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A B S T R A C T In this study we have determined by
radioimmunoassay and double immunoelectrophoresis
the total quantities and distributions of A apoproteins
in three adtult patients affected with Tangier disease
(hereditary a-lipoprotein deficiency). Compared with
normal plasma, the total quantities of apoproteins
A-I and A-II in Tangier plasma were determined to
be <1% and 5-7%, respectively. In Tangier patients,
approximately 90% of the apoprotein A-I sedimented
when ultracentrifugations of plasma were carried out
at density 1.21 g/ml KBr. By contrast, more than 95%
of the apoprotein A-II floated under those condi-
tions. In normal plasma, approximately 90% of both
apoproteins A-I and A-II is found in the 1.063-
1.21-g/ml KBr density fraction. These findings suggest
that complete dissociation of A apoproteins occurs in
Tangier plasma. This dissociation of apoproteins was
confirmed by double immunoelectrophoresis with
monospecific antisera. Immunochemical and electro-
phoretic experiments did not provide evidence for a
structural abnormality of apoprotein A-I in these pa-
tients. The results taken together strongly suggest
that normal high-density lipoproteins are absent from
Tangier plasma.

INTRODUCTION

Tangier disease is a rare disorder of plasma lipid
transport characterized by the absence of normal high-
density lipoproteins (HDL)l and storage of cholesteryl
esters in foam cells in many tissues (1). As of today,
21 patients have been discovered, representing 15
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1Abbreviations used in this paper: The apoprotein com-
ponents are designated by the term Apo: Apo A, apolipo-
protein A, consisting of A-I and A-II polypeptides; Apo C,
apolipoprotein C, consisting of C-I, C-II, C-Ill, and C-112
polypeptides; Apo HDL, protein moiety of HDL; HDL,
high-density lipoproteins; LDL, low-density lipoproteins;
VLDL, very low-density lipoproteins.

kindred, none of whom are known to be related
(2-12).2,3 Prominent clinical features incltude enilarged
orange-colored tonsils, splenomegaly, and frequtently,
peripheral neuropathy. Histological and uiltrastrtuctuiral
observations have provided evidence that the intra-
cellular lipid storage is mainly confined to retictulo-
endothelial cells (foam cells) in tonsils, bone marrow,
skin, and jejunal submucosa; Schwann's cells in pe-
ripheral nerves; and myenteric plexus and nonvascuilar,
smooth muscle cells (12).

In the past, most of the attention given to this
disease has been focused on the nature of the plasma
lipoproteins, particularly HDL. It has been demon-
strated that patients with this disease have small
amounts of HDL in their plasma that are similar to,
but not identical with, normal lipoproteins of this
density class (13). The major apoproteins of HDL
are apolipoprotein A-I (Apo A-I) and apolipoprotein
A-II (Apo A-II) (14-16). These apoproteins are be-
lieved to play a major role in the structuiral and func-
tional integrity of HDL. Apo A-I has been shown to
stimulate lecithin-cholesterol acyltransferase, the
plasma enzyme which synthesizes cholesteryl esters
by transfer of the ,3-fatty acid from phosphatidyl
choline to cholesterol (17, 18).

In Tangier disease, there is an absolute decrease in
the amounts of Apo A-I and Apo A-II in plasma.
Studies on the structures of the A apoproteins have
failed so far to detect an abnormality in amino acid
composition (13).

2 The diagnosis of Tangier disease in the patient A. Bo.
has been based upon investigations carried out by Dr. H.
Heckers, Universitat Giessen, Med. Klinik, who kindly
provided plasma samples from this patient to our laboratory.
3Assmann, G., H. E. Schafer, J. Zach, T. Gheorghiu,

and K. Oette. Clinical, morphological, and genetic find-
ings in two cases of Tangier disease. Manuscript in prepara-
tion.
Gheorghiu, T., G. Assmann, and H. E. Schafer. 1976. Endo-
scopic findings in Tangier disease, Endoscopy. 8: 164-169.
These two manuscripts refer to patients J. Si. and E. Ga.
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Aectcrate determinations on the distribution and
(lantities of Apo A-I and Apo A-LI have not yet
been performed. In the present study, we have applied
a douible-antibody radioimmunoassay technique
and douible immunoelectrophoresis to fturther char-
acterize the distribution and quantities of these apo-
proteins in Tangier plasma.

METHODS

Patients. Three patients homozygous for Tangier di-
sease (A. Bo., a 56-yr-old man; J. Si., a 42-yr-old man; and
E. Ga., a 46-yr-old woman, sister of J. Si.) were donors of
the Tangier plasma.2'3 Besides the results given in this
report, the diagnosis has been further based on the following
data.

Patient A. Bo. The patient was referred to the Depart-
ment of Medicine, Universitat Giessen, in November 1974,
at which time hypocholesterolemia (60 mg/100 ml) was
discovered. Subsequent investigation revealed the near
absence of HDL from the patient's plasma as assessed by
tultracentrifugal, electrophoretic, and immunologic tech-
niquies. Repeated analyses in the following years showed
plasma cholesterol levels of 60-80 mg/100 ml, HDL
cholesterol levels of 4-8 mg/100 ml, and triglyceride levels
at or near 100 mg/100 ml. Secondary causes of HDL de-
ficiency have been excluded. The patient's only daughter
presented with plasma cholesterol levels of 120-140 mg/100
ml and HDL cholesterol levels of 20-22 mg/100 ml on
repeated determinations.
Tonsillectomy was performed at age 20 yr; however,

yellow-orange mucosal tags observed in the pharynx of
this patient were similar in appearance to lesions in the
pharynx described in other tonsillectomized patients
with Tangier disease (3, 4). Microscopic examination of
lymphoid tissue obtained by biopsy revealed the presence
of large numbers of foam cells. The patient was found to
have hepatomegaly, splenomegaly, flocculent infiltration
throughout the corneal stroma, and recurrent polyneuropathy.
Foam cells similar in appearance to those reported previously
(12) were present in the spleen, the periportal fields of
liver, and lamina propria of the colonic mucosa. Chemical
examination ofbiopsy specimens of the colon revealed a five-
fold increase in cholesteryl esters.

Patient J. Si. The patient originally consulted his physi-
cian because of persistent abdominal pain which was found
to be caused by extreme splenomegaly. Upon sternal
marrow aspiration, large numbers of lipid-containing foam
cells were discovered, and the patient was then referred
to the Department of Medicine, Universitat Koln, in October
1975, with a tentative diagnosis of Niemann-Pick disease.
Upon admission, he was found to have hepatomegaly (hepa-
tic edge palpable 3-4 cm below the costal margin) and
extreme splenomegaly (palpable 15 cm below the costal
margin). Tonsillectomy had been performed at age 37 yr
after recurrent tonsillitis since childhood; however, orange-
yellow mucosal tags in the pharynx were present on inspec-
tion. Careful neurological examination was negative; there
was no evidence of lymphadenopathy and there were no
other significant physical abnormalities.
Routine laboratory data were unremarkable except for

hypocholesterolemia (45 mg/100 ml), hypertriglyceridemia
(300 mg/100 ml), thrombocytopenia (40,000/mm3), and routine
lipoprotein analyses (heparin-M precipitation of the 1.006-
g/ml infranate and agarose electrophoresis) which revealed
the absence of HDL.

Histologic and ultrastructural examination of tissue speci-
mens demonstrated that lipid storage was mainly confined
to reticuloendothelial cells (foam cells) in spleen, periportal
fields of liver, bone marrow, colon and rectal mucosa,
Schwann's cells in peripheral nerves, and myenteric plexus
and nonvascular, smooth muscle cells (jejunal submucosa).
The morphological findings in this patient were very similar
to those recently described by Ferrans and Fredrickson (12).
Chemical analyses of biopsy specimen of colon and spleen
indicated a 10- 20-fold increase in cholesteryl esters; other-
wise, there were no other obvious tissue lipid abnormalities.
The patient has three children 9, 4, and 3 yr of age.

Plasma lipid and lipoprotein analyses in these children
revealed hypocholesterolemia (105-120 mg/100 ml) and
HDL deficiency (15-25 mg/100 ml HDL cholesterol).
Patient E. Ga. The 46-yr-old sister of J. Si was not sus-

pected of having any abnormality until examination during
a family survey in January 1976. Orange-yellow mucosal
tags on the pharynx were visible although a tonsillectomy
had been performed on the patient at age 9 yr. Hypo-
cholesterolemia (75 mg/100 ml), hypertriglyceridemia
(320 mg/100 ml), and the absence of HDL on agarose
electrophoresis led to further careful examination. Upon
ultracentrifugation, HDL cholesterol levels were found to
be less than 5 mg/100 ml.

Histological and histochemical examination of sternal
marrow aspirate and rectal biopsy revealed the presence of
large numbers of lipid-containing foam cells. Lipid deposits
in Schwann's cells of small cutaneous nerves and dermal
histiocytes were observed upon electron microscopic
examination of skin which grossly appeared normal.
Further clinical studies on this patient are still in progress.

In the patient's children (16-yr-old boy; 14-yr-old girl)
plasma cholesterol (110 and 115 mg/100 ml), plasma tri-
glyceride (225 and 170 mg/100 ml), and HDL cholesterol
(15 and 18 mg/100 ml) values were consistent with a genetic
defect causing HDL deficiency in this family.
Electroimmunoassays (rocket electrophoresis) for human

serum apolipoprotein A (Apo HDL) applied to native sera
from the three Tangier homozygotes failed to produce
immunoprecipitation; sera from several obligate hetero-
zygotes produced only partial responses (Fig. 1).

Control normolipidemic subjects included medical stul-
dents and hospital personnel, 15 males and 15 females,
ranging in age from 18 to 35 yr. Physical examination and
appropriate laboratory data did not give evidence of either
diabetes mellitus, or liver, kidney, gastrointestinal, heart,
or thyroid disease.
Preparation of lipoproteins and apoproteins. Plasma ob-

tained by plasmaphereses on patients or normal subjects
who had fasted overnight, was collected in 0.01% EDTA.
Tangier and normal plasmas were carried through all of the
subsequent separations in parallel. Lipoprotein fractions
were separated in the preparative ultracentrifuge by the
method of Havel et al (19). The density of the plasma of
the lipoprotein isolates was raised by addition of solid
KBr and checked by pyknometry at 20°C. Four fractions
were usually isolated, subsequently designated as very low
density lipoproprotein (VLDL) (d < 1.006 g/ml), low-density
lipoprotein (LDL) (d 1.006 to 1.063 g/ml), HDL (d 1.063
to 1.21 g/ml), and the fraction of density >1.21 g/ml.
Radioimmunoassay determinations were performed on
the respective lipoprotein fractions without further recen-
trifugation. The lipoproteins were dialyzed exhaustively
against 0.9% NaCl/0.01% EDTA solution, pH 7.4, and
concentrated by ultrafiltration.
To ensure maximal exposure of antigenic sites on Apo

A-I and Apo A-1I (20), native sera and isolated lipopro-
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FIGURE 1 Immunoprecipitation ("rockets") of normal and Tangier serum. HDL antigenicity
of native serum has been evaluated by Laurell electroimmunoassay employing anti-HDL.
1 ,ul serum, 1:4 diluted, has been applied to the wells; electrophoresis buffer, 0.05 M
diethylbarbiturate, pH 8.6; HDL antiserum was mixed with 0.5% agarose at 55°C; a field
strength of 10 V/cm-1 has been applied to the electroimmunoassay plate for 6 h; 0.1%

Coomassie blue stain. 1, 2, normolipidemic sera; 3-5, sera of patients J. Si., A. Bo., and E. Ga., no
visible reaction; 6-10, sera of patients obligate heterozygote for Tangier disease (children
of J. Si. and E. Ga.) show diminished HDL reactivity.

tein fractions were delipated by ethanol-ether (21). The pro-

tein precipitates were dried under N2 and redissolved in 10
volumes of 0.9% NaCl, pH 7.4, or 10 mM NH4HCO3.
Radioimmunoassay determinations on native and delipidated
samples were run in parallel. Since different conditions of
plasma storage and dilution may affect the degree ofimmuno-
assayable apoproteins (22), only fresh plasmas at constant
dilution (10-3) were used in our studies.
To prepare Apo A-I and Apo A-II, HDI was delipidated

with chloroform:methanol (2:1) according to Lux et al (23).
The resulting apo HDL was fractionated by Sephadex G-200
(Pharmacia Fine Chemicals, Inc., Piscataway, N. J.) chroma-
tography as described by Scanu et al (24). The Sephadex
column fractions corresponding to Apo A-I and Apo A-II
were further purified by chromatography on DEAE-cellulose
in 6 M urea, employing a linear gradient (0.03 M Tris/HCl,
pH 8.6, 0.1 M Tris/HCl, pH 8.6) (23-25). To retard carba-
mylation of proteins (26), urea solutions were passed over a

mixed bed ion-exchange resin (Rexyn I-300, Fisher Scientific
Co., Pittsburgh, Pa.); all protein isolations were conducted
at 40C.
Homogeneity of the apoproteins used in these studies

was determined by polyacrylamide electrophoresis in urea

(27) and sodium dodecyl sulfate (28), by amino acid analysis,
and by immunodiffusion techniques that utilize specific
antisera against these apoproteins. To determine the speci-
ficity of radioimmunoassay and immunoelectrophoresis
procedures, human albumin (Serva, Heidelberg, W. Ger-
many), LDL (isolated between d of 1.020 and 1.050 g/ml
(KBr) and C-apoproteins were tested as antigens. C-apopro-
teins (Apo C-I, Apo C-II, Apo C-I11 , Apo C-II12) were
purified from VLDL by a combination of Sephadex G-200
gel filtration and DEAE chromatography, respectively (29).

Preparation of antisera. In 1 ml H20, 1-2-mg amouints
of Apo A-I or Apo A-II were dissolved and emusified in an
equal amoun; of complete Freund's adjuvanit (Difco Labora-
tories, Detroit, Mich.) (30). Four rabbits were injected stub-
cutaneously on three occasions 14 days apart and bled 7
days after the last injection. The antisera were tested bv
double immunodiffusion and immunoelectrophoresis
against different antigens and appeared to be mono-
specific. Anti-LDL anti-HDL, and anti-IgG antisera (pro-
duced in goats) were purchased from Behring Werke/
Marburg, W. Germany. Antisera were stored frozen in small
lots. Equivalence points were determined semiquantitatively
with the device described by Piazzi (31).
Absorption of Apo A-I from d 1.21-g/ml plasma fractions

of Tangier patients and normals was carried out with sufficient
antibody to produce an antigen-antibody ratio at equivalence.
The precipitates were allowed to stand 72 h at 4°C before
the absorbed apoprotein was harvested by centrifugation.
Precipitates were washed five times with 10 ml 0.9% NaCl.
Preparation of 125I-labeled Apo A-I and Apo A-Il. A

apoproteins (0.2-0.5 mg) dissolved in 3 ml 0.1 M NH4HCO3
(pH 8), containing 0.01% EDTA, were separately treated
with a '25I-labeled acylating reagent, iodinated 3-(4-hydroxy-
phenyl) propionic acid N-hydroxysuccinimide ester (sp act
1,700 Ci/mmol; Amersham Buchler, Braunshweig, W. Ger-
many) which reacts with free amino groups in the protein
molecule to attach the 1251-labeled groups by ainide bonds (32).
The 125I-labeled apoproteins were purified from the reac-

tion products by Sephadex G-75 gel chromatography
(Pharmacia Fine Chemicals, Inc.) and eluted, each in one

major peak, after the void volume. The calculated sp act
of the various preparations ranged between 0.5 and 1

mCi/mg protein.
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The native and labeled apoprotein A-I gave identical
immunoprecipitation arcs against rabbit anti-HDL and rabbit
anti-Apo A-I antibodies. It did not react with antiserum to
LDL, Apo A-II, or albumin. In the presence of excess anti-
body, 85-95% of [125I]Apo A-I was precipitated in the radio-
immunoassay; more than 95% of the radioactivity was pre-
cipitable by 10% TCA. Apo A-I competed with the [125I]Apo
A-I for limiting amounts of antibody, displacing 90-95%
of the labeled antigen.
As evaluated by immunodiffusion and immunoelectro-

phoresis of both native and [125I]Apo A-II against rabbit
anti-HDL and anti-Apo A-II, the antigenicity of Apo A-LI
was not measurably influenced by the iodination procedure
(sp act 0.3-0.75 mCi/mg protein). Native and labeled Apo
A-II did not react with antiserum to LDL, Apo A-I, or
albumin. The precipitability of the labeled Apo A-II and
the degree of displacement by the unlabeled antigen were
similar to those observed for Apo A-I. The labeled apopro-
teins were used immediately upon preparation.
Radioimmunoassay procedures. Assays were carried out

in Eppendorf vials. All dilutions were made in a standard
buffer containing 0.1% bovine serum albumin (Serva, Heidel-
berg) in phosphate-buffered saline (pH 7.2). A typical incuba-
tion mixture contained in a final volume of 500 ,ul the follow-
ing: 200 ,ul of nonimmune rabbit serum (Behring Werke/
Marburg; diluted 1:700), 100 ul of diluted anti-Apo A-I
(or anti-Apo A-I1), 50 dul [125I]Apo A-I (or [125I]Apo A-Il)
(20,000-30,000 cpm), and 10-150 ,ul of diluted sample and
sufficient buffer to bring the volume to 500 ,ul.
For routine use, antisera were diluted to give precipitabili-

ties of 80-85% in the absence of unlabeled A apoproteins.
Control tubes which contained no anti-Apo A-I (or anti-
Apo A-II) or label were also included to evaluate the non-
specific precipitation and the absorption of label to the
surface of the vial, respectively. In routine assays, all reac-
tions were started at the same time. The vials were incu-
bated at 4°C for 42-48 h, after which 200 Al of goat anti-
rabbit-y-globulin (diluted 1:50) was added for another 18 h
at 4°C (20).
The precipitates were isolated by centrifugation at 8,000

100 t-..

rpm for 20 min, washed three times with cold phosphate-
buffered saline and counted in a Packard model 5230
gamma spectrometer (Packard Instrument Co., Inc., Downers
Grove, Ill.). All experiments were performed in duplicate.
The results are expressed as the percent of the total counts
bound: % bound = (cpm of competed antibody-bound
[125I]Apo A-I - cpm in background)/(cpm of total antibody-
bound [1251]Apo A-I - cpm in background).
Other techniques. Electroimmunoassays to evaluate the

concentration of HDL in plasma were performed according
to Laurell's method (33). Double immunoelectrophoreses of
plasma and isolated lipoprotein fractions were performed
according to Clarke and Freemann (34). Analytical thin-
layer electrofocusing was carried out on Ampholine PAG
plates, pH 3.5-9.5 (LKB) using a LKB 2117 Multiphor
chamber (LKB-Produkter, A.B., Bromma, Sweden) (35).

Silica gel thin-layer plates were developed in chloroform:
methanol:H20 (65:25:4) and exposed to 50% sulfuric acid to
locate individual lipids and reference compounds. Protein
determinations were carried out by the method of Lowry
et al. (36) or by amino acid analysis.

RESULTS

Quantitation of A apoproteins by radioimmuno-
assay. The standard curve for the displacement of
2 ng of [1251]Apo A-I by unlabeled apoprotein is shown
in Fig. 2. A characteristic sigmoidal curve was ob-
tained when the percent of [125I]Apo A-I bound was
plotted vs. apoprotein added. With four different anti-
sera and three different apoprotein preparations,
almost identical displacement curves were obtained.
Maximum precision was in the range of 5-20 ng;
the variability (SEM) of the displacement of 125I1
labeled Apo A-I was +4.5% for the different labeled
Apo A-I and antibody preparations used.
The standard curve with purified Apo A-II showed
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FIGURE 2 Standard curve for the radioimmunoassay of Apo A-I. The assay was performed as

described in Methods. [125I]Apo A-I was displaced from Apo A-I antiserum by Apo A-I,
Apo HDL and HDL; Apo A-II, Apo C-III, (representative of Apo C), VLDL, and LDL
displaced 125I counts only in amounts which were 1,000- to 2,000-fold greater than Apo A-I.
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FIGURE 3 Displacement of [1251]Apo A-II from Apo A-II antibodies. The assay was performed
as described in Methods. (Symbols, see Fig. 2).

significant displacement at 5 ng (Fig. 3). The working
range of this assay lay between 10 and 50 ng of Apo
A-II. Maximal displacement (>90%) occurred with 200
ng protein.
HDL and delipidated HDL (Apo HDL) produced

displacement curves which parallel those produced
by Apo A-I and Apo A-II when analyzed by logit-log
transformation. Assuming a molar Apo A-I: Apo A-II
ratio of 3:1 in normal HDL (corresponding to a weight
ratio of 4:1), 100 ng Apo HDL should contain 72 ng
Apo A-I and 18 ng Apo A-II, together accounting
for 90% of HDL protein (37). While the radioimmuno-
assay detected approximately 95% of Apo A-II in
HDL, only approximately 30% of the calculated Apo
A-I could be identified in fresh plasma or HDL
preparations. An explanation of the greater effective-
ness of Apo HDL and Apo A-I than HDL in dis-
placing [1251]Apo A-I has previously been thought to
be in the partial coverage of antigenic determinants
by protein-protein or protein-lipid interaction in the
native HDL macromolecule (20, 22). By contrast, all
of the Apo A-Il was detected by the radioimmunoassay
independent of delipidation (37). HDL and Apo HDL
showed identical effectiveness in displacing labeled
Apo A-Il.
The plasma protein fraction of d >1.21 g/ml was

effective in displacing [1251]Apo A-I and [1251]Apo A-II.
In contrast to Apo A-II, the Apo A-I reactivity of
this fraction was significantly influenced by prior ether-
ethanol or chloroform-methanol extraction. In several
preparations, a 1.8- to 2.5-fold greater amount of Apo
A-I could be detected after delipidation.

Specificity of radioimmunoassay. To determine
the specificity of displacement, a variety of human
plasma lipoproteins and apolipoportins have been
monitored by radioimmunoassay. VLDL, LDL, Apo

C-I, Apo C-Il, Apo C-IIIl, Apo C-Ill2, and albumin
did not displace 1251-labeled Apo A-I or Apo A-TI
when added in amounts up to 200 ng protein (Figs.
2 and 3). At higher protein concentrations, curves
parallel to the A apoproteins were obtained with both
purified human VLDL and LDL. In various VLDL
and LDL preparations isolated from normolipidemic
plasma, the amount of A apoproteins accounted for
less than 2% of the total protein, respectively.
A apoprotein levels and distribution in Tangier and

normal plasma. To compare the A apoprotein content
in Tangier and normal plasma, radioimmunoassay
determinations were performed on native and de-
lipidated samples. As shown in Table I, the absolute
amounts of Apo A-I and Apo A-II in Tangier plasma
ranged between 0.4-0.94 mg/dl and 1.9-2.8 mg/dl,
respectively. Repeated sampling at monthly intervals
over a period of 6 mo produced almost identical
results. The apparant content of Apo A-I in Tangier
plasma was increased about 1.3-fold by delipidation,

TABLE I
Quantitation ofAApoproteins in Tangierand Normal Plasma

Apoprotein A-I Apoprotein A-II

Native Delipidated Native Delipidated
Patient plasma plasma plasma plasma

mg/dl mg/dl mg/dl mg/dl

Control male 34.1+5.0 113+6.1 34+3.1 35+3.8
(n = 15)

Control female 38.3+5.5 124+6.8 39+3.5 41+4.6
(n = 15)

J. Si. (Tangier) 0.31 0.40 2.1 1.9
A. Bo. (Tangier) 0.45 0.61 1.9 1.8
E. Ga. (Tangier) 0.71 0.94 2.7 2.8
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FIGURE 4 Distribution of Apo A-I in Tangier plasma
after 48 h ultracentrifugation (60,000 rpm). Apo A-I has
been quantitated by radioimmunoassay after delipidation of
individuial tultracentrifugal fractions.

whereas the increase in apparent content of Apo A-I
in normal plasma was 3.3-fold. Since identical pro-

cedures for delipidation of Tangier and normal plasma
have been employed, the observed difference reflects
a greater accessibility of the Apo A-I antigenic sites
to the antibody in Tangier plasma. Independent meas-

urements by electroimmunoassay (Fig. 1) and double
immmunoelectrophoresis (Fig. 6) confirmed that the total
plasma quantity of Apo A-I in all Tangier patients
was less than 1% of normals.

In contrast to Apo A-I, the absolute values for Apo
A-II in Tangier plasma were largely independent of
the delipidation procedure. In the same individuals,
absolute Apo A-II concentrations were 3-4.8 times
higher than Apo A-I concentrations, approaching a total
Apo A-Il quantity of 5-7% of that observed in
normals.
The distribution of Apo A polypeptides among

lipoproteins was determined in unwashed fractions to
minimize a possible artifact produced by repeated

ultracentrifugation. As shown in Table II, less than
1% of the Apo A-I quantity in Tangier patienits cain
be determined in the HDL dlensity area; 90% of the
Apo A-I, however, occurs in the 1.21-g/ml bottonl
fraction. This distribtution pattern was in(lepen(lent of
the isolation procedure. Both se(luenltiall uiltracenitri-
fugations to prepare individuial lipoproteini classes ancl
single ultracentrifugation at d = 1.21 g/ml resuilte(d in
the preferential accilnmulation of Apo A-I in the 1.21-
d bottom fraction. As demonistrate(d by 48-lh ultra-
centrifugation of whole Tangier plasmiia alt d = 1.21
g/ml, the Apo A-I was rather ullnifOrmly distributed
throuighout the yellow infraniatanit fraction (d > 1.25
g/ml) (Fig. 4). The 1.21 g/ml sutperniate and(l the clear
intermediate zone of the ultracenitrifluge tule con-

tained 7% and 1% of the total immuInoassayal)le Apo
A-I, respectively.

In fturther contrast to Apo A-I, 49-55% of the total
Tangier Apo A-II in plasma cotuld be identified in the
HDL density region (Tables I and II). Whetlher the
Apo A-II in the VLDL and LDL density areas of'
Tangier plasma occurs as an integral constituent of
these lipoproteins or as a constituenit of an abnormal
lipoprotein has not yet been determnined. The comiiplete
dissociation of Apo A-I and Apo A-II in Tangier
plasma contrasts to the preferential accumuilationi of'
both apoproteins in the 1.063-1.21-g/ml lipoprotein
fraction of normals (Table II).
Other immunological experiments. To furtlher

evaluate the lipoprotein abnormality in Tangier dis-
ease, fresh plasma has been subjected to double im-
Imtinoelectrophoresis utilizing anti-LDL, anti-HDL,
anti-Apo A-I, and anti-Apo A-Il antisera (Figs. 5 and 6).
Normal and Tangier plasma produced "rocket"-shaped
precipitates in regular electrophoretic position, but
to a different extent when tested against anti-LDL
and anti-HDL (Fig. 5). Despite a twofold increase of'
antigen employed for analysis of Tangier lipoproteins,
only a weak anti-HDL reactivity for a-migrating lipo-

TABLE II
Distribution of A Apoproteins in Tangier Plasma (Percent of Total Plasma A Apoproteins)

VLDL LDL HDL
(d < 1.006) (d = 1.006-1.063) (d = 1.063-1.21) 1.21 Inifrainate

Patienit Apo A-I Apo A-It Apo A-I Apo A-Il Apo A-I Apo A-II Apo A-I Apo A-lI

Control 0.5+0.08 2+0.04 1.5+0.03 1.0±0.02 87+2.4 89±3.1 11.0±1.2 8.0+0.9
(n = 15, male)

J. Si. (Tangier) 5 18.5 2 24 <1 55 92 2.5
A. Bo. (Tangier) 6 26 4 24 <1 49 90 1
E. Ga. (Tangier) 8 27 3 19 <1 51 88 3

Quantitation ofA apoproteins was carried out by radioimmunoassay on delipidated lipoprotein fractions (see Methods).
The sum of A apoproteins of individual fractions accounted for >90% of A apoproteins contained in native seruim.
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p)roteins wvas observed. The anti-HDL reactivity in
dloublle imninuinoelectrophoresis was fuirther tested
employing monospecific Apo A-I anid Apo A-LI anti-
lbodies. Tanigier Apo A-I yielded a m-ajor single arc
which imigratedI miore slowly anodally thani reguilar
Apo A-I as a constituient of HDL (Fig. 6). Despite a
twofold incerease of anitigen em-ployed in the electro-
p)horetic separation (onie (limiension) of Tangier lipo-
p)roteins, only weak Apo A-I precipitin arcs were oh-
taiied co)nfirming the relative deficiency of this apo-
proteini in Tanigier disease. In sim-ilar experimients,
the 1.21l-g/ml inifraniatanit fraction derived fromi Tanigier
p)lasmfla gave rise to a sinigle arc whiichi miigrated at
abouit the samie rate as Tangier Apo A-I from fresh
p)lasmia. These finin(iigs suiggest that the miajority ofApo
A-I in Tanigier p)lasma does not occuir as ani initegral
p)rotein conistituient of HDL, buit behiaves like a pro-
teini with abnormal electrophoretic migration and uiltra-
cenitrifutgal (lenisity properties. A slower miigration of
Apo A-I hias been previouisly observed for HDL
sulbjectedl to a variety of disruptive treatments (30).
In the case of Tanigier plasma, however, the abnormial
miigrationi of Apo A-I was independenit of suich mxa-
nilipulatioins and( occuirred in freshly drawni plasmia
suibjected to electrophioresis. Duie to the lowv Apo A
conicentrationis in Tanigier plasmla, one-dimiensional
electrofimmutnoassays (Fig. 1) and double immuniio-
electrophioresis (Figs. 5 anid 6) did n-ot allow accuirate
estimiationi of the apoLprotein concentration.

In conitrast to Tanigier Apo A-I, Tangier Apo A-I1
anid niormial A apoproteinis miigrated to the reguilar
a-positioni when niative plasma was takeni as the anitigen
souirce (Fig. 6). Whien, instead of plasmi-a, the isolated
d = 1.063 - 1.21 g/m-l uiltracentrifuigal fraction of
Tanigier plasmia was mi-onitored for the presenice of A
apoproteinis lby imm-iiunoelectrophoresis, Apo A-Il and
Apo HDL reactivities were observed in reguilar a-

electrophioretic positioni (Fig. 7). Neither one-dim--en-
si onal electroiimmuitnoas says nor douible immuniiio-
electroplhoresis revealed the presence of Apo A-I
in this uiltracenitrifuigal fraction. The absence of Apo
A-I anid presence of Apo A-I1 in the 1.063 - 1.21-g/mi-l
density fractioni was fuirther confirmi-ed by sodiumi-
dodecyl suilfate polyacrylamnide electrophores is. These
(data are in accord with the distribution pattern of A
apoproteins as determined by radioii-mmunoas say.

Additional experimi-ents were performed to deter-
miniie whether the absoluite decrease in the amouint of
imnmunochemically recognizable Apo A-I in Tangier
disease was duie to structuiral alteration of this apo-
p)rotein. Antigen-anitibody precipitates of the Tangier
1.21-g/ml inifranatanit fraction were suibjected to uirea
anid sodiumn dodecyl suilfate polyacrylamide electro-
phoreses (Fig. 8), as well as analytical isoelectric
focuising in comibinationi with immuniioelectrophoresis
(Fig. 9). In these experimients, Tangier Apo A-I

NORMAL~~TANGIER

HDL

LDL

HDLT

2

A B

FIGURE 5 Double immunoelectrophoresis of normial (A) and
Tangier plasmia (B) (patient E. Ga.) (1) dim-ensioni: 150 Ald
plasm-a has been m-ixed with 150 A.l 1% agarose in 0.1 M
barbital buiffer, pH 8.6 and 10 Ald bromphenol bluie oni a glass
cover slip; 20 x 1-mm strips were transferred to a miciro-
scope slide covered with 1 ml of 0.5% agarose, after wlhich 2
ml of 0.5% agarose in 0.05 M barbital buiffer was overlayered;
buiffer chami-bers contained 0.05 M barbital buiffer, pH 8.6; field
strength 20 V/cm-'; running time 120 min; systemn cooled wvitlh
ninning tap wvater. At the end of the electrophoresis 50 x 5-mmii
thick strips were taken for II electrophoresis. (2) dimenisioni:
5 x 7.5-cm- glass plates were layered with 1 ml of 0.5%
agarose, dried and the strip (1. dimension) positioned 2.5 cmi-
from- the cathode; suibsequiently 1.5 ml of 0.5% agarose hias
been layered niot covering the strip; 2.5 ml of 0.5% agarose
containing 100-200 Al of antiseruim (LDL, HDL) was
layered over th-e entire plate; field strenigth 6.6 V/cm-'
ninning timie 14-18 h; staining soluition: 0.1% Coomiassie
bhmie. HDLIr: lipoprotein fraction of plasma fromi Tangier pa-
tients having HDL antigenicity.

exhibited idenitical properties to its normial couniter-
part. Thuts, gross structuiral alterations affecting the
size, the charge, or the immuntiioreactivity of Tanigier
Apo A-I, as isolated by thie Anti-Apo A-I antiserumii,
couild be excluided within the limiitations of the
miethiods uised. It cannot be excluided that there miay
be present in Tanigier plasma immuitnologically altered
popuilations of Apo A-I which are niot recognized by
the antiserumii prepared against normal Apo A-I.
Detailed examiination of the aminiio acid comipositioni
and tryptic peptidle patterns of this apoproteini is still
needed.

Delipidation of the Apo A-I-antibody comiplex, ob-
tained fromi 500 m-l of Tangier plasma, revealed that
trace amnouints of lipid were associated with Apo A-I
(Fig. 10). Phosphatidyl ethaniolamiine and ph-osphatidyl
cholinie appeared to be the major phosphiolipid con-i
stituients, cholesterol being the miajor neuitral lipid
comiponen-t. Tbhe relative increase in phios phatidyl
ethanolamiine, as comipared with conitrol preparationis,
is as yet uinexplained.
The presence of Apo A-Il in the 1.063-1.21-g/mil

uiltracentrifuigal fraction, as determinied by radio-
immuniiiioassav and douible iiimmunoelectrophiores is

The Lipoprotein Abnormiality int Tanigier Disease 57

NORMAL

571



NORMAL
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FIGURE 6 Double immunoelectrophoresis of Tangier and normal plasma. Details of electro-
phoretic separation are identical to those described in Legend to Fig. 5. Instead of LDL and
HDL antisera, Apo A-I antiserum (upper) and Apo A-II antiserum (lower) have been em-
ployed for immunoprecipitation of A apoproteins contained in Tangier (left) and normal
serum (right). Despite a twofold increase of Tangier serum employed, only weak Apo A precipitin
arcs (arrows) were observed in pre-,3-position (Apo A-I, upper left) and a-position (Apo
A-II, lower left).

(a-migration), apparently accounts for residual a-
lipoproteins previously observed in Tangier disease
(13). A detailed morphological and physicochemical
analysis of this lipoprotein fraction is given else-
where.4

DISCUSSION

In the present study, we have further examined the
apoprotein abnormality associated with the absence of
normal HDL in Tangier disease. The data provide
unequivocal evidence that the total amount of im-
munochemically recognizable A apoproteins in

4 Assmann, G., P. N. Herbert, T. Forte, and D. S. Fredrick-
son. An A-II lipoprotein particle in Tangier disease. Manu-
script in preparation.

Tangier plasma is significantly reduced. The total
amount of Apo A-I is decreased to 1/100-1/200 of
normal, and more than 90% of this residual apopro-
tein is associated with the plasma protein fraction of
d > 1.21 g/ml. By contrast, the majority of the Tangier
Apo A-LI is confined to the d 1.063 - 1.21-g/ml
KBr fraction. In three patients affected with Tangier
disease, the concentration of this apoprotein in the
HDL density area ranged from 5 to 10% of that in
normals. Physicochemical and compositional studies
have revealed that Apo A-II, isolated in the HDL
density area from Tangier plasma, is the sole protein
constituent of an abnormal lipoprotein representing
Tangier a-lipoproteins (38).4 As shown in the present
study, significant amounts of Apo A-II in Tangier
plasma are also detectable in the lipoproteins of
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d < 1.063 g/ml. In normal plasma, small amounts of
A apoproteins, the origin of which remains to be
identified, can also be detected in these lipoproteins.
The absolute amouint of Apo A-LI in Tangier V'LDL
and LDL was similar to that in normals; Tangier V'LDL
and LDL contained more Apo A-II than Apo A-I.
The results obtained for the total quantity of Apo

A-I in normal plasma are in close agreement with
those reported by others (20, 22, 39-41). However,
the results obtained for the total quantity of Apo A-II
in normals differ from data reported by Curry et al (39).
These authors have determined, by an electroimmuno-
assay technique, a weight ratio of Apo A-I to Apo
A-Il in HDL of 1.7 corresponding to a molar ratio of
these polypeptides that is close to unity. The difference
in weight ratio of the major polypeptides in HDL, as
assessed by electroimmunoassay and radioimmuno-
assay, is as yet unexplained. The relative quantity of
A apoproteins determined by radioimmunoassay,
however, equals results deduced from column
chromatographic eluates (23, 24).
We have further substantiated that Apo A-I and Apo

A-Il antigenic sites are exposed to a different degree
in HDL. Only approximately 30% of the calculated
amount of Apo A-I couild be detected in native plasma
and HDL. In contrast, the total amount of immuno-
assayable Apo A-Il could not be substantially in-
creased by the delipidation procedure. Since in
dyslipoproteinemia the degree of exposure of A anti-
genic sites may be variable, accurate determinations

Anti A-fI Anti HDL

IN
2

A B

FIGURE 7 Dotuble immunoelectrophoresis of the isolated
d = 1.063 - 1.21-g/ml fraction derived from Tangier serum
(patient J. Si.). Details of electrophoretic separation are identi-
cal to those described in Fig. 5. Apo A-II antiserum (A,
left) and Apo HDL antiserum (B, right) were used for im-
munoprecipitation ofA apoproteins contained in the d = 1.063
-1.21-g/ml ultracentrifugal fraction of Tangier serum. In
contrast to the Apo A-II and Apo HDL reactivity of these
a--migrating lipoproteins, no Apo A-I reactivity couild be ob-
served.

Um
..

APO A-1
a. _o

T C T C

FIGURE 8 Polyacrylamide gel electrophoresis. Urea (left)
and sodium dodecylsulfate (right) polyacrylamide gel electro-
phoresis of the Apo A-I immuinoprecipitate (1.21 infranate)
derived from Tangier patient J. Si. (T = Tangier) as com-
pared to pure, isolated Apo A-I (C = Control). The identity of
the protein band visible in the lower half of the sodiuim
dodecyl suilfate gel (Tangier Apo A-I immunoprecipitate)
could not be established and may be duie to proteolytic
activity contained in the antigen or antibody souirce.

cannot be achieved without prior delipidationi of
samples.

In immunoelectrophoresis, the majority of Apo
A-I in Tangier plasma is confined to an abnormal posi-
tion (pre-f). By contrast, the majority of Apo A-Il in
Tangier plasma electrophoretically migrates in regular
a-position and is confined to the 1.063 - 1.21-g/ml
density region upon ultracentrifugation. It cannot
be excluded that the preferential segregation of Apo
A-I to the 1.21-g/ml infranatant fraction is partly due
to an artifact induced by ultracentrifugation and (or)
high salt concentrationi. However, the observation
that Apo A-I and Apo A-Il fromii fresh Tangier plasmiia
electrophoretically muigrate to different positionis
eliminates the possibility that the dissociation of the
major A apoproteinis is only produced artifactuallv.
Instead, it appears that these apoproteinis inl Tanigier
disease are not integral conistituents of HDL. Our
data suggest that normal HDL macromolectules are
absent from Tangier plasma.
Trace amounts of Tangier HDL of uncertain identifi-

cation have been described in the original reports of
this disease (13). In these earlier stuidies, antisera to
HDL have been employed which cross-react witlh
both Apo A-I and Apo A-Il. TIhus, the natture of the
apoprotein composition of Tangier HDI remained
uinidentified in those studies.
On the basis of Sephadex G-200 chromatography

experiments, Ltux et al. (13) have estimated the ratio
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of Apo A-I to Apo A-II in the d = 1.063 - 1.21-g/ml
fraction of Tangier plasma as being about 1:12 instead
of the usual 3:1.
The possible contamination of their Tangier Apo A-I

preparations by other proteins, however, makes chemi-
cal determinations less reliable. Nevertheless,
whether in some Tangier patients trace amounts of
Apo A-I circulate in a form associated with Apo A-II
remains to be further investigated.

Electrophoretic and immunochemical studies on the
Tangier Apo A-I, as isolated by immunoprecipitation,
have failed so far to detect a structural alteration.
However, extensive changes in the composition of the
Tangier Apo A-I, as recognized by the antisera used,
are unlikely since the size, the charge, and the immuno-
chemical properties ofthis molecule appear unaffected.
Whether the defect in Tangier disease resides in a

structural apoprotein abnormality or in a regulatory
gene mutation affecting the synthesis ofA apoproteins
requires further investigation. The specific sites of
protein-protein interaction in normal HDL have not
yet been defined. A single amino acid replacement in
Apo A-I or Apo A-II, at a position important for such
specific interaction, conceivably may destroy the
quaternary structure of HDL. Elucidation of the
nature of protein-protein and protein-lipid interac-
tions in normal HDL will promote the understanding
of the origin of the dissociation of the A apoproteins
in Tangier plasma.

FIGURE 9 (Left) Isoelectric focusing of th,
precipitate (1.21 infranate) derived from
Si. (T) as compared to the control immi
(Right) Isoelectric focusing of the Tangier
precipitate in combination with subseque
assay (2. dimension), see also details of M

It.

At

£:

I

FIGURE 10 Thin-layer chromatography ofTangier (A. Bo and
J. Si.) Apo A-I-associated lipids (derived from 1.21-g/ml
infranate) vs. control. Solvent system-chloroform:methanol:
H20 (65:25:4). (NL, neutral lipids; PE, phosphatidylethanola-
mine; PC, phosphatidylcholine, SPM, sphingomyelin).
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