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High density fipoprotcins (HDL) consist of a mixturc of chemically and functionally distinet familics of particles defined by their
characteristic apolipoprotein (Apo) composition. The two major lipoprotein families are lipoprotein A-F(LP-A-1) and lipoprotein
A-1: A-11 {(LP-A-1: A-I1). This study describes the isolation of a third minor HDL family of partictes referred to as Lipoproicin
A-I1 (LP-A-I1} because it lacks ApoA-I and contains ApoA-11 as its main or sule apolipoprotein constituent. Because ApoA-Il is
an intceral protein constituent of three distinct lipoprotein familics (LP-A-1: A-If, LP-A-I1:B:C:D:E and LP-A-II}, LP-A-1l
particles wcre isolated from whole plasma by sequential immunoaffinity chromatography on immunosorbers with amisera to
ApoA-I1, ApoB and ApoA-I, respectively. In rormolipidemic subiccts, the concentration of LP-A-II particles, based on ApoA-1I
cuntent, is 4-18 mg/dl accounting for 5-20% of the total ApoA-II not associated with ApoB-containing lipoproteins. The lipid
composition of LP-A-II particles is charact:rized by low percentages of triglycerides and cholesterol esters and a high purcentage
of phosphotipids in comparizon with lipid composition of LP-A-I and LP-A.1: A-li. The major part of LP-A-II particles contain
ApoA-II a; the sole apoiipoprotein constituent; however, small subscts of LP-A-II particles may also contain ApoD and ather
minor apolipoprotcins. The 1ipid/ protein ratio of LP-A-11 is higher than those of LP-A-I and LP-A-I: A-1l. In homorygous
ApoA-T and ApoA-I/ ApoC-III deficicncics, LP-A-I§ particles arc the only ApoA-containing high density tipoprotein with levels
found to be within the same range (7-13 mg/dl) as those of normolipidemic subjects. However, in contrast to norma! LP-A-IT,
their lipid composition is characterized by higher percentages of triglycerides and cholesterol esters and a lower percentage of
phospholipids and their apolipoprotein composition by the presence of ApoC-peptides and ApoE in addition to ApoA-I and
ApoD, These results show that LP-A-II particies arc a minor HDU family and suggest that, in the absence of ApoA-I-containing
tipoproteins, they become an cfficient acceptor/donor of ApoC-peptides and .ipoE ccquircd for a normal metabolism of
triglyceride-rich lipoproteins. Their other possible functional roles in lipid transport remain to be cstablished in future
experiments.

Introductivn

Apolipoprotein (Apo) A-11 is the second most abun-
dant protein of high density lipoproteins (HDL) in
human plasma accounting for approx. 30% of their
total protein mass [1-3). Its plasma concentration has
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been reported to range between 25-80 mg /di [4], with
more than 90% occurring in the density range 1.063-
1.28 g/ml {3,5] In man, ApoA-li mainly consists of
two identical polypeptide chains of M, §707 covalently
linked by a disulfide bond between the cysteine residues
at position 6 [1,6]; it occurs, however, in smaller
amounts in its monomeric form and as a heterodimer
with ApoE [6,7]. Like ApoA-I, ApoA-ll is a secretory
protein synthesized as a larger precursor (prepropro-
tein) containing a prepeptide and a signai peptide with
18 and five amino acid residues, respectively [8]
Whercas the cleavage of prepeptide occurs intra-
cellularly, the conversion of proprotein to mature
ApnA-II mainly occurs extracellularly in a reaction
catalyzed by a procathepsin B-like proteinase {6,9].
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ApoA-11 exists in plasma in several polymorphic forms
{10,i1),

Due to its high lipid-binding affinity, ApoA-1l plays
a significant role in the formation and structural stabil-
ity of HDL particles [12-16]. 1t has been suggested
from in vitro experiments that ApoA-l inhibits the
activation of lecithin:cholesterol acyltransferase by
ApoA-I [17-19] and modulates the activity of hepatic
triglvceride lipase [20-22). In a recent study, Carson
has demonstrated that ApoA-Il inhibits factor X acti-
vation by interfering wiih the association of tizsue
factor (coagulation factor I1H) with factor VHa [23].

A number of studies have demonstrated that HDL
consist of several distinct fipoprotein particles diftering
with respect to their particles sizes, densities. chemical
composition and metabolic properties [24-27]. Among
these lipoprotein particles identified and dilfurentiated
ort the basis of their apolipoprotein composition [24],
ApoA-1I mainly occurs in association with ApoA-i as
lipoprotein A-1: A-1l (LP-A-1: A-I1) [28~34]). The LP-
A-1: A-11 family is a poiydisperse system of particles
present throughout the HDL density range with the
major part occurring in the HDL ; subfraction [33,35].
Another lipoprotein form of ApoA-IlI has been re-
cently identified and characterized as lipoprotein A-
1II:B:C:D:E (LP-A-H1:B:C:D:E or LP-A-II:B
compiex) in VLDL of patients with Tangier discase or
phenotype V hyperlipoproteinemia [36]. There are also
a few reports indicating the existence of LP-A-1i parti-
cles containing ApoA-ll as the major protein con-
stituent but devoid of ApoA-i and ApoB and first
detected in HDL of patients with Tangier disease [37].
Subsequently, these particles have also been identified

TABLE 1

Concentrations of lipids, apolipoproteins and LP-A-11 particles

in fow density lipoproteins (LDL) of a patient with
ApoA-1 deficicncy and planar xanthoma [38], in HDL
of normolipidemic subjects {39] and patients with vis-
ceral Leishmaniasis [40].

The purpose of this study was to provide informa-
tion on the concentration, composition and lipoprotein
subspecies of LP-A-Il particles isotated by im-
manoaffinity chromatography from whole plasma of
normolipidemic subjects and to compare their proper-
ties with those of LP-A-H particles isolated from pa-
ticnts with severe forms of ApoA-I deficiency.

Materials and Metheds

Subjects

Six normolipidemic subjects, two subjects homozy-
gous and two subjects heterozygous for ApoA-l1/
ApoC-1l} deficiency, two subjects homozygous and
three subjects heterozvgous for ApoA-1 deficiency and
planar xanthoma and one subject homozygous for
Tangier disease were studied (Table ). The normo-
lipidemic subjects were healthy, asymptomatic Cau-
casians (two women and four men with a mean age of
47 + 14 years) without any history of familial hyper-
lipoproteinemia or diabetes mellitus. They were non-
obesc and non-smokers except for one subject consum-
ing ten cigarettcs per day. The alcohol consumption
was below 50 g per week. One of the women was
premenopausal and the other was postmenopausal; the
latter was taking Premarin (1.25 mg per day) and was
characterized by very high levels of ApoA-I and ApoA-
I1. The clinical features of two female paients with
ApoA-1/ ApoC-111 deficiency and their heterozygous

Subjects Total Triglycerides ApoA-1 ApoA-! ApoA-11 associated
cholesterol with LP-A-1 particles
Normals 194437 86+49 162473 86413 89+49
(n =16}
ApvA-t/ ApoC-I deficiency
Homozygotes 129 I5 0 12 LS
(n=2) {108-149) (15-16) 10-13) %-12)
Heterozygotes 128 ki | 88 53 85
(n=2) (92-163) (13-29) (73-102) (49-57) (6-11
ApoA-1 deficiency
Homozygotes 133 55 t] 1 L0
(n=2) (128-137) (35-74) (8-14) (7-13%)
Heterozypotes 193416 T +65 8+ 10 T8+2 W.I+55
(n=3
Tangier disease 81 162 2 i2 [1X]

(n=1)

Values are expressed in mg /dl.
“ Mean+S.D.



relatives (patients’ mother and son of one of the pa-
tients} have been nreviously reportad [41]. Both ho-
mozygous paticnts had low levels of total cholesterol
and triglycerides, very low levels of ApoA-H and im-
munochemically undetectable concentrations of ApoA-
I and ApoC-Ill. The heterozygous relatives also had
low levels of total cholesterol and triglycerides. Their
ApoA-I levels were between those of the patients and
normals (Tabte I) and their ApoC-111 concentrations
(2.2 mg /d1) were approximately one-third to one-fourth
of those considered normal for their age and sex (7.0 +
0.2 mg/dl for males aged 11-14 and 1.3 + 0.4 mg/dl
for females aged 51-60) [42]. In another kindred, two
apparently homozygous paticnts and three of their
relatives belong to a2 recently described variant of
ApoA-l deficiency [43]. Clinically, both patients were
characierized by planar xanthoma, xanthelasma and
corneal opacities, but normal appearance of tonsils and
no tendon xanthoma; one of the patients had a coro-
nary bypass surgery when she was 58 years of age. Both
patients had moderately iow levels of total cholesterol
and normal levels of triglyceride (Table I). The main
biochemical abnormalitics were the severe deficiency,
if not the absence, of ApoA-1 and low concentrations
of ApoA-1I, ApoC-I1 (1.1 and 1.4 mg/dl), ApoC-III
(2.2 and 3.3 mg/dl1} and ApoD (6.7 mg /dl} hut normal
levels of ApoE (11.2 and 11.7 mg/dl). The apparently
heterozygous relatives had normal concentrations of
total cholesterol and triglycerides, but their levels of
ApoA-1 were more than one standard deviation below
the normal mean values for their age and sex [42]; the
concentrations of ApoC peptides, ApoD and ApoE
were in the upper normal range for their age and sex
[42]. The clinical and biochemical features of the ho-
mozygous Tangier patient have been previously de-
seribed [36). None of the dyslipoproteinemic subijects
was taking drugs known to influence lipid concentra-
tions with the exception of patients with ApoA-l1/
ApoC-111 deficiency who were treated daily with 8-
biockers and soya lecithin.

Venous blood was drawn into EDTA-ccntaining Va-
cutainer tubes from normolipidemic and dyslipopro-
teinemic subjects after an overnight fast and the plasma
samples were coilected by low-speed centrifugation.
Plasma samples collected at the Henry Ford Hospital,
Detroit, MI (ApoA-1/ ApoC-III deficiency), University
Health Center, Ann Arbor, MI (ApoA-l deficiency)
and Molecular Disease Branch, NIH, Bethesda, MD
{Tangier disease) were immediately shipped at 4°C and
received in Oklahoma City, OK, the next morning.
Upon receipt, preservatives were added to final con-
centrations of 500 units/ml penicillin-G, 50 ug/mi
streptomycin sulfate, 1.3 mg/ml e-amino caproic acid
and 0.5 mg/ml reduced glutathione [44]. Ali blood
donors signed written informed consents. The proto-
cols were approved by the Institutional Review Boards.
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Preparation of immunosorbers

To prepare immunosorbers, well-characterized ‘pan’
monoclonal antibodies to ApoA-1 {45], ApoA-H1 [36]
and ApoB [46] wers coupled to the cross-linked agarose
activated with N-hydroxysuccinimide (AffiGel 10, Bio-
Rad, Richmond, CA) according to the previously de-
scribed procedures [34,47]. The binding capacities of
the anti-ApoA-I, anti-ApoA-1l and anti-ApoB im-
munosorbers were 0.018 mg of ApoA-l, 0.027 mg of
ApoA-II and 0.052 mg of ApoB per ml of gel, respec-
tively. The immunosorbers were stable for more than 6
months at 4°C without loss of binding capacity.

Isolation of ApoA-I-containing lipoprotein particles

The fractionation of LP-A-1: A-Il, LP-A-11: B com-
plex and LP-A-1l was performed by a recently de-
scribed sequential, three-step immunoaffinity chro-
matography with anti-ApoA-Il, anti-ApoB and anti-
ApoA-I immunosorbers [43].

Crossed immunoelectrophoresis

Immunochemical characterization of LF-A-II parti-
cles was carried out by crossed immunoelectrophoresis
performed according to a previously described proce-
dure [40] using 1% agarose (Indubiose HA37, IBF
Laboratorics, Villeneuve-la-Garenne, France) as the
supporting medium and a mixture {1:1, v/v}of 0.06 M
barbital buffer (pH 8.6) and Tris-HCl, EDTA and boric
acid sofutions (10.5; 0.50; 0.65 g/1), pH 9.0. Starting
material was either the ApoA-l1l-containing lipoprotein
particles (retained fraction from the anti-ApoA-Il im-
munosorber) or the isolated LP-A-1l1 family (unre-
tained fraction from the anti-ApoA-l immunosorber).

Lipid and apolipoprotein analyses

Neutral lipids were quantified by the gas-liquid
chromatographic procedure of Kuksis et al. {48] and
the phospholipid phosphorus content was determined
by the method of Gerlach and Deuticke [49], Quantita-
tive determination of apolipoproteins A-I, A-ll, B,
C-Hl, C-lII, D and E was performed by electroim-
munoassays developed in this laboratory and described
in several previous reports [34,36,38,47]. Monospecific,
polyclonal antisera to apolipoproteins A-l1, A-11, B,
C-H1, C-llI, D and E were prepared in rabbits and
goats and characterized as previously described [50]).

Results

Plastia concentrations of ApoA-1l assaciated with LP-A-
I:A-Il and LP-A-1I particles

The fractionation of ApoA-H-containing lipopro-
teins was monitored by quantitative determination of
ApoA-II in all retained and unretained column frac-
tions. The absolute values of ApoA-II associated with
LP-A-Il particles were calculated on the basis of plasma
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TABLE H
Lipid composition of LP-A-1l particles

Subjects Triglycerides Cholesterol Free Phospholipids
esters cholesterol
Normals G¥+1.1° FE8+37 4.6+2.1 82.8+4.3
(n==6)
ApoA-t/ApoC-1I deficiency
Homozygotes 20 27.6 79 62.4
(n=2) (1.2-2.8) (15.7-39.6) (1.7-8.2) (49.9-74.9)
Heterozygotes N.D. 89 5.2 85.9
(n=2) (7.5-10.3) 4.2-6.1) (83.6-88.3)
ApoA-1 deficiency
Homozygotes 12.1 185 6.1 63.2
(n=2) (5.3-19.0) (15.8-21.3) {(5.0-7.2) (60.2-66.2)
Heterozygotes 13.0 140 59 67.0
(n=3) (3.9-19.8) (11.2-16.2) {4.8-75) (61.2-75.9)
Tangicr discase 0.4 6.1 3.9 8.6

(n=1)

Values are expressed in 9.
* Mean+S.D.
N.D.. not detected by gas-liquid chromatography.

ApoA-1I values and percent distribution of ApoA-Il
among ApoA-ll-containing lipoproteins. After removal
of LP-A-11:B complex, the most important criterion
for the separation of LP-A-II from ApoA-I-containing
lipoproteins was the immuncchemically determined ab-
sence of ApoA-I in LP-A-II. In normolipidemic sub-
jects, LP-A-H represented the minor (10.5 £5.5% of
ApoA-I1) and LP-A-I:A-Hl the major (89.5 + 5.5% of
ApoA-1I) ApoA-II-containing lipoprotein devoid of
ApoB; the concentration of LP-A-11 particles ranged

between 4-18 mg/dl and accounted for 5- 20% of the
total ApoA-11 not associated with ApoB-containing
lipoproteins (Table I). Although representing the only
ApoA-containing hipoprotein family in homozygous pa-
tients with either ApoA-1/ ApoC-ill or ApoA-I defi-
ciencies, the mean concentrations of LP-A-I particles
(7-13 mg/dl) were only slightly higher than those of
normolipidemic subjects {Table 1). The levels of LP-A-
H particles (5-16 mg/dl) in patients heterozygous foi
ApoA-l deficiencies were slightly higher than those of

TABLE {11
Apolipop comy of LP-A-Ul particles
Subjects Apolipoproteins (%)
Al c-n c-m D E
Normals
(n=3) 77.4+ 36" N.D. N.D. 226136 N.D.
(=2 100,0 N.D. N.D. N.D. N.D.
h=1 88,7 N.D. N.D. 38 15
ApoA-1/ApoC-111 deficiency
Homozygotes 64.3 N.D. N.D. 49 30.8
(n=2} (56.2-72.3) (1.6-8.2) (26.1-35.6)
Heterozygotes 86.3 N.D. N.D. 13.7 N.D.
(n=2) (85.7-86.9) (13.1-14.3)
ApoA-1 deficiency
Homozygotes 50.6 [12) 27 158 30.1
(n=12) {47.0-54.6) (G.2-0.6) (2.0-3.5) (123-19.3) (21.8-38.6)
Heterozygotes 95.8 N.D. N.D. 4.1 N.D.
(n=3 (94.6-98.1) (1.9-54)
4 MeantS.D.

N.D.. not detected by electroimmunoassay.



normal subjects but essentially in the same range as
those of homozygotes. Although in patients with Tang-
ier disease the LP-A-1I:B complex represented the
major ApoA-II lipoprotein form {36}, a small but mea-
surable concentration of LP-A-11 particles was also
detected confirming the previcusly reported presence
of this lipoprotein family in Tangier disease [37].

Lipid and apolipoprotein composition of LP-A-1I parti-
cles

The percent lipid composition of LP-A-1l particles
from normolipidemic subjects, heterozygotes for
ApoA-1/ ApoC-l1I deficiency and a patient with Tang-
ier disease was characterized by a negligible content of
triglycerides, a very high content of phospholipids and
a low ratio of cholesterol esters/free cholesterol (Ta-
ble I1) in comparison with the lipid composition of
LP-A-l or LP-A-I: A-II particles [34]. In contrast, the
iipid composition of LP-A-l1 from patients homozy-
gous for either ApoA-1/ApoC-1Il or ApoA-1 defi-

A

ANTI-APOA-I1

ANTI-APOA-1

ANTI-APOB

ANTI-APOA-II

ANTI-APOA-]
+
ANTI-APOB

Fig. 1. Crossed immunoelectrophoresis of ApoA-Il-containing lipo-
proteins isolated from whole plasma by affinity chromatography on
an anti-ApoA-11 immunosorber (the retained fraction). Panel A:
normolipidemic plasma tested with anti-ApoB (a polyclonat anti-
serum 10 ApoB) incorporated in the lower gel, anti-ApoA-l (a
polycienal antiserum to ApoA-I) in the intermediate ge! and ani-
ApoA-Il (a polyclonal antiserum to ApoA-1l) in the upper gel. Pane}
B: plasma from a patient homozygous for ApoA-1/ApoC-HI defi-
ciency tested with a mixture of anti-ApoA-I and anti-ApoB incorpo-
rated in the lower gel and anti-ApoA-1I in the upper gel. Experimen-
tal conditions are described in Materials and Methods.
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ciency was characterized by increased percent contents
of triglycerides and cholesterol esters and a decreased
relative content of phospholipids {Table 11) resembling
the lipid composition of normal LP-A-1: A-Hl and, es-
pecially, LP-A-I particles rather than that of normal
LP-A-11 particles.

In some normolipidemic subjects ApoA-1l was the
only apolipoprotein constituent of LP-A-11 particles
{Table 111). However, in most normolipidemic subjects
including heterozygotes for ApoA-1 deficiencies,
ApcA-1l was found to be the major and ApoD the
minor apolipoprotein. In contrast, the LP-A-II parti-
cles from homozygous patients with ApoA-1 deficien-
cies contained ApoA-lI, ApoE, ApoD and ApoC-
peptides in descending order of their percent contents.

The lipid / apolipoprotein ratios of LP-A-I1 particles
from normolipidemic subjexts (2.2) and heterozygotes
for ApoA-I deficiency syndromes (2.2} were ideniicai.
However, the reduced lipid/ apolipoprotein ratio (1.3)
of LP-A-II particles from homozygous patients for
ApoA-I deficiencies reflected increased apolipoprotein
contents of these particles in the absence of ApoA-I-
containing lipoproteins.

Immunochemical evidence for the heterogeneity of
ApoA-lI-containing Lipoproteins and LP-A-H particles

To identify major ApoA-Il-containing lipoprotein
particles, the retained fraction from anti-ApoA-H im-
munosorber was  iested by crossed immunoelec-
trophoresis with polyclonal antisera to apolipoproteins
A-1, A-I1 and ApoB. The use of anti-ApoB in the
lower gel, anti-ApoA-l in the intermediate gel and
anti-ApoA-I1 in the upper agarose gel (Fig. 1, panel A)
revealed the presence, in normolipidemic plasma, of
three distinct ApoA-I-containing lipoprotein particles
including the precipitin linc of LP-A-II: B complex in
the lower gel, LP-A-1: A-1l rocket in the intermediate
gel and LP-A-11 rocket in the upper gel. On the other
hand, in a patient homozygous for ApoA-1/ApoC-1H
deficiency, the immunoelectrophoretic pattern (Fig. 1,
panel B) showed the presence of LP-A-11: B complex
in the lower gel and LP-A-II in the upper gel, but the
absence of LP-A-1: A-Il in the intermediate gel.

‘The relatively high percentage contents of ApoD
and ApoE in LP-A-II particles of homozygous paticnts
with ApoA-1 deficiency syndromes suggested the possi-
ble heterogeneity of this lipoprotein family, ie., the
occurrence of several LP-A-II subfamilics differing in
their apolipoprotein composition. Testing of LP-A-I1
with anti-ApoA-l and anti-ApoB sera incorporated
into the lower gel and anti-ApoA-ll seruin in the
upper gel showed that these particles were devoid of
ApoA-1 and ApoB (Fig. 2, panel A). The use of anti-
ApoD and anti-ApoE in the lower agarose gel and
anti-ApoA-Il in the upper agarose gel revealed that
LP-A-Il family consisted of the so-called simpie LP-A-
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11 particles (LP-A-1I particles only containing ApoA-I1
as their protein moiety) forming a rocket in the upper
gel and complex LP-A-11:D and LP-A-i1:E particles
precipitated as two separate lines in the iower gel (Fig.
2, panel B). The simple LP-A-II particles migrated
faster in the first dimension than complex LP-A-1{: D
and LP-A-11:E particles. To provide additional cvi-
dence for the existence of LP-A-11:D and LP-A-I1:E
particles, the anti-ApoE serum was incorporated into
the iower gcl and anti-ApoD serum in the upper gel
(Fig. 2, panel C). ApoE-containing particles were pre-
cipitated in the lower gel and the LP-A-II: D particles
devotd of ApoE formed a precipitin linc in the inter-
mediate gel. When the antisera were reversed (Fig. 2,
panel D) LP-A-11:D formed a precipitin line n the
lower gel and LP-A-H: E formed a rocket in the inter-
mediate gel. These experiments, however, have not
excluded the possible, albeit unlikely, existence of LP-
A-11:D: E particles. The distribution of ApoC-peptides
among these LP-A-Il subfractions in homozygous pa-
tients with ApoA-l deficiency remains to be estab-
lished in future experiments.

Discussion

The chemical and metabolic heterogeneity of HDL
is due to the presence of discrete lipoprotein families

A
ANTI-APOA-I1
ANTI-APOA-1
+
ANTI-APOB
ANTI-AroD

ANTI-APOE

C

of particles defined by their characteristic apolipo-
protein composition. The application of immunoaffin-
ity chromatography to the fractionation of HDL parti-
cles has resulted in the recognition and isolation of
LP-A-1 and LP-A-I: A-1l as two major ApoA-I-con-
taining lipoprotein families. The chemical anc
metabolic uniqueness of these two lipoprotein families
has been demonstrated by several independent studiet
[26-34]. The present report confirms and extends pre-
vious observations [37-40] of a third minor AgoA-con-
taining lipoprotein family, LP-A-11, characterized by
ApoA-11 as its major protein constiiuent.

In normolipidemic subjects, the concentration ol
LP-A-11 accounted for 5-20% of the total plasme
ApoA-Il content not assacizted with ApoB. A compar-
ison between the chemical characteristics of LP-A-1)
and LP-A-l1 and LP-A-1:A-ll particles isolated fromw
the same normolipidemic subjects [34] attested to the
chemical uniqueness of this minor lipoprotein family
In contrast to LP-A-1 and LP-A-l:A-1l particles, i
only contained ApoD as an additiona! apolipoproteir.
constituent except for a rare presence of a small amount
of ApoE. Its lipid composition was characterized by
the virtual absence of triglycerides, a significantly highe:
percentage of phospholipids (82.8 +4.3 vs 66.7 + 84
and 58.2 +5.2%, P<0.01-0.001) and a significantly

B
ANTI-APOA-II
ANTI-ApoD
+
ANTI-APOE
ANTI-ApOE
e : ANTI-ApoD
N
D

Fig. 2. Crossed immunoelectruphoresis of LP-A-F particles isolated from whole plasma of a patient homozygous for ApoA-I deficiency b
sequential affinity chromatography on immunosorbers with anti-ApoA-Ii und anti-ApoB sera. Panel A: LP-A-1l particles tested witk
anti-ApoA-1 and anti-ApoB in the lower gel and anti-ApoA-11 in the upper gel. Panel B: LP-A-I1 particles tested with anti-ApoD (a polyclona
anti serum to ApoD) and anli-ApoE (a polyclonal antiserum to ApoE) incorporated in the lower gel and anti-ApoA-I1 in the upper gel. Panel C
LP-A-11 particles tested with anti-ApoE incorporated in the lower gel and anti-ApoD) in the upper gel. Panel D: LP-A-11 particles tested wit
anti-ApoD incorporated in the Jower gel and anti-ApoE in the upper gel. Experimental conditions are described in Materiats and Methads



lower percentage of cholesterol esters {11.8 + 3.7 vs,
24.2 + 6.7 and 32.3 + 4.5%, P < 0.01-0.001) than those
of homologous LP-A- and LP-A-1: A-II particles. As a
consequence, the cholesterol ester /free cholesterol ra-
tio of LP-A-II particles (2.5 + 1.3) was significantly
lower than those of LP-A-1(3.9 + 1.3) and LP-A-1: A-l1
(5.3 £ 1.2). In addition, the lipid/ apolipoprotein ratio
of LP-A-II (2.26) was approx. 2-fold higher than the
corresponding ratios of LP-A-I (1.24) and LP-A-1: A-11
(0.90).

In the absence of ApoA-l, the only detectable
ApoA-containing lipoproteins are LP-A-II particles,
the concentration of which does not differ significantly
from those of normolipidemic subjects or subjects het-
erozygous for A-l deficiency syndromes. However, there
are marked differences in the chemical composition of
LP-A-IlL The lipid profile of LP-A-I1 from homozygous
patients was characterized by a significantly higher
percentage of triglycerides and a lower percentage of
phospholipids in comparison with those of normal LP-
A-I1L. The apolipoprotein composition of LP-A-II from
homozygotes was characterized by a relatively high
content of ApoE and, in the casc of ApoA-1 deficiency,
presence of ApoC peptides accounting for up to 53%
of the total protein mass; the protein content of ApoD
was either within the normal range or markedly de-
creased. In hypercatabolic states such as Tangier dis-
ease, the HDL particles are quickly removed from the
plasma [51,52) which, judged from the low concentra-
tion of LP-A-I1, also seems to apply to this lipoprotein
family, It should be pointed out, however, that in
Tangier discasc the major part of ApoA-1l occurs in
the LP-A-11: B complex particles of very low and low
densities [36].

The presence of ApoD and other minor apolipo-
proteins in LP-A-HI particles of normolipidemic and
dyslipoproteinemic subjects suggested the possible sub-
species heterogeneity of this lipcprotein family. As
shown previously for LP-A-I and LP-A-1: A-II particles
[34], minor apolipoproteins cannot be equally dis-
tributed on all LP-A-I1 particles, because they are not
present in the same molar ratios. In normolipidemic
subjects, LP-A-II particles with ApoA-Il as the sole
apolipoprotein constituent are frequently the only
lipoprotein form. However, even in subjects whose
LP-A-II particles contain both ApoA-1I and ApoD, the
major lipoprotein foim is the simple LP-A-IlI with
ApoA-Il as the sole protein and the minor form is
LP-A-11:D. The crossed immunoelectrophoretic test-
ing of ApoA-II-containing lipoproteins in patients ho-
mozygous for ApoA-l deficiencies provided evidence
for the occurrence not only of simple LP-A-1l particles
but also for the presence of separate LP-A-Il: D and
LP-A-11: E particles (Fig. 2). The disiribution of ApoC
peptides, when present, in these LP-A-11 subspecies
remains to be established. 1t should also be pointed out

HE

that the protein moiety of LP-A-11: E subspecies mainly
consists of a mixed disulfide complex, ApoE-ApoA-T}
monomer, as previously reported for homozygous pa-
tients with ApoA-1/ ApoC-11} deficiency {53]

The origin of LP-A-If particles is not known. How-
ever, it is quite probable that these particles are formed
primarily, if not exclusively, in the liver as nascent
lipoproteins rich in phospholipid and free cholesterol.
Fractionation of HepG2Z cell medium by sequential
affinity chromatography on concanavalin A and im-
munosorbers with anti-ApoA-II and anti-ApoA-1 re-
sulted in the identification of a small lipoprotein frac-
tion couiaining ApoA-H, but not ApoA-I, suggestive of
LP-A-11 particles (Dashti, N., personal communication).
The previously established usefulness of this cell line as
a model for studying the formation of LP-A-} and
LP-A-I: A-J1 particles [54,55] may prove to be cqually
useful for further studies on the origin and assembly of
LP-A-I1 particles.

At the present time we can only specuiate about the
possible physiologic role(s) of ApoA-containing lipo-
proteins including LP-A-11. It has already been sug-
gested that LP-A-l1 or LP-A-I:A-1V particles may
function as the acceptors of peripheral cholesterol
[25,56,57] and LP-A-1: A-1l particles as the acceptors
of lipids and apolipoproteins released during the lipol-
ysis of triglyceride-rich lipoproteins or, conversely, as
donors of thesc apolipoproteins to newly secreted
triglyceride-rich lipoproteins of hepatic and intestinal
origin [58,59]. Evidence presented in this study suggests
that, in the absence of ApoA-1 lipoproteins, LP-A-11
particles may function as substitutc acceptors and
donors of lipids, ApoC-peptides and ApoE taking part
in processes responsible for the catabolism of triglyc-
eride-rich lipoproteins. In fact, the capacity of LP-A-I1
particles to bind and incorporate neutral lipids and
minor apolipoproteing appears to be similar, it not
greater, than those of LP-A-1 and LP-A-1: A-ll. How-
ever, due to their refatively low plasma concentration,
the LP-A-Il particles may not be functionally as effi-
cient as LP-A-I:A-H particles, the most abundant
ApoA-containing lipoprotein family. Some of the other
possible roles for LP-A-Il may be to function as a
precursor, in conjunction with LP-B: C: E particles, in
the formation of triglyceride-rich LP-A-I1:B:C:D:E
particles {36], as modulators of hepatic triglyceride
lipase {20-22]) and lecithin:cholesterol acyltransferasc
[17-19] activitics, as inhibitors of factor X activation
[23] and as antagonists in processes responsible for the
removat of cholesterol from peripheral cells [56,57]
These possible functional roles remain to be examined
in future experimeits.
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