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1. Introduction

Type III hyperlipoproteinemia (HLP) is an uncommon lipid disorder
characterized by elevations in both plasma cholesterol and triglyceride con-
centrations due to increases in the levels of chylomicron remnants, VLDL
and IDL. The patients generally present in adulthood, often manifesting
signs of premature coronary artery disease (CAD) and peripheral vascular
disease, palmar and tuberoeruptive xanthomas [1]. Inherited type 11I HLP
is usually associated with molecular abnormalities of apolipoprotein (apo) E
or with absence of apo E.

Only three patients with inherited apo E deficiency have been previously
reported [2—4]. Although individuals deficient in apo E typically have severe
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type III HLP, there has been only one report regarding coronary athero-
sclerotic lesions in these individuals. This suggests that coronary athero-
sclerosis does not occur prematurely in these patients [S].

We performed coronary angiography and exercise treadmill testing in a
patient with apo E deficiency and found no evidence of atherosclerotic
narrowing. In order to elucidate the absence of CAD in this patient, we
characterized his LDL, an atherogenic lipoprotein.

2. Materials and methods
2.1. Patient

We studied a 43-year-old man with a history of apo E deficiency, in whom
plasma apo E had not been detected by radioimmunoassay as reported
previously [4]. He had a history of cigarette smoking (approximately 20 ciga-
rettes/day) and heavy alcohol abuse. His serum cholesterol and triglyceride
concentrations were 51.8 mmol/l (2000 mg/dl) and 71.2 mmol/T (6300 mg/dl),
respectively, at the time of admission. He had been diagnosed with diabetes
mellitus at the age 35 years and his diabetes was controlled with insulin
therapy.

Coronary angiography had been performed at 42 years and revealed no
significant atherosclerotic narrowing, though abdominal CT scan showed
calcifications on the wall of common iliac artery and abdominal aorta as
shown in Fig. 1. He had striking xanthomas on his elbows, knees and
Achilles tendon.

2.2. Preparation of serum lipoproteins

Lipoprotein analysis was performed when the patient’s serum cholesterol
and triglyceride concentrations had decreased by diet and insulin therapies
as described previously [4] to 9.8 mmol/l (378 mg/dl) and 2.92 mmol/l (258
mg/dl), respectively. The lipoproteins were separated into four fractions by
sequential ultracentrifugation after removal of chylomicrons: VLDL,
0.96-1.006; IDL, 1.006—1.019; LDL, 1.019-1.063; HDL, 1.063—-1.21 g/ml.

An isopycnic density gradient ultracentrifugation of the LDL fraction was
performed as follows. The LDL fraction, which was separated as the density
between 1.019 and 1.050 g/ml, was adjusted to a density of 1.25 g/ml with
NabBr. A total of 1.5 ml of 1.25 g/ml (density) LDL was placed at the bottom
of a nitrocellulose tube. This was overlaid with 1.12 ml of 1.21 g/ml, 1.15 ml
of 1.063 g/ml, 1.12 ml of 1.019 g/ml and 1 ml of 1.006 g/ml solution in a se-
quential fashion. Ultracentrifugation was continued at 15°C for 24 h at
38 000 rev./min in an SW 6ST rotor. The gradient was eluted and separated
into 12 fractions.
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Fig. 1. Coronary angiography and abdominal CT scan of the patient with apo E deficiency.
(a) Right coronary artery (RAO); (b) right coronary artery (LAO); (c) left coronary artery
(RAO); (d) left coronary artery (LAO); (¢) abdominal CT scan showing calcification of
abdominal aorta.

Fractionated LDLs were analyzed on a 2—16% polyacrylamide gradient
gel electrophoresis (GGE) without sodium dodecyl sulfate (SDS) according
to the method described by Anderson et al. [6]. After staining of the gels with
Coomassie brilliant blue, the peak distribution of LDL was determined by
densitometer.

2.3. Susceptibility of LDL to oxidative modification

Studies of conjugated diene formation were performed to investigate the
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susceptibility of LDL to oxidative modification according to previously
reported techniques [7]. The conjugated dienes were assessed by monitoring
increases in absorbance at 234 nm as described by Esterbauer et al. [8].

3. Results

Data regarding the plasma lipoprotein constituents of the patient and of
normal Japanese control subjects (n = 4) are given in Table 1, demonstrating
a significant increase in the patient’s VLDL. Seventy-four percent of his total
cholesterol concentration and 92% of his triglyceride concentration were
recovered in the VLDL. The IDL concentration was not significantly in-
creased. The ratios of cholesterol to triglyceride of VLDL and IDL were in-
creased on compositional analysis. On the other hand, a significant decrease
in LDL (4: 1.019-1.063 g/ml) constituents were noted in our patient, despite
the finding that the composition of the patient’s LDL did not significantly
differ from that of normal controls. The composition of HDL constituents
was within the normal range, although the concentration in our patient was
significantly reduced.

The particle size distribution of plasma LDL obtained from the patient
was analyzed by GGE after separation into 12 subfractions using isopycnic
density gradient ultracentrifugation (Fig. 2). The patient’s LDL was distri-
buted over a wide buoyancy range of the gradient. The normal LDL bands
which appeared are rather uniform and smaller than those of our patient.
With increases in density, the size of the normal LDL decreased. However,
in the case of our patient’s LDL, the large-sized LDL were distributed
throughout the range of densities, while smaller particles were not observed
in the denser fraction.

In order to examine the susceptibility of LDL to oxidative modification,
we measured the production of conjugated dienes of the oxidized LDL in a
cell-free system using copper ions. The time-course curves for LDL oxidation
did not differ between the control subjects and the patient with apo E defi-
ciency.

4. Discussion

Morganroth et al. have reported that 43% of type III patients have vascu-
lar disease and about one-third have definite CAD [9]. They reported also
that the average age of male subjects with ischemic heart diseases was 38.1
years old. Peripheral vascular disease involving the lower extremities is near-
ly as prevalent as coronary artery disease [1]. Individuals with apo E defi-
ciency also have been reported to have severe type III HLP [2—4]. Schaefer
et al. performed coronary angiography in a 60-year-old patient with apo E
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Polyacrylamide gel electrophoresis of LDL separated by density gradient ultracentrifugation.
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Fig. 2. LDL density gradient fraction displayed by non-denatured gradient gel electro-
phoresis. After fractionation of the gradient, 20 ul of each fraction were subjected to non-
denatured GGE. On each gel, the far right track represents normal VLDL, while the remain-
ing 11 tracks are the LDL fractions. The far left track represents the top (most buoyant) end
of the gradient. Lower panels represent the density of each LDL fraction. Int-count represents
the counts of LDL displayed on GGE which were determined by densitometer.

deficiency and revealed an 80% narrowing of the first diagonal branch of the
left anterior descending coronary artery but no other detectable narrowings
[5]. Based upon this evidence, they speculated that coronary arteriosclerotic
disease does not occur prematurely in patients with apo E deficiency. In our
43-year-old case, the patient demonstrated no detectable coronary narrow-
ing, despite manifesting peripheral atherosclerosis, numerous tuberoeruptive
and tendon xanthomas and possessing multiple-risk factors (smoking,
diabetes, male gender and severe type III HLP). Furthermore, he demon-
strated no evidence of ischemic heart disease in the exercise treadmill testing
at 46 years, when his serum cholesterol and triglyceride concentrations were
11.0 mmol/l (426 mg/dl) and 3.3 mmol/l (295 mg/dl), respectively, under the
treatment of HMG CoA reductase inhibitor and clinofibrate. This evidence
suggests that hyperlipoproteinemia caused by apo E deficiency may be a risk
factor for peripheral atherosclerosis but not for coronary atherosclerosis.
A complete lipoprotein analysis indicated that greater than 70% of the li-
poprotein constituents are within the VLDL density but only 8% in the IDL
density with respect to cholesterol. On the other hand, the composition of
LDL was nearly normal, though the concentration was extremely low. The
abnormalities of the patient’s lipoprotein profile are similar to but more pro-
minent than that of conventional type III HLP, which may be induced by
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associated diabetes mellitus and/or alcohol abuse. Studies of size and density
of the patient’s LDL revealed a definite shift to larger, less dense components
than normal LDL. Thus, the patient has a paucity of small-dense LDL par-
ticles.

Swinkels et al. have reported a connection between mass concentrations
of small-dense LDL and increased coronary disease risk [10]. De Graaf et al.
have reported that small-dense LDL from healthy subjects have progressive-
ly greater susceptibility to in vitro oxidation than the more buoyant LDL
[11]. In our study we examined the susceptibility to oxidative modification
of LDL, as large, less dense LDL may be resistant to oxidative modification.
However, the production rate of conjugated dienes from the patient’s LDL
did not differ from those observed in subjects with normal LDL.

These observations suggest that lower levels of LDL and small-dense LDL
are largely responsible for the absence of CAD in patients with apo E defi-
ciency.

Zhang et al. have demonstrated that transgenic mice lacking apo E have
five times normal levels of plasma cholesterol and develop foam cell-rich de-
position in the proximal aorta [12]. However, no pathologic changes were
noted in the coronary arterial bed or the distal aorta. Reddick et al. [13] and
Nakashima et al. [14] also found that the coronary arteries were not involved
with atherosclerosis, though atherosclerotic lesions were present in the aorta
of the young apo E deficient mice. They, therefore, suggested that the lesions
of atherosclerosis appeared somewhat different in the coronary arteries than
in the other parts of the arterial system in apo E deficient mice. On the other
hand, Plump et al. found narrowed lumen of small branches of the coronary
arteries in apo E deficient mice of 10 months of age fed chow diet [15]. The
authors reported that LDL-cholesterol levels of the aged apo E deficient
mice fed a chow diet were not so low, which is clearly different from our
human case, suggesting that LDL plays an important role in coronary
arteriosclerosis in elder apo E deficient mice.
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38" International Symposium on Vectorcardiography
June 24 - 28, 1997, Bratislava, Slovak Republic

COMPARED STUDY TO HOLTER-SA-ECG WITH LEFT
VENTRICULAR FUNCTION USING MULTIPLE GATED
ACGUISITION CARDIAC BLOOD POOL IMAGING IN PATIENTS
WITH ARRHYTHMIA

Zhao LX, Horiuchi K., Ozawa Y, Tanigawa N, Saito S, Watanabe
I , Kanmaisusei K .

The 2nd Dept. of Medicine, School of Medicine, Nihon University,
Tokyo, Japan.

The purpose of this study was to evaluate left ventricular function
from multiple gated acquisition (MUGA) cardiac blood pool imaging
in patients with arrhythmia; And also evaluation of relationship
between it and Holter -signal averaged ECG(Holter-SA-ECG).
Subjects and Methods: 30 patients were followed intravenous
administration of 20 mCi of Technetium-99m labeled human sernm
albumin-DTPA for study MUGA cardiac blood pool imaging; And
every patients performed 24h Holter monitor, the data were recorded
by Del Mar Avionics Model 459 3-channel Cardio-Corder and Model
563 strata scan-Holter ECG analysis system. The criteria of Holter-
SA-ECG: QRSd>114ms, RMS40<12uV,LAS40>38ms. An abnormal
Holter-SA-ECG[ Late Potential (LP) positive] was defined as the
presence of at least 2 of 3 parameters. At our this study, we using
peak filling rate(PFR) to evaluate early diastolic filling function,
and using ejection fraction(EF) to evaluate systolic function of left
ventricular in these 30 patients.
Results: 1). PFR in Group of normal Holter-SA-ECG was higher
than that group which have abnormal Holter-SA-ECG.
2). Difference of EF was no significantly in both groups.

Conclusion: 1. EF was no significatly differece both in patients
with normal and abnormal Holter-SA-ECG

2. PFR in group of abnormal Holter-SA-ECG was
lower than that group which have normal Holter-SA-ECG. It was
sensitively and stronger evidence for that left ventricular early
diastolic dysfunction was due to myocardial injury in patients
with abnormal Holter-SA-ECG. This rusults suggestion that PFR
as earliest manifestation of cardiac diastolic dysfunction and have
possibility after that frequently develop systolic dysfunction,

3. MUGA cardiac blood pool imaging as a noninvasive,
reliable and reproducible means to quuntify left ventricular function.



