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A B S T R A C T Chylomicron (primary particles) were
detected by polyvinylpyrollidone (PVP) flocculation in
plasma collected after an overnight fast from eight hy-
perlipemic subjects with broad-P disease (type III hy-
perlipoproteinemia). The composition of these chylo-
microns was abnormal: relatively poor in triglyceride
and rich in cholesterol, giving rise to a triglyceride/
cholesterol ratio of < 3.0 in all cases, uniformly below
the ratio in chylomicrons from eight fasting subjects
with mixed lipemia. By contrast, at the peak of ali-
mentary lipemia following an oral fat load (2 g/kg),
chylomicrons from broad-P subjects had normal, tri-
glyceride-rich composition (triglyceride/cholesterol=
14.0) and resembled chylomicrons from subjects with
mixed lipemia, endogenous lipemia, and familial hyper-
cholesterolemia after similar fat loads. As the alimentary
lipemia cleared, chylomicrons remaining in broad-P sub-
jects 14-24 hr after the fat load were again rich in
cholesterol. However, a similar degree of cholesterol
enrichment was observed in chylomicrons from the
subjects with familial hypercholesterolemia, while only
a minor increase in cholesterol was recorded in chylo-
microns from subjects with mixed or endogenous lipemia.
Parallel studies of changes in chylomicron composition
during in vitro incubation of whole plasma and of St >
400 with Sf < 400 lipoproteins from subjects with the
different forms of hyperlipoproteinemia revealed equal
cholesterol enrichment of chylomicrons from a subject
with mixed lipemia and from a subject with broad-p
disease in media of equivalent cholesterol content.
These experiments suggested neither excessive avidity
of chylomicrons for cholesterol uptake nor excessive
influence of St < 400 lipoproteins upon chylomicron
composition in broad-P disease.

Thus, results in this study suggest that the cholesterol-
rich chylomicrons observed in subjects with broad-,
disease after an overnight fast may originate in the in-
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testine as particles of normal composition (chiefly dietary
triglyceride) but assume a composition which is relatively
rich in cholesterol through processes of lipolysis and
cholesterol transfer among circulating lipoproteins
which may not be unique to broad-p disease.

INTRODUCTION

Broad-p disease (type III hyperlipoproteinemia) (1) is
associated with premature atherosclerosis, planar and
tuberous xanthomas, and both hypercholesterolemia and
hypertriglyceridemia. Very low density lipoproteins
(VLDL) (d < 1.006, Sf > 20) in this disorder are
distinctive in at least two respects: (a) a portion mi-
grate with A-lipoproteins to produce a "broad-P" pattern
upon electrophoresis of whole plasma (1), and (b), they
are relatively rich in cholesterol and poor in triglyceride
(TG) (1, 2). In the present study chylomicrons1 were
found to persist after an overnight fast in lipemic sub-
jects with broad-p disease and to reflect the cholesterol-
rich nature of VLDL as a whole. The mechanism of this
compositional abnormality has been explored both in
vivo and in vitro in studies of chylomicron lipid content
during the assimilation of dietary fat in subjects with
broad-P disease.

METHODS
Subjects. All subjects with broad-s disease (n = 9) ex-

hibited ,-migrating VLDL (Sf > 20) which were abnor-
mally rich in cholesterol (1, 2). Those with "mixed lipemia"
(n = 10) displayed the electrophoretic pattern of type V hy-

1 Throughout this paper the term chylomicron will be re-
stricted to designate "primary particles" (3), which have
an St > 400, are composed to a large extent of dietary tri-
glyceride, and collect as a flocculate at the top of a 3% poly-
vinylpyrollidone (PVP) column after mixing plasma with
5%o PVP/10% NaCl and overnight incubation at 37'C (4).
Thus "secondary particles" (3), also largely of exogenous
origin, and "hyperlipemic particles" (5), of endogenous
origin, both of which are Sf > 400, have been excluded in the
present study of chylomicron composition in broad-p dis-
ease and other forms of hyperlipoproteinemia.
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TABLE I
Triglyceride and Cholesterol Content of Chylomicrons Persisting

after an Overnight Fast: Broad-,8 Disease vs. Mixed Lipemia

Whole plasma Chylomicron

Subject TG Chol TG Chol TG/Chol

mg/100 ml mg/100 ml
Broad-e disease

C. L. 175 282 3.5 2.4 1.5
D. L. 190 143 7.8 3.2 2.4
P. O'D. 262 275 9.7 3.9 2.5

395 280 16 5.9 2.7
B. O'D. 295 307 43 22 2.0
C. J. 322 291 9.3 3.6 2.6
D. O'D. 475 310 5.4 3.1 1.7

565 354 5,6 25 2.2
J. O'D. 413 362 54 24 2.3

1110 480 190 67 2.8
H. W. 813 670 88 47 1.9

Mean 2.2*
SD 0.4

Mixed lipemia
Tr 825 308 87 25 3.5
Sal 910 321 299 42 7.1
El 1215 428 161 26 6.2
Re 1753 376 113 19 5.9
McK 2210 675 527 73 7.2
Ki 3650 532 1640 147 11.2
Ma 4050 1091 1488 358 4.2
Sl 4780 567 2262 287 7.9

Mean 6.6*
SD 2.4

* Group mean calculated from average of ratios where two determinations
were made on different occasions in the same subject. Difference between
means highly significant (P < 0.001).

perlipoproteinemia (1) and had circulating chylomicrons
after an overnight fast. The persistence of these chylo-
microns, largely composed of dietary TG, was presumptive
evidence of an element of impaired TG removal. In addi-
tion, studies of TG turnover (6) demonstrated both a high
rate of endogenous TG turnover and high levels of VLDL.
Hence the term "mixed lipemia" (exogenous plus endoge-
nous) has been applied. The subject with endogenous lipe-
mia had a type IV electrophoretic pattern (1), a high rate
of TG turnover, and increased VLDL levels but no chylo-
microns in the fasting state. Those with familial hypercho-
lesterolemia (n = 3) exhibited the characteristic hyperbeta-
lipoproteinemia (type II pattern [1]) and tendinous
xanthomas.

Laboratory determinations. Blood samples were collected
in EDTA, 1 mg/ml, 12-14 hr after the last meal while the
subj ects were consuming weight-maintaining diets. Plasma
was separated promptly and remained at room temperature
until extraction or incubation. Analyses of TG (7) and
cholesterol (8) were made from extracts in chloroform:
methanol (2: 1, v: v).

All studies of chylomicron composition were performed
on primary particles isolated by PVP flocculation (4). The
flocculated chylomicrons were aspirated from the top 5 mm
of a 78 mmtube after slicing. Incubations with PVP were
performed with several different volumes of each plasma
sample and the tubes sliced only if a clear zone was visible
between the flocculate and the subjacent "hyperlipemic par-
ticles" (5). The isolated chylomicrons were analyzed for
TG and cholesterol after removal of PVP (4).

Oral fat load studies. Oral fat loads, 2 g/kg, were ad-
ministered either as whipping cream or as corn or linseed
oil blended with skim milk. Plasma was collected for chylo-
micron analysis at varying intervals during the 4-24 hr
thereafter. No other food was ingested during the course
of the study. The subject given linseed oil (55.2% linolenic
acid) was a 24 yr old male with broad-, disease (D. L.,
Table I) who had been maintained on an isocaloric formula
diet (40% fat, 45% carbohydrate, 15% protein) for 3 wk
before his fat load. The triglyceride fatty acid composition
of his primary particles was determined at 4-hr intervals
for the duration of chylomicronemia (20 hr) by methods
previously described (9), which included thin-layer silicic
acid chromatography for separation of triglycerides from
chloroform-methanol lipid extracts and gas-liquid chroma-
tography for analysis of the triglyceride fatty acid methyl
esters.

In vitro incubation studies. To assess in vitro changes in
chylomicron composition, whole plasma samples collected
from three subjects at the peak of lipemia after oral fat
loading were incubated with shaking at 370C for 16-24 hr
before isolation of chylomicrons (Table II). In other studies
(Table III) plasmas drawn 6 hr after an oral fat load
were first fractionated into Sf> 400 and Sf < 400 lipo-
proteins and then incubated as follows: Sf > 400 lipopro-
teins from a broad-,8 subject with Sf < 400 lipoproteins
from a mixed lipemic, and Sf > 400 lipoproteins from the
mixed lipemic with Sf < 400 lipoproteins from the broad-f
subject. Lipoprotein fractions for incubation were prepared
as follows: plasma was centrifuged for 7.95 X 100 g-min in
a 41 Ti swinging bucket rotor; the Sf < 400 lipoproteins in
the lower 11.5 ml were drained after tube puncture; the
Sf > 400 supernatant was recentrifuged in d 1.006 saline,
collected by aspiration, and suspended in 6 ml saline. 1 ml
of this suspension was then incubated with shaking at 370C

TABLE I I
Change in Lipid Composition of Chylomicrons in Whole Plasma Obtained 4-6 hr after an Oral Fat Load

during Incubation In Vitro (16-24 hr, 370C)

Chylomicrons

Whole plasma Preincubation Postincubation
Type of hyper-

Subject lipoproteinemia TG Chol TG Chol TG/Chol TG Chol TG/Chol
mg/100 ml mg/100 ml mg/100 ml

H. W. Broad-fl disease 1354 430 575 55 10.5 450 62 7.3
B. O'D. Broad-,8 disease 695 345 196 18 10.9 123 19 6.4
San Mixed lipemia 2060 312 836 63 13.3 530 48 11.3
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TABLE II I
Change in Lipid Composition of Chylomicrons in S1 > 400 Lipoproteins Obtained 6 hr after an Oral Fat Load

during Incubation In Vitro (16 hr, 370C) with Plasma Containing No Chylomicrons

Source of chylomicrons Source of chylomicron-free plasma

Preincubation Postincubation
Type of hyper- chylomicron Type of hyper- Cholesterol chylomicron

Experiment Subject lipoproteinemia TG/Chol Subject lipoproteinemia concentration TG/Chol*

mg/100 ml

A San Mixed 13.3 H. W. Broad-f 360 6.9
B " " S. H. Familial 446 6.7

hypercholesterolemia

11 A H. \V. Broad-f# 10.5 Sani Mixed 182 11.3
B " " S. H. Familial 446 9.0

hypercholesterolemia

* Incubations performed in duplicate; coefficient of variation between duplicates = 10%.

with 2 ml of the appropriate Sf < 400 infranatant. After
16 hr primary particles were collected for lipid analysis.
Similar incubations of the Sf > 400 fraction from each sub-
ject were performed with fasting whole plasma from a sub-
ject with familial hypercholesterolemia (TG 52 mg/100 ml,
cholesterol 446 mg/100 ml, origin-staining material absent
by electrophoresis).

RESULTS

Chylomicrons persisting after an overnight fast.
The persistence of chylomicrons 1 after an overnight
fast was not anticipated in early studies of broad-f dis-
ease but has since proven a common finding. Fasting
chylomicrons have been detected at plasma TG concen-
trations as low as 175 mg/ml and have been observed
regularly at levels of 300-500 mg/100 ml.

The composition of these fasting chylomicrons was
distinctive: they contained consistently larger propor-
tions of cholesterol and less TG than fasting chylomi-
crons from subjects with mixed lipemia (Table I), the
other group studied in which chylomicrons were ob-
served after an overnight fast. Thus, the mean ratio of

chylomicron TG/cholesterol in the subjects with broad-p
disease was depressed significantly below the mean ratio
among the mixed lipemics (P < 0.001), with no overlap
between the two groups. Although the quantity of chylo-
micron lipid in subjects with broad-,8 disease tended to
be less than in subjects with mixed lipemia, in several
of the latter (Tr, El, and Re), even small quantities of
chylomicrons retained their TG-rich composition. Thus,
a TG/cholesterol ratio of < 3.0 in fasting chylomicrons
appeared to be characteristic of broad-f disease.

In spite of their abnormal composition, the fasting
chylomicrons observed in subjects with broad-f disease
resembled primary particles previously characterized in
normal subjects (9) and subjects with other forms of
hyperlipemia (5) in the following respects:

(a) They were of Sf > 400: Sf > 400 plasma produced
a flocculate at the top of the PVP column; Sf <400
plasma did not (subject H. W., Table I);

(b) Primary particles disappeared rapidly on a fat-
free (85% carbohydrate) diet despite an increase in
plasma TG levels and the persistence of f-migrating

401FLinseed oil (2g/kg)

0 4 8 12 16 20
Hours

FIGURE 1 Chylomicron lipid composition during alimentary lipemia.
The proportion of linolenic acid in primary particles isolated from a sub-
ject with broad-f disease before and after an oral fat load (linseed oil,
2 g/kg).
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VLDL of abnormal, cholesterol-rich composition (sub-
ject H. W.);

(c) The TG fatty acid pattern of primary particles iso-
lated both early and late after an oral fat load in subject
D. L. (Fig. 1) reflected the presence of the oil ingested
(admixed to an increasing extent with circulating and
newly synthesized endogenous TG [3]).

Chylomiiicron-s after an oral fat load. To determine the
origin of the abnormal composition of fasting chylomi-
crons in broad-k (lisease, the dynamics of chylomicron
lipid composition in response to exogenous TG were
assessed by giving oral fat loads, 2 g/kg, to five subjects
with broad-, disease and, for comparison, two with
mixed lipemia, one with endogenous lipemia, and two
with familial hypercholesterolemia (Fig. 2). In each
subject with broad-P disease the TG/cholesterol ratio
of primary particles at peak chylomicronemia was mark-
edly higher than in the fasting state and was equivalent

.K
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to the ratios observed in the other forms of hyperlipo-
proteinemia. As the alimentary lipemia subsided, how-
ever, the TG/cholesterol ratio in chylomicrons remain-
ing in subjects with broad-fl disease declined to the
level observed in the fasting state but wvas not appreci-
ably below the ratio recorded in subjects with familial
hypercholesterolemia at a similar point in time. In
subjects with either mixed or endogenous lipemia, on
the other hand, the chylomicron TG/cholesterol ratio
remained high despite a moderate reduction from the
level observed at peak chylomicronenmia.

Changes in chylomnicron composition during incubation
in vitro. In order to determine whether the observed
lipid composition of fasting chylomicrons in broad-f
disease might result from excessive activity of cholesterol
transfer mechanisms, chylomicrons from plasma col-
lected at the peak of alimentary lipemia from two sub-
jects with broad-P disease and one with mixed lipemia
were analyzed both before and after incubation at 370C

Fasting I Early (peak) Late
Oral chylomicronemia chylomicronemia

fat 2g/kg (4-lOhr ) (14-24hr )
FIGURE 2 Dietary triglyceride in chylomicrons in broad-fl disease. Ra-
tios of chylomicron TG/cholesterol before and after oral fat loads, 2
g/kg, in subjects with hyperlipoproteinemia. The solid circles represent
values obtained in individual subjects, and the bars show mean values.
* Subjects with familial hypercholesterolemia and endogenous lipemia
had no chylomicrons in the fasting state.
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in vitro (Table II). In both types of lipemia the TG/
cholesterol ratio declined during incubation but did so
to a lesser degree in the mixed lipemic.

Factors influencing changes in chylomicron compo-
sition were explored before and after incubation of Sf >
400 lipoproteins collected after an oral fat load from a
subject with mixed lipemia with particle-free plasma
(Sf < 400) from a broad-p subject (and conversely) or
with whole fasting plasma from a subject with familial
hypercholesterolemia (Table III). In these studies chy-
lomicrons from the subject with mixed lipemia showed
a relative accumulation of cholesterol to the same (or
greater) degree as did those from the broad-P subject
when both were incubated with plasma from the familial
hypercholesterolemic subject (experiment I B vs. II B).
Thus excessive avidity for cholesterol uptake was not
evident in broad-p chylomicrons. Furthermore, chylo-
microns from the subject with mixed lipemia became no
more cholesterol-rich during incubation with particle-free
plasma from the broad-s subject than during incubation
with plasma from the familial hypercholesterolemic sub-
ject (experiment I A vs. I B). Therefore, no unique in-
fluence on chylomicron composition was evident in Sf <
400 lipoproteins in broad-p plasma.

Instead, in all experiments the composition of chy-
lomicrons following incubation appeared to reflect
the relative concentration of cholesterol in the non-
particulate lipoproteins in the medium: the TG/choles-
terol ratio declined further in the presence of cholesterol-
rich Sf < 400 plasma, whether from the subject with
broad-p disease or with familial hypercholesterolemia,
than in the presence of cholesterol-poor Sf < 400 plasma
from the mixed lipemic.

DISCUSSION

The persistence of circulating chylomicrons ' after an
overnight fast has not previously been stressed as a
characteristic of broad-p disease. Nevertheless, this phe-
nomenon has been observed in a large proportion of
subjects with broad-P disease in this laboratory, both
by PVP flocculation and agarose electrophoresis, and
has proven an early clue to this difficult diagnosis in
several cases. Of particular note has been the occurrence
of fasting chylomicronemia at relatively low plasma TG
levels, 300-500 mg/100 ml, the range usually observed
in subjects with endogenous lipemia (in whom fasting
chylomicronemia is not detectable), and well below that
ordinarily observed in subjects with mixed lipemia,
whose plasma TG concentrations usually exceed 750 mg/
100 ml. Furthermore, definitive separation of subjects
with broad-p disease from those with mixed lipemia may
be made by lipid analysis of fasting chylomicrons and
calculation of the TG/cholesterol ratio.

The low ratio observed in broad-p disease indicates

that fasting chylomicrons display the abnormal lipid com-
position (relatively rich in cholesterol and poor in TG)
present within the entire VLDL spectrum in this dis-
order (7). These chylomicrons share the property of
flocculation and flotation in 3% PVP columns charac-
teristic of particles of dietary origin in normal subjects
(9) and those with other forms of hyperlipemia (5);
therefore, studies of chylomicron composition during
assimilation of an oral fat load were undertaken to de-
termine the source of the abnormal composition of chylo-
microns which persist after an overnight fast in subjects
with broad-p disease.

These experiments, together with the results of in
vitro studies, suggest that chylomicrons are normal
when secreted by the intestine in broad-P disease but be-
come rich in cholesterol by virtue of exaggerated lipid
exchanges (10, 11), in addition to lipolysis, which take
place during prolonged circulation in a cholesterol-rich
medium. This conclusion is supported by the following
evidence: (a) chylomicrons from broad-p subjects were
of normal composition at peak chylomicronemia follow-
ing an oral fat load (12); (b) as alimentary lipemia
subsided, remaining chylomicrons were rich in choles-
terol; (c) chylomicrons from subjects with familial
hypercholesterolemia showed a similar cholesterol en-
richment late after a fat load; and (d) chylomicrons
from a subject with mixed lipemia became as rich in
cholesterol as did broad-p chylomicrons during incuba-
tion with hypercholesterolemic plasma.

Finally, since enrichment of chylomicrons with cho-
lesterol was observed in forms of hyperlipoproteinemia
other than broad-p disease, these studies are consistent
with the hypothesis that the abnormal composition of
fasting chylomicrons in broad-p disease may arise
through processes which are not unique to this disorder.
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