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Summary. Concentration of lipoprotein(a) in plasma is inherited in an
autosomal co-dominant manner and its high concentration leads to
atherothrombotic disease. Nucleotide sequence analysis of the
apolipoprotein(a) gene revealed the presence of polymorphisms in its 5'-
flanking region, which can be analyzed by in vitro amplification employing
gene-specific primers. Genomic DNAs from normal individuals have been
subclassified into four alleles according to the patterns of restriction
digestion. The ratios of these subtypes differed between Caucasians and
Japanese and in patients with myocardial infarction. It is very likely that
the 5'-alleles in part control the plasma lipoprotein{a) level. o 19s5 academic

Press, Inc.

Apolipoprotein(a) [apo(a)] is a glycoprotein of 300-700 kD in
lipoprotein{a) [Lp(a)] (1-4). Concentrations of Lp(a) in plasma vary among
individuals from <1.0 to >150 mg/dl over a range of 1,000-fold. A
population with a higher plasma Lp(a) level than 25-30 mg/dl has a higher
incidence of atherothrombotic disease, such as acute myocardial infarction
and cerebral infarction (5,6). Although the plasma Lp(a) concentration
roughly correlates with the size and number of kringle 4 repeats of apo(a)
(7,8), a significant variation in the Lp(a) level exists among cases having
the same isoform (9,10). Several lines of evidence indicate that the plasma
concentration of Lp(a) is determined by the rate of its synthesis (11-13)
and is related to amounts of apo(a) mRNA in liver (14,15).
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Differences in the nucleotide sequence of the 5'-flanking region of the
apo(a) gene were characterized among individuals in the present study to
explore the control mechanism of its expression.

MATERIALS AND METHODS

Venous blood was drawn after informed consent had been obtained
from normal Japanese individuals and patients with myocardial or cerebral
infarction. Genomic DNA samples were prepared from the leukocytes by a
standard technique. PCRable genomic DNAs of normal American
individuals were also purchased from BIOS Lab. (New Haven, CT).

0.1-1.0 pug of a genomic DNA was amplified in a 50 pl reaction
mixture as described (16) employing 2.5 units of Thermus aquaticus DNA
polymerase (Taq polymerase, StrataGene). After 30 cycles of amplification,
nine ul of each reaction mixture was applied to a 0.8% agarose
(International Biotechnologies Inc.) or 2% NuSieve and 1% Seakem (FMC
BioProducts) gel.

Oligonucleotides were prepared with an Applied Biosystems'
synthesizer. Genomic DNAs were amplified by employing primers
designed from the genomic sequences for apo(a) (17,18); for amplification
and sequencing to detect polymorphisms in the 5'-flanking region, 5' side-
CTTGAATTCCCAAAGTGCTGGGATTACAGAG (A2-53; underlined nucleotides
are identical to those of the apo(a) gene) & 3' side-
TAAGGATCCGGCATATGTATTTTTACTACATTGTGGGAG (ASFL-3); for
amplification and digestion of the 1.2kb fragment with Tagql and Maell, §'
side-CTTGAATT QQQAAAQ iTgiCTgigigiATTAg “AGAG (A2-53) & 3" side-

A TG AGCG (A2-331, the C in italic replaces the
authentxc T in ordcr to mtroduce a Hhal site); for amplification and
digestion of the 228 bp fragment with Maell and Hhal, 5' side-
CCAGGATCCAGCATCTATTGACATTGCACT (A2-511) & 3' side-
TTAGAATTCATTTTGGGACTGGCCAGCAGCG (A2-33). In order to classify the
5'-flanking region of the apo(a) gene, the amplified DNAs by A2-53 and
ASFL-3 were digested first with Taql at 65°C, then with Maell at 50°C.
The digested DNAs were re-amplified by A2-53 and A2-331, then by A2-
511 and A2-33. The amplified DNAs were digested with Maell at 50°C
and/or Hhal at 37°C for 1.5 hrs.

RESULTS AND DISCUSSION

Since the plasma concentration of apo(a) is co-dominantly inherited
(19), differences in its genomic sequence must exist among individuals. It
is suggested that there are cis-acting sequences at the apo(a) locus, which
would account for the variation in plasma Lp(a) levels (20), that is, apo(a)
levels. Indeed, nucleotide polymorphisms have been discovered in the 5'-
flanking region of the apo(a) gene (17). Nucleotide sequences of
approximately 10 ssDNAs obtained from each of 10 individuals were found
to be identical except for those at four positions: G or A, A or G, C or T, and
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G or A at positions -914, -103, -49, and -21, respectively. The nucleotide
substitution at position -914 has been also reported by Wade et al. (21).

The presence of these four nucleotide differences can be detected by
cleavage of amplified DNA products with Taql, Maell, Alul, and Hhal
endonucleases, respectively (Figure 1). Digestion with Alul endonuclease,
however, was omitted from further analysis since the Alul polymorphism
turned out to be extremely rare (none in an additional 40 individuals).

Each of ssDNAs prepared by subcloning of the 10 individuals'
amplified DNAs contained either G-C-G, A-C-G, A-C-A, or A-T-G as listed in
Table 1. Thus, the amplified DNAs were digested by Tagql, Maell, and
Hhal, and classified into four 5'-alleles, which can be determined by a
combination of the presence (+) or absence (-) of three restriction sites:
type A, +++; type B, -++, type C, -+-; type D, --+ (+, cleaved; -, not cleaved) as
described in the methods section. This procedure was successfully applied
to genomic DNAs obtained from individuals. These three polymorphic sites
in the 5'-flanking region were consistently co-inherited in two families of
three generations (Figure 2, the other pedigree is not shown), confirming
complete linkage of these polymorphic sites.

When 66 DNA samples (132 chromosomes) obtained from unrelated
Caucasian individuals were analyzed by the present method, type A was
found in more than half of the chromosomes tested (Figure 3A). Three
other types, B, C, and D, shared one-third each of the remaining half.
Analysis of 58 DNA samples (116 chromosomes) obtained from unrelated

-2027 bp
Taq |
—— 603 bp
Mae 1l — 123 bp
Hhal —— 246 bp
Figure 1. Restriction digestion with endonucleases of the 5'-flanking

region. The amplified DNA fragments were digested with Tagl, Maell, or
Hhal and applied to a 0.8% agarose gel (Top) or a 2% NuSieve and 1%
Seakem (Middle and Bottom) gel.
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Table 1: Classification of 5'-flanking region
1st allele 2nd allele Restriction sites
case -914 -49 -21; -914 -49 -21 Tagl Maell Hhal 5'-allele type
1 G C Gy G C G +, + +,+ +,+ 4, e+ AR
2 G C G; G C G 0+ o+ 4 T, A A,A
3 G C G A C A; 4+, - +,+ +, - b, - A,C
4 A c A; A T G - - - 4, ek, e c,D
5 G C G; G C G +,+ +, + +,0+ 44, 4 AA
6 G C G: G C G .4 +, ¥ 4,4 et b4 AA
7 A C A; A C A -, - +,+ - - 4, 4o c.c
8 G C G A c G; -, + +,+ +,+ 4, — 4 A,B
9 G C G; A C A +, - +, 4+ +, - 4+, —t A, C
10 A T G; A T G - - -, - 4+ ——4, -+ D,D

Japanese individuals revealed that the ratios of the four subtypes in the

Japanese were quite different from those of the Caucasians (Figure 3B);

type A was about half, types C and D were more than twice of the

Caucasians, and type B was not found.

The differences in the nucleotide

sequence of the 5'-regulatory region may lead to differential
transcriptional efficiency, which in turn results in a wide variety of plasma

Lp(a) levels, not only among individuals but also between ethnic groups

Taq |

Mae Il

Hha

Figure 2, Linkage analysis of the 5'-alleles.
children is transmitted from one parent

the other parent.
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Type A
A 31 (27%)

70 (53%)

49 (42%)

(Total of 132) (Total of 116)

Figure 3. Ratio of each type of the 5'-flanking region among normal
American (A) and Japanese (B) individuals.

(2,22). This hypothesis was confirmed by the CAT (chloramphenicol
acethyltransferase) assay when each of the four types of 5'-alleles had
been inserted into a promoterless CAT vector and its transcriptional
activity had been compared directly (Suzuki and Ichinose, manuscript in
preparation).

DNA samples of Japanese patients with myocardial and cerebral
infarction were also examined by this genetic diagnostic method. The
ratios of 5'-alleles in 68 patients with cerebral infarction were essentially
the same as those of normal individuals (Figure 4A). In contrast, the ratios
of S'-alleles in 50 patients with myocardial infarction differed from those
of normal individuals (Figure 4B): type A was about 1.5-fold and type D
two thirds of normal, and two cases had type B. A new type, designated as
type E (G-T-G and +-+), was also found in one case. The clinical significance
of these nucleotide polymorphisms, however, remains to be elucidated.

A B
Type B Type B———— [~ Pt
o ot 1.(1%)
9 . :
p |
/ i Type A
. T " o
[asimany e

Type C
59 (43%)

(Total of 136)

Type C
4 (M%)

(Total of 100)

Figure 4. Ratio of each type of the 5'-flanking region among Japanese
patients with cerebral (A) and myocardial (B) infarction.
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Determination of both 5'-alleles and the number of kringle 4 repeats
[or isoform of apo(a)] will make it possible to predict the plasma apo(a)
level of every individual in the near future.
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