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Abstract

Systematic sequencing of the coding and exon flanking regions of the apolipoprotein (apo) A-I gene has
identified a new polymorphic Msp I site (C C/T-GG). This polymorphism is situated between the tran-
scriptional starting site and the signal peptide start coding site (intron 1), so may influence the efficiency of
surrounding splicing, thereby interfering with the expression of the apo A-I gene product, or serve as a
linkage marker with a hitherto unidentified mutation defect responsible for hyperlipidemia and/or prema-
ture coronary heart disease. However, there was no significant difference in the allele frequencies between
control and coronary heart disease subjects in a Japanese population. The —78 G- A promoter polymor-
phism of apo A-I, previously reported in Western populations, has also been analyzed. The results show
that neither mutation is likely to be the etiology for predisposition to a change of high-density lipoprotein
cholesterol and/or variation in lipid and lipoprotein levels, or for the occurrence of coronary heart disease

in Japanese populations.
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INTRODUCTION

Genetic variation of apo A-I/C-III/A-IV is associ-
ated with hyperlipidemia and coronary heart dis-
ease. Candidate genes that may contribute to inter-
individual variation in plasma high-density lipopro-
tein-cholesterol (HDL-C) levels have been exam-
ined by comparing the HDL-C levels of unrelated
individuals with different alleles of the gene under
consideration”. In most cases, alleles have been de-
fined by restriction fragment length polymor-
phisms. Several studies have indicated thata G to A
substitution at position —78 in the gene encoding
apo A-I confers increased plasma HDL-C>.

Gene expression (A-I gene),

Genetic techniques (polymorphism), Lipo-

Our sequencing study of the apo A-I gene of
coronary heart disease patients has identified a new
polymorphic Msp I site (C C/T-GG) at position 67
bp 3’ from transcriptional starting sequence (67
Msp I).

This study investigated this polymorphism and
assessed its importance in association with serum
HDL-C levels, as well as other lipid and lipoprotein
levels, in both controls and coronary heart disease
patients. In addition, we identified the haplotypes of
apo A-I gene —78 G- A promoter polymorphism
and 67 Msp I polymorphism in Japanese subjects.
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Selected abbreviations and acronyms

apo=apolipoprotein

DNA =deoxyribonucleic acid
HDL-C=high-density lipoprotein-cholesterol
PCR =polymerase chain reaction

MATERIALS AND METHODS

Two hundred and five patients with coronary
heart disease (154 males, 51 females, mean age
64112 years), based on coronary angiography,
were studied. The severity of coronary atherosclero-
sis was based on the number of involved vessels
(single-, two- or three-) with stenosis of 75% or
greater. Two hundred and eleven controls (91
males, 120 females, mean age 59+ 12 years) con-
sisted of both angiographically proven non-stenotic
coronary artery subjects (n=141) and healthy con-
trols with normal electrocardiograms and without
episodes of chest pain (n="70). Informed consent
was obtained from each patient before entering the
study, and the project was assessed and approved by
the Ethics Committee of Fukuoka University.

Blood samples were taken after an overnight fast.
Serum total cholesterol and triglyceride were mea-
sured by enzymatic methods>®. High-density lipo-
protein-cholesterol was determined by the heparin
Ca?* precipitation method”. Apo A-I, apo A-II, apo
B, apo C-II, apo C-III and apo E were measured by
the turbidity immunoassay method®. All apolipo-
proteins were assayed within 48 hours.

Genomic deoxyribonucleic acid (DNA) was iso-
lated from 500 p! peripheral blood according to the
method of Erlich®. 5’-AGGGACAGAGCTGA-
TCCTTGAACTCTTAAG-3* (327-356) and 5’-
TTAGGGGACACCTACCCGTCAGGAAGAGCA-
3’ (760-731)'9 were used as the sense and antisense

primers, respectively. Direct sequencing was per-
formed in an ABI DNA sequencer (Model 373A)
with a dye-terminator kit according to the protocol
of the kit manufacturer. Restriction fragment length
polymorphism analysis to determine the genotype
of the subjects was performed using Msp I restric-
tion enzyme digestion after production polymerase
chain reaction (PCR) DNA fragments which
spanned the 67 Msp I site of the apo A-I gene. Msp I
restriction enzyme digestion can also be used to de-
tect G- A substitution of apo A-I gene —78 pro-
moter polymorphism in PCR products amplified
with the same primers. Statistical analysis used SAS
statistical software (SAS Institute Inc., Cary, NC).

RESULTS

The genotypes of 67 Msp I polymorphism in con-
trols and coronary heart disease patients are shown
in Table 1 and Fig. 1. The frequency of 67 Msp 1
allele 2 (M2 allele) was 0.043 in controls and 0.039
in coronary heart disease patients, with no signifi-
cant difference between the two groups. The coro-
nary heart disease patients were further divided into
single-, two-, and three-vessel disease groups, but
no difference in the frequency of the genotypes was
observed by x*-test. The genotypes of —78 G-A
promoter polymorphism are also shown in Table 1
and Fig. 2. No significant differences in these pa-
rameters were observed within or between the two
groups. Baseline parameters of coronary heart dis-
ease patients, such as age, body mass index, hyper-
tension, smoking and diabetes mellitus, with both
polymorphisms were not different between the three
genotypes (Table 2).

Controls with the 1/2 genotype of 67 Msp I site
had a higher serum HDL-C level than controls with
the 1/1 genotype (59+22 vs 51 %15 mg/dl), but this

Table 1 Genotypes and frequencies for the 67 Msp I marker and the —78 G- A promoter marker of the apo A-I gene

Frequency Frequency
Controls Coronary heart disease Controls Coronary heart disease
67 Msp I genotype —78 genotype
(n=211) (n=205) v 2V 3v (n=211) (n=205) v 2V 3v
1 0.915(193) 0.927 (190) 47.37 (90) 36.32(69) 16.31 31) G/G 0.744 (157) 0.683 (140) 40.71 (57) 39.29 (55) 20.00 (28)
12 0.085 (18) 0.068 (14) 50.00(7) 50.00(7) O G/A 0.242 (51) 0.268 (55) 61.82(34) 36.36 (20) 1.82(1)
212 0.000 0.005(1) O 0 100 (1) A/A 0.014 (3) 0.049 (10) 50.00(5) 20.00(2) 30.00(3)
67 Msp I allele —178 allele
1 0.957 (404) 0.961 (394) G 0.865 (365) 0.817 (335)
2 0.043 (18)  0.039 (16) A 0.135(57) 0.183 (75)

Numbers in parentheses indicate number of subjects with each genotype or number of alleles of each type.

1V =single-vessel disease; 2V =two-vessel disease;

3V =three-vessel disease.
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Fig.1 Cto T replacement in intron 1 of the apo A-I gene

This mutation was analyzed by Msp I restriction fragment length polymorphism, and was identified by the loss of a
432 bp DNA fragment and the formation of a characteristic pattern of 207 bp and/or 255 bp fragments. Lanes 3, 7
and 8 show the wild type (207 bp fragment); lanes 4 and 5, heterozygote mutation (207 bp and 255 bp); and lane 6,
homozygote mutation (255 bp).

Lane 1 : molecular-weight marker. Lane 2 : uncut control. The other fragments at 110 bp and 67 bp have no signifi-
cance in genotype determination.
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Fig.2 G to A replacement in —78 G- A promoter of the apo A-I gene

This mutation was analyzed by Msp I restriction fragment length polymorphism, and was identified by the loss of a
432 bp DNA fragment and the formation of a characteristic combination pattern of 207 bp, 177 bp and 110 bp
fragments. Lanes 3, 7 and 8 show the wild type (207 bp and 110 bp fragments); lanes 4 and 5, heterozygote mutation
(207 bp, 177 bp and 110 bp); and lane 6, homozygote mutation (207 bp and 177 bp).

Lane 1: molecular-weight marker. Lane 2 : uncut control. The other fragment at 67 bp has no significance in
genotype determination.

J Cardiol 1996; 28: 207-212



210 Bai, Saku, Liu et al

tendency was not evident in the coronary heart dis-
ease group (Table 3-left). The mean serum apo A-I
levels in both controls and coronary heart disease
patients with the 1/2 genotype tended to be higher
than those with 1/1, but these differences were not
significant. Within the coronary heart disease group,
the serum apo A-I level in patients with the 2/2
genotype was higher than in those with the other
two genotypes. However, only one 2/2 sample was
available. There were no significant differences in
any of the other lipid or lipoprotein levels between
the two groups (Table 3-left). Like the result for the
67 Msp I site, the lipid and lipoprotein levels of
—78 G- A promoter polymorphism also showed no
statistical significance between different genotypes
(Table 3-right).

Table 2 Baseline characteristics of coronary heart disease patients
according to apolipoprotein A-I polymorphism

Variables Genotypes

67 Msp I 1/1 (n=190) 1/2(n=14) 2/2(n=1)
Age (yr) 628+10.1 67.0£6.7 700
Body mass index (kg/m?) 23.5%3.3 23.6%+23 262
Hypertension (%) 37.0 50.0 100.0
Smoking (%) 533 50.0 0
Diabetes mellitus (%) 35.9 0 0

—78 G- A promoter G/G (n=140) G/A (n=55) A/A (n=10)
Age (yr) 65.51.2 632+2.1 59.8+43
Body mass index (kg/m?) 23.6+3.4 23(8=E3L10314 120 7.
Hypertension (%) 34.6 37.9 75.0
Smoking (%) 494 65.5 25.0
Diabetes mellitus (%) 36.8 27.6 50.0

Tables 4 and 5 show the two-marker (—78 G-A
promoter and 67 Msp I polymorphism) genotype
frequencies and haplotypes in controls and coronary
heart disease subjects. Again, no significant differ-
ences were observed between the two groups.

DISCUSSION

There is evidence that a polymorphic nucleotide
which identifies a rare allele may be in linkage
disequilibrium with other functionally important
polymorphism in the apo A-I/C-III/A-IV locus, or
may directly affect apolipoprotein gene expression,
as has been demonstrated for a polymorphism in the
human apo A-I promoter'”. In most cases, multiple
factors are likely to influence plasma lipid levels.

There was no significant difference in the fre-
quency of the M2 allele between the control (0.043)
and coronary heart disease (0.039) groups. In the
present study, we were unable to find a significant
association between the M2 allele and either coro-
nary heart disease or a change in serum HDL-C or
apo A-I levels in a Japanese population. We also did
not confirm that the A allele of —78 G-A pro-
moter polymorphism affects HDL-C elevation
(Table 3), as has been previously reported in other
studies>*'?. No difference in both genotypes for 67
Msp I and —78 G- A promoter of the apo A-I gene
was observed between patients with coronary heart
disease of varying severity, as determined by the
number of involved vessels (single-, two- and three-
vessel disease), and controls. Sex unadjusted and
adjusted serum lipids and lipoprotein levels were

Table 3 Adjusted serum lipoprotein and apolipoprotein levels for the 67 Msp I marker and the —78 G- A promoter marker of the apo A-I gene

67 Msp 1 —78 G- A promoter

Controls Coronary heart disease group Controls Coronary heart disease group

(n=211) (n=205) (n=211) (n=205)
(mg/dl) 1/1 172 212 1/1 172 2/2 G/G G/A A/A G/G G/A A/A
Total cholesterol  196+36  210+48 — 197436 169+36 174 197+£38 192+35 — 196%£36 192 +36 203£49
Triglyceride 12185  73£38 — 126+68 80%35 79 119490 113+£63 — 131£72 110£55 121£55
HDL-C 51£15 59+22 —  40x12  43%£5 58  45+18 49+15 c=a gd0sE120 DA015 425
Lipoprotein (a) 2014 2129 — 27%£19 19£20 29 20*16 1612 — 26%£20 29%+18 19=*6
Apo A-1 12129 150+43 — 108+23 110*15 138 119%£31 127+32 — 109%£22 104£25 113%8
Apo A-IT 31 =75 34+12.8. | — ,28E55  .25+56, 29 .. 31%78 3185 — 28%55 2757 30*44
Apo B 102+25  87=x31 — 11431 87£28 80 101+25 96%£25 —  114£31 108+29 118*34
Apo C-1I 37420 3.1+08 — 36+17 26+18 22 37+20 34*18 — 37%17 34%16 35%l1
Apo C-1II 109463 107+19 — 96+40 7.+26 69 11.0+69 99+33 — 98+41 86%37 98+24
Apo E 53419 57+13 — 50+1.6 38+10 44 54+18 51%+21 — 50+17 4615 49+20

Values are mean = standard deviation.
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Table 4 Two-marker genotype frequencies in normal controls and
coronary heart disease patients
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Table 5 Proportion of two-marker —78 G- A promoter/67 Msp I
haplotypes in controls and coronary heart disease patients

Coron Haplotypes Proportion
—78 G- A promoter 67 MspI Controls heart di " i ?
(n=211) group (n=205) I8 A Controls Coronary heart disease
- A promoter 67 Msp 1 (n=211) (1=205)
GIG n 0.654(138)  0.561 (115)
GIA 1 0.242 (51) 0.317 (65) G 1 0.817 0.754
GIG 12 0080(17) 0.059 (12) A 1 0.140 0.207
GIA 12 0005(1) 0.010 (2) G 2 0.043 0.039
GG 20 0 0.005 (1) A 2 0 0
AIA 1 0.019 (4) 0.049 (10)

Numbers in parentheses indicate number of subjects with each geno-
type.

Pairwise linkage disequilibrium : —78 G- A promoter and 67 Msp I,
Q=0.488 in normal group and Q=0.325 in coronary heart disease
group. Q=0, no disequilibrium; Q=1, complete disequilibrium'®.

consistent according to the genotypes both for 67
Msp I and —78 G-A promoter polymorphisms.
Combining the two markers, we determined the
two-marker frequencies and haplotypes in normal
and coronary heart disease groups. However, no
strong informative association was observed. The
polymorphic sites in the normal and coronary heart
disease groups, as well as in the combination of the
normal and coronary heart disease data, showed no
significant deviation from the Hardy-Weinberg
equilibrium. As a distinct ethnic group, Japanese
show a lower prevalence of coronary heart disease

than Western populations. This suggests the possi-
bility that coronary heart disease is associated with a
specific genetic background. However, confirma-
tion of disease associations will require additional
information regarding polymorphism of the apo
A-T/C-III/A-IV gene locus, to establish an associa-
tion between an independent predictor and hyper-
lipidemia and/or coronary heart disease.
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