yr mg/dl

Apo B 67 heterozygotes
I-1 81/M 151 103 (>95th) 47 (<5th) 6 (<5th)
II-1 55/M 114 77 (>95th) 33 (<5th) 19 (<5th)
II-2 54/M 138 73 (>95th) 64 (<5th) 6 (<5th)
11-5 48/M 122 63 (-95th) 56 (<5th) 16 (<5th)
11-9 40/M 110 64 (>95th) 38 (<5th) 16 (<5th)
II-10 38/F 113 69 (-85th) 40 (<5th) 20 (<5th)
11-12 33/M 95 75 (>95th) 18 (<5th) 10 (<5th)

Mean±SD 120±19 75±13 42±15 13±6

Unaffected subjectst
I-2 81/F 278 63 (-50th) 196 (>90th) 96 (-25th)
II-3 52/M 187 38 (-25th) 126 (-35th) 114 ('-50th)
II-4 50/F 253 61 (-50th) 176 (-85th) 80 (-25th)
11-6 45/M 159 48 (-50th) 101 (-10th) 48 (<5th)
II-7 43/F 184 55 ('-SOth) 117 (-25th) 63 (-25th)
11-8 41/F 184 64 (-75th) 108 (-25th) 60 ( lOth)
II-1 I 36/M 173 57 (-85th) 100 (-20th) 79 (-25th)

Mean±SD 203±45 55±9 132±38 77±32
P value 0.001 0.01 0.001 0.001

* The LDL cholesterol concentration percentile according to age- and sex-matched controls in the Lipid Research Clinics Prevalence Study (7) is
shown in parentheses. * Family members whose lipoproteins did not contain apo B67.

LDL particles yet larger than the apo B37-containing particles
found in the HDLfraction of subjects heterozygous for the apo
B37 mutation.

Based on its migration on SDS-gels in relation to size stan-
dards, we predicted that apo B67 must contain - 3,000-3,100
amino acids. Western blots using apo B-specific monoclonal
antibodies with known epitopes (17) provided support for this
estimate. Antibody MB44(which binds between apo B residues
2488 and 2658) and antibody 4G3 (which binds between resi-
dues 2980 and 3084) bound to apo B67, whereas an antibody
to a synthetic peptide containing apo B O00 amino acids 3120-
3159 and the carboxy-terminal monoclonal antibody MB47
(which binds between amino acids 3441 and 3569) did not bind
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Figure 2. Apo B67 in the LDL and
VLDL fractions of subject 1-1.
The delipidated VLDL (lane 1),
LDL (lane 2), and HDL(lane 3)
proteins from subject I-I were
electrophoresed on a 3-12%
SDS-polyacrylamide slab gel. 50
,ug of protein was loaded in each
lane. The gel was stained with
0. 1% Coomassie Brilliant Blue
R-250.

to apo B67 (Fig. 4). To determine the precise mutation account-
ing for apo B67, we enzymatically amplified the appropriate
region of the apo B gene from the genomic DNAof subject 11-2
and then subcloned it into M13 for sequencing. 4 of 10 M13
clones contained a single nucleotide deletion in exon 26 of the
apo B gene (cDNA nucleotide 9327). Because the DNAwas
cloned into mpl8 as well as mpl9, both DNAstrands were
sequenced, and the same deletion (Fig. 5) was identified in both
strands. This deletion is predicted to yield a single novel amino
acid followed by a premature stop codon (Fig. 5). The location
of the mutation predicts that apo B67 contains 3040 amino
acids.

The proband had 12 offspring. Neither the proband nor any
of his children had clinical evidence of coronary artery disease,
as judged by an electrocardiogram and the Rose questionnaire.
6 of the 12 children had hypobetalipoproteinemia, as defined
by a fasting LDL cholesterol level below the 5th percentile for
age- and sex-matched controls (Table I). These six offspring
were apo B67 heterozygotes, as determined by SDS-PAGEof
the plasma lipoproteins. The triglyceride level in these seven

subjects (the proband and the six offspring who were apo B67
heterozygotes) was remarkably low, averaging 13 mg/dl. Inter-
estingly, the HDL cholesterol levels in affected subjects aver-

aged 75 mg/dl, significantly higher than in unaffected family
members (P < 0.01). All seven affected subjects had HDLcho-
lesterols above the 85th percentile for age- and sex-matched
controls; six of the seven had HDL cholesterol levels at or
above the 95th percentile.

In every affected subject, the absolute concentration of apo
B67 in plasma was low relative to that of the apo B1OOpro-
duced by the normal allele. Based upon the relative staining

Apo-1367 -i

Apo-B48-

Albumin

Apo-E
Apo-Al
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Figure 3. A nondenaturing, 2-16% gradient polyacrylamide gel dem-
onstrating the size of apo B67-containing LDL particles. A Pharma-
cia PAA2/16 gel was used according to previously described methods
(15, 19, 20). Lanes I and 2, LDL of two different hypolipoproteine-
mic family members (I- I and 11-2); lane 3, the LDL of a normolipi-
demic control subject; lane 4, the LDL of an unaffected family
member; lane 5, the HDL fraction of an apo B37 heterozygote (15).
For each lane, 5-10 jig of protein was loaded; the gel was stained
with silver. On Western blots, the band identified as apo B IOO parti-
cles reacted with apo B-specific antibodies whose epitopes are in the
amino-terminal and carboxy-terminal portions of apo B 100 (data
not shown). The band identified as apo B67 particles reacted only
with antibodies whose epitopes are located between amino acids 1
and 3080, and not with the carboxy-terminal antibodies (data not
shown). For lane 5, the migration of apo B37-containing particles
within the HDLfraction is indicated by the bracket designated A; the
migration of apo A-I-containing particles in the HDL fraction is in-
dicated by the bracket designated B. The migration of the size stan-
dards is indicated: thyroglobulin (669,000) and ferritin (440,000).

intensities of the LDL apo B 100 and apo B67 bands on SDS-
PAGEas well as the nondenaturing gels (Figs. 2 and 3), we have
estimated that the plasma concentration of apo B67 is signifi-
cantly < 5%of the apo B l00 concentration. The distribution of
apo B67 within the different lipoprotein density classes in the

Figure 4. The ability of
Apo-B100-_ - - apo B-specific monoclo-

Apo-B67- nal antibodies to bind to
apo B67. 20 ,gg of delipi-
dated LDL proteins from
subject I- 1 was electro-
phoresed on a 3-12% gra-
dient SDS-polyacryl-
amide gel; the separated
apolipoproteins were then
electrophoretically trans-

1 2 3 4 ferred to a sheet of nitro-
cellulose membrane for

Western blots (12, 13). Lane 1, Western blot using monoclonal anti-
body MB44 (epitope between apo B100 amino acids 2488 and 2658);
lane 2, antibody 4G3 (epitope between apo B100 amino acids 2980
and 3084); lane 3, an antiserum to a synthetic peptide containing apo
B100 amino acids 3120-3159; and lane 4, antibody MB47 (epitope
between apo B100 amino acids 3441 and 3569).

affected subjects in the second generation was identical to that
observed in the proband (see above).

The mutation accounting for apo B67 occurs several kilo-
bases 3' to the edited nucleotide responsible for the synthesis of
apo B48. One might therefore predict that the single nucleotide
deletion in the apo B67 allele would not significantly affect apo
B48 synthesis. If this were the case, apo B67 heterozygotes
would have two alleles producing apo B48, yet only one mak-
ing apo B100. Indirect support for this hypothesis was obtained
by examining the VLDL of affected and unaffected individ-
uals. Whenthe VLDLof four affected subjects was analyzed by
SDS-PAGE, we noticed that the amount of apo B48 in the
VLDL, relative to apo B100, was significantly greater in the
affected subjects (Fig. 6). Wehave recently observed the same
increased apo B48/apo B100 ratio in the VLDL of apo B86
heterozygotes (23).

The dietary intake of affected and unaffected family
members was determined from an analysis of a 3-d diet. No
statistically significant differences in the total number of calo-
ries consumed or composition of the diet were observed (Table
II). Similarly, we found no difference between affected and
unaffected subjects in their activity level, as judged by the esti-
mated number of miles walked per day. However, quite unex-
pectedly, we found a significant difference in their relative
body weight and body mass index. The unaffected family
members were significantly heavier than affected family
members (Table II).

Discussion

In the past 3 years, reports by a number of investigators have
made it clear that apo B gene mutations can cause familial
hypobetalipoproteinemia (1). Each of the mutations reported
to date has prevented the translation of a full-length apo B100.
Some of these mutations have resulted in the production of a
truncated form of apo B that can be identified within the
plasma lipoproteins. In this paper, we report a unique apo B
mutation associated with familial hypobetalipoproteinemia. A
single nucleotide deletion in exon 26 of the apo B gene causes
the synthesis of a truncated species of apo B, apo B67. The apo
B67 mutation provides important support for the hypothesis
that the buoyant density of apo B-containing lipoproteins is
inversely related to the length of the apo B molecule.
Previously, we have hypothesized that longer apo B species
tend to form less dense (i.e., more buoyant) lipoproteins be-
cause longer forms of apo B would contain more lipid-binding
regions (1,24). The apo B67 mutation supports this hypothesis;
apo B67-containing lipoproteins are, in general, more buoyant
than apo B31- and apo B37-containing lipoproteins, yet
slightly less buoyant than apo B86-containing lipoproteins.
The density distribution of the various truncated apo B species
that our laboratory has examined, including apo B67, is illus-
trated in Fig. 7.

The absolute concentration of the truncated apo B in
plasma was low in affected family members, just as has been
documented in other examples of truncated apo B's associated
with hypobetalipoproteinemia (1). Whether the low levels of
apo B67 are due to low synthetic rates or increased degradation
rates is not yet known. Two longer truncated apo B species, apo
B87 and apo B89, have been reported to bind to the LDL
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Figure 5. Autoradiograms of
DNAsequencing gels dem-
onstrating the mutation re-
sponsible for apo B67. The

_ STOP region of the apo B gene sus-
j pected to contain the muta-

tion was enzymatically am-
plified from the genomic

_Arg
3040

DNAof subject 11-2, and3040 then an 879-base pair frag-
ment spanning from the

j Gly BamHI site created in oligo-
3039 nucleotide B67-1 to the

7 EcoRI site at apo B cDNA
Thr nucleotide 9607 was sub-

3038 cloned into M13 for se-
quencing (see Methods). 6 of

Leu 1O subclones contained the
3037 normal apo B sequence (left),

and four contained a deletion
of apo B cDNAnucleotide 9327 (right). The single nucleotide whose deletion defines the mutant allele is marked by an asterisk in the normal
allele. This frameshift mutation is predicted to yield one novel amino acid, arginine, followed by a premature stop codon (TAG). No other
changes from the consensus apo B sequence were noted in the mutant subclones.

receptor with enhanced affinity, possibly explaining the low
levels of these truncated apo B species (25, 26). The ability of
apo B67 to bind to the LDL receptor has not yet been experi-
mentally tested. Apo B67 is predicted to contain 3,040 amino
acids and contains the epitope for antibody 4G3 (16, 17), an
antibody widely used over the past 10 years for blocking the
binding of LDL to the LDL receptor (Fig. 8). However, apo
B67 terminates before epitopes for several other LDL receptor-
blocking antibodies, before the missense mutation at residue
3500 that is associated with defective binding of LDL to the
LDL receptor, and before the two short positively charged
amino acid sequences that have been hypothesized to be in-
volved in receptor binding (Fig. 8). Because apo B67 does not
contain these latter domains, it is our hypothesis that apo B67,
like apo B37 (27), would not bind to the LDL receptor. We
plan to purify apo B67-containing lipoproteins to test this pos-
sibility directly. The affected heterozygotes in this family have
consented to lipoprotein turnover studies on the metabolic
ward, and studies are being planned to search for the cause of
the low levels of apo B67 in their plasma.

The significantly lower body weight in the affected subjects,
compared with the unaffected subjects, was an unexpected find-
ing. This result could be explained by postulating some degree
of intestinal malabsorption. Counter to this hypothesis is the
fact that the affected subjects were free of clinical symptoms of

Figure 6. SDS-polyacryl-
Apo-B100 - APWU t amide gel of the VLDL
Apo-B67 - fraction of normolipide-
Apo-B48 - . mic control subjects and

four different apo B67
heterozygotes. The VLDL

1 2 3 4 5 6 population was isolated
from plasma obtained 2 h after a fat-rich meal. The delipidated VLDL
proteins (50,ug) were electrophoresed on a 3-12% SDS-polyacryl-
amide slab gel, and the gel was stained with 0.1 %Coomassie Blue.
Lanes I and 2, VLDL from two different unaffected normolipidemic
subjects; lanes 3-6, the VLDL from four different apo B67 heterozy-
gotes.

malabsorption; however, analyzing these subjects for subtle de-
grees of malabsorption would require sophisticated tests of fat
absorption on the metabolic ward. Also, as noted in Results,
one could make a persuasive argument that the apo B67 allele
would yield normal amounts of apo B48 and that apo B67
heterozygotes would therefore synthesize completely normal
amounts of apo B48 in the intestine. Someof our data demon-
strate an increased amount of apo B48, relative to apo B100, in
the VLDL of apo B67 heterozygotes (Fig. 6); these data are
consistent with the hypothesis that apo B67 heterozygotes
make normal amounts of apo B48, yet half-normal amounts of
apo B100. Based on these arguments, we are skeptical about
the possibility of intestinal malabsorption. It is possible that the
significantly lower weight of affected subjects is the result of
chance. This issue needs to be investigated further in other
kindreds with hypobetalipoproteinemia.

Table II. Diet, Activity Load, and Weight of Apo B67
Heterozygotes and Unaffected Family Members

Apo B67 Unaffected
heterozygotes subjects

Estimated calories consumed per day 2,977±942 2,614±813
Dietary composition*

Percent carbohydrate 41±9.0 43±9.3
Percent fat 44±7.3 41±7.5
Percent protein 15±3.8 16±3.8
Cholesterol (mg/day) 665±317 648±316

Subject weight/ideal body weight$ 1.0 1±0.04 1.20±0.18§
Body mass index$ 23.3± 1.08 28.6±2.881
Estimated miles walked per day 2.1±1.2 2.8±1.4

Values shown in this table are means±standard deviation.
* Calculated from a 3-d dietary history using the University of Min-
nesota dietary analysis computer program (8).
$ Calculated according to method of Keys et al. (9).
§ P = 0.032; 11 P = 0.002.
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Figure 7. The distribution of truncated apo B species among the dif-
ferent lipoprotein density classes. The density ranges are as follows:
VLDL, d < 1.006 g/ml; LDL, d = 1.025-1.063 g/ml; HDL, d
= 1.063-1.21 g/ml. The data shown here summarize the density dis-
tribution of apo B67, as well as that for other truncated species of apo
B examined by our laboratory (15, 24, 28, 29). The distribution
shown here is a subjective assessment of the distribution of each
truncated apo B, based on the electrophoresis of each lipoprotein
fraction on stained SDS-polyacrylamide gels.

An interesting aspect of this kindred is the fact that every
affected subject had a high HDL cholesterol level. Six of the
seven heterozygotes had an HDLcholesterol level at or exceed-
ing the 95th percentile for age- and sex-matched controls. High
HDLlevels have previously been observed in all four apo B3 1
heterozygotes (24) and five of the six apo B46 heterozygotes
(28), although the observation was not discussed in the descrip-
tion of those kindreds. However, high HDLcholesterol levels
have not always been observed in the affected members of
kindreds with hypobetalipoproteinemia heterozygotes (29). It
is possible that another inherited trait or traits govern the abil-
ity to "respond" to low apo B levels with high HDLcholesterol
levels.

The metabolic basis for the high HDLcholesterol levels in
heterozygotes for hypobetalipoproteinemia requires further
analysis. One possibility is that the paucity of apo B-containing
lipoproteins in the plasma retards the cholesteryl ester transfer
protein-mediated transfer of HDLcholesterol to more buoyant
lipoproteins. If this were the mechanism for the high HDL
cholesterol levels, one might expect to find an accumulation of
HDL2 in their plasma, as occurs in a deficiency of cholesterol
ester transfer protein, where there is a defect in the transfer of
HDL2 cholesterol to apo B-containing lipoproteins (30). How-
ever, in preliminary studies, we have found elevated HDL3and
normal HDL2 levels in two apo B67 heterozygotes, as deter-
mined by dextran sulfate precipitation. Both subject 1-1 and
subject 11-2 had normal HDL2 levels, but significantly elevated
HDL3 levels. The apo A-I, but not the apo A-II, levels were
elevated in these two subjects (F. Welty and M. Cheung, un-
published observations). The same pattern-a disproportion-
ate amount of HDL3-has been reported in other subjects with
well-documented cases of hypobetalipoproteinemia (15, 31).
Another possibility is that the high HDLcholesterol levels
might be a consequence of altered metabolism of triglyceride-
rich lipoproteins. Hypoalphalipoproteinemia is frequently ob-
served in subjects with hypertriglyceridemia. Our affected sub-
jects had hyperalphalipoproteinemia associated with extraordi-
narily low plasma triglyceride levels. Recently, Ginsberg and
co-workers (32) have reported that normotriglyceridemic sub-
jects with hypoalphalipoproteinemia tend to have a high apo
A-I fractional catabolic rate as well as a high LDL-apo B pro-
duction rate. They suggested the possibility that a portion of
the increased heart disease risk in subjects with hypoalphalipo-
proteinemia is due to elevated LDL-apo B production rate
(32). Wesuggest that hypobetalipoproteinemia may represent
the other end of the spectrum from the subjects characterized
by Ginsberg and co-workers (32). Perhaps heterozygotes for
hypobetalipoproteinemia, whose LDL-apo B production rates
are almost certainly very low (33), have a decreased catabolic
rate for apo A-I. Weplan to test this hypothesis by performing
apo B100 and apo A-I turnover studies in affected subjects.

3F5 4G3 Figure 8. The location of the
(2835-2922) (2980-3084) 3167 carboxy-terminal amino acid

- H 2 E ^of apo B67 (amino acid 3040)NH2 Ain relation to the
3040 S receptor-binding domain of

5E11, 3A10, MB47 I apo B. The epitopes of
(3441-3569) S monoclonal antibodies that

totally or partially block
binding of LDL to the LDL

4t X , receptor are indicated by
{ Arg/Gln 3297 solid and open boxes, respec-

3500 tively, above or below the
polypeptide chain. Apo B67

_- COOH contains the epitope for anti-
body 4G3 (see Fig. 4). The

FIB3MB43
two short stretches of posi-

B16B3 MB43 tively charged amino acids
(36653780) (4027-4081) are indicated by open boxes

within the polypeptide chain;
zigzag lines indicate regions of potential amphipathic ,B-sheet structure. The location of the Arg Gln substitution associated with familial
defective apo B100 is indicated. (Modified, with permission, from Milne, R., et al. 1989. J. Biol. Chem. 264:19754-19760.)
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