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Plasma Lp(a) Concentration Is Inversely Correlated with the Ratio
of Kringle IV/Kringle V Encoding Domains in the Apo(a) Gene
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Abstract

Plasma Lp(a) levels correlate with atherosclerosis susceptibil-
ity. This lipoprotein consists of an LDL-like particle attached
to a large glycoprotein called apo(a). Apo(a) is a complex gly-
coprotein containing multiple Kringle domains, found to be
highly homologous to plasminogen Kringle IV, and a single
Kringle domain homologous to plasminogen Kringle V. Lp(a)
levels appear to be inversely correlated with apo(a) size in a
given individual. In this study, we have used probes specific to
the Kringles IV and V domains of apo(a) cDNA in quantitative
Southern blotting analysis. By this method, we have deter-
mined the ratio of Kringle IV/Kringle V encoding domains in
the apo(a) gene of 53 unrelated individuals with different
plasma concentrations of Lp(a). This ratio was found to be
inversely correlated with log Lp(a) levels (r = -0.90, P
< 0.0001) and directly correlated with apo(a) apparent molec-
ular weight (Mr) (r = 0.79, P < 0.0001). In summary, by
showing that Lp(a) concentrations and apo(a) apparent size are
highly correlated with the ratio of Kringle IV/Kringle V en-
coding domains in the apo(a) gene, we provide a DNAmarker
for this atherosclerosis risk factor as well as an important
insight into the genetic mechanism regulating Lp(a) levels.

Introduction

Lp(a)' is an LDL-like particle with a large glycoprotein called
apo(a) attached to its apo B moiety through a disulfide bond
(1, 2). Plasma Lp(a) concentration varies among people from
0.2 to 200 mg/dl. Levels above 20-30 mg/dl, present in 25%
of the population, have been associated with an increased risk
of atherosclerotic disease (3, 4). The apo(a) protein apparent
molecular weight (Mr) is estimated to be between 300 and 900
kD, and in a given individual there is an inverse relationship
between apo(a) size and plasma Lp(a) concentration (5).
Apo(a) is highly homologous to plasminogen (6, 7). Plasmino-
gen structure consists of signal, tail, Kringles I through V and
protease domains (8). Apo(a) contains the signal domain, lacks
the tail and Kringles I through III, but includes a variable
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number of Kringle IV-like domains, a single copy of Kringle V
and the protease domain (6, 7). There is evidence that different
apo(a) alleles code for proteins with different numbers of
Kringle IV repeats (5-9). Based on the range of apo(a) Mr
(300-900 kD) and the size of each Kringle IV (Mr -12.7 kD),
one can estimate that any given apo(a) may contain between
15 and 40 Kringle IV repeats.

The apo(a) and plasminogen genes are closely linked on
the long arm of chromosome 6 (q 26-27) (10, 1 1). In a family
study, a restriction fragment length polymorphism (RFLP)' of
the plasminogen gene was shown to be tightly linked to the
apo(a) size phenotype and the plasma Lp(a) concentration
(12). These results suggest that genetic variation at the apo(a)
gene locus controls apo(a) size and Lp(a) levels. In this study,
we show that the variable number of Kringle IV-like domains
encoded by the apo(a) gene is the main factor determining the
size of the apo(a) protein and the plasma Lp(a) concentration.

Methods

Subjects. Subjects consisted of individuals seen in the clinic of the
Laboratory of Biochemical Genetics and Metabolism at The Rocke-
feller University. After being screened for plasma Lp(a) concentra-
tions, 53 subjects (41 patients referred for diagnosis and treatment of
lipoprotein disorders and 12 normal volunteers) with a wide range of
Lp(a) concentrations were selected for participation in the study.
Venous blood was drawn from the forearm and transferred to tubes
containing sodium EDTA. Samples were immediately centrifuged at
2,000 g at 4°C for 15 min, and 0.5-ml aliquots of plasma were assayed
for Lp(a) concentration and apo(a) size within 24 h or stored at -70'C
for further analysis. Storage under these conditions did not affect either
measurement.

Measurement of Lp(a) concentration and determination of apo(a)
phenotype. A polyclonal antibody to human Lp(a) was prepared in
male New Zealand white rabbits. Lp(a) was isolated by sequential
ultracentrifugation between densities 1.060 and 1.080 g/ml, followed
by Sephacryl 400 HRgel chromatography (13). After dialysis with 150
mMNaCl, animals were immunized with 100 jg of Lp(a) protein in
Freund's complete adjuvant and 4 wk later were boosted with the same
dose. After a subsequent 2-wk period, the animals were bled and par-
tially delipidated rabbit antiserum was prepared. The immunoglobulin
fraction was isolated using a protein-A column and fractionated by
being passed over LDL, HDL, and albumin Sepharose columns (2).
Antibodies cross-reacting with plasminogen or LDL were further ab-
sorbed extensively with both purified plasminogen and LDL until no
further precipitation was observed. The anti Lp(a) antibody was free of
cross-reactivity with plasminogen and LDL as detected by Ouchter-
lony analysis, Western blotting, and double tier rocket immunoelectro-

1. Abbreviations used in this paper: GAR-HRP, goat anti-rabbit IgG
horseradish peroxidase; RFLP, restriction length polymorphism; TBS,
Tris-buffered saline.
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The transfer of proteins to nitrocellulose filters was performed accord-,''t.'.t~e>!.'"' ''' M | l | ? ffi e 4'"''ingto Towbin et al. (17) at 80 V overnight in a mini-cell blotting
chamber (Bio-Rad Laboratories, Richmond, CA). Immunostaining
was performed using the goat anti-rabbit-IgG horseradish peroxidase
(GAR-HRP) assay kit (Bio-Rad Laboratories). The filters were prein-
cubated with 3%gelatin in 20 mMTris, 500 mMNaCi pH 7.5 (TBS)
and then incubated for 6 h with the rabbit anti-human Lp(a) antibody
at a titer of 1:200 in 1%gelatin in TBS. Filters were then washed in TBS

"F'<3: m | 9.'x2.'',.$?'@"' ;'; t Icontaining 0.05% Tween 20 for 20 min and incubated with a 1:2,500
-r t;| m :titer of the GAR-HRPantibody for 2 h. After washing for 20 min,

color was developed in 0.015% H202. Examples of the observed size
phenotypes of apo(a) are shown in Fig. 1. Apparent molecular weights
(Mr) were estimated by comparing the migration of the bands to the

2 3 4 5 migration of apo(B) and thyroglobulin standards.
Probe preparation, DNA isolation and Southern blotting analysis.

Specific apo(a) riboprobes were prepared by subcloning doubleby immunoblot analysis. Plasma(1.3ul) was stranded DNAoligomers synthesized on a 38 1A DNAsynthesizer'E under reducing conditions in 3% to 12%rE under redcing condtions in %to 12%
(Applied Biosystems, Foster City, CA) into a pGEMl plasmid (Pro-blot analysis was performed as descrnbed in 'eltlanelyssB/s tperflned as/S tpes e

lane 4 mega, Madison, WI). The vectors were linearized with Hind III, ande; lane 2, B/S4 type; lane 3, SI/S2 type; lane 4, T7-RNA polymerase was utilized for riboprobe synthesis with
type. a[32P]UTP. The riboprobe specific to the Kringle IV-like domain was

61 nt long and corresponded to apo(a) cDNAbp 525 to 585, as reported
monospecific antibody was used to quantitate by McLean et al. (6). The riboprobe for the Kringle V-like domain was
immunoelectrophoresis (15). Special care was 63nt long and corresponded to apo(a) cDNA 12,806 to 12,868 bp (6).

o Lp(a) concentration in the plasma samples was The sequence for the Kringle IV probe was chosen so that it would be
the standards, which were applied on the same highly homologous (at least 94%) to 34 of the 37 Kringle IV-like
idards was used throughout this study (Immuno repeats described by McLean et al. (6). This probe was only 72%

Controls with high LDL and low LP(a) were homologous with the plasminogen Kringle IV domain and < 42%
;pecificity. All Lp(a) measurements were per- homologous with other portions of the apo(a) and the plasminogen
Id serial dilutions of every sample were made to genes. The probe for Kringle V was 80% homologous to plasminogen
assay. The coefficient of variation of the mea- Kringle V. The sequences of both probes are shown on Fig. 2. The
pure antibody and series of controls supplied by riboprobe for y actin was 230nt long and corresponded to the Hind
re also used to verify our measurements. III/Xba I fragment of y-actin cDNAclone PHF1 (18).
ze was determined by SDS-PAGEof whole DNAwas isolated from a 3-ml buffy coat preparation derived from

it Western blotting as described by Utermann 30 ml of venous blood. The buffy coat was incubated overnight at
sma was mixed with 250 Ml of 5%SDSin H20. 5 550C in lysis buffer (20 mMEDTA; 1% sarcosyl; 0.2 MTris-HCl, pH
1 and 10 Ml 1.5% bromophenol blue in glycerol 8; 0.4 MNaCl; 8 Murea) including Proteinase K (1,000 U/ml). The
Alution was boiled for 10 min. Aliquots of 50 Ml mixture was then incubated with RNase A (13 Mg/ml) at 370C for 2 h.
horesis. A reference serum with known double- DNAwas isolated with an Applied Biosystems 340A nucleic acid ex-
icluded in each run. SDS-PAGEwas performed tractor. The DNAcontaining sample was loaded into the extractor
(16) in a 3-12% gradient gel using a horizontal vessels, extracted with phenol/chloroform/H20 (35:35:30), and precip-
SE 280 (Hoefer Scientific, San Francisco, CA). itated with ammonium acetate/ethanol, according to the manufac-

Krlngle 4 probe

Apo(a) TCCTGG A CATA
* ** ** *********************** *** ********** *

Plasm

Krlngle 5 probe

Apo(a) CTGCCCAGGGCCCCATAGICACAGCACGTTCATTC&GGG&CAAATAATGGGCA
** ************************ **** ***** ****** **

Plasminogen CTCCCCAGG&GCCCCATAG&CAC&GCATTTTCACTcCAG&G&CARATCC&CGGGC

HOMOLOGY

72%

80%

Figure 2. The nucleotide sequences of the Kringle IV and Kringle V probes used in this study compared with the homologous sequence in the
plasminogen gene. The probe sequences are < 42% homologous with other structures in the apo(a) and plasminogen genes.
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Table I. The Lp(a) Concentration, Apo(a) Apparent Molecular Weight, and Kringle IV/y Actin and Kringle IV/Kringle VRatios
of 41 Individuals with a Single Band Apo(a) Phenotype

Kringle IV/ Kringle IV/ Kringle IV/ Kringle IV/
Apo(a) M, -y-actin ratio Kringle V ratio LP(a) Apo(a) MA, y-actin ratio Kringle V ratio LP(a)

kD mg/dl kD

Phenotype B Phenotype S2
1 480 1.4 0.4 78 25 615 ND 3.7 15
2 480 0.8 0.6 58 X (mean) 613 6.2 3.3 19
3 485 1.3 1.0 74 SD (SE) 3 (1) 2.8 (1.4) 1.6 (0.7) 4 (2)
4 485 0.8 0.2 102
5 485 1.2 0.3 90 Phenotype S3
6 488 3.0 1.4 126 26 680 0.9 2.7 29
7 488 0.5 0.2 56 27 680 ND 5.2 12
8 490 ND 0.7 120 28 705 6.4 6.1 8
9 490 1.2 1.7 76 29 705 ND 10.4 8

X (mean) 486 1.3 0.7 87 X (mean) 693 3.7 6.1 14
SD (SE) 4 (1) 0.8 (0.3) 0.5 (0.2) 25 (8) SD (SE) 14 (7) 3.9 (2.8) 3.2 (1.6) 10 (5)

Phenotype S1
10538 ND 0.8 76 ~~~~~~~~Phenotype S410 538 ND 0.8 30 740 ND 4.0 5

11 538 2.3 0.6 54 31 740 ND 3.8 10
12 538 2.2 0.9 30 32 740 8.5 3.4 6
13 538 3.7 0.5 35 33 760 13.0 7.8 10
14 538 2.3 0.3 45 34 760 9.6 8.4 3
15 540 2.4 1.1 40 35 760 ND 6.3 9
16 540 1.7 0.4 33

36 796 ND 13.0 5
17 540 5.7 1.5 30 X (mean) 757 10.4 6.7 7

19 550 N4.4 2.2 84 SD (SE) 20 (8) 2.4 (1.4) 3.4 (1.3) 3 (1)
20 560 6.5 5 21

Phenotype null
X (mean) 543 3.4 1.5 4537 16.0 8.0 2
SD (SE) 7 (2) 1.8 (0.5) 1.4 (0.4) 20 (6) 38 18.7 14.0 1

Phenotype S2 39 ND 17.6 <1
21 610 8.5 1.4 19 40 ND 18.0 <1

22 610 6.8 1.9 25 41 ND 21.0 <1
23 615 7.5 5.3 22 X(mean) 17.4 15.7 1
24 615 2.2 3.9 15 SD (SE) 5.0 (2.2)

Lp(a) was measured using a monospecific anti Lp(a) antibody by rocket immunoelectrophoresis (15). Apo(a) M, was estimated according to
the methods described by Utermann (10) and Goubatz (20). KIV/KV and KIV/y actin ratios were derived from scanning of the Southern
blot films. The same control specimens were used on each blot to correct for variation in exposure time of the films. ND, not done.

turer's instructions. The DNAwas then resuspended in 700 41 of 10
mMTris-HC1, pH 8; 0.1 mMEDTA. In preliminary studies, genomic
DNAfrom two individuals with LP(a) levels of 2 and 80 mg/dl were
digested with five restriction enzymes that do not cut the apo(a) cDNA.
After Southern blotting the digested DNAwas hybridized with the
Kringle IV probe (19). The blot and the derived restriction map are
shown on Fig. 3 and 4. In further experiments, DNAaliquots (10 ,ug)
from all study participants were digested with Xba I, electrophoresed
through 0.8% agarose gels, and blotted onto nylon membranes. Blots
were hybridized sequentially with each of the y32P-labeled probes,
washed, and exposed to x-ray film. After each probing, blots were
stripped with 0.5 MNaOHbefore rehybridization. Stringent washing
conditions (0.1% SDS, 0.1% SSCat 650C) resulted in the detection of
single bands with each of the two apo(a) probes used. The bands were
scanned with laser densitometric scanner (LKB Instruments, Bromma,
Sweden). The Kringle IV-like and Kringle V-like probes detected
bands of 2 and 2.3 kb, respectively. The -y-actin probe detected several
bands of which a 2-kb band was scanned. The apo(a) Kringle V and
-y-actin are presumably single copy in the haploid genome and are used

as controls to correct for the amount of DNAloaded on each lane. The
ratio of Kringle IV/y-actin and Kringle IV/Kringle V signals were used
as a measure of the number of Kringle IV domain repeats in the apo(a)
gene. These ratios were correlated with the apo(a) apparent molecular
weight (Mr) and plasma Lp(a) concentrations.

Results

Table I shows the plasma Lp(a) concentration, apo(a) apparent
molecular weight Mr, and the Kringle IV/'y-actin and Kringle
IV/Kringle V ratios derived from the quantitative Southern
blots for the 41 single band phenotype individuals studied.
Table II shows the results obtained from 12 double band phe-
notype individuals. Fig. 1 illustrates the apo(a) size phenotypes
observed. Wehave detected nine different apparent molecular
weights for apo(a), which are similar to those described by
Gaubatz et al. (20). However, some of these are quite similar
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Table II. Lp(a) Concentration, Apo(a) Apparent Molecular
Weight, and Kringle I V/Ty-actin and Kringle I V/Kringle VRatios
of 12 Individuals with a Double Band Apo(a) Phenotype

Apo(a) Calculated Kringle IV/ Kringle IV/
Phenotype Ml Apo(a) M, -y-actin ratio Kringle V ratio Lp(a)

kD kD mg/dl

1 B-S1 480 510 2.4 1.1 104
540

2 B-S, 480 510 1.2 1.0 73
540

3 B-S2 485 550 7.1 4.0 40
615

4 B-S2 480 545 2.6 3.1 52
610

5 B-S3 488 584 5.6 1.4 58
680

6 B-S3 485 595 5.4 3.7 21
705

7 SI-S3 540 610 5.6 3.8 28
680

8 SI-S3 550 630 2.7 1.0 38
705

9 SI-S3 560 635 5.5 1.6 11
705

10 S2-S3 610 660 6.9 6.0 10
705

11 S2-S3 610 645 8.6 7.5 12
680

12 S2-S4 610 675 ND 6.2 8
740

Calculated M, was derived from summation of both observed appar-
ent Mr divided by two. Those calculated values were used for further
analysis.
ND, not done.

and, for simplicity and comparative purposes, we assigned the
apparent molecular weights to six groups (B to S-4) as sug-
gested by Utermann (5). Individuals with double allele pheno-
types were given a molecular weight estimate derived by sum-
ming the two single allele phenotype apparent molecular
weights and dividing by two. The apo(a) estimated molecular
weight for each person studied is given in Tables I and II.

Genomic DNAfrom two individuals with low and high
plasma Lp(a) levels was used to obtain a restriction mapof the
region coding for the Kringle IV domain. Southern blotting
analysis using the Kringle IV probe (Fig. 2) with five different
restriction endonucleases is shown in Fig. 3 and the derived
restriction map is shown in Fig. 4. With each enzyme, a single
major band was found with each of the DNAs used in this
analysis. The intensity of the bands was much greater with
DNAfrom the individual with low Lp(a) levels. Other, much
weaker bands (up to two) were noticed with certain restriction
endonucleases. Since none of the restriction sites were in the
cDNA for apo(a), our observation implies a highly conserved
and repeated restriction pattern in the introns adjacent to the
regions coding for most of the Kringle IV-like domains of the
apo(a) gene. Therefore, the variation in signal intensity with
the Kringle IV probe is due to a different number of copies of
the same size included in each chromosomal DNA. Each copy
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Figure 3. Genomic blotting analysis with the Kringle IV probe of
DNAfrom an individual with low Lp(a) 2 mg/dl (lanes 1, 3, 5, 7, 9,
11, 13, 15, 17) and another individual with high Lp(a) 80 mg/dl
(lanes 2, 4, 6, 8, 10, 12, 14, 16, 18). Chromosomal DNAwas di-
gested with Xba (lanes 1, 2), Eco RI (3, 4), Xba I and Eco RI (5, 6),
Sac 1 (7, 8) Xba I and Sac 1 (9, 10), Pvu 11 (11, 12), Xba I and Pvu II
(13, 14) Bgl 11 (15, 16), Xba I and Bgl II (17, 18). Southern analysis
was performed by hybridization with the 32P-labeled Kringle IV
probe. Molecular weight standards are: Hind III digested ADNAand
Hae III digested 4X 174 DNA(New England Biolabs).
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Figure 4. Restriction map of the genomic region coding for the
apo(a) Kringle IV-like domains. The location of the sequence of the
Kringle IV probe is shown by the solid box. Restriction sites are indi-
cated as follows: (X) Xba I, (R) Eco RI, (S) Sac I, (P) Pvu II, (B) Bgl
II. *Location of the Kringle IV probe.
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Figure 5. Quantitative South-
ern blotting analysis. Xba I di-
gested DNA(10 Mg) from five
individuals was Southern blot-
ted and hybridized sequen-
tially with the apo(a) Kringle
IV probe (A) and then with the
apo(a) Kringle V probe (B).
Between probings, membranes
were thoroughly stripped. The
corresponding Lp(a) concen-
tration and Apo(a) size pheno-
types were determined as de-
scribed in Methods and are in-
dicated.

presumably contains two or fewer Kringle IV domains judging
from the size of the bands in the restriction analysis.

Fig. 5 shows the bands obtained after Southern blotting
with probes to Kringle IV and Kringle V, which were used to
determine the Kringle IV/Kringle V ratio of five patients with
varying plasma levels of Lp(a). There is an obvious variation
from person to person in the intensity of the signal from the
Kringle IV probe, which is not seen with the Kringle V probe.
In addition, the relative intensity of the Kringle IV signal cor-
relates inversely with the plasma Lp(a) concentration and di-
rectly with apo(a) protein size.

Table III summarizes the correlation analysis of Lp(a)
concentration, estimated molecular weights, and Kringle IV/
Kringle V and Kringle IV/'y-actin ratios for all 53 persons

Table III. A Comparison of Lp(a) Concentration,
Apo(a) Apparent Molecular Weights, and Kringle IV/Kringle V
and Kringle IV/y-actin Ratios

Apo(a) M,
vs. Lp(a) vs.

Lp(a) vs. Apo(a) Apo(a) M, vs. KIV/y-actin Lp(a) vs. KIV/y-actin
Ml KIV/KV ratio ratio KIV/KV ratio ratio

Linear correlation

R -0.80 0.79 0.85 -0.61 -0.64
R2 0.64 0.63 0.72 0.37 0.41
P 0.0001 0.0001 0.0001 0.0001 0.0001

Log(X) - Linear correlation

R -0.92 0.78 0.77 -0.90 -0.85
R2 0.84 0.61 0.59 0.81 0.73
P 0.0001 0.0001 0.0001 0.0001 0.0001

Linear and log linear correlation analysis was done on the clinfo
computer system. Log(x) means that the first quantity in each of the
comparisons was log transformed. Kringle IV/Kringle V and Kringle
IV/'y-actin ratios were derived from scanning of Southern blot films
after using specific radiolabeled probes. Apo(a) Mr was estimated as
described in the text.

studied. The Lp(a) concentration was inversely correlated with
the apo(a) apparent molecular weight (r = -0.80, P< 0.0001).
The apo(a) apparent molecular weight was highly correlated
with the Kringle IV/Kringle V and Kringle IV/'y-actin ratios (r
= 0.79 and r = 0.85, respectively, P = 0.0001). The Lp(a)
concentration was inversely correlated with the Kringle IV/
Kringle V and Kringle IV/y-actin ratios (r = -0.61 and r
= -0.64, respectively, P < 0.0001). Log transformation of the
Lp(a) concentrations improved the correlations with the
apo(a) apparent size, and the Kringle IV/Kringle V and Krin-
gle IV/'y-actin ratios (r = -0.92, r = -0.90, and r = -0.85,
respectively).

Fig. 6 illustrates the individual comparisons of apo(a) ap-
parent molecular weight with log Lp(a) concentration (A),
apo(a) apparent molecular weight with the Kringle IV/Kringle
V ratio (B), and the Kringle IV/Kringle V ratio with the log
Lp(a) concentration (C). The relationships are striking and
persist throughout the entire range of values without disconti-
nuity. It is of interest that individuals with very low to unde-
tectable plasma Lp(a) concentrations, who might be consid-
ered to have null alleles, fall on the same line as the other
individuals studied. Some of the variation observed in the
Kringle IV/Kringle V and Kringle IV/'y-actin signal ratios
could be due to the presence of a null allele in some of the
individuals with a single band phenotype, or due to variation
in the hybridization of some of the Kringle IV domains to the
probe.

Discussion
In the present study, we have used DNAprobes specific to the
Kringle IV and V domains of apo(a) in quantitative Southern
blotting analysis to show that the number of Kringle IV en-
coding domains in the apo(a) gene correlates directly with
apo(a) protein size and inversely with plasma Lp(a) concen-
tration. The exact manner whereby this occurs is not yet re-
solved. However, individuals with apo(a) gene alleles contain-
ing a large number (40 or more) of Kringle IV repeats might
possess little to no plasma apo(a) and Lp(a) by several mecha-
nisms. For example, if each Kringle IV domain is encoded by a
single exon, the apo(a) gene might be quite large. In this case
transcription efficiency or processing of the primary transcript
might be rate limiting in mRNAproduction. Alternatively, the
size of the mRNAmight cause instability or poor translation
efficiency. Finally, the size of the protein may predispose to
intracellular degradation, interference with secretion, or en-
hanced extracellular catabolism. Increased intracellular catab-
olism of large proteins has previously been proposed by Gold-
berg and St. John (21). In addition, Bersot et al. have reported
that in individuals with two sizes of apo(a), the larger one
associates with postprandial triglyceride-rich chylomicron
remnants (22). This might provide a mechanism for the addi-
tional clearance of large size plasma apo(a) besides that which
occurs via the intact Lp(a) particle.

Quantitative blotting analysis with specific probes has been
used to determine genomic copy number in studies of Trisomy
21 (23). Webelieve that our report is the first application of
this technique to determining the genetic basis of the concen-
tration of a protein in plasma. The success of our technique is
dependent on the choice of probes (< 72% homologous to
plasminogen sequences) and the stringency of the washing
conditions. Wealso selected a restriction enzyme Xba I that
results in a very simple Southern blotting pattern.
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Figure 6. Linear regression analysis curves demonstrating the correlations between (A) log Lp(a) level and apo(a) Mr; (B) apo(a) Mr and Krin-
gle IV/Kringle V ratio; and (C) log Lp(a) levels and Kringle IV/Kringle V ratio. 0, double band phenotype; *, single band phenotype.

In the current study, we found a striking inverse correla-
tion of Lp(a) level or log Lp(a) level with the Kringle IV/Krin-
gle V ratio (-0.61 and -0.90, respectively). This suggests that
the apo(a) gene structure itself plays the major role in deter-
mining plasma Lp(a) concentrations and is compatible with
previous family studies that used linkage analysis, which ar-

rived at similar conclusions (9, 12). However, the fact that the
correlation coefficients observed were not one implies that
factors other than the number of Kringle IV encoding domains
are also important in determining plasma Lp(a) concentration.

In the current study, the degree of predictability of the
plasma Lp(a) concentration by quantitative Southern blotting
also reinforces the assessment from twin studies demonstrating
the high heritability of Lp(a) levels (24). Interestingly, both sets
of findings are in agreement with other studies that have found
little influence of environmental variables, such as diet and
drugs, on plasma Lp(a) concentrations (25, 26).

In summary, we provide evidence that apo(a) size and
plasma Lp(a) levels are inversely correlated with the ratio of
Kringle IV/Kringle V encoding domains in the apo(a) gene.
Further studies are necessary to elucidate the exact mechanism
responsible for this phenomenon.
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