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Characterization of Apolipoprotein A-lI- and A-li-containing Lipoproteins in a
New Case of High Density Lipoprotein Deficiency Resembling
Tangier Disease and Their Effects on Intracellular Cholesterol Efflux

Marian C. Cheung, Armando J. Mendez, Anitra C. Wolf, and Robert H. Knopp
Department of Medicine, School of Medicine, University of Washington, Seattle, Washington

Abstract

A 48-yr-old Caucasian female of central European origin (sub-
ject IM) with low plasma cholesterol and normal plasma tri-
glyceride (TG) had extremely low apo A-I (6 mg/dl), A-II (5§
mg/dl), and HDL cholesterol (2 mg/dl) levels. She had most
of the clinical symptoms typically associated with Tangier dis-
ease, including early corneal opacities, yellow-streaked tonsils,
hepatomegaly, and variable degrees of peripheral neuropathy,
but had no splenomegaly. She had a myocardial infarction at
age 46. Since HDL are postulated to be involved in the trans-
port of excess cholesterol from peripheral tissues to the liver
for degradation, and the ability of an HDL particle to promote
cellular cholesterol efflux appears to be related to its density,
size, and apo A-I and A-II contents, we isolated and character-
ized the HDL particles of this patient and all her first degree
relatives (mother, a brother, and two children). The plasma
A-1, A-I1, and HDL cholesterol levels of all five relatives were
either normal or high. Using anti-A-I and anti-A-II immuno-
sorbents, we found three populations of particles in IM: one
contained both apo A-I and A-II, Lp(AI w AII); one contained
apo A-I but no A-II, Lp(AI w/o AIl); and the third (an un-
usual one) contained apo A-II but no A-I, Lp(AII). Two-thirds
of her plasma A-I and A-II existed in separate HDL particles,
i, in Lp(AI w/o AIIl) and Lp(AII), respectively. Only
Lp(AI w AlII) and Lp(AI w/o AII) were present in the plasma
of the relatives. All three populations of the patient’s HDL
particles had a normal core /surface lipid ratio, but the cores
were enriched with TG. The apo A-I-containing particles, how-
ever, were considerably smaller and contained much less lipid
than Lp(AII). Despite these unusual physicochemical charac-
teristics, the apo A-I-containing particles and Lp(AII) were
effective suppressors of intracellular cholesterol esterification
in cholesterol-loaded human skin fibroblast. The patient’s
plasma apo D and lecithin cholesterol acyltransferase levels
were reduced, with an increased proportion located in non-
HDL plasma fractions. These findings are discussed in light of
Tangier disease and other known HDL-deficiency cases, and
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the role of HDL in the maintenance of cell cholesterol homeo-
stasis. (J. Clin. Invest. 1993.91:522-529.) Key words: cell cho-
lesterol esterification ¢ high density lipoprotein subpopulations
« immunoaffinity chromatography  coronary artery disease °
lecithin cholesterol acyltransferase

Introduction

Epidemiological studies have repeatedly demonstrated an in-
verse relationship between HDL and the risk of coronary artery
diseases (CAD)! (1, 2). The biochemical mechanism(s) be-
hind this observed relationship is still unknown but is believed
to be related to the role of HDL in promoting the transport of
cholesterol from peripheral tissues to the liver for catabolism
(reverse cholesterol transport) (3), thus preventing the accu-
mulation of excess cellular cholesterol and the development of
foam cells. Although this putative role of HDL in reverse cho-
lesterol transport has not been proven conclusively, this con-
cept is supported by many of the clinical features found in
patients with HDL deficiency (4). Furthermore, in vitro stud-
ies have shown that HDL can promote cellular cholesterol ef-
flux (5, 6).

Human HDL represents a population of particles that are
heterogeneous in physical characteristics and in their lipid and
protein composition. These particles are conventionally sepa-
rated into two major density subfractions, HDL, and HDL,,
by ultracentrifugation. Using antibodies specific for apo A-I
and A-II, HDL particles that differ in their apo A-I and A-II
contents have been isolated (7, 8). In normal human plasma,
HDL is comprised of two major populations of particles, both
contain apo A-I but only one contains apo A-II: Lp(AI w AII)
and Lp(AI w/o AIl) (7-9). Recently, we identified a patient
with HDL cholesterol and apo A-I levels below the fifth percen-
tile of control population. Her plasma contained, besides
Lp(AI w AIl) and Lp(AI w/o All), significant amounts of an
unusual population of HDL particles with apo A-II as their
major protein component: Lp(AIl). Apo A-I was not detect-
able in these particles. This patient developed CAD at age 46.
Since little is known regarding the characteristics of apo A-I-
and A-II-containing lipoproteins in HDL deficiency and their
ability to promote cellular cholesterol efflux, we isolated and
characterized the three populations of HDL particles in this
patient and studied their ability to promote intracellular choles-
terol efflux. This report describes our findings and discusses
them in relationship to Tangier disease and to our understand-
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ing of HDL subpopulations and their role in reverse cholesterol
transport.

Methods

Subjects. Patient IM is a 48-yr-old Caucasian female of central Euro-
pean origin. She is 5.0 ft tall and weighs 93.5 Ibs. She had a heart attack
with no prior warning at age 46, and coronary bypass surgery was
performed shortly after the episode. She was referred to the Northwest
Lipid Research Clinic (NWLRC) 2 yr after the bypass surgery because
of her extremely low (2-3 mg/dl) HDL cholesterol level. On physical
examination, she displayed an erythematous, scaling dermatitis in the
seborrheic area of the face. Her eyes showed fine corneal opacities on
slit lamp examination characteristic of Tangier disease. The thyroid
was normal but whitish-yellowish streaking was seen in both tonsillar
fossae, right greater than left. The chest was clear, and the heart showed
no cardiomegaly or point of maximum impulse. A grade 2 of 6 systolic
ejection murmur in the aortic area was noted. The S2 was widely split
with inspiration and there was a fourth heart sound gallop. She re-
ported having chest tightness with exercise consistent with angina pec-
toris and shortness of breath on rapid walking consistent with conges-
tive failure. The abdomen showed an 11-cm liver that had a I-cm
palpable edge. It was soft and nontender. No spleen was palpable. Ab-
dominal ultrasound confirmed the hepatomegaly and normal spleen
size. The extremities showed puffy nonpitting edema to the knees. The
right dorsalis pedis pulse was palpable, the posterior tibial pulses were
absent bilaterally. The popliteal pulse was present on the right and
indeterminate on the left. Acrocyanosis of the toes was noted. The
ankle jerks were absent and there was decreased pin and vibration sense
in the great toes. At a repeat examination 2 yr later, the pin-prick
awareness in the toes was improved but the ankle jerks were still absent.

The subject’s family history of heart disease is difficult to assess
because grandparents, aunts, and uncles died in Europe during World
War II. However, her mother (MK, age 75) is alive and well with a
normal total and HDL cholesterol, and her father died at age 76 of
adult-onset diabetes. The 56-yr-old brother (PK) also has normal
plasma and HDL cholesterol with ulcer disease treated with diet, but is
asymptomatic for CAD. The patient has a 17-yr-old son (MM) and a
14-yr-old daughter (HM ) with no known clinical disease. Her husband
died of cancer at age 51. The subject and her children habitually eat a
low fat diet. There was no known consanguinity.

Plasma samples. Blood samples from the patient and her two chil-
dren were obtained at the NWLRC. Venous blood was drawn from the
antecubital vein into EDTA-containing Vacutainer tubes (Becton-
Dickinson & Co., Rutherford, NJ) after a 12-14-h overnight fast.
Plasma was separated by low speed centrifugation at 4°C, and sodium
azide, gentamycin, and chloramphenicol were promptly added to final
concentrations of 0.5, 0.005, and 0.01 g/liter, respectively. Fasting
plasma samples from her mother and brother were air shipped in ice to
Seattle. All HDL isolations commenced within 48 h after the blood was
drawn.

Lipoprotein fractionation. Fractionation of the patient’s plasma
into VLDL, LDL, and HDL was performed as described ( 10). Briefly,
plasma was subjected to ultracentrifugation at 105,000 g for 18 h with-
out prior density adjustment. VLDL was recovered in the top fraction
by the tube-slicing technique. LDL and HDL were recovered in the
bottom fraction. HDL was separated from plasma by precipitation
with dextran sulfate and magnesium (11). Lipid in each fraction was
quantitated. LDL lipid was calculated as the difference between the d
1.006 bottom fraction and the dextran sulfate-magnesium (DS-Mg)
supernatant fraction. VLDL lipid was calculated as the difference be-
tween plasma lipid and the 4 1.006 bottom fraction. In the relatives,
HDL was separated from VLDL and LDL by DS-Mg. Total plasma
cholesterol, triglyceride (TG), and cholesterol in the DS-Mg superna-
tant fraction were quantitated. The cholesterol content of VLDL and
LDL were calculated as described by Friedewald et al. (12).

Isolation of HDL particles. HDL particles differing in their apo A-I
and A-II contents were isolated from the patient’s plasma obtained

under two occasions 2 yr apart. Particles from the first isolation were
used for detailed physicochemical characterization. Those from the
second isolation were used for intracellular cholesterol efflux studies.

The first isolation, and isolations from plasma samples of the rela-
tives, followed an established two-step immunoaffinity chromatogra-
phy procedure (7, 8) with the following modifications. Plasma aliquots
(20 ml from the patient, and 2.5-5 ml from her relatives) were sequen-
tially adsorbed with DS cellulose, anti-A-II-Sepharose CL 4B, and
anti-A-I-Sepharose CL 4B to respectively remove all apo B-containing
lipoproteins (13), apo A-II-containing lipoproteins, and apo A-I-con-
taining lipoproteins that do not have any apo A-II. Nonadsorbed pro-
teins were washed with 0.01 M Tris-HCI buffer, pH 7.4, containing
0.15 M NaCl, 1 mM EDTA, and 0.05% sodium azide. Lipoproteins
bound to DS cellulose and the immunosorbents were eluted with 3 M
NaSCN in 0.02 M sodium phosphate, pH 7.0, and immediately filtered
through a column packed with Sephadex G-25 (Pharmacia LKB Bio-
technology Inc., Piscataway, NJ) to remove the thiocyanate. In the
patient, but not her relatives, the lipoproteins eluted from the anti-A-II
immunosorbent contained three times more apo A-II than A-I. These
lipoproteins were further adsorbed with the anti-A-I immunosorbent
to separate particles, which contained both apo A-II and A-I from those
unusual ones that contained apo A-II but no A-I. Nonadsorbed pro-
teins and adsorbed lipoproteins were concentrated by concentrator
(MicroConfilt; Bio-Molecular Dynamics, Beaverton, OR ) for further
studies. All isolation and concentration processes were performed
at 4°C.

In the second isolation, 12 ml of the subject’s plasma was sequen-
tially adsorbed with DS cellulose, anti-A-I-Sepharose and anti-A-II-
Sepharose. By reversing the sequence of the immunosorbents, all apo
A-I-containing lipoproteins, i.e., Lp(AI w AIl) and Lp(AI w/o AIl)
bound to the anti-A-I immunosorbent whereas only Lp(AlIl) bound to
the anti-A-II column. These lipoproteins were desorbed from the im-
munosorbent as described above and were further subjected to heparin
Sepharose chromatography to remove apo E-containing lipoproteins
(14) before cell cholesterol esterification studies.

Cell cholesterol esterification studies. Normal skin fibroblasts were
cultured from explants of punch biopsies of skin from the inner thigh of
normal volunteers as previously described (15). Fibroblasts between
passage S and 15 were grown to confluence (7-10 d) before use. Con-
fluent cells were rinsed twice with PBS containing 1 mg/ml BSA, and
cholesterol-loaded by incubation for 48 h with serum-free DME con-
taining 2 mg/ml BSA and 50 ug/ml (nonlipoprotein) cholesterol.
After loading with cholesterol, cells were rinsed three times with PBS
containing 2 mg/ml BSA, and fresh DME containing 1 mg/ml BSA
was added for 16 h to allow equilibration of cholesterol pools. Subse-
quently, cells were rinsed and incubated with DME containing | mg/
ml BSA and various amounts of HDL particles for 16 h. The medium
was then removed and the cells were rinsed once with PBS to remove
the added HDL. Intracellular pool of cholesterol available for esterifi-
cation by acyl-CoA: cholesterol acyltransferase were estimated by incu-
bating cells with DME containing 9 uM '#C-oleate complexed with
albumin for 1 h. After incubation, the cells were chilled on ice, washed
two times with ice-cold PBS/BSA then twice with ice-cold PBS. The
cells were extracted immediately and free and esterified cholesterol
were separated by thin layer chromatography and determined by scin-
tillation counting as previously described (16).

Analytical procedures. Total and unesterified cholesterol (C, FC),
phospholipid (PL), and TG in the plasma and lipoprotein fractions
were measured by enzymatic methods (17). Apo A-I, A-Il, B, D, and
lecithin cholesterol acyltransferase (LCAT) mass were quantitated by
specific immunoassays ( 18-22). Plasma LCAT activity was measured
using the apo A-I proteoliposome common substrate method (23).
The protein composition of the isolated HDL particles was examined
by nonreducing SDS 7-20% gradient PAGE according to the method
of Laemmli (24). HDL particle sizes were determined by nondenatur-
ing gradient PAGE using precast 4-30% gels (Pharmacia LKB Biotech-
nology Inc.) (25) with electrophoresis carried out to 1,500 and to 3,000
V h. The former prevented the loss of particles < 7.0 nm in Stokes
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diameter. The latter allowed the larger particles and the calibration
proteins to migrate to equilibrium. Proteins in the SDS and nondena-
turing gels were visualized with 0.1% Coomassie blue R-250 and
G-250, respectively. Gels were scanned and integrated with the Gelscan
XL software (2400; Pharmacia LKB Biotechnology Inc.). Chemical
cross-linking studies were performed with dimethylsuberimidate
according to the method of Swaney and O’Brien (26). The cross-
linked products were delipidated and analyzed with SDS-PAGE as
described (27).

Results

Lipid and apo profile. The patient’s lipid profile determined
under two different occasions 2 yr apart had an unusually low
total plasma cholesterol attributable to her extremely low HDL
cholesterol (Table I). Although her plasma TG was normal,
most of it (60% ) was located in LDL rather than VLDL. The
lipid composition of the DS-Mg supernatant fraction, usually
considered representative of HDL, was quite different from
that of normal. Specifically, there was as much TG as choles-
terol, and the PL content was nine times more than the choles-
terol. The HDL cholesterol levels in the patient’s relatives were
between the 10th and 50th percentiles for age- and sex-
matched controls (28). Their overall lipid profiles and the lipid
composition of the DS-Mg supernatant (HDL) fraction were
normal although the HDL fraction of PK, who had elevated
plasma TG, was TG enriched.

Consistent with her unusually low HDL cholesterol level,
the plasma apo A-I and A-II levels of the patient were ~ 4 and
14% of controls, respectively (Table II). Thus her plasma A-1/
A-II ratio was considerably lower than that in controls. Apo D
and LCAT, two other proteins normally found in HDL, were
also reduced (Table II), but to a lesser extent (30-40% of con-
trols). Plasma LCAT activity (20.4 nmol-h™!.ug LCAT™)
measured with the exogenous A-I proteoliposome substrate
was comparable to MK (20.7 nmol-h™! - ug LCAT ') and PK
(22.0 nmol-h™!- ug LCAT™!). With the exception of an un-
usually high apo A-II concentration in PK, the plasma levels of
these proteins in the patient’s relatives were within the normal
range for an adult population. Plasma apo B levels were normal
in all subjects.

Characteristics of HDL particles. With sequential immuno-
affinity chromatography, three populations of HDL particles
were isolated from the plasma of the patient: one contained
both apo A-I and A-II, Lp(AI w AIl); one contained apo A-I
but not A-II, Lp(AI w/o AlI); and the third (an unusual one),

Table I. Lipid Profile of Patien( and Family

contained apo A-II but not A-I, Lp(AIl). Two thirds of the
plasma apo A-I and A-II were found in Lp(AI w/o AIl) and
Lp(AIl), respectively. Thus, the majority of the apo A-I and
A-Il in the patient existed in separate HDL particles, and only
25% of plasma A-I and 20% of plasma A-II were located in
Lp(Al'w All). In the patient’s relatives, both Lp(AIw All) and
Lp(AI w/o AIl) were present, with the majority of apo A-I
(60-87%) located in particles with apo A-II. There was no evi-
dence of any significant amount of Lp(AII), and ~ 1% of apo
A-I and A-II were detected in the materials bound to DS cellu-
lose (the DS fraction). This DS fraction contained essentially
all the apo B—containing lipoproteins. However, in the patient,
an abnormally high 7% of plasma A-I and 12% of plasma A-II
were recovered in this fraction.

The distribution of apo D and LCAT among the various
HDL particles was studied. In all five subjects, relatively more
apo D was associated with apo A-II-containing particles
whereas LCAT was found mostly in particles without apo A-II
(Table III). In the patient’s relatives, the HDL-associated apo
D and LCAT represented 84 and 93% of total apo D and LCAT
in plasma, respectively. In contrast, over 40% of the patient’s
apo D, and 30% of LCAT were in the non-HDL plasma frac-
tions. In the patient and in MK and PK, non-HDL apo D was
located in the DS fraction as well as the apo A-I-, A-II-, and
B-free plasma, i.e., lipoprotein-deficient plasma. In MM and
HM, non-HDL apo D was detected only in the DS fraction. In
all subjects, nearly 90% of the non-HDL LCAT was recovered
in the lipoprotein-deficient plasma.

The protein composition of the HDL particles was also ex-
amined by SDS-PAGE. As shown in Fig. 1, no protein band
corresponding to apo A-II was detected in Lp(AI w/o All),
and the patient’s Lp(AIl) did not contain any protein with a
molecular weight comparable to normal A-1. Although, a dis-
tinct protein that migrated slightly ahead of normal apo A-I
was observed, when the SDS gel was electrophoretically trans-
ferred to a nitrocellulose membrane according to the method
of Towbin et al. (29), this protein band did not react with
polyclonal antibodies to apo A-I, A-I1, or D (data not shown).
Furthermore, a comparable protein band was not detected in
the Lp(AIl) isolated from the second plasma sample (data not

" shown). Proteins at molecular weight positions comparable to

normal apo A-I and A-II were detected in the Lp(AI w A-II) of
the patient and her relatives. Examples are shown in Fig. 1. As
we and others have observed, proteins larger than apo A-I and
smaller than apo A-II were seen in all HDL particles (30, 31).

Plasma VLDL LDL HDL
Subject Age/sex TC FC TG PL TC FC TG PL TC FC TG PL TC FC TG PL
mg/dl
IM (Ist visit) 49/F 102 28 120 115 14 5 42 21 86 22 75 76 2 <l 3 18
IM (2nd visit) 51/F 89 24 153 123 13 4 61 8 73 18 89 98 2 1 2 17
MM 17/M 126 29 59 150 12 NA NA NA 75 NA NA NA 39 7 8 91
HM 14/F 141 33 62 170 12 NA NA NA 8 NA NA NA 43 7 10 101
MK 75/F 192 41 81 205 16 NA NA NA 1353 NA NA NA 41 6 2 91
PK 56/M 178 42 249 292 50 NA NA NA 82 NA NA NA 46 7 27 172

NA, not analyzed. F, female; M, male. FC, free cholesterol.
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Table II. Plasma Apolipoprotein
and LCAT Levels of Patient and Family

Subject Al All B D LCAT
mg/dl ug/ml
IM (1st visit) 6 5 94 2.2 1.8
IM (2nd visit) 6 4 94 2.0 24
MM 104 26 94 4.5 6.1
HM 122 34 108 4.4 33
MK 125 31 118 4.4 8.0
PK 147 54 108 7.9 7.4
Control
Male 120£20 33+5 102+24 6.2+1.1 5.6+0.9
Female 135426  36+6 98+23 5.9+1.3  59+1.1

Control values obtained with the same immunoassays for adult pop-
ulations (see references 18-22).

The larger ones were predominantly located in particles with-
out apo A-II whereas those with molecular weights similar to
the apo Cs were mostly found in Lp(AI w AII).

The lipid composition of the various HDL particles are
shown in Table IV. In the relatives the composition was similar
to that reported for other subjects of comparable plasma lipid
levels (7, 30, 32). Although IM had a normal plasma TG level,
her HDL were enriched in TG and depleted of cholesteryl ester
(CE). Furthermore, her two apo A-I-containing lipoprotein
particles had a much lower lipid/protein ratio than that of her
relatives, suggesting that they were denser HDL particles. In
contrast, her Lp(AII) contained nearly equal amounts of lipid
and protein, a ratio approaching the two populations of A-I-
containing particles of her relatives.

Agarose gel electrophoresis was performed on the patient’s
HDL particles. Due to the small amount of materials available,
and probably to the low lipid content of some of the particles,
we were only able to see, with certainty, alpha migrating
Lp(AII) when the gel was stained for lipid with Sudan black.
Staining the gel for protein with Coomassie G-250 revealed
alpha and prebeta materials in both Lp(AI w/o AIl) and
Lp(AI w AII) (data not shown).

The particle sizes of the three populations of HDL were
studied by nondenaturing gPAGE. Each population of HDL

Table III. Distribution of Apo D and LCAT in Plasma

AL, AL,
Subject Lp(AI w AIl) Lp(AI w/o All) Lp(AIl) Ds fraction B-free plasma
ApoD IM 26 10 23 18 23
MM 76 17 - 7 ND
HM 71 21 — 8 ND
MK 72 14 — 8 6
PK 85 6 — 5 4
LCAT IM 1 66 2 4 27
MM 11 73 — 2 14
HM 12 72 — <1 16
MK 23 63 —_ 2 12
PK 22 62 — <1 16

All numbers represent percent of total D or LCAT mass in the plasma of each
subject. The Ds fraction contains all apo B-containing lipoproteins. ND, not
detectable.

- 925
- W — 662
— S
W— 450
| ——— g— 310
R S - w— - f— 21.5
¥ - 14.4
MW Std.
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1 2 3 456 7 8 9 10 11

Figure 1. Nonreducing SDS (7-20%) PAGE of HDL particles. Lanes
3, 4, and 5 are the Lp(Al w/o0 AIl), Lp(All), and Lp(AI w AII) of
patient IM, respectively. Also shown for comparison are the Lp(Al
w/o All) (lanes / and 2) and the Lp(AI w AIl) (lanes 6 and 7) of
HM and MM. Lanes 8-10 are a mixture of purified A-I (2, 4, and 6
ug, respectively) and A-II (0.8, 1.6, and 2.4 ug, respectively); lane 1/
shows low molecular weight standards from Bio-Rad Laboratories

(Richmond, CA).

contained particles of mixed sizes (Figs. 2 and 3). However,
the overall size profiles of the patients’ Lp(AI w AIl) and
Lp(AI w/o AIl) were much smaller than those of her relatives.
On the basis of densitometry, the majority (83-87%) of the
relatives’ Lp(AI w AIl) and Lp(AI w/o All) were located
within the 8.2-17.0-nm Stokes diameter interval. Examples are
shown in Fig. 2. Conversely, three quarters of these particles in
patient IM were < 8.2 nm with substantial amounts (47-52%)
< 7.0 nm. Although 42% of the patient’s Lp(AIl) particles
were located in the size region < 8.2 nm, only 4% of those
particles were < 7.0 nm, and a distinct size species with a peak
Stokes diameter of 8.0 nm was observed (Fig. 3 4). Cross-link-
ing of Lp(AII) with dimethylsuberimidate followed by delipi-
dation and SDS-PAGE showed that the majority of Lp(AII)
particles likely contained proteins with a total molecular
weight equivalent to four molecules of apo A-II (Fig. 3 B).
(One molecule of A-II is defined as two identical peptides of 77
amino acids.)

Effect of HDL intracellular cholesterol efflux. The ability of
the patient’s Lp(AII) and total apo A-I-containing lipopro-
teins, Lp(Al), i.e., combination of Lp(AI w AII) and Lp(AI
w/o All), to promote intracellular cholesterol efflux was mea-
sured by the ability of these lipoproteins to decrease esterifica-
tion of cell cholesterol in cholesterol-loaded cultured human
fibroblasts. Both Lp(AI) and Lp(AII) reduced cell cholesterol
esterification in a dose-dependent manner (Fig. 4). Further-
more, the effectiveness of these particles were comparable to
the Lp(AI) from a normolipidemic subject at similar total pro-
tein concentration and apparently more effective when normal-
ized for A-II concentration.

Discussion

This report describes the characteristics of the HDL particles in
a new case of apo A-I deficiency. The patient’s overall plasma
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Table IV. Lipid Composition of HDL Particles

Lp(AI w AIl) Lp(Al w/o AIl) Lp(All)

Subject FC CE TG PL L/P* FC CE TG PL L/pP FC CE TG PL L/P
M 2 10 29 59 26:74 4 20 20 56 25:75 4 18 17 61 46:54
MM 5 34 4 57 55:45 5 34 5 56 54:46
HM 5 32 5 58 54:46 4 34 6 56 56:44
MK 3 40 7 50 49:51 3 36 14 47 50:50
PK 3 31 11 55 54:46 2 29 17 52 48:52

* In calculating the lipid (L)/protein (P) ratio, the sum of apo Al, All, D, and LCAT mass was used as the protein mass. All numbers represent
percent by weight. FC, free cholesterol; CE, cholesteryl ester; TG, triglyceride; PL, phospholipid. CE mass was calculated as (Total CH — FC)
mass X (mol wt of CE)/(mol wt of FC). We used 387 and 650 for the molecular weight of FC and CE, respectively.

lipid and lipoprotein concentrations were comparable to those
reported for individuals homozygous for Tangier disease and
familial apo A-I and C-III deficiency, but her apo A-I and A-II
levels resembled more those of Tangier homozygotes (4, 33).
Her extremely low HDL cholesterol content likely accounted
for her unusually low total plasma cholesterol level. Although
her plasma TG level was normal, it was disproportionately lo-
cated in the LDL fraction, resulting in TG-rich LDL. An ab-
normal distribution of plasma TG between VLDL and LDL
has also been observed in Tangier homozygotes(4,33)andina
subject homozygous for the apo A-I (Glu,s4-Lys) variant (34)
but was not found in familial apo A-I and C-III deficiency (4,
35, 36). On clinical grounds, IM also had most of the features
seen in Tangier disease, including yellow streaked tonsils, early
corneal opacities, hepatomegaly, and variable degrees of periph-
eral neuropathy. However, she did not have the splenomegaly

Lp(Al w All) Lp(Al w/o All)
IM
—
MM
roc L
HM

UV | UL |
170 112 92 82 70 170 112 92 82 70

Stokes Diameter (nm)
Figure 2. HDL particle size profiles. Densitometric scans after non-
denaturing 4-30% PAGE of patient IM’s Lp(AI w AIl) (/eft) and

Lp(AI w/o AlIl) (right). Shown for comparison were the HDL parti-
cles of her children, MM and HM.
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reported in two thirds of Tangier cases (4). The gross lipid and
apolipoprotein profiles of her four first-degree relatives appear
normal, though many parameters of her two children were on
the low side of normal range for an adult population. Whether
this finding is related to the low fat diet of the family or that the
children are heterozygous for the unknown maternal defect(s)
that ‘eads to HDL deficiency remains to be determined.
Since the molecular defects underlying the profound HDL
deficiency in IM and in Tangier disease are not known, a defin-
itive statement regarding whether IM has Tangier disease can-
not be made. Nevertheless, the patient was found to have an
increased ratio of pro to mature apo A-I and an increased
amount of disialated apo E similar to that found in patients
with Tangier disease (Rader, D., personal communication).
Her apo A-I and A-II were indistinguishable from normal A-I
and A-II in nonreduced SDS-PAGE. Thus, the primary defect
in IM is different from that in two recently reported cases of
apo A-I deficiency that involved a frameshift mutation (37)
and a 45-bp deletion (38) in the apo A-I gene. In the patient
with frameshift mutation, an A-I-A-II hetero dimer was de-
tected by immunoblot of isoelectric focusing gel and mass spec-
trometry. In the patient with a 45-bp deletion, his apo A-I mi-
grated slightly faster than normal A-I in SDS-PAGE. The nor-
mal free/esterified cholesterol in the patient’s plasma showed
that the cholesterol esterification function of LCAT was not
significantly affected by the strikingly low level of A-I. Further-
more, the ability of her plasma to esterify exogenous choles-
terol in proteoliposome containing apo A-I indicates that she
does not have defects similar to Fish Eye disease (39). Posthe-

N
T T T T T T T | T
170 112 92 82 7.0 4 3 2 1

Stokes Diameter (nm) Position of X-linked
A-1l Polymers

Figure 3. Particle size profile and protein molecular weight of the
Lp(AII) of the patient. Densitometric scans of (4) Lp(AII) after
nondenaturing 4-30% PAGE and (B) chemically cross-linked
Lp(AII) upon SDS 4-30% PAGE.
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Figure 4. Effects of patient and control HDL fractions on cholesterol esterification in cholesterol-loaded fibroblasts. Cultured cells were incubated
in medium containing 1 mg/ml BSA and the indicated concentrations of lipoproteins for 16 h followed by a 1-h pulse incubation with medium
containing 9 uM '“C-oleate. (The 16-h incubation allowed maximum depletion of acyl-CoA: cholesterol acyltransferase substrate pools). After
incubation, cell lipids were extracted, separated by thin-layer chromatography, and radioactivity in CE was measured. Cholesterol esterification
was quantitated as picomoles of '*C-oleate incorporated into CE per mg of cell protein. (4) Values normalized for total protein content of lipo-
protein fraction. (B) Values normalized for apo A-II content of lipoprotein fraction.

parin plasma hepatic triglyceride lipase activity was also nor-
mal, 89 versus 90+40 nmol/min~! per ml~! for normal fe-
males. (hepatic triglyceride lipase activity was measured by Dr.
J. D. Brunzell, University of Washington, Seattle, WA). Sev-
eral apo A-I variants resulting from a single amino acid substi-
tution or deletion have also been reported (34, 40-43). Their
HDL cholesterol and apo A-I levels, however, ranged between
subnormal to normal, and there was no evidence of Lp(A-II)
in two A-Iy.n, carriers studied (27). Thus, it is unlikely that
the molecular defect(s) in IM resembles any of these known
cases of apo A-I variants. Taken together, the apo A-I defi-
ciency in IM is likely due to rapid catabolism as in Tangier
disease, and the possibility of a defect in the conversion of pro
apo A-I to apo A-I cannot be ruled out.

Besides being deficient in quantity, the HDL present in the
patient’s plasma were abnormal in composition and size. In
normal subjects and in the patients’ relatives the molar A-I/A-
II ratio of Lp(AI w AII) ranges between 1.3 and 1.9. These
ratios are consistent with earlier chemical cross-linking studies
showing that Lp(AI w AII) particles with Stokes diameter be-
tween 7.8 and 9.7 nm have an apparent protein molecular
weight equivalent to two molecules of A-I and one or two mole-
cules of A-II per particle (27). The molar A-I/A-II ratio of the
patient’s Lp(AI w AII) was only 1. Along with the small parti-
cle size (< 8.2 nm), this suggests that the average Lp(AI w AIl)
in IM contained only one molecule of A-I and A-II per particle.
In addition to Lp(AI w AIl) and Lp(AI w/o All), a third
population of lipoprotein particles that is not found in normal
subjects was present in the patient’s plasma: Lp(AIl). These
lipoproteins contained A-II as the major protein component,
had a lipid/protein ratio only slightly less than normal HDL,
and carried 60% of all the lipids located in her HDL. Chemical
cross-linking studies showed that most of the Lp(A-II) mole-
cules had an apparent protein molecular weight equivalent to
four molecules of apo A-IL. It is of interest to note that in vitro
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complexing of apo A-II with HDL lipids also resulted in HDL
containing four molecules of A-II per particle (44). Since
Lp(AII) contained ~ 50% lipid and 50% A-II, it can be calcu-
lated that the average molecular mass of Lp(All)is ~ 139 kD,
the size of small HDL.

All of the HDL particles in IM were rich in TG and poor in
CE. Nonetheless, the FC/CE ratio and the proportion of core
to surface lipid were normal, suggesting that most of the HDL
particles were probably spherical and that lipid transfer protein
activity was normal. The lipid/protein ratio (25:75%) of the
patient’s Lp(AI w AIl) and Lp(AI w/o AIl) was considerably
lower than that of her relatives (~ 50:50% ) and other normoli-
pidemic subjects we have studied (7, 9, 30). Their size profiles
showed substantial amounts of particles with Stokes diameters
smaller than albumin. Thus, the A-I-containing HDL particles
of IM were very dense and small lipoproteins, most of which
would probably not be within the classical density 1.063-1.21
g/ml HDL region. Similar small, spherical, and dense Lp(AI'w
All) and Lp(AI w/o AIl) enriched with TG have been isolated
from Hep G2 conditioned medium (45). Unlike the patient’s
A-I-containing lipoproteins, the lipid/protein ratio and parti-
cle size of Lp(AIIl) were nearly comparable to normal HDL.
These lipoproteins would be predicted to float at density 1.21
g/ml in the ultracentrifuge. Thus, the nature of the A-I- and/
or A-II-containing particles in IM appeared to be comparable
to those in a subject with apo A-I deficiency heterozygous for a
45-bp deletion in exon 4 of the apo A-I gene (38) and in Tan-
gier disease where most of the A-II was reported to be located in
the plasma lipoproteins with alpha electrophoretic mobility
whereas most of the A-I was found in the lipoprotein-free
plasma fraction and migrated with prebeta mobility (46, 47).

HDL has been postulated to be involved in reverse choles-
terol transport by stimulating intracellular cholesterol efflux
from peripheral cells as well as in its subsequent extracellular
transport. Recent studies from our laboratory (48) and others
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(49) have demonstrated that Lp(Al w/o AIl) and Lp(Al w
AII) are both equally effective at promoting efflux of intracel-
lular and plasma membrane cholesterol from human skin fibro-
blasts, rabbit aortic smooth muscle cells, and FUSAH rat hepa-
toma cells. However, in a mouse adipocyte cell line, only
Lp(AI w/o AIl) were active promoters of cholesterol efflux
whereas Lp(AI w All) inhibited the ability of Lp(AI w/o All)
in promoting cholesterol efflux (50). In the present study, in-
tracellular cholesterol efflux was measured indirectly by the
ability of Lp(AI) and Lp(AIl) to decrease the pool of free
cholesterol available for esterification in cholesterol-loaded hu-
man fibroblasts. Despite their abnormal lipid composition,
both Lp(AI) and Lp(AII) were equally effective in decreasing
cell cholesterol esterification in a dose-dependent manner. The
patient’s particles were as effective as the Lp(Al) fraction iso-
lated from a control plasma when normalized for total protein
and were apparently more effective when normalized for apo
A-II concentration. These studies demonstrated for the first
time that abnormal HDL particles of HDL-deficient subjects
were effective in promoting intracellular cholesterol efflux. Fur-
thermore, Lp(A§p and Lp(AII) were equally effective in reduc-
ing intracellular cholesterol. Since this patient did not have
elevated cholesterol and the HDL particles were effective pro-
moters of cholesterol efflux, it is tempting to speculate that
premature CAD may have resulted from a reduced total capac-
ity of HDL to remove cholesterol from peripheral tissues.

The distribution of all four usually “HDL-associated” pro-
teins was somewhat abnormal in the patient. First, most of her
A-I and A-II were found in separate particles whereas, in nor-
mal individuals, approximately two thirds of A-I and essen-
tially all A-II were associated with each other (7, 9, 32). Sec-
ond, in normal individuals and in the patient’s relatives, < 1%
of plasma A-I and A-II were found in the DS fraction; but in
IM, 7% of A-I and 12% A-II were located there. Third, in nor-
mal plasmas, > 85% of plasma apo D and LCAT are HDL
associated (7, 51). However, in IM, 41% of apo D and 31% of
LCAT were not associated with her HDL particles. The signifi-
cance of the abnormal distribution of A-I, A-II, D, and LCAT
in the patient’s plasma is not clear. Increased association of A-I
and/or A-II with the lower density lipoproteins has also been
observed in Tangier plasma (47, 52). It has been suggested that
in Tangier disease the increased presence of A-Il in VLDL and
LDL rendered those lipoproteins poor substrates for lipopro-
tein lipase (LPL) and may explain the hypertriglyceridemia in
that disease (52 ). Hypertriglyceridemia, however, was not pres-
ent in this patient, despite a low postheparin LPL activity. (Her
postheparin plasma LPL activity, performed by Dr. J. D. Brun-
zell, University of Washington, was 54 compared with 220+59
nmol-min~'-ml~! for normal controls.) Decreased associa-
tion of LCAT with A-I-containing lipoproteins has also been
observed in Tangier plasma and in Hep G2 conditioned me-
dium (45, 53, 54). Whether this decrease was the cause or the
result of the abnormal HDL in the patient is not known. It is
intriguing that despite the predominance of Lp(A-II) in the
patient and their apparently normal lipid composition mini-
mal LCAT was found associated with these particles. Thus, the
association of LCAT with HDL particles appears to be HDL
subspecies specific.

In conclusion, an HDL-deficient patient with many clinical
and biochemical manifestations of Tangier disease has been
studied along with first-degree relatives. The patient’s HDL
was characterized by small, protein-rich Lp(AI w AIl) and
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Lp(AI w/o All) and the presence of substantial quantities of
Lp(AII) with normal lipid / protein ratio. These particles were
effective promoters of cholesterol efflux from cholesterol-
loaded fibroblasts. Although the genetic defect of the patient
remains to be determined, the present findings are consistent
with enhanced catabolism as the metabolic cause of HDL defi-
ciency. Finally, because of the small family size, a causal rela-
tionship between HDL deficiency and CHD in this patient can-
not be made.
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