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Tangier Disease

HIGH DENSITY LIPOPROTEIN DEFICIENCY DUE TO DEFECTIVE

METABOLISMOF AN ABNORMALAPOLIPOPROTEIN A-I

(APOA-ITANGIER)

ERNSTJ. SCHAEFER, LINDA L. KAY, LORENA. ZECH, and H. BRYANBREWER,Jr.,
Molecular Disease Branch National Heart, Lung, and Blood Institute;
National Institutes of Health, Bethesda, Maryland 20205

A B S T R A C T Tangier disease is a rare familial dis-
order characterized by enlarged orange tonsils, tran-
sient peripheral neuropathy, hepatosplenomegaly, and
lymphadenopathy, as well as striking reductions in
plasma high density lipoproteins (HDL) and their
major protein constituents, apolipoproteins (apo)A-I
and A-II. In order to test the hypothesis that Tangier
patients have abnormal apoA-I or apoA-II, the in vitro
lipoprotein binding and in vivo metabolic character-
istics of these proteins isolated from normal and Tan-
gier plasma, were studied in normal subjects and pa-
tients with Tangier disease.

After incubation with normal plasma, significantly
greater percentages of radiolabeled Tangier apoA-I
were associated with the 1.063-g/ml supernate (6%)
and the 1.21 g/ml infranate (19%), and a lower per-
centage with HDL (75%), than those observed for nor-
mal apoA-I (2, 8, and 90%, respectively). In contrast,
the lipoprotein binding properties of normal and Tan-
gier apoA-II were very similar. Following the injection
of radiolabeled normal and Tangier apoA-I into nor-
mal subjects (n = 4), the mean residence times of the
specific activity for apoA-ITangier were significantly
lower, both in plasma (1.29 d) and in HDL (1.34 d),
than those observed for normal apoA-I (3.80 and 4.06
d). In Tangier homozygotes the decay rates of these
tracers were very rapid and were similar. No signifi-
cant differences between the kinetics of normal and
Tangier apoA-II were observed in normal subjects (n
= 2).

Tangier homozygotes (n = 3) had mean plasma
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HDL cholesterol, apoA-I, and apoA-II concentrations
that were 4, 2, and 11% of normal (n = 24), respec-
tively, whereas for heterozygotes (n = 3) these values
were 46, 62, and 68% of normal. In homozygotes, in
contrast to normals or heterozygotes, a significant frac-
tion of both apoA-I and apoA-II were found in the
1.063-g/ml supernate instead of in HDL. Homozy-
gotes had apoA-ITangier synthesis rates and residence
times that were 41 and 5% of values observed for nor-
mal apoA-I in normal subjects, and for apoA-II in ho-
mozygotes, these parameters were 63 and 18% of nor-
mal. Heterozygotes had apoA-I synthesis rates and res-
idence times that were 92 and 66% of normal, and for
apoA-II these values were 101 and 64% of normal.

These data are consistent with the concept that
apoA-ITangier is functionally and metabolically distinct
from normal apoA-I, and is the cause of the striking
hypercatabolism of apoA-I and apoA-II, and the li-
poprotein abnormalities observed in Tangier disease.

INTRODUCTION

Tangier disease was described by Fredrickson et al.
(1) in two young siblings from Tangier Island in the
Chesapeake Bay. These children presented with en-
larged, orange tonsils, mild hepatosplenomegaly, and
lymphadenopathy, and subsequently developed mild
transient peripheral neuropathy (1-5). Cholesterol-es-
ter laden reticuloendothelial cells have been noted in
the bone marrow, tonsils, skin, rectal mucosa, liver,
spleen, lymph nodes, and conjunctiva of these patients
(1, 5-8). A striking deficiency of high density lipopro-
tein (HDL)' constituents was found in these subjects

I Abbreviations used in this paper: apo, apolipoproteins;
HDL, high density lipoproteins; LDL, low density lipopro-
teins; PAGE, polyacrylamide gel electrophoresis; and VLDL,
very low density lipoproteins.
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(2-4). The parents of these patients did not share their
clinical features, but did have HDL levels that were
-50% of normal, and therefore were designated as
obligate heterozygotes for this autosomal recessive dis-
order (2-4).

HDL, as isolated from human plasma by ultracen-
trifugation in the density range of 1.063 to 1.21 g/ml,
consist (weight percent) of -50% protein, 25% phos-
pholipid, 20% cholesterol, and 5% triglyceride (9-10).
The cholesterol component of HDL has been shown
to be inversely correlated with coronary artery disease
incidence (11-14). The major protein constituents of
HDL are apolipoproteins (apo) A-I and A-Il (9, 15,
16), which generally consitute >90% of the protein
mass of HDL. Tangier homozygotes have plasma HDL
cholesterol and apoA-II levels that are -5-10% of
normal, and apoA-I concentrations that are 1-2% of
normal (17-19). Not only do Tangier homozygotes
have markedly decreased apoA-I and apoA-II concen-
trations, but the distribution of these apolipoproteins
among plasma lipoproteins is abnormal. In normal
plasma 90% or more of the mass of each of these apo-
lipoproteins is found within the HDL density region
of 1.063-1.21 g/ml (20-22); whereas in Tangier plasma,
-80% of apoA-II and 30% of apoA-I mass is in the

1.063 g/ml supernate, and -70% or more of apoA-I
is in 1.21 g/ml infranate (19).

Tangier homozygotes also have decreased low den-
sity lipoprotein (LDL) levels, hypocholesterolemia,
hypertriglyceridemia, increased very low density li-
poprotein (VLDL) concentrations, and fasting chylo-
micronemia (1-4, 23). It has been suggested that the
lipid deposition in homozygotes is due to the uptake
of abnormal triglyceride-rich lipoproteins by macro-
phages (3, 5, 24). Human lymph chylomicrons contain
significant amounts of apoA-I and apoA-II, and these
can serve as precursors for plasma HDL apoA-I and
apoA-II (25). This conversion process appears to be
defective in Tangier homozygotes (26), resulting in
rapid and altered apoA-I and apoA-II fractional ca-
tabolism, both under steady-state base-line conditions
(19), and after HDL infusion (27, 28).

The purpose of this study was to define the lipo-
protein binding properties and metabolic character-
istics of apoA-I and apoA-II, as isolated from both
normal and Tangier plasma, in normal subjects as well
as Tangier heterozygotes and homozygotes. These in-
vestigations were carried out in order to test the hy-
pothesis that Tangier apoA-I and apoA-II are func-
tionally and metabolically abnormal apolipoproteins.
The data presented here are consistent with the con-
cept that Tangier apoA-I is functionally and kineti-
cally abnormal, and that the clinical features and li-
poprotein abnormalities observed in Tangier disease
are due to this abnormal apoA-I (apoA-ITangjer).

METHODS

Subjects studied. The age, sex, height, weight, plasma
lipid, and lipoprotein cholesterol values for the subjects stud-
ied are given in Table I. Mean values (±SD) are given for
weights and plasma cholesterol and triglyceride concentra-
tions. Weights were determined daily during the course of
each study on a metabolic balance, and plasma lipids were
measured on all blood samples obtained during the course
of each metabolic study. Informed consent was obtained
from all subjects, and all studies were performed on a met-
abolic ward. All subjects had normal hepatic, renal, and thy-
roid function, and were studied while on an isocaloric, 16-
20% protein, 40-42% fat (polyunsaturated/saturated fat ra-
tio 0.1:0.3), 40-42% carbohydrate, 300-400-mg/d choles-
terol diet. Normal physical activity was permitted, and all
subjects were requested to adhere to approximately the same
amount of physical activity per day. Subjects were given
supersaturated potassium iodide (0.5-1.0 g/d) to block thy-
roid uptake of radioactivity, and ferrous sulfate (900 mg/d)
before and during each metabolic study. The clinical fea-
tures of the Tangier homozygotes studied have been pre-
viously described (1-4, 29). Patients 1 and 2 represent the
two original cases as described by Fredrickson et al. (1), and
patient 3 was originally described by Hoffman et al. (29).
The parents of patients 1 and 2, who are obligate hetero-
zygotes (1-3), were also studied, as was the sister of patient
3 (29).

Quantitation and isolation of plasma lipids, lipoproteins,
and apolipoproteins. Plasma lipid and lipoprotein choles-
terol values were measured by established Lipid Research
Clinics Methodology using the Autoanalyzer II (30, 31).
Mean values (±SD) for normal subjects (n = 1,088) as mea-
sured in our laboratory are: total cholesterol 189±0 mg/dl,
triglyceride 87±43 mg/dl, VLDL cholesterol 16±11 mg/dl,
LDL cholesterol 123±35 mg/dl, and HDLcholesterol 50±14
mg/dl (32).

HDLwere isolated by ultracentrifugation at d 1.063-1.21
g/ml using KBr for density adjustments as previously de-
scribed (10, 33) in Beckman L265B ultracentrifuges (Beck-
man Instruments, Inc., Fullerton, CA). The protein content
in HDLwas determined by the method of Lowry et al. (34),
the phospholipid content by the method of Chalvardjian et
al. (35), and the cholesterol and triglyceride content by Au-
toanalyzer II methodology following Folch extraction (36).
ApoA-I and apoA-II concentrations in plasma, 1.063 g/ml
supernate, and HDLsamples were determined by radial im-
munodiffusion (21). All samples were delipidated with meth-
anol/diethyl ether (3:7), and the protein resolubilized in 0.05
M sodium barbital, 8 mMsodium azide, pH 8.3 for immu-
nochemical measurement. Purified apoA-I and apoA-II stan-
dards were used for each radial immunodiffusion plate, and
the protein concentration of standards was determined by
amino acid analysis on a Beckman model 121 Automatic
Amino Acid Analyzer. Plasma and HDL fractions were di-
luted 1:15 for apoA-I determinations, and 1:5 for apoA-II
measurements in normal and heterozygotes. The 1.063-g/ml
supernate and all samples from homozygotes were run un-
diluted. Standard curves for apoA-I were linear over a con-
centration range from 0.25 to 16.0 mg/dl and for apoA-II
over a range from 0.5 to 10.0 mg/dl. Samples from homo-
zygotes were also run on electroimmunoassay apoA-I and
apoA-II, and these results gave very good agreement to those
obtained by radial immunodiffusion (20, 28).

ApoA-I and apoA-II were isolated by column chromatog-
raphy from HDL (1.09-1.21 g/ml) as previously described
(37, 38). ApoA-I was isolated from Tangier plasma (patient
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TABLE I

Subjects Studied-

Plasma Cholesterol

Age Sex Height Weight Cholesterol Triglyceride VLDL LDL HDL

yr cm kg mg/dl mg/dl

Normal subjects
Males

(n = 11)
Females

(n = 11)

22±2 M 180±4 78.0±10.0 166±30 92±43 18±13 105±34 43±10

21±1 F 168±5 62.5±6.5 169±20 87±33 15±16 104±20 50±12

Normal control subjects
1
2
3
4
5
6

Tangier heterozygotes
1
2
3

22 F 175 58.5±0.3
21 M 170 57.3±0.2
20 F 165 61.4±0.3
22 F 175 57.5±0.2
20 M 187 60.3±0.1
19 F 162 66.1±0.2

38 F 170 81.0±0.2
46 M 188 102.2±0.3
51 F 173 82.2±0.2

163±5
181±3
205±4
128±3
191±7
139±8

216±11
145±9
121±5

89±4
91±5
62±6
49±2
74±7
87±13

179±14
259±21
71±6

14 94 55
16 116 49
12 135 58
10 72 46
15 104 71
16 82 41

28 169 19
62 68 15

9 80 32

Tangier homozygotes
1

2 a
b

3a
b

24 M 179 66.2±0.3 59±3 316±15 36 22

23 F 180 72.1±0.2 51±4 274±15 20 29
26 F 180 71.4±0.1 71±5 287±14 25 45

59 M 180 70.6±0.4 76±2 218±10 25 49
62 M 180 73.8±0.3 65±3 163±10 21 41

Mean values
Normal subjects

(n = 28)
Tangier homozygotes

(n = 3)
Tangier homozygotes

(n= 3)

22±2

47±7

37±21

173±7 68.1±7 168±34 87±41 16±13 104±31 48±10

177±10 88.5±12.0 161±49 170±94 33±27 106±55 22±9t

180±1 70.5±3.9 65±61 255±81 t 27±8 36±12t 2±1 t

° Mean values±SD, weight and plasma lipids were determined daily during the course of each study, and lipoprotein cholesterol values
were measured at the beginning of each study. Normal control subjects are those who were studied with both normal and Tangier
radiolabeled apolipoprotein.
I Significantly (P < 0.01) different from normal (t test analysis).

1) from the 1.21-g/ml supernate by preparative sodium do-
decyl sulfate (SDS) polyacrylamide gel electrophoresis
(PAGE) (0.1% SDS, 15% acrylamide, 0.05% bis, 0.552% cross

linkage [39]). The SDS was subsequently removed from the
protein by electrophoresis, using an ISCO Electrophoretic
Sample Concentrator, model 750 (Instrumentation Special-
ties Co., Lincoln, NE). ApoA-I was isolated from normal
plasma in identical fashion for purposes of comparison with
Tangier ApoA-I. ApoA-II was isolated from Tangier plasma
(patient 1) from the 1.21-g/ml supernate by column chro-
matography (38). ApoA-II was also isolated from normal
plasma in identical fashion for purposes of comparison.

Radioiodination of apolipoproteins. All apoA-I and
apoA-II preparations used for radioiodination formed dis-
crete bounds on SDS PAGE(40). Apolipoproteins formed a

line of immunoprecipitation only against their own respec-
tive antisera when tested with antisera for apoA-I, apoA-II,
apoB, apoC-II, apoC-III, apoE, and albumin. ApoA-I and
apoA-II were iodinated with '251 or 13'I (New England Nu-
clear, Boston, MA) at a mean protein concentration of
3.6±1.1 mg/ml in sterile 1 M glycine, 0.1 M Tris, pH 8.5
buffer, by the iodine monochloride method of McFarlane
(39). For all radiolabeled preparations the efficiency of io-
dination was assessed by precipitation of protein with 20%
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trichloroacetic acid (TCA) following a 1:1 dilution with 5%
bovine serum albumin solution. Unbound iodine was re-
moved by extensive dialysis against sterile 0.85% NaCl,
0.01% EDTA, 0.1 M Tris, pH 7.4 solution. The percentage
of free iodine present in radiolabeled preparations after di-
alysis was assessed by precipitation of protein with 20% TCA,
and was also measured by descending strip paper radiochro-
matography (85% methanol on Whatman number 1 filter
paper, Whatman Co., Clifton, NJ) utilizing a Packard model
7201 radiochromatogram scanner (Packard Instrument Co.,
Inc., Downers Grove, IL).

Radiolabeled preparations were subjected to SDS PAGE
with unlabeled apo standard to ascertain the location of ra-
dioactivity on PAGE. All preparations were diluted 1:10 with
sterile 5% human albumin solution to minimize radiation
damage, were subjected to Millipore (Millipore Corp., Bed-
ford, MA) filtration (0.22 micron filter), and tested for pyro-
genicity and sterility before use. For single isotope studies
a mean of 84±7 MCi of 125I were used, and for double isotope
studies a mean of 87±5 of 1251 and 23±9 MCi of 13 1 were
injected intravenously. A mean of 0.2±0.1 mg of labeled
apoprotein in a mean volume of 0.8±0.3 ml were injected
intravenously in tracer studies. Radiolabeled HDL was iso-
lated and labeled with 1251 as previously described (19).

Metabolic studies. 26 normal male and female subjects,
3 Tangier heterozygotes, and 3 Tangier homozygotes were
studied. Six normal male subjects, eight normal female sub-
jects, one heterozygote and all three homozygotes simulta-
neously received normal radiolabeled apoA-I and apoA-II.
Three normal males and one normal female subject received
normal radiolabeled apoA-I only, and two normal males re-
ceived normal radiolabeled apoA-II only. One normal male,
three normal females, and two Tangier homozygotes (pa-
tients 2 and 3) simultaneously received 1251 Tangier apoA-I
and 1511 normal apoA-I. One normal male and one normal
female subject simultaneously received 125I Tangier apoA-II
and 131I normal apoA-II. Tracer studies in normal subjects
and heterozygotes were of 13-21 d duration (in most cases
14 d) and in Tangier homozygotes were of 7 d duration.
Radiolabeled autologous HDL studies in eight normal con-
trols, and two heterozygotes were performed as previously
described (19).

In all metabolic studies blood was obtained in 0.1% EDTA
just before injection of radioactivity, at 10 min, 6 h, and 12
h after injection, and then daily for the duration of the study.
In homozygotes blood samples were also obtained 3 and 6
h after injection. Plasma was separated from blood at 4°C
in a refrigerated centrifuge. HDL (1.063-1.21 g/ml) was
isolated as previously described from plasma obtained just
before injection, and at 6 h, 12 h, and days 1, 4, 7, 10, and
13, or 14 after injection. In homozygotes HDL was also iso-
lated at 3 and 9 h after injection, but not on days 10, 13, or
14. Radioactivity in plasma, 1.063 g/ml supernate, HDL,
and 1.21 g/ml infranate was determined utilizing a Packard
model 5260 Autogamma Counter Spectrometer.

Lipoprotein binding studies and column chromatogra-
phy. Radiolabeled apo (1-2 Ml) were incubated with 5-ml
aliquots of plasma (normal or Tangier plasma) for 30 min
at 37°C in a shaking water bath. Aliquots were subjected to
ultracentrifugation for the isolation of HDL (1.063-1.21 g/
ml) as previously described. In addition 5-ml plasma aliquots
were subjected to gel permeation chromatography with 100
X 1.2 cm columns (Kontes Glass Co., Vineland, NJ) of Se-
pharose 6B-C1 (Pharmacia Fine Chemicals, Div. Pharmacia,
Inc., Piscataway, NJ) in 0.85% NaCl, 0.01% EDTA, 1 mM
sodium azide, pH 7.4 buffer at room temperature (24°C).
Sample volumes applied to the column were 5 ml and flow

rates were ~-15 ml/h. Preparations of HDL2b (1.063-1.10
g/ml), HDL2.+3 (1.10-1.21 g/ml) and 1.063 g/ml supernate
applied to this column were isolated from a normolipemic
individual by ultracentrifugation as previously described.

Calculation of apolipoprotein kinetic parameters and sta-
tistical analysis. Specific radioactivity decay curves within
plasma, HDL (in normals), and the 1.063 g/ml supernate
(in homozygotes) were fit utilizing the SAAMsimulator (41)
on a VAX 11/780 computer (Digital Equipment Co., May-
nard, MA). Curves required three exponentials for adequate
curve fitting (fractional standard deviation . 0.1), and res-
idence times (1/fractional catabolic rate) were obtained
from the area under the curve (42). Apolipoprotein synthesis
rates (SR) were calculated utilizing the formula:

SR = (plasma volume) (plasma apolipoprotein concentration)/
(plasma apolipoprotein residence time) (body weight).

Student's t test was used to ascertain significant differences
between sets of data.

RESULTS

Plasma lipid and lipoprotein data. Plasma lipid
and lipoprotein cholesterol concentrations on all study
subjects are given in Table I. Normal females had sig-
nificantly higher (P < 0.01) HDL cholesterol and
slightly lower VLDL cholesterol and triglyceride levels
than did normal males. Tangier homozygotes had sig-
nificantly (P < 0.01) lower plasma cholesterol, LDL
cholesterol, and HDL cholesterol values, and higher
VLDL cholesterol and triglyceride values than did
normal subjects. Tangier heterozygotes had HDLcho-
lesterol levels that were '50% of normal (P < 0.01).
Compositional data on HDL (1.063-1.21 g/ml) in
study subjects are shown in Table II. Normal female
subjects had significantly (P < 0.01) higher HDL pro-
tein, phospholipid, and cholesterol concentrations than
did normal males. Tangier heterozygotes had reduc-
tions in all these HDL constituents, and homozygotes,
as expected, had even more striking deficiencies of
HDL components.

Characterization of radioiodinated apolipopro-
teins. The mean efficiencies of iodination for normal
apoA-I and apoA-II preparations were 53.6±7.1% and
62.4±9.2%, respectively, and for Tangier apoA-I and
apoA-II preparations were 39.2±1.1% and 73.5±0.9%,
respectively. Assuming a molecular weight of 28,000
for apoA-I, and 18,000 for apoA-II, a mean of 0.6±0.2
mol of iodine/mol of protein was incorporated into
normal apoA-I during iodination, and for normal
apoA-II 0.9±0.1. For Tangier apoA-I and apoA-II
these values were 0.5±0.1 and 0.9±0.1, respectively.
All radioiodinated apo preparations contained no free
iodine by radiochromatography, and <1% by TCA
precipitation, and were sterile and pyrogen-free.

The distributions of apoA-I and apoA-II radioactiv-
ity among plasma lipoproteins for both normal and
Tangier plasma after ultracentrifugation are shown in
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TABLE II
HDL Composition'

Protein Phospholipid Cholesterol Triglyceride

mg/gl mg/dl mg/dl mg/dl

Normal subjects
Males

(n = 11) 126±14 (0.52) 62±20 (0.26) 41±11 (0.17) 12±1 (0.05)
Females

(n = 11) 143±22 (0.51) 76±16 (0.27) 49±14 (0.18) 10±2 (0.04)

Normal control subjects
(n = 6) 149±20 (0.48) 103±14 (0.32) 52±13 (0.16) 14±3 (0.04)

Tangier heterozygotes
(n = 3) 89±16 (0.61)t 32±11 (0.21)1 20±8 (0.13)4 8±2 (0.05)

Tangier homozygotes
(n = 3) 17±7 (0.50)1 13±4 (0.38)1 1±1 (0.03)t 3±1 (0.09)4

Mean values±SD, represents the mean of seven HDL (d 1.063-1.21 g/ml) isolations from fasting normal
and Tangier heterozygotes, and four HDL(d 1.063-1.21 g/ml) isolations in homozygotes. Values in parenthesis
indicate the fraction of total for each subject. The kinetics of radiolabeled normal and Tangier apoA-I or
normal and Tangier apoA-H1 were studied in normal control subjects.
4 Significantly (P < 0.01) different from normal (t test analysis).

Table III. The data is given for in vivo plasma samples
(10 min after injection). In vitro distributions were
very similar to in vivo results in all cases. No significant
change in the distributions of radioactivity among li-
poprotein fractions was noted throughout the course
of any study. A significantly (P < 0.01) higher per-
centage of Tangier apoA-I radioactivity was associated
with the 1.063-g/ml supernate and the 1.21-g/ml in-
franate than that seen for normal apoA-I radioactivity
in normal plasma. Such differences were not observed
for Tangier plasma; however much higher percentages
of both normal and Tangier apoA-I radioactivity were
associated with both the 1.063-g/ml supernate and the
1.21-g/ml infranate than tha't observed in normal
plasma. The distributions of normal and Tangier apoA-
II radioactivity among normal plasma lipoproteins
were very similar. Similar'data were obtained when
normal and Tangier radiolabeled apoA-I and apoA-II
were incubated with plasma (30'min, 37°C), and then
subjected to Sepharose 6B column chromatography.
When normal and Tangier radiolabeled apoA-I and
apoA-II along with unlabeled apoprotein standard
were run on SDS PAGE, >90% of the radioactivity
could be recovered in the appropriate gel band.

Apolipoprotein metabolic, parameters. Apo A-I
and A-II metabolic parameters are shown in Table IV.
Normal female subjects had significantly (P < 0.01)
higher apoA-I levels and slightly higher apoA-II levels
than did males. Normal female subjects had signifi-
cantly (P <'0.05) higher apoA-I and apoA-II synthesis
rates than did normal males. In paired studies in nor-

mal subjects (n = 14) the mean (4.46±1.04 d) apoA-
I plasma residence time was significantly (P < 0.01)
shorter than that of apoA-II (4.97±1.06 d).

Similar data were obtained following the injection
of autologous radiolabeled HDL in eight normal sub-
jects (19). In these studies the mean (±SD) apoA-I spe-
cific activity residence time within HDL (4.24±0.51
d) was significantly (P < 0.01) lower than that of apoA-
11 (4.83+0.75 d). The methodology and details of these
studies have been previously reported (19) but the
apoA-I and apoA-II specific activity within HDLwere
never assessed by multiexponential curve fitting tech-
niques.

Het'erozygotes had apoA-I and apoA-II plasma levels
that were significantly lower than normal (see Table
IV). In normal subjects and heterozygotes =90% of
both plasma apoA-I and apoA-II were found within
the HDL (d 1.063-1.21 g/ml) density region. Hetero-
zygotes, who received either radiolabeled HDLor apo
had decreased apoA-I and apoA-II residence times,
with relatively normal synthesis rates.

Tangier homozygotes had significantly lower plasma
apoA-I and apoA-II concentrations than did normal
subjects. A mean of 32.4±3.1% of plasma apoA-I mass
and 83.5±5.7% of plasma apoA-II mass were associated
with the 1.063-g/ml supernate fraction in homozy-
gotes (n = 3), similar to' the distribution noted for ra-
diolabeled apoA-I and apoA-II (see Table III). After
the injection of normal radiolabeled apoA-I and apoA-
II into homozygotes (n = 3), the specific activity decay
of these tracers was significantly faster than that seen
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TABLE III
Percent Radioactivity among Lipoprotein Fractions"

ApoA-1 ApoA-ITO ApoA-11 ApoA-IIT.O

1.063T HDL 1.21B 1.063T HDL 1.21B 1.063T HDL 1.21B 1.063T HDL 1.21B

Normal subjects
Males

(n = 11) 2.64 91.43 5.93 - 0.61 95.30 4.09 -

Females
(n= 11) 1.82 91.70 6.48 - - 0.32 95.01 4.67 -

Normal control subjects
1 1.81 90.85 7.33 4.03 72.98 22.99 - - -
2 1.44 91.41 7.15 5.55 76.47 17.97
3 2.10 89.68 8.22 9.77 75.03 15.20 -
4 1.93 89.74 8.33 4.75 76.80 18.45 - -- - -
5 - - - - 0.17 95.21 4.62 0.69 94.98 4.33
6 - - - 0.51 94.89 4.60 0.54 94.27 5.19

Tangier heterozygotes
3 0.41 91.21 8.35 - 0.20 95.61 4.19

Tangier homozygotes
1 31.44 15.14 53.42 83.94 6.83 9.23 -

2 a 31.21 21.20 47.59 - - - 81.62 11.63 6.75 -

b 28.65 14.91 56.44 38.58 19.44 41.98 - - - --

3 a 25.22 16.71 58.07 - - 79.52 10.94 9.54 -

b 22.82 17.38 59.79 32.86 20.18 46.96 - - -

Mean values
Normal control

subjects 1.82 90.42 7.76 6.03t 75.321 18.651 0.34 95.05 4.61 0.62 94.62 4.76
Tangier

heterozygotes 0.41 91.21 8.38 0.20 95.61 4.19 - -

Tangier
homozygotes 27.87 17.07 55.06 35.72 19.81 44.47 81.69 9.80 8.51

* Mean values based on in vivo plasma obtained 10 min after injection of tracers. 1.063 top is the 1.063-g/ml
1.063-1.21-g/ml fraction, and the 1.21B is the 1.21-g/ml infranate.
I Significantly (P < 0.01) different from normal apoA-I radioactivity (t test analysis).

in normal subjects, and as in normals, apoA-I was de-
graded at a faster rate than apoA-II (see Fig. 1). Not
only did Tangier homozygotes have enhanced frac-
tional catabolism of apoA-I and apoA-II, but apoA-I
and apoA-II synthesis was somewhat reduced in them
as well (Table IV).

Whennormal and Tangier radiolabeled apoA-I were
injected into normal subjects, the specific radioactivity
decay in both plasma and HDLwas significantly faster
for the Tangier apoA-I than for normal apoA-I, as
shown in Fig. 2 and Table V. However in Tangier
homozygotes the specific radioactivity decay of these
two tracers in both plasma and the 1.063-g/ml super-
nate was similar (see Fig. 3 and Table V). Therefore,

supernate, HDL is the

kinetic parameters in homozygotes were very similar
regardless of which tracer was used. After the injection
of normal and Tangier radiolabeled apoA-II, no sig-
nificant difference in specific radioactivity decay of
these two tracers was noted in either plasma or HDL
in two normal subjects (see Fig. 4 and Table V).

DISCUSSION

Plasma lipid and lipoprotein compositional data, as
presented in Tables I and II, are consistent with pre-
vious observations that Tangier homozygotes have hy-
pocholesterolemia, mild hypertriglyceridemia, de-
creased LDL levels, and a striking deficiency of I-DL
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TABLE IV
Kinetic Parameters"

Plasma concentration Synthesis rate Residences times

ApoA-1 ApoA-11 ApoA-1 ApoA-11 ApoA-1 ApoA-II

mg/dl mg/kg/d d
Normal subjects

Males
(n = 11) 108±16 23±3 11.12±1.92 2.10±0.32 4.51 5.33±1.07

Females
(n = 9) 124±24 25±3 13.58±2.23 2.52±0.46 4.18 4.56±0.79

Normal control subjects
1 127±13 - 14.30 - 3.82
2 124±13 - 12.02 - 4.54
3 131±5 - 16.73 - 3.21
4 108±5 - 13.10 - 3.63
5 - 31±1 - 2.34 5.83
6 28±2 - 3.07 4.11

Tangier heterozygotes
1 73±3 17±1 13.48 2.65 2.22 2.63
2 61±5 14±2 10.52 2.29 2.61 2.75
3 84±1 19±2 10.85 2.14 3.56 4.09

Tangier homozygotes
1 1.9±0.3 2.7±0.4 4.25 1.52 0.21 0.83

2 a 1.8±0.4 2.8±0.7 - 1.61 0.22 0.81
b 1.9±0.2 - 5.03 - 0.17

3 a 2.8±0.2 3.0±0.4 1.27 0.27 1.06
b 3.0±0.2 - 5.33 - 0.27

Mean values±SD
Normal control subjects 117±17 25±3 12.60±2.38 2.34±0.46 4.26±0.99 4.95±0.99
Tangier heterozygotes 73±12t 17±31 11.62±1.62 2.36±0.26 2.80±0.69t 3.16±0.81t
Tangier homozygQtes 2.3±0.6t 2.8±0.2t 5.18 1.47±0.18t 0.22 0.90±0.14t

Heterozygotes 1 and 2 had radiolabeled HDL studies and other subjects had radiolabeled apolipoprotein studies. Homozygotes 1-3
were studied with normal radiolabeled apoA-I and apoA-II, while homozygotes 2 and 3 were also studied with radiolabeled apoA-ITangier
(study b). Mean ApoA-I parameters in Tangier homozygotes are reported for apoA-ITang,.r studies only. Mean values are given ±SD.
I Significantly (P < 0.01) different from normal.

(1-4, 18, 19). The striking reductions in plasma apoA-
I and apoA-II as observed in homozygotes are consis-
tent with previous studies (17-19, 27, 28, 43). Ho-
mozygotes do not appear to have significant deficien-
cies of other apolipoproteins (43). The only HDLcon-
stituent not greatly reduced in homozygotes was HDL
triglyceride. Tangier heterozygotes had normal LDL
levels, moderate increases in VLDL, and reduced HDL
levels as previously reported (2-4).

Radiolabeled normal apoA-I and apoA-II radioac-
tivity was found mainly in the HDL density region
after injection of these tracers into normal subjects.

Ultracentrifugation and column chromatography data
were in good agreement. The distribution of these trac-
ers among plasma lipoproteins was very similar to the
mass distribution of apoA-I and apoA-II, consistent
with the concept that these apolipoproteins can readily
exchange among plasma lipoproteins (10, 44). When
normal radiolabeled apoA-I and apoA-II were injected
into Tangier homozygotes, -80% of apoA-II radio-
activity and 30% of apoA-I radioactivity were asso-

ciated with the 1.063-g/ml supernate, and -50% of
apoA-I radioactivity was found in the 1.21-g/ml in-
franate; also consistent with the mass distribution of
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TABLE V

Specific Radioactivity Residence Times (Days)'

ApoA-I ApoA-IT_,, ApoA-11 ApoA-IIT.,

Plasma 1.063T HDL Plasma 1.063T HDL Plasma HDL Plasma HDL

Normal control subjects
1 3.82±0.03 - 3.96±0.03 1.40±0.02 - 1.48±0.03 - - - -
2 4.54±0.02 - 4.73±0.03 1.23±0.01 - 1.27±0.02 - - - -
3 3.21±0.02 - 3.75±0.04 1.41±0.08 - 1.44±0.03 - - - -
4 3.63±0.02 - 3.81±0.02 1.10±0.02 - 1.16±0.02 - - - -
5 - - - - - 5.83±0.05 6.24±0.04 5.54±0.04 6.12±0.04
6 - - - - - 4.11±0.06 3.97±0.05 3.58±0.05 3.64±0.04

Tangier homozygotes
2 b 0.14±0.04 0.14±0.11 - 0.17±0.04 0.17±0.10 - - - - -
3 b 0.21±0.03 0.21±0.03 - 0.27±0.03 0.25±0.03 - - - - -

Mean values±SD
Normal control subjects 3.80±0.56 - 4.06±0.45 1.29±0.15 - 1.34±0.151 4.97 5.11 4.56 4.88
Tangier homozygotes 0.18 0.18 - 0.22 0.21 - -

The residence times of the specific activity decay are given ±fractional standard deviation. The mean values for normal control are given ±SD.

Significantly (P < 0.01) different from normal (t test analysis).

apoA-14 and apoA-15 in their plasma (46). When we
have run two dimensional gel electrophoresis on
plasma obtained from the three Tangier homozygotes
studied in this report we have observed a similar pat-
tern as that reported by Zannis et al. (46). However,
the Tangier apoA-I used in our metabolic studies was
isolated from the 1.21-g/ml supernate (i.e., the lipo-
protein fraction) following ultracentrifugation of Tan-
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and apoA-13 from plasma lipoproteins especially at low
apoA-I and HDL concentrations. Wecannot exclude
the possibility that the in vivo kinetic differences ob-
served between apoA-ITangier and normal apoA-I may
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homozygotes are shown. A representative "'lI apoA-I plasma curve in one normal subject (*)
is also shown.
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right panel) for 125I apoA-IITangi,.r (open symbols) and 131I apoA-II (closed symbols) are shown
for two normal subjects.

be due to differences in the radioiodination of the var-

ious apoA-I isoforms. Additional research is required
to precisely determine the nature of the differences
between the apoA-I isoforms in normal and Tangier
plasma, and to elucidate the exact defect in Tangier
apoA-I.

The data are consistent with the concept that Tan-
gier apoA-I is structurally and metabolically different
from normal apoA-I, and we therefore have designated
this apolipoprotein as apoA-ITangier. In homozygotes the
specific activity decay of normal and apoA-ITangier were

similar, possibly because the normal apoA-I associated
with abnormal lipoproteins, containing apoA-ITangier.
Early work by Lux et al. (48) suggested that Tangier
homozygotes had abnormal HDL constituents, but
these workers were unable to detect any significant
differences in the amino acid composition between
normal and Tangier apoA-I, possibly because the
apoA-I amino acid sequence was not known at that
time. In contrast to apoA-ITangier, our data indicate that
Tangier apoA-II appears to be functionally and metabol-
ically identical to normal apoA-II. Both amino acid com-

positional data (45) as well as the kinetic studies with
normal and Tangier apoA-II support this view.

In our view the abnormal apoA-I found in Tangier
homozygotes results in the formation of abnormal
apoA-I and apoA-II containing lipoproteins as found
in the chylomicron, VLDL, LDL, and HDL density
regions (17-19, 23-28, 49). These particles may arise
not because of the inability of apoA-ITangier to bind to

lipid, but possibly because lipoproteins containing this
apolipoprotein are not normally catabolized and are

rapidly cleared from the circulation by reticuloendo-
thelial cells (5, 19, 24). These alterations result in cho-
lesterol ester deposition in these cells, striking hyper-
catabolism of apoA-I and apoA-II, and a marked de-
ficiency of HDL. The data presented are consistent
with the concepts that the lipoprotein abnormalities
seen in Tangier disease are due to an abnormal apoA-
I (apoA-IT.ngier), and that normal apoA-I is essential for
HDL formation (50).
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