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Abstract Apolipoprotein (apo)A-I is the major protein
component of HDL and the cofactor for LCAT. We de-
scribe a large Spanish kindred, living in the Mediterranean
Island of Mallorca, that presents a dominant form of hypo-
alphalipoproteinemia. The lipid profile of this family was
studied because the proband, a 40-year-old male presenting
signs of coronary atherosclerosis, showed severe HDL defi-
ciency. However, none of the other family members had a
known history of cardiovascular disease. Sequence analysis
of the apoA-I gene in affected members identified a 33-base
pair deletion, corresponding to residues 165-175 of the
mature protein, eliminating the first 11 amino acids of
the internal repeat 7. ApoA-Iyyrorca is associated with
HDL-cholesterol deficiency (concentration ranging from 8—
48% of the value in non-carriers), and a 2- to 3-fold de-
crease in plasma concentrations of apoA-I and apoA-II and
endogenous LCAT activity, concomitant with a slight de-
crease in serum cholesterol efflux capability. Impairment of
LCAT activity in HDL particles containing only mutated
forms of apoA-I would not explain a pattern of dominant
inheritance. HDL particles containing wild type apoA-I and
at least one mutant apoA-I may also present impaired LCAT
activity and/or other alterations leading to defective HDL
maturation, a situation that would increase HDL lipid catab-
olism.Hl We conclude that amino acids 165-175 of apoA-I
are critical for normal HDL metabolism, at least in part
because of their role in LCAT activation. However,
apoA-Iyar10rca is not necessarily associated with clinical
signs of atherosclerosis.—Martin-Campos, J. M., J. Julve, J. C.
Escola, J.OrdonezLlanos, J. Gémez, J. Binimelis, F. Gonzalez-
Sastre, and F. Blanco-Vaca. ApoA-Iy110orca impairs LCAT
activation and induces dominant familial hypoalphalipopro-
teinemia. J. Lipid Res. 2002. 43: 115-123.
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Many epidemiological and clinical studies have re-
vealed an inverse correlation between plasma levels of
HDL cholesterol and the risk of coronary heart disease
(CHD) (1, 2). The protective effect of HDL against athero-
sclerosis is thought to be mediated, at least in part, by its in-
volvement in reverse cholesterol transport from periph-

eral cells to the liver (3). Apolipoprotein (apo)A-l is the
major HDL apolipoprotein. It acts as a cofactor for LCAT
(4), which is responsible for the formation of cholesteryl
esters in plasma. This activity promotes cellular choles-
terol efflux by maintaining an exit gradient that, at the
same time, provides substrate for the LCAT reaction (5).
In addition, apoA-I is an important ligand for the binding
of HDL to cell receptors such as scavenger receptor class
B type I (SR-BI) and cholesterol efflux regulatory protein
(CERP) (6, 7). These characteristics contribute to the
ability of HDL to induce reverse cholesterol transport
and, thus, potentially to the protective effect of HDL
against atherothrombotic cardiovascular disease.

Levels of plasma HDL cholesterol are partially (around
50%) determined by genetic factors. Approximately 39%
of patients with premature CHD present a phenotype of
familial hyperlipidemia that include low HDL cholesterol
and, of those, around 16% present hypoalphalipopro-
teinemia with no alteration in apoB-containing lipoproteins
(8). Different mutations in the gene encoding apoA-I and
LCAT have been identified as the cause of familial hypo-
alphalipoproteinemia (9, 10). Recently, an autosomal
codominant form of hypoalphalipoproteinemia, known as
Tangier disease, was found to be caused by mutations in
the gene encoding ATP cassette-binding transporter 1
(ABC1) (11) coding for CERP. However, other as yet un-
known genes seem to account for an important part of the
genetically determined variability of HDL-cholesterol plasma
concentrations (12). Recently, the glucocerebrosidase
gene (the mutations of which are the cause of Gaucher
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apoA-I and apoA-II; MER, molar esterification rate; SR-BI, scavenger
receptor class B type 1.
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disease) was found to be an important genetic determi-
nant of HDL cholesterol levels (13).

ApoA-l is a single polypeptide chain with 243 amino
acid residues and two regions: a globular amino-terminal do-
main (residues 1-43) and a lipid-binding carboxyl-terminal
domain (residues 44—-243) (14). Analysis of the secondary
structure of the latter permitted identification of eight 22
mer and two 11 mer tandem amino acid sequence repeats
that have been associated with amphipathic o-helices.
These are, in most cases, punctuated by prolines that in-
duce turns. The 22 mer repeats could form tandem anti-
parallel helices that are perpendicular to the plane of the
phospholipid bilayer (the picketfence model), at least in
the discoidal HDL particles (14, 15). These amphipathic
a-helices act as protein detergents that stabilize the struc-
ture of lipoprotein particles (15). Computer analysis indi-
cated that significant differences in hydrophobic and am-
phipathic character does exist between different repeats,
suggesting that they could have different lipid-binding
properties. Strong lipid-associating properties have been
demonstrated to be located in repeat 1 (residues 44-65)
and repeat 10 (residues 220-241) (16). Repeat 4 (resi-
dues 99-120), in the central region of apoA-I, is very im-
portant for stabilization of the lipid-apolipoprotein com-
plex, while repeats 5-7 (residues 121-186) contribute to
the initial rates of lipid-apolipoprotein association (17).
Deletion of repeat 6 (residues 143-164) or repeat 7 (resi-
dues 165-186) resulted in a 98-99% reduction in LCAT
activation compared with wild-type apoA-I (18), thus dem-
onstrating the important role of these domains in LCAT
action.

Several naturally occurring apoA-I variants associated
with low levels of HDL cholesterol have been identified
(9); thus, they are very likely to present impaired func-
tional properties. In general, the affected phenotype has a
codominant inheritance pattern. Hence, only the family
members that are homozygous for the mutation present
very low concentrations of HDL cholesterol. However,
cases also exist of dominantly inherited familial hypo-
alphalipoproteinemia due to mutations in the apoA-I gene
(19-24), all located in repeats 6 and 7 (residues 143—
186). In the present study, we describe a novel deletion
mutation in the human apoA-I gene that induces domi-
nantly inherited hypoalphalipoproteinemia characterized
by HDL-cholesterol deficiency concomitant with a milder
decrease in plasma apoA-I and apoA-Il concentrations
and LCAT activity.

MATERIALS AND METHODS

Subjects

The study group consisted of a family with severe HDIL-cholesterol
deficiency. The proband (subject III-12 in the pedigree, Fig. 1),
a Caucasian male born in 1957 on the Mediterranean island of
Mallorca, Spain, was referred to a local hospital in 1996 because
of progressively worsening effort-dependent angina. At that
time, an abnormally low level of HDL cholesterol in plasma
(0.10 mmol/1) was detected. He had been a smoker and pre-
sented severe lesions in coronary arteries: 90% narrowing in the
proximal portion of the left anterior descending artery, 80% nar-
rowing in the mid portion of the circumflex and complete occlu-
sion in the mid right artery, with depressed ventricular function
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Fig. 1. A: Pedigree of the studied family constructed according to clinical, biochemical and genetic data.

An arrow indicates the proband. HDL-cholesterol, with no other biochemical or genetic data, was available
from three individuals: I-1, II-14, and II-15. These HDIL-cholesterol concentrations were 0.89, 1.42, and 0.12
mmol/l, respectively. On this basis, and even though it is very likely that II-15 is a carrier and I-1 and II-14
non-carriers, the three were considered as not available because of incomplete information. B: Agarose (3%)
gel electrophoresis of the PCR product of part of exon 4 of the apoA-I gene.
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(44% ejection fraction). In January 1997 he underwent a suc-
cessful three-vessel coronary bypass surgery. He agreed to partic-
ipate in a study designed to investigate the origin of the hypo-
alphalipoproteinemia, together with his son and daughter, mother
and aunt, sister and two nieces, wife and brother-in-law. The
study was later extended to other members of the family (an
uncle and eight cousins), reaching a total of 19 subjects belong-
ing to three generations. All subjects gave informed consent to
the study protocol, which was approved by the ethics committee
of the hospital.

Lipid assays

Blood was collected from the proband and family members
after an overnight fast and shipped to Barcelona at 4°C. Plasma
lipid, apo, and lipoprotein concentrations were determined by
standard commercially-available kits adapted to a BM/HITACHI
911 autoanalyzer (Roche Diagnostics GmbH, Mannheim, Ger-
many), with the exception of plasma apoA-II concentration, which
was determined using a commercial radial diffusion immunoassay
(Immuno AG, Vienna, Austria). Quantification of lipoproteins
containing apoA-I but not apoA-II (LPA-I particles) was performed
by electroimmunodiffusion using the HIDRAGEL LPA-I kit (Sebia,
Issy-les-Moulineaux, France). Lipoprotein particles containing
apoA-I and apoA-II (LPAI:A-II) were calculated as the difference
between the concentrations of apoA-I and LPA-I (25).

DNA isolation, amplification, and sequence
analysis of the apoA-I gene

Genomic DNA was extracted from 200 wl blood samples with
a QIAamp DNA Blood Mini kit (QUIAGEN GmbH, Hilden, Ger-
many). Six pairs of primers were used to amplify the four exons
of the human apoA-I gene, as previously described (26). Condi-
tions for PCR amplification were as follows: 100-200 ng genomic
DNA, 1X PCR buffer (Promega, Madison, WI), 1.5 mmol/1
MgCl, (except 1 mmol/] for exon 1), 200 wmol/1 deoxynucle-
otide triphosphate (dNTP), 0.4 pmol/1 of each primer and 2.5
units/50 pl of Taq DNA polymerase (Promega). After incuba-
tion at 95°C for 5 min, the mixture was subjected to 35 amplifica-
tion cycles of 30 s at 94°C, 30 s at 55°C to 65°C, depending on the
primer pair used, and 1 min at 72°C, ending with a final extension
for 7 min at 72°C. After verifying amplification by 1% agarose gel
electrophoresis, aliquots of the PCR reactions were purified from
remains of primers and nucleotides (ANTPs) following a method
previously described (27) and subjected to automatic cycle se-
quencing of both strands (ABI PRISM Model 377 DNA Se-
quencer, Perkin Elmer, Branchburg, NJ).

Enzyme activities and cholesterol efflux

Plasma LCAT activity was determined using reassembled
HDL containing 1-palmitoyl-2-oleyl-sn-3-phosphocholine, [3H]-
cholesterol and apoA-I (28). Endogenous LCAT activity was
measured using the lipoproteins of whole and apoB-depleted
plasma as substrate (29) and expressed as molar esterification
rates (MER). Cholesteryl ester transfer protein activity was mea-
sured as the transfer of labeled cholesteryl oleate from HDL to
LDL, using lipoproteins isolated from pools of human normo-
lipidemic individuals and plasma of the subjects as the source of
CETP (30). Paraoxonase/arylesterase activity was assayed using
1.0 mM phenylacetate as substrate (31) in plasma obtained
from blood collected in lithium-heparin tubes. The capacity of
serum to promote cholesterol efflux from FubAH rat hepatoma
cells in culture was measured as previously described (32).

Electrophoresis and immunoblot analyses

Sudan Black prestained plasma samples were subjected to
electrophoresis on 4-20% non-denaturing polyacrylamide gra-

dient gels (BioRad, Hercules, CA). The electrophoresis was per-
formed at 125 V for 20 h, after which the gel was first scanned and
then subjected to immunoblot analysis. The separated proteins
were electrophoretically transferred from the polyacrylamide gel
to nitrocellulose membranes (Amersham Pharmacia Biotech,
Buckinghamshire, UK) as previously described (33). The mem-
brane was then incubated with rabbit antiserum to human apoA-I
(Roche Diagnostics GmbH) and afterwards with sheep anti-rabbit
IgG conjugated to horseradish peroxidase (Pierce, Rockford, IL).
Human apoA-I was detected using chemiluminescence (Pierce).

Statistical analysis

All values are expressed as mean * SEM. Comparison of data
from the two groups was performed by Student’s #test or Mann-
Whitney U test, depending on whether the distribution of data
was Gaussian or not. A value of P < 0.05 was considered statisti-
cally significant.

RESULTS

Biochemical study of plasma from the proband and
his relatives showed that twelve members of the family
(available for the complete study) had HDL-cholesterol
deficiency, with a plasma concentration ranging from
0.10-0.61 mmol/1 (Table 1). These subjects had HDL-
cholesterol concentrations on average 24% of those of
non-carriers and also presented a significant increase in
the percentage of free cholesterol, together with an al-
most (P = 0.06) significant rise in plasma triglycerides.
The pedigree of the affected family is shown in Fig. 1. In
this Figure, the dominant inheritance of the HDL-
cholesterol deficiency and, also, its segregation with a
double DNA band obtained from the product of a PCR
of part of exon 4 of the apoA-I gene, can be observed.
This double band was not detected during verification of
PCR amplification in routine 1% agarose gel electro-
phoresis. It was only observed when analyzed by 3% agarose
gel electrophoresis.

Sequencing of this part of exon 4 of the proband
showed a mixture of two sequences (Fig. 2), beginning in
nucleotide 565 (of the coding region) using the forward
primer and from nucleotide 592 using the reverse primer.
Since the sequences immediately prior to the anomalous
region are the same in both strands (TGGCC), it is con-
cluded that the mutation consists of a deletion of 33 base
pairs (bp) (from 565-597), since one of these sequences
was found deleted. No other mutation was found in the
rest of the sequence of the apoA-I gene (exons and exon-
intron boundaries) analyzed. In consequence, and follow-
ing the nomenclature proposed by the Nomenclature
Working Group (34), the proband was heterozygous for
the in-frame mutation P165-A175del referred to mature
apoA-l. The alteration was called apoA-Iyjar 1 orca after the
island on which it was found. The lower band (199 bp, see
Fig. 1B) was excised from 3% agarose gel and sequenced
to verify the presence and nature of the deletion, which
were confirmed (Fig. 2).

In order to ascertain the functional effect of the dele-
tion found in apoA-l, several types of studies were per-
formed. Analysis of HDL isolated by ultracentrifugation
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TABLE 1. Plasma lipid profiles of carrier and non-carrier family members

Cholesterol

Subjects Gender Age Total HDL LDL Free TG
mmol/l mmol/l mmol/l % mmol/l
Carriers
119 M 77 3.41 0.56 ND 35.19 1.08
11-10 F 66 5.95 0.17 4.52 32.44 2.74
1I-11 F 72 4.06 0.61 3.00 32.27 0.99
1I1-1 F 65 4.76 0.33 ND 40.97 2.16
1112 M 67 3.71 0.39 ND 28.84 1.67
111-3 F 66 2.95 0.46 ND 46.78 1.51
II1-7 F 36 2.90 0.35 ND 41.38 1.02
111-8 F 34 2.74 0.28 ND 39.42 1.10
1119 F 38 2.58 0.11 1.90 33.72 1.24
1112 (i) M 41 4.13 0.10 3.54 30.02 1.08
V-3 M 18 2.48 0.15 1.87 33.47 1.01
V-4 F 11 5.01 0.13 4.31 27.74 1.24
Mean *+ SE 49.3 * 6.4 3.72 + 0.32 0.30 = 0.05 3.19 + 0.47 35.19 = 1.67 1.40 = 0.16
Non-carriers
1114 M 55 7.20 1.17 ND 24.31 1.88
1I1-5 F 57 6.36 1.22 ND 30.19 0.90
111-6 F 39 4.62 2.02 ND 29.44 0.75
11-10 M 39 5.65 1.06 4.14 26.90 0.98
1II-11 F 39 3.42 1.11 1.99 28.65 0.70
V-1 F 19 2.85 1.04 1.52 25.61 0.64
1v-2 F 14 3.08 1.30 1.57 26.95 0.46
Mean *+ SE 374 +6.2 4.74 = 0.65 1.27 = 0.13 2.31 = 0.62 27.44 =+ 0.80 0.90 = 0.18
Carriers versus
non-carriers ns (P=0.13) P <0.001 ns (P = 0.28) P<0.01 ns (P = 0.06)

(i) Indicates the proband; F, female; M, male; ND, not determined.

demonstrated that affected family members exhibited a
3.5fold decrease in mass and a marked alteration in their
chemical composition (Fig. 3). Carriers of apoA-Iyar1.0rca
presented a decreased percentage of proteins and choles-

teryl esters and an increased proportion of triglycerides
and phospholipids.

Plasma apoA-I and apoA-II concentrations were approx-
imately 49% and 41%, respectively, in carriers of the mu-
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Fig. 2. Results from sequencing a fragment of exon 4 of the apoA-I

gene amplified from the DNA of a control member of the family (III-

11) and the proband (III-12), using a forward primer (left) and a reverse primer (right). Upper part: a fragment of the sequence of exon 4
of the wild type apoA-I (III-11) and proband apoA-I (III-12). Lower part: a fragment of the sequence of the purified 199 bp band, shown in

Figure 1B, obtained from the proband.
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Fig. 3. Mass (mg/l) and composition (percentage) of plasma
HDL, isolated by sequential ultracentrifugation, from apoA-Iyar1 orca
carriers and non-carriers. Surface is proportional to HDL mass
(which was 599 mg/1 and 2112 mg/1, respectively, for carriers and
non-carriers).

tated apoA-I compared with non-affected family members
(Table 2). Concentrations of LPA-I and LPA-I:A-II particles
were around 44% and 51% in affected members compared
with non-affected members, respectively, which would be
consistent with a redistribution of apoA-I from LPA-I to
LPA-I:A-II particles.

LCAT activity toward endogenous substrates (using either
total plasma or apoB-depleted plasma) was significantly di-
minished in affected members compared with non-
affected members, whereas no change was found in LCAT
activity toward an exogenous substrate between the two
groups (Table 3). Plasma cholesterol MER in affected in-
dividuals was less diminished (44% of those of non-
affected individuals) than the MER of apoB-depleted
plasma (28% of non-affected individuals). Serum choles-
terol efflux was significantly diminished in carriers of
apoA-Iyjar1orca, being 73% of that of non-affected
members (Table 3). CETP activity and paraoxonase-
arylesterase activity, both measured with an exogenous ar-
tificial substrate, were not significantly different between
carriers and non-carriers (76.3 = 5.75 vs. 115 = 16.51
mmol/1/h, P = 0.07 and 147.9 = 8.56 vs. 136.3 = 12.51
mmol/1/h, P = 0.46, respectively), although there was a
trend toward lower CETP in carriers.

Using gradient gel electrophoresis probed with anti-
bodies to apoA-I, HDL from non-affected individuals (III-
10 and III-11) migrated as a highly heterogeneous popula-
tion of particles that were strongly stained and ranged
from >7.1 nm to <10.4 nm (Fig. 4). In contrast, HDL par-

TABLE 2. Plasma apolipoprotein and specific HDL subpopulation
concentrations in the family studied

Subjects ApoA-l ApoA-Il LPA-T LPA-I:A-IT ApoB Lp[a]
Carriers
119 90 14.2 28.4 61.6 ND 12.7
11-10 57 10.9 20.3 36.7 147.8 9.6
II-11 102 20.9 35.2 66.8 92.5 <8.0
1I1-1 66 10.9 21.3 44.7 ND <8.0
I11-2 75 27.5 17.6 57.4 ND <8.0
111-3 89 22.5 29.5 59.5 ND <8.0
111-7 67 12.6 14.6 52.4 ND 9.8
111-8 63 12.6 15.5 475 ND <8.0
I11-9 45 4.3 9.8 35.2 81.3 <8.0
I-12 (i) 35 10.9 9.8 25.2 110.4 <8.0
V-3 47 7.3 19.4 27.6 56.7 36.7
V4 41 6.0 4.9 36.1 116.3 <8.0
Mean = SE 64.8 = 6.1 13.4 £ 2.0 189 £ 2.6 45.9 = 4.0 100.8 = 12.8 7.6 29
Non-carriers
111-4 141 44.0 40.2 100.8 ND 17.1
111-5 131 35.8 475 83.5 ND 91.6
I11-6 171 35.8 65.7 105.3 ND 17.8
11-10 125 29.2 41.5 83.5 117.8 35.6
II-11 119 27.5 41.0 78.0 62.9 44.4
V-1 115 27.5 37.7 77.3 49.1 14.7
v-2 123 29.2 26.1 96.9 52.9 11.0
Mean *= SE 132.1 £ 7.2 32.7+23 42.8 + 4.5 89.3 + 4.3 70.7 £ 16.0 33.2 =10.8
Carriers versus
non-carriers P<0.01 P<0.01 P<0.01 P<0.01 ns (P=0.18) P <0.001

All values are in mg/dl. (i) Indicates the proband; ND, not determined.
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TABLE 3. LCAT activity towards exogenous and endogenous substrates,

and measurement of cholesterol efflux

LCAT

Endogenous Substrate

Exogenous Cholesterol
Subjects MER-Plasma MER-HDL Substrate Efflux
umol/l/h
Carriers
119 69.16 12.75 85.10 0.33
11-10 45.30 3.95 59.15 0.20
1I-11 65.51 23.20 64.95 0.40
1I1-1 50.70 4.80 91.05 0.26
I11-2 55.70 6.36 68.00 0.27
111-3 93.85 2.70 91.05 0.26
1117 60.00 11.16 47.30 0.22
111-8 60.50 7.66 83.05 0.23
1119 38.30 4.35 92.00 0.22
I1-12 (i) 34.70 2.45 78.30 0.18
V-3 51.45 2.85 76.05 0.19
V4 65.06 3.45 79.50 0.14
Mean *= SE 57.562 = 4.54 7.14 £ 1.75 76.29 = 4.04 0.24 = 0.02
Non-carriers
111-4 213.55 23.80 123.90 0.32
1I1-5 180.50 24.85 70.50 0.32
111-6 104.05 34.20 97.70 0.39
11-10 126.20 25.65 46.00 0.34
II-11 129.40 24.70 79.00 0.33
V-1 77.95 22.70 95.40 0.29
Iv-2 73.60 25.95 103.10 0.30
Mean = SE 129.32 = 19.58 25.98 *+ 1.43 87.94 = 9.53 0.33 = 0.01
Carriers versus
non-carriers P<0.001 P<0.001 ns (P=0.21) P<0.01

(i) indicates the proband; MER, molar esterification rate of cholesterol.

ticles of apoA-Iyar1orca carriers showed different size pat-
terns. Only two types of HDL particles were detected in
the proband (III-12). Another carrier (II-10) presented a
similar band pattern to that of the proband. A predomi-
nance of larger HDL particles (II-9, III-2, and III-3) and a
more heterogeneous size particle profile (III-9) are also
represented (Fig. 4).

Figure 5 shows a hypothetical representation of the sec-
ondary structure of apoA-Iyjarrorca, Which can be com-
pared with the proposed structure of the wild type apoA-I.

DISCUSSION

Molecular diagnosis

A 40-year-old male patient was studied at a local hospital
because of CHD. Plasma analyses revealed severe HDL
cholesterol, apoA-I, and apoA-II deficiency in plasma (less
than 8%, 30%, and 33% of normal values, respectively),
with no other major alteration in the lipid profile. Family
study demonstrated that the proband, like other members
of the family, had an inherited dominant form of hypo-
alphalipoproteinemia. The dominant effect of the mutation
was established on the basis of a reduction of more than 50%
in the HDL mass of carriers compared with non-carriers
(Fig. 3). Percentage of plasma free cholesterol was moder-
ately increased in affected members of the family; how-
ever, inheritance of LCAT deficiency is recessive rather
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than dominant (35, 36). Therefore, we looked at the
apoA-I gene in which a minority of mutations have been
found to produce a dominant HDL deficiency. These
mutations are located in repeats 6 or 7 (amino acids
143-186) and are known as apoA-Iyano, apOA-IsgATTLES
apoA-lparis, apoA-losio, apoA-Izavaria, apoA-Ipnianp,
and apoA-Izapacoza (19-24, 37, 38). Concomitantly, and
because apoA-I deficiency was less dramatic than that of
HDL cholesterol, the possibility of an SR-BI mutation was
considered and ruled out (data not shown). DNA analysis
showed the proband and the other affected members to
be heterozygous carriers of an apoA-I mutation consisting
of an in-frame deletion of 33 base pairs, which encode
from amino acids 165—-186. Thus, the patient and at least
11 other members of the family appeared to have two
classes of apoA-I species, the normal species and a mutant
species, which we named apoA-Iyja1 1 orca- The latter lacks
the first 11 amino acids (P165-A175del) of one (repeat 7)
of the 22-amino-acid amphipathic alpha helical regions.
The presence of a proline residue at the beginning of
most of the apolipoprotein repeats is essential since it in-
duces the formation of kinks that permit the antiparallel
position of the a-helices. ApoA-I \ar10rca lacks a proline
residue between repeats 6 and 7, thus breaking the plastic-
ity of the central domain of the apoA-I and, presumably,
rendering an a-helix formed by 29 residues (Fig. 5). This
region (repeat 7) has previously been demonstrated to be
vital for LCAT activation (18).
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Fig. 4. Immunoblot probed with antibodies to apoA-I of a non-
denaturing gradient gel electrophoresis of 2 pl of plasma taken
from carriers and non-carriers (I1I-10 and III-11) and carriers of the
apoA-Iyiar1.orca Mutation [rest of lanes: 1I-10, I11-9, I1I-12(i) which
is the proband, II-9, ITI-2 and III-3] (see Materials and Methods for de-
tails). Stoke diameters of standards are indicated (in nm) on the left.

Effects of apoA-Iya110rca in HDL metabolism

All carriers of apoA-Iya; 1. orca presented low but variable
HDL cholesterol (ranging from 8-48% of control) and
apoA-I (ranging from 31-71% of normal value), as well as
other HDL parameters, reflecting the influence of other
environmental and genetic factors in addition to the pres-
ence of apoA-Iyar10rca- HDL isolated from affected mem-
bers including the proband was (expressed in percentages)
rich in triglycerides and phospholipids and poor in choles-
teryl esters and proteins compared with non-carriers. The
decrease in the HDL proportion of esterified cholesterol
probably resulted from decreased endogenous LCAT activ-
ity in HDL. However, as LCAT assays (using exogenous sub-
strates) of apoA-Iyarrorca carriers did not differ from
those of non-affected controls, it is likely that reduced
LCAT activity was due to impaired LCAT activation rather
than a defect in enzyme structure or mass. The fact that the
preB-HDL/a-HDL ratio was not increased (data not shown)
with the presence of a functional LCAT deficiency could be
due to the well-known increased catabolism of small lipid-
poor prep-HDL particles (39). Also, hepatic lipase inhibi-
tion by increased preB-HDL could limit a further increase
in preB-HDL and could be implicated in the increased per-
centage of HDL triglyceride seen in the carriers (40).

Native apoA-I

Since many HDL particles contain more than one
apoA-I molecule, the mutant apoA-I may exert a domi-
nant effect by accelerating catabolism of the lipid compo-
nent of HDL and/or that of the whole HDL particle. Con-
sistent with this possibility, this increase in catabolism of
HDL apolipoproteins has been described previously in sev-
eral apoA-] mutations that induce dominant hypoalpha-
lipoproteinemia (38, 41, 42). Therefore, apoA-Iyar1orca
may induce increased HDL catabolism that would explain
its dominant inheritance. Consistent with this assumption,
we have not identified apoA-Iyar1orca in the plasma of
carriers using immunoblots of either SDS-PAGE or iso-
electrofocusing. However, further studies are needed to
improve our understanding of the mechanisms involved
in this HDL deficiency. We speculate that the new helix
formed by the deletion, even though it presents the same
charge distribution characteristic of the central a-helices
(data not shown), induces a change in HDL particles con-
taining at least one apoA-Iyja110rca Mmolecule which im-
pairs LCAT catalysis and accelerates HDL (especially
lipid) catabolism.

Susceptibility to atherothrombotic cardiovascular disease

Despite low HDL-cholesterol levels, most individuals
with apoA-I variants (19-24, 38) do not have increased
susceptibility to overt clinical manifestations of athero-
thrombosis. Consistently, there was no clinical evidence of
CHD in the members of the family studied, with the ex-
ception of the proband. Study of the risk of atherosclerosis
in subjects with severe inherited hypoalphalipoproteine-
mia has been the subject of intense research, and in most
cases the increase in risk was much lower than expected
(19, 24, 35, 38). This could be due, at least in part, to the
fact that the decreased level of HDL is usually associated
with low LDL cholesterol (43) and that antioxidant activi-
ties of enzymes such as paraoxonase seem to be largely
conserved (44). The development of apoA-I-deficient
mice has enabled detailed study of this animal model as
well as the study of the effects of other genetically induced
forms of HDL deficiency (45). In accordance with the re-
sults of human studies, and despite the HDL deficiency,
mice lacking apoA-I were not prone to diet-induced athero-
sclerosis (46). However, the susceptibility to atherosclerosis
in apoA-I knockout mice crossbred with apoB transgenic
mice increased compared with that of apoB transgenic
mice (47, 48). Taken together, these observations suggest
that HDL deficiency does not lead directly to atheroscle-

Fig. 5. Schematic representation of the predicted
secondary structure of wild type apoA-I and apoA-
IyaLLorca. Boxes represent amphipathic a-helices.
Black circles represent proline residues. Shaded
boxes represent internal repeats 6 and 7.

aPOA‘I MALLORCA

Martin-Campos et al. ApoA-Iyarrorca causes HDL deficiency 121

2102 ‘vT aunr uo “1sanb Aq Bio 1|l mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

rosis but, rather, is a permissive factor that would permit
atherosclerosis development due to other cardiovascular
risk factors. Some of these risk factors were evaluated in
the family of this study. Triglyceride and apoB levels were
not significantly elevated in the carriers, whereas Lp[a]
concentrations were decreased, as in previous reports on
patients with LCAT deficiency (49). The LDL:HDL cho-
lesterol ratio, which is a better predictor of risk than
either measurement alone (50), was found to be dramati-
cally increased in the proband (35.4) compared with that
calculated in non-carriers (<4) and the remaining carriers
(<18), except for two of them: II-10 (26.6), a 66-year-old
woman and IV-4 (33.1), an 1l-year-old girl with very
decreased HDL-cholesterol rather than increased LDL-
cholesterol. The proband had, furthermore, a history of
smoking and a reported history of combined hyperlipi-
demia. It is well known that when dealing with CHD risk, a
combination of environmental factors and multifactorial
genetic interactions will determine development (or not)
of the disease. However, much remains to be known of
both types of factors and their interaction.

In conclusion, a new apoA-I mutation has been identi-
fied in a large family in Mallorca, a Spanish island in the
Mediterranean. This mutation is a P165-A175 deletion of
repeat 7 of the mature apoA-I that impairs the functional
properties of the molecule in such a way that dominant
hypoalphalipoproteinemia is induced, at least in part, due
to their inability to activate LCAT. This mutation, however,
does not necessarily induce CHD.HE

This work was partially supported by grants from the Ministerio
de Ciencia y Tecnologia SAF99-0104 (to F.B-V.) and SAF98-
0097 (to F.G-S.), from Comissionat per Universitats i Recerca
(1997SGR00256) and from Fundacié per a la Bioquimica
Clinica i Patologia Molecular. We thank Dr. J. M. Ordovas, of
Tufts University in Boston for, concomitantly with our search in
the apoA-I gene, ruling out a CLA1/SRB-I mutation in this
family. We are grateful to Carme Mayoral, Agustina Castellvi,
and Rosa Bonet for excellent technical support and to Chris-
tine O’Hara for editorial assistance. We acknowledge the help
of Dr. Susanna Cirera in the early stages of this work.

Manuscript received 7 June 2001 and in revised form 28 September 2001.

REFERENCES

1. Gordon, D., and B. M. Rifkind. 1989. High density lipoproteins:
the clinical implications of recent studies. N. Engl. J. Med. 321:
1311-1315.

2. Rubins, H. B., S. J. Robins, D. Collins, C. L. Fye, ]. W. Anderson, M. B.
Elan, F. H. Faas, E. Linares, E. J. Schaeffer, G. Schectman, T. J.
Wilt, and J. Wittes. 1999. Gemfibrozil for the secondary prevention
of coronary heart disease in men with low levels of high-density
lipoprotein cholesterol. Veterans Affairs High-Density Lipoprotein
Cholesterol Intervention Trial Study Group. N. Engl. |. Med. 341:
410-418.

3. Fielding, C.]J., and P. E. Fielding. 1995. Molecular physiology of re-
verse cholesterol transport. J. Lipid Res. 36: 211-228.

4. Fielding, C. J., V. G. Shore, and P. E. Fielding. 1972. A protein co-
factor of lecithin:cholesterol acyltransferase. Biochem. Biophys. Res.
Commun. 46: 1493-1498.

5. Bielicki, J. K., W. J. Johnson, R. B. Weinberg, J. M. Blick, and G. H.
Rothblat. 1992. Efflux of lipid from fibroblasts to apolipoproteins:

122 Journal of Lipid Research Volume 43, 2002

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

dependence on elevated levels of cellular unesterified cholesterol.
J- Lipid Res. 33: 1699-1709.

. Rigotti, A., B. Trigatti, J. Babitt, M. Penman, S. Xu, and M. Krieger.

1997. Scavenger receptor BI—a cell surface receptor for high
density lipoprotein. Curr. Opin. Lipidol. 8: 181-188.

. Oram, J. F,, and A. M. Vaughan. 2000. ABCAl-mediated transport

of cellular cholesterol and phospholipids to HDL apolipoproteins.
Curr. Opin. Lipidol. 11: 253-260.

. Genest, J. J., Jr., J. M. Bard, J. C. Fruchard, J. M. Ordovas, and E. J.

Schaefer. 1993. Familial hypoalphalipoproteinemia in premature
coronary artery disease. Arterioscler. Thromb. 13: 1728-1737.

. Assmann, G., A. von Eckardstein, and H. Funke. 1993. High den-

sity lipoproteins, reverse cholesterol transport, and coronary ar-
tery disease. Insights from mutations. Circulation. 87: II128—-11134.
Kuivenhoven, J. A., H. Pritchard, J. Hill, J. Frolich, G. Assmann,
and J. Kastelein. 1997. The molecular pathology of lecithin:choles-
terol acyltranferase (LCAT) deficiency syndromes. J. Lipid Res. 38:
191-205.

Rust, S., M. Rosier, H. Funke, J. Real, Z. Amoura, J. C. Piette, J. F.
Deleuze, H. B. Brewer, N. Duverger, P. Denefle, and G. Assmann.
1999. Tangier disease is caused by mutations in the gene encoding
ATP-binding cassette transporter 1. Nature Genet. 22: 352—355.
Almasy, L., ]. E. Hixson, D. L. Rainwater, S. Cole, J. T. Williams, M. C.
Mahaney, J. L. VandeBerg, M. P. Stern, J. W. MacCluer, and J.
Blangero. 1999. Human pedigree-based quantitative-trait-locus
mapping: localization of two genes influencing HDL-cholesterol
metabolism. Am. J. Hum. Genet. 64: 1686—1693.

Pocovi, M., A. Cenarro, F. Civeira, M. A. Torralba, ]. I. Pérez-Calvo,
P. Mozas, P. Giraldo, M. Giralt, R. H. Myers, L. A. Cupples, and J. M.
Ordovas. 1998. Beta-glucocerebrosidase gene locus as a link of
Gaucher’s disease and familial hypo-alpha-lipoproteinaemia. Lan-
cel. 351: 1919-1923.

Li, W. H., M. Tanimura, C. C. Luo, S. Datta, and L. Chan. 1988.
The apolipoprotein multigene family: biosynthesis, structure-func-
tion relationships, and evolution. J. Lipid Res. 29: 245-271.

Tall, A. R., D. M. Small, R. J. Deckelbaum, and G. G. Shipley. 1977.
Structure and thermodynamic properties of high density lipopro-
tein recombinants. J. Biol. Chem. 252: 4701-4711.

Palgunachari, M. N., V. K. Mishra, S. Lund-Kratz, M. C. Phillips, S. O.
Adeyeye, S. Alluri, G. M. Anantharamaiah, and J. P. Segrest. 1996.
Only the two end helixes of eight tandem amphipathic helical do-
mains of human apoA-I have significant lipid affinity-implications
for HDL assembly. Arterioscler. Thromb. Vasc. Biol. 16: 328—-338.
Frank, P. G., J. Bergeron, F. Emmanuel, J. P. Lavigne, D. L. Sparks,
P. Denéfle, E. Rassart, and Y. L. Marcel. 1997. Deletion of the cen-
tral a-helices in human apolipoprotein A-I: effect on phospholipid
association. Biochemistry. 36: 1011-1034.

Sorci-Thomas, M., M. W. Kearns, and J. P. Lee. 1993. Apolipopro-
tein A-I domains involved in lecithin-cholesterol acyltransferase ac-
tivation. J. Biol. Chem. 268: 21403—-21409.

Franceschini, G., C. R. Sirtori, A. Capurso, K. H. Weisgraber, and
R. W. Mahley. 1980. A-I\fjano apoprotein. Decreased high density
lipoprotein cholesterol levels with significant lipoprotein modifi-
cations and without clinical atherosclerosis in an Italian family. J.
Clin. Invest. 66: 892—-900.

Deeb, S. S., M. C. Cheung, R. Peng, A. C. Wolf, R. Stern, ]. J. Alberts,
and R. H. Knopp. 1991. A mutation in the human apolipoprotein
A-I gene: dominant effect on the level and characteristics of plasma
high density lipoproteins. J. Biol. Chem. 266: 13654—13660.

Aiello, D. B., K. 1. Zeller, C. M. Devlin, G. A. Friel, and M. Miller.
1995. Apolipoprotein A-lz, ., (Leul590 Pro). A novel mutation
causing very low HDL cholesterol is associated with premature cor-
onary artery disease. Circulation. 92(suppl): 2359 (Abstract).
Leren, T. P,, K. S. Bakken, U. Daum, L. Ose, K. Berg, G. Assmann,
and A. von Eckardstein. 1997. Heterozygosity for apolipoprotein
A-I(R160L) o), is associated with low levels of high density lipopro-
tein cholesterol and HDIL-subclass Lp A-1/A-II but normal levels of
HDL-subclass LpA-L. J. Lipid Res. 38: 121-131.

Miettinen, H. E., H. Gylling, T. A. Miettinen, J. Viikari, L. Paulin,
and K. Kontula. 1997. Apolipoprotein A-I;,: dominantly inherited
hypoalphalipoproteinemia due to a single base substitution in the
apolipoprotein A-I gene. Arterioscler. Thromb. Vasc. Biol. 17: 83-90.
Bruckert, E., A. von Eckardstein, H. Funke, I. Beucler, H. Wie-
busch, G. Turpin, and G. Assmann. 1997. The replacement of argi-
nine by cysteine at residue 151 in apolipoprotein A-I produces a
phenotype similar to that of apolipoprotein A-Iyjjan. Atherosclerosis.
128: 121-128.

2102 ‘vT aunr uo “1sanb Aq Bio 1|l mmm woly papeojumoq


http://www.jlr.org/

ASBMVB

JOURNAL OF LIPID RESEARCH

I

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

38.

Rader, D. J., G. Castro, L. A. Zech, J. C. Fruchart, and H. B. Brewer,

Jr. 1991. In vivo metabolism of apolipoprotein Al on high density

lipoprotein particles LpA-I and LpA-L:A-IL. J. Lipid Res. 32: 1849—
1859.

Tilly-Kiesi, M., Z. Qiuping, S. Ehnholm, J. Kahri, S. Lahdenpera, C.
Ehnholm, and M. R. Taskinen. 1995. Apo A-Ijjeink (Lysio70 0) as-
sociated with reduced HDL cholesterol and LpA-I:A-II deficiency.
Arterioscler. Thromb. Vasc. Biol. 15: 1294-1306.

Boyle, J. S., and A. M. Lew. 1995. An inexpensive alternative to
glassmilk for DNA purification. Trends Genet. 11: 8.

Pownall, H. J., W. B. van Winkle, Q. Pao, M. Rohde, and A. M.
Gotto, Jr. 1982. Action of lecithin:cholesterol acyltransferase on
model lipoprotein: preparation and characterization of model
high density lipoprotein. Biochim. Biophys. Acta. 713: 494-503.
Dobidsova, M., and M. Schiitzhova. 1986. Cold labeled substrate
and estimation of cholesterol esterification rate in lecithin:choles-
terol acyltransferase radioassay. Physiol. Bohemoslov. 35: 319-327.
Serrat-Serrat, J., J. Ordénez-Llanos, R. Serra-Grima, J. A. Gémez-
Gerique, E. Pellicer-Thoma, A. Payés-Romero, and F. Gonzalez-Sastre.
1993. Marathon runners presented lower plasma cholesteryl ester
transfer protein activity than sedentary subjects. Atherosclerosis. 103:
43-49.

Castellani, L. W., M. Navab, B. J. Van Lenten, C. C. Hedrick, S. Y.
Hama, A. M. Goto, A. M. Fogelman, and A. J. Lusis. 1997. Over-
expression of apolipoprotein A-Il in transgenic mice converts high
density lipoproteins to proinflammatory particles. J. Clin. Invest.
100: 464-474.

de la Llera-Moya, M., V. Atger, J. L. Paul, N. Fournier, N. Moatti, P.
Giral, K. E. Friday, and G. Rothblat. 1994. A cell culture for screen-
ing human plasma for ability to promote cellular cholesterol ef-
flux: relationships between plasma components and efflux, esteri-
fication and transfer. Arierioscler. Thromb. 14: 1056—1065.
Marzal-Casacuberta, A., F. Blanco-Vaca, B. Y. Ishida, J. Julve-Gil, S.
Shen, S. Calvet-Marquez, F. Gonzdlez-Sastre, and L. Chan. 1996.
Functional lecithin:cholesterol acyltransferase deficiency and high
density lipoprotein deficiency in transgenic mice overexpressing
human apolipoprotein A-IL. J. Biol. Chem. 271: 6720-6728.

den Dunnen, J. T,, and S. E. Antonarakis. 2000. Mutation nomen-
clature extensions and suggestions to describe complex mutations:
a discussion. Hum. Mutat. 15: 7-12.

Blanco-Vaca, F., S. J. Qu, C. Fiol, H. Z. Fan, Q. Pao, A. Marzal-
Casacuberta, J. J. Albers, I. Hurtado, V. Gracia, X. Pint6, T. Marti,
and H. J. Pownall. 1997. Molecular basis of fish-eye disease in a pa-
tient from Spain. Arterioscler. Thromb. Vasc. Biol. 17: 1382-1391.
Cirera, S., J. Julve, I. Ferrer, C. Mainou, R. Bonet, ]J. M. Martin-
Campos, F. Gonzdlez-Sastre, and F. Blanco-Vaca. 1998. Molecular
diagnosis of lecithin:cholesterol acyltransferase deficiency in a pre-
symptomatic proband. Clin. Chem. Lab. Med. 36: 443—448.

Frank, P. G., and Y. L. Marcel. 2000. Apolipoprotein A-I: structure-
function relationship. J. Lipid Res. 41: 853—-872.

Recalde, D., W. Vélez-Carrasco, F. Civeira, A. Cenarro, D. Gomez-

Martin-Campos et al.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Coronado, J. M. Ordovas, and M. Pocovi. 2001. Enhanced frac-
tional catabolic rate of apoA-I and apo A-Il in heterozygous sub-
jects for apoA-I(Zaragoza) (LL144R). Atherosclerosis. 154: 613—623.
Brinton, E. A,, S. Eisenberg, and ]J. L. Breslow. 1994. Human HDL
cholesterol levels are determined by apo A-I fractional catabolic
rate, which correlates inversely with estimates of HDL particle size.
Arterioscler. Thromb. 14: 707-720.

Cheung, A. K., C. J. Parker, K. Ren, and P-H. Iverius. 1996. In-
creased lipase inhibition in uremia: identification of pre-HDL as
a major inhibitor in normal and uremic plasma. Kidney Int. 49:
1360-1371.

Roma, P, R. E. Gregg, M. S. Meng, R. Ronan, L. A. Zech, G.
Franceschini, C. R. Sirtori, and H. B. Brewer, Jr. 1993. In vivo me-
tabolism of a mutant form of apolipoprotein A-I, apo A-Iyfjane, as-
sociated with familial hypoalphalipoproteinemia. J. Clin. Invest. 91:
1445-1452.

Pérez-Méndez, O., E. Bruckert, G. Franceschini, N. Duhal, B. La-
croix, C. Sirtori, J. C. Fruchart, G. Turpin, and G. Luc. 1999. Me-
tabolism of apolipoprotein Al and All in subjects carrying similar
apoAl mutations, apoAl Milano and apoAl Paris. Atherosclerosis.
148: 317-325.

Genest, J. J., Jr.,, S. S. Martin-Munley, J. R. McNamara, J. M. Or-
dovas, J. Jenner, R. H. Myers, S. R. Silberman, P. W. F. Wilson, D. N.
Salem, and E. J. Schaefer. 1992. Familial lipoprotein disorders in
patients with premature coronary artery disease. Circulation. 85:
2025-2033.

James, R. W, M. C. Blatter, L. Calabresi, R. Miccoli, A. von Eckard-
stein, M. Tilly-Kiesi, M. R. Taskinen, G. Assmann, and G. Frances-
chini. 1998. Modulated serum activities and concentrations of
paraoxonase in high density lipoprotein deficiency states. Athero-
sclerosis. 139: 77-82.

Breslow, J. L. 1996. Mouse models of atherosclerosis. Science. 272:
685-688.

Li, H,, R. L. Reddick, and N. Maeda. 1993. Lack of apo A-I is not
associated with increased susceptibility to atherosclerosis in mice.
Arterioscler. Thromb. 13: 1814-1821.

Hughes, S. D., J. Verstuyft, and E. M. Rubin. 1997. HDL deficiency
in genetically engineered mice requires elevated LDL to acceler-
ate atherogenesis. Arterioscler. Thromb. Vasc. Biol. 17: 1725-1729.
Voyiaziakis, E., I. Goldberg, A. S. Plump, E. M. Rubin, ]J. L. Breslow,
and L-S. Huang. 1998. Apo A-I deficiency causes both hypertriglyc-
eridemia and increased atherosclerosis in human apo B transgenic
mice. J. Lipid Res. 39: 313-321.

Steyrer, E., S. Durovic, S. Frank, W. GieBauf, A. Burger, H.
Dieplinger, R. Zechner, and G. M. Kostner. 1994. The role of lecithin:
cholesterol acyltransferase for lipoprotein (a) assembly. Structural
integrity of low density lipoproteins is a prerequisite for Lp(a) for-
mation in human plasma. J. Clin. Invest. 94: 2330-2340.

Castelli, W. P, R. D. Abbott, and P. M. McNamara. 1983. Summary
estimates of cholesterol used to predict coronary heart disease.
Ciculation. 67: 730-734.

ApoA-Iyjar1.0rca causes HDL deficiency 123

2102 ‘vT aunr uo “1sanb Aq Bio 1|l mmm woly papeojumoq


http://www.jlr.org/

