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Abstract

 

Whether or not Lp(a) plasma levels are affected by the apoB
R3500Q mutation, which causes Familial Defective apoB
(FDB), is still a matter of debate. We have analyzed 300
family members of 13 unrelated Dutch index patients for
the apoB mutation and the apolipoprotein(a) [apo(a)] geno-
type. Total cholesterol, LDL-cholesterol, and lipoprotein(a)
[Lp(a)] concentrations were determined in 85 FDB het-
erozygotes and 106 non-FDB relatives. Mean LDL levels
were significantly elevated in FDB subjects compared to non-

 

FDB relatives (

 

P

 

 

 

,

 

 0.001). Median Lp(a) levels were not dif-
ferent between FDB subjects and their non-FDB relatives.
In contrast, sib-pair analysis demonstrated a significant ef-
fect of the FDB status on Lp(a) levels. In sib pairs identical
by descent for apo(a) alleles but discordant for the FDB mu-
tation (

 

n

 

 

 

5

 

 11) each sib with FDB had a higher Lp(a) level
than the corresponding non-FDB sib. Further, all possible
sib pairs (

 

n

 

 

 

5

 

 105) were grouped into three categories ac-
cording to the absence/presence of the apoB R3500Q muta-
tion in one or both subjects of a sib pair. The variability of
differences in Lp(a) levels within the sib pairs increased
with the number (0, 1, and 2) of FDB subjects present in the
sib pair. This suggests that the FDB status increases Lp(a)
level and variability, and that apoB may be a variability

 

gene for Lp(a) levels in plasma. (

 

J. Clin. Invest.

 

 1997. 99:
2269–2273.) Key words: Familial Defective apoB
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Introduction

 

Lipoprotein(a) [Lp(a)]

 

1

 

 is a strong and independent risk factor
for atherothrombotic disease (1). Humans vary widely in

plasma Lp(a) concentrations (from 

 

,

 

 1 mg/dl to 

 

.

 

 300 mg/dl),
whereas risk-associated levels are in the range above 30 mg/dl.
Lp(a) levels are almost entirely genetically determined (2–4)
and are relatively resistant to dietary and drug intervention
(5–7). Lp(a) is similar to LDL in its composition consisting of
cholesterol, phospholipids, and apolipoproteinB-100 (apoB-
100). The distinguishing feature of the Lp(a) particle is the
presence of an additional glycoprotein designated apolipopro-
tein(a) [apo(a)], which is linked to apoB-100 by a disulfide
bond (8–10). Analysis of the apo(a) cDNA revealed a remark-
able homology with plasminogen which extends to functional
properties, which might, in part, explain the thrombogenic
properties of Lp(a) (11).

The presence of apoB-100 in the Lp(a) particle suggests
that Lp(a) may interact with the LDL receptor. Several studies
have investigated the possible role of the LDL receptor in the
removal of Lp(a) from plasma, but they have resulted in con-
flicting data and interpretations. Still, it is not clear whether
Lp(a) is bound and taken up by this receptor in humans in vivo
(12–17).

Familial Defective apolipoproteinB-100 (FDB) is a genetic
disorder caused by a substitution in the gene for apoB-100 that
changes an arginine residue to a glutamine at position 3,500 in
the mature protein (reviewed by Hansen and Humphries [18]).
LDL particles containing apoB with this R3500Q substitution
bind poorly to the LDL receptor in in vitro experiments. Sub-
jects heterozygous for FDB typically exhibit an elevated plasma
concentration of LDL, with a higher proportion (

 

z

 

 70%) of
LDL particles containing the defective apoB-100 (19). Studies
involving subjects suffering from this disorder can provide in-
formation on the metabolism of Lp(a) by measuring and com-
paring Lp(a) levels in FDB patients and their non-FDB rela-
tives. This requires exclusion of other confounding factors
including the most important: the apo(a) Kringle IV (K-IV)
repeat polymorphism. Therefore, we performed a sib-pair
analysis in which both the FDB status and apo(a) K-IV repeat
polymorphism were considered. This allowed us to address
whether or not Lp(a) is affected by the FDB status.

 

Methods

 

Subjects.

 

 

 

From 1989 through 1994, 

 

z

 

 5,000 patients were referred to
the Lipid Research Clinic at the Slotervaart Hospital and the Aca-
demical Medical Centre of the University of Amsterdam for treat-
ment of several disorders of lipoprotein metabolism. Initially, over
800 patients were diagnosed as suffering from Familial Hypercholes-
terolemia (FH) (20). Screening this FH population for the presence
of the apoB3500 substitution (see below) resulted in the identifica-
tion of 13 unrelated patients carrying the apoB R3500Q substitution,
and these subjects were identified as Familial Defective apolipopro-
tein B-100 (FDB) patients. With the assistance and consent of each
FDB index patient, family meetings were arranged where pedigrees
were constructed and blood was drawn. From each relative, 30 ml of
blood was collected by venipuncture in tubes containing EDTA. 5 ml
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Abbreviations used in this paper:

 

 apo(a), apolipoprotein(a); FDB,
Familial Defective apoB; FH, familial hypercholesterolemia; i.b.d.,
identical by descent; K-IV, Kringle IV; Lp(a), lipoprotein(a); PFGE,
pulsed field gel electrophoresis.
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of blood was immediately frozen at 

 

2

 

20

 

8

 

C for preparation of large in-
tact genomic DNA for pulsed field gel electrophoresis (PFGE), and
the remainder was separated by centrifugation into plasma and cells.
Plasma was used for lipid and lipoprotein analysis, and genomic DNA
was isolated from the buffy coat as described previously (21). The
study protocol was approved by the Institutional Review Board, and
written informed consent was obtained from all participants.

 

Lipid and lipoprotein analysis.

 

 

 

Total plasma cholesterol and tri-
glycerides were measured after overnight fasting by an enzymatic
method (22, 23). The HDL cholesterol was determined by measuring
cholesterol in the supernatant after precipitation of the apoB contain-
ing lipoproteins [very low density lipoprotein (VLDL), LDL and
Lp(a)] as published previously (24). The LDL-cholesterol levels were
then calculated from total plasma cholesterol, triglyceride, and HDL-
cholesterol levels by the Friedewald formula (25). Lp(a) plasma con-
centration was measured by an electroimmunodiffusion procedure
(26) and by an ELISA (27).

 

Detection of apoB3500 mutation.

 

 

 

The FDB family members were
screened for the presence of the apoB R3500Q mutation by a mu-
tagenic PCR technique with sequence modifying primers as described
previously (20). Briefly, a 477-bp fragment of exon 26 of the apoB
gene (nucleotide position 10,675–11,151) was amplified. This frag-
ment also contained the naturally occurring restriction fragment
length polymorphism of the restriction endonuclease MspI at nucle-
otide position 11,030. After PCR, 10 

 

m

 

l of the reaction mixture was
digested with MspI, using conditions recommended by the supplier
(New England Biolabs Inc., Beverly, MA). Digestion products were
separated on 2% agarose gels in TBE buffer (90 mM Tris, 90 mM bo-
rate, 2 mM EDTA, pH 8.0) and visualized by staining with ethidium
bromide.

 

Apo(a) DNA phenotyping with PFGE.

 

 

 

The number of K-IV re-
peats in the apo(a) alleles was determined by PFGE and Southern
blotting of KpnI digested genomic DNA exactly as described previ-
ously (4). The preparation of DNA containing plugs was modified be-
cause frozen blood was used instead of fresh blood. The frozen
EDTA blood was thawed and transferred to a 50-ml tube. The tube
was filled with sterile, ice-cold lysis buffer (20 mM Tris-HCl, 10 mM
EDTA, pH 8.0) and centrifuged for 10 min at 4,000 rpm. The super-
natant was discarded and the cell pellet was resuspended in 1 ml of
TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0). The cell suspension
was mixed carefully with the same volume of 1.2% low melting point
(LMP) agarose and poured into plug-forming molds. Plugs were so-
lidified for 30 min at 4

 

8

 

C and then washed in 10 ml of ES buffer (0.5 M
EDTA, pH 8.0, l% lauroylsarcosine) to remove hemoglobin. The fol-
lowing steps, treatment with proteinase K, and the washing and stor-
age of the plugs, were performed as described previously (4).

 

Statistical methods.

 

 

 

Total cholesterol and LDL-cholesterol be-
tween FDB and non-FDB subjects were compared by the paired 

 

t

 

test. Lp(a) concentrations were compared by the Wilcoxon two sam-
ples test. Sib-pair analysis was performed in two ways: (

 

a

 

) Lp(a) con-
centrations were compared between sibs who were identical by de-
scent for apo(a) alleles but discordant for the apoB3500 mutation by
the nonparametric Wilcoxon matched-pairs signed rank test; (

 

b

 

) sib
pairs were grouped according to the presence or absence of the FDB
mutation into non-FDB/non-FDB, non-FDB/FDB, and FDB/FDB
sib pairs. The squared difference (

 

D

 

2

 

) of the Lp(a) concentrations
within each sib pair was then calculated and divided by the absolute
difference in the number of K-IV repeats between the sib pairs. This
was done to account for the influence of the size polymorphism on
the 

 

D

 

2

 

 values.
The effect of the K-IV repeat polymorphism on the Lp(a) con-

centration was calculated by the R

 

2

 

 statistics of the analysis of vari-
ance, and by Spearman rank correlation taking the log transformed
Lp(a) concentration as the dependent variable. All calculations were
performed using the SPSS package (Windows version 6.1.2).

 

Results

 

Lipid and lipoprotein analysis.

 

 

 

Plasma concentrations of to-
tal cholesterol, LDL-cholesterol, and Lp(a) were measured in
available family members of 13 families in whom the inheri-
tance of the R3500Q mutation in apoB-100 could be tracked.
The results are shown in Table I. In both genders, total choles-
terol and LDL-cholesterol levels were significantly increased
in the subjects carrying the apoB R3500Q mutation (

 

P

 

 

 

,

 

0.0001). Median Lp(a) levels (25th and 75th percentile), how-
ever, did not differ significantly between patients suffering
from FDB (9; 3; 30.5 mg/dl) and their non-FDB relatives (9; 3;
22.75 mg/dl).

 

Sib pair comparison.

 

 

 

Apo(a) genotypes were determined
in 13 FDB families corresponding to a total of 

 

z

 

 300 family
members. In the 13 families, 11 informative sib pairs were
identified. Sibs were considered informative (

 

a

 

) if both sibs
had inherited identical apo(a) alleles from their parents (i.e.,
they were identical by descent [i.b.d.] for the apo(a) alleles),
and (

 

b

 

) if one sib was FDB affected and the other was not. Fig.
1 shows an example of a pedigree from an FDB family. Lp(a)
plasma concentrations, apo(a) genotype, and the presence or
absence of the FDB mutation are indicated. In this particular
family, three of the seven siblings were heterozygous for FDB.
Three out of the four possible apo(a) allele combinations were
observed. The father was deceased but it could be deduced
from the pedigree that he was heterozygous for the apoB3500
substitution and possessed apo(a) alleles 32/37. The bottom of
Fig. 1 shows the Southern blot of PFGE separated KpnI frag-
ments of genomic DNA from each sibling in the FDB family.
In this family II:2 and II:3 both had FDB and shared both
apo(a) alleles with II:6 who did not carry the FDB mutation.
FDB subject II:4 had identical apo(a) alleles as the non-FDB
sibs II:5 and II:7.

Table II shows the Lp(a) level, apo(a) genotype defined by
the number of K-IV repeats present in each of the two apo(a)
alleles, age, and gender of all 11 sib pairs. In every sib pair the
sibling with FDB had the higher Lp(a) concentration when
compared to the sibling without FDB. This difference was
highly significant (Wilcoxon matched-pairs signed rank test;

 

P

 

 

 

5

 

 0.0033). In the next step we grouped all possible sib pairs
(

 

n

 

 

 

5

 

 105) into three categories: (

 

a

 

) sib pairs concordant for the
absence of FDB (

 

n

 

 

 

5

 

 20); (

 

b

 

) discordant for the presence of

 

Table I. Mean Age, Total Cholesterol (TC), LDL-Cholesterol 
(LDL-C), and Lp(a) Levels in FDB and Non-FDB Relatives 
Divided by Gender

 

FDB Non-FDB

 

Women

 

n

 

 

 

5

 

 47

 

n

 

 

 

5

 

 51
Age (yr) 48

 

6

 

17 39

 

6

 

12
TC (mmol/liter) 8.2

 

6

 

1.0 5.6

 

6

 

0.9

 

P

 

 

 

,

 

 0.0001
LDL-C (mmol/liter) 6.1

 

6

 

1.1 3.6

 

6

 

0.8

 

P

 

 

 

,

 

 0.0001
Lp(a) (mg/dl) 23.4

 

6

 

23.0 17.6

 

6

 

15.9

 

P

 

 

 

5

 

 0.56*
Men

 

n

 

 

 

5

 

 38

 

n

 

 

 

5

 

 55
Age (yr) 43

 

6

 

15 43

 

6

 

14
TC (mmol/liter) 7.1

 

6

 

1.2 5.7

 

6

 

1.1

 

P

 

 

 

,

 

 0.0001
LDL-C (mmol/liter) 5.4

 

6

 

1.3 3.6

 

6

 

0.9

 

P

 

 

 

,

 

 0.0001
Lp(a) (mg/dl) 17.3

 

6

 

17.5 19.3

 

6

 

19.0

 

P

 

 

 

5

 

 0.48*

*Wilcoxon two sample test.
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FDB (

 

n

 

 

 

5

 

 59); and (

 

c

 

) concordant for the presence of the
apoB-100 mutation (

 

n

 

 

 

5

 

 26). This was done to estimate
whether the presence of the FDB mutation has an effect on
the variation of Lp(a) concentration. We determined the dif-

ference of the Lp(a) concentration between the members of
each pair and calculated the square (

 

D

 

2

 

). This value was then
adjusted for the effect of the size polymorphism. In Cauca-
sians, the relation between the number of K-IV repeats in
apo(a) and Lp(a) concentration is best described by a linear
equation (4). Linear regression analysis demonstrated that
55% of the 

 

D

 

2

 

 in Lp(a) levels in the sibs investigated here was
explained by the difference of K-IV repeat number between
the apo(a) alleles in the two sibs. Therefore adjustment was
performed by dividing the 

 

D

 

2

 

 Lp(a) by the difference of the
number of K-IV repeats present in the apo(a) alleles in the
two sibs. The boxplot in Fig. 2 shows these adjusted 

 

D

 

2

 

 values
for the three groups. The variation of the adjusted differences
increases with the number of FDB mutations present in the sib
pair.

Figure 1. The top shows an informative pedigree of an FDB family. 
The Lp(a) concentrations (mg/dl) and the apo(a) DNA phenotype 
[expressed as numbers of K-IV repeats in the apo(a) alleles] are indi-
cated below the family ID numbers. The deduced apo(a) DNA phe-
notype of the father is given in brackets. The bottom shows the corre-
sponding chemiluminogram of a PFGE/Southern blot (see Methods) 
demonstrating the apo(a) phenotypes from the seven sibs of the fam-
ily. The numbers of K-IV repeats in the apo(a) alleles are indicated 
on the right. Sibs II: 2, II: 3, and II: 6 are i.b.d. for apo(a) alleles 33/37 
and sibs II: 4, II: 5, and II: 7 are i.b.d. for apo(a) alleles 12/37.

 

Table II. Lp(a) Levels (mg/dl), Apo(a) DNA Phenotype,
Age, and Gender in Sib Pairs Who Carry Apo(a) Alleles 
Identical by Descent but Are Discordant for the ApoB
R3500Q Mutation

 

Sib pair
Apo(a) alleles

No. of K-IV repeats

Lp(a) mg/dl Age (sex)

FDB Non-FDB FDB Non-FDB

 

1 27/38 17 15* 66 (F) 45 (F)
2 27/38 24 15* 65 (F) 45 (F)
3 33/38 1.4 1.0 35 (M) 37 (F)
4 33/37 35.6 18.4* 66 (M) 50 (F)
5 33/37 60.5 18.4* 64 (M) 50 (F)
6 12/37 103* 66.0 63 (F) 56 (M)
7 12/37 103* 37.4 63 (F) 48 (M)
8 28/34 0.3 0.2 21 (F) 18 (F)
9 20/34 64 39.5 60 (F) 66 (F)

10 33/38 24.8 5.9 61 (M) 69 (M)
11 34/38 8 7 78 (M) 72 (F)

Median

 

‡

 

24.4 15.0

*Values stem from individuals who were used twice for the construction
of sib pairs but their Lp(a) levels were used only once for the calculation
of the median. 

 

‡

 

The Lp(a) levels are significantly higher in the FDB
subjects than in their non-FDB sibs as compared by the Wilcoxon
matched-pairs signed rank test (

 

P

 

 

 

5

 

 0.0033).

Figure 2. Boxplot of adjusted squared Lp(a) dif-
ferences within sib pairs which share two (FDB /
FDB), one (noFDB / FDB), or no (noFDB / 
noFDB) apoB R3500Q alleles (for further expla-
nation see text).
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Discussion

 

The site(s) and mechanism(s) by which Lp(a) particles are
cleared from plasma are still a subject of debate. Lp(a)/apo(a)
receptors on macrophages (28), LRP (29), the asialoglycopro-
tein receptor (7), and the LDL receptor (30) all have been im-
plicated. Because Lp(a) contains apoB-100, one of the princi-
pal ligands to the LDL receptor, this receptor became a prime
candidate for Lp(a) clearance from plasma. In vitro and in vivo
studies designed to elucidate the role of the LDL receptor,
however, have been frustratingly conflicting. Some in vitro stud-
ies and Lp(a) turnover studies in LDL receptor transgenic
mice indeed have suggested that the LDL receptor is involved
in Lp(a) clearance (12–15, 28), but others do not support this
notion (16, 17). Indirect evidence from the study of subjects
with FH, which is caused by defects in the LDL-receptor gene,
is also controversial. Theoretically, individuals expressing only
50% of functional LDL-receptors on their liver cell mem-
branes, as is the case in heterozygous FH, should have ele-
vated Lp(a) levels, compared to nonaffected individuals. Sev-
eral in vivo studies of unrelated FH patients have found elevated
Lp(a) levels in FH heterozygotes (30–34). In family studies,
however, no consistent results were obtained (35–40).

The same is true for FDB. FDB is a relatively recently dis-
covered disorder of lipoprotein metabolism, clinically indistin-
guishable from FH (20). It is caused by a C to T substitution at
nucleotide position 10,699 in exon 26 of the apoB gene which
leads to an exchange of Arg for Gln at position 3,500 close to
the ligand binding region of apoB-100. This amino acid substi-
tution almost entirely abolishes binding of the apoB-100 pro-
tein to the LDL-receptor (19). Consequently, LDL- and total
cholesterol levels rise in FDB heterozygotes, and an increased
risk for coronary artery disease ensues (18, 19). If the LDL-
receptor clears Lp(a) from plasma, FDB heterozygotes should
also exhibit elevated Lp(a) levels. Indeed, one study reported
elevated Lp(a) levels in FDB heterozygotes compared to non-
affected sibs (41), whereas other authors found no increase of
Lp(a) in FDB subjects (40, 42). None of the previous studies
has rigorously controlled for the effect of the apo(a) gene on
Lp(a) levels, though some have included information from
apo(a) phenotyping. Perombelon et al. (41) used apo(a) pro-
tein phenotyping to identify apo(a) alleles in their FDB family
members. Unfortunately, by this approach it was not possible
to establish identity by descent of apo(a) alleles in many cases.
However, controlling for a potential confounding effect of the
apo(a) locus is mandatory in such studies. Heterogeneity at
the hypervariable apo(a) locus almost completely explains the
large variation in Lp(a) levels in the population (2–4). Much of
the apo(a) gene effect is explained by a VNTR polymorphism
in the apo(a) gene which includes sequences coding for K-IV
type 2 domains in apo(a) (4, 43). In families, Lp(a) concentra-
tions cosegregate with apo(a) alleles (44). Hence, in family
studies, FDB-affected individuals may by chance inherit
apo(a) alleles which are associated with Lp(a) concentrations
grossly different from those alleles inherited by their nonaf-
fected family members. As a consequence, Lp(a) concentra-
tions may be higher, lower, or identical between FDB and
non-FDB members depending on the segregation of apo(a) al-
leles among family members. Here, we have used a sib-pair ap-
proach to overcome this problem.

We have selected sib pairs which were identical by descent
at the apo(a) locus but nonidentical for FDB status from a

large collection of Dutch FDB families. Identity by descent
was demonstrated by determination of K-IV repeats in apo(a)
by PFGE/genomic blotting in the sibs and their parents. Be-
cause of the high heterozygosity (

 

.

 

 95%) of this polymor-
phism, it was possible to determine the state of identity for
apo(a) alleles for most sibs.

Our approach allowed us to exclude any effect of the
apo(a) locus on Lp(a) levels in our analysis. The sibs with the
FDB mutation had statistically significantly higher Lp(a) levels
than those without the mutation. In each single sib pair, Lp(a)
concentrations were higher in the FDB-affected than in the
nonaffected sib which resulted in a significant difference in
Lp(a) concentrations between the two groups (Wilcoxon
matched-pairs signed rank test, 

 

P

 

 

 

,

 

 0.01).
Notably, no difference in Lp(a) levels was seen between af-

fected and unaffected family members when no stratification
for apo(a) alleles was performed. We consider this the first un-
equivocal demonstration of an effect of the FDB status on
Lp(a) concentration. Our findings, however, do not allow for
the conclusion that Lp(a) is cleared by the LDL-receptor.
Though our data support such a scenario, there are other pos-
sible interpretations, e.g., the effect of the FDB mutation on
Lp(a) might be an indirect consequence of the disturbed me-
tabolism in FDB subjects rather than reflecting a deficient in-
teraction of Lp(a) particles harboring the apoB R3500Q muta-
tion with the LDL receptor. This is supported by the study of
Perombelon et al. (41), who did not find the expected higher
percentage of Lp(a) particles with the apoB R3500Q mutation
in the Lp(a) fraction from FDB patients. This contrasts with
the distribution in the LDL fraction from the same patients.

In the 13 FDB families, we identified a total of 105 sib pairs.
These were included in a second type of analysis, which was
performed to analyze the within-pair variation in Lp(a) levels
in relation to FDB status. We grouped the sib pairs into three
categories according to the presence or absence of the FDB
mutation in either both, one, or none of the sibs. Since all sib
pairs were from the same families, the same average difference
in Lp(a) concentration within the three groups of sib pairs
should be expected if the FDB status had no influence on
Lp(a) levels. We calculated the mean of the squared difference
of Lp(a) concentration within the sib pairs from each group.
This parameter is a function of the difference in the number of
the K-IV repeats between the members of a pair. To compen-
sate for the effect of differences in the number of K-IV repeats
on the 

 

D

 

2

 

 Lp(a) value, we divided it by the difference in the
number of K-IV repeats between the two sibs. The variation of
this adjusted 

 

D

 

2

 

 value increased with the number of FDB sub-
jects present in the sib pairs. This suggests that FDB not only
affects the concentration (level) of Lp(a), but also the variabil-
ity of Lp(a) levels. Therefore, the apoB gene may act as a vari-
ability gene (45), not only for plasma apoB levels (46), but also
for Lp(a) concentrations.
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