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The distributions of G to A substitution (G”°>A) mutation in the human
apolipoprotein A1 (APOA/ gene promoter region and glutathione S-tran-
sferase Mu1 (GSTM]) gene deletion were examined in subjects with Korean
population. The G”>>A mutation of APOAT was genotyped by the poly-
merase chain reaction (PCR) and subsequent digestion of the PCR product
using either Mspl or Mval (n=206). The observed numbers of GG, GA and
AA genotypes were 132, 63 and 11, respectively. The allele frequencies of
G and A were 0.794 and 0.206, respectively. The GSTM71 gene deletion was
simply examined by the PCR amplification (n=106). The observed numbers
of null type (GSTM71°0/GSTM1*0) and positive type were 55 and 51, res-

pectively. The allele frequency of GSTM1*0 was 0.720.

The apolipoprotein A1 (APOA1) is a plasma protein
involved in the transport of cholesterol and other lipids
in the plasma. Plasma APOA1 is a cofactor for lecithin-
cholesterol acyltransferase which catalyzes the esterifi-
cation of plasma cholesterol (Soutar et al., 1975; Have!
and Kane, 1989). The genes coding for APOA1 and
two other apolipoproteins, APOC3 and APOA4, are
closely linked and tandemly organized within a 15-kb
DNA segment in the long arm of human chromosome
11g23-24 (Shoulders et al., 1983; Karathanasis, 1985).

The mutation of a guanine to adenine substitution
(G7°—>A), serving a different Mspl and Mval restriction
site, within the APOAT promoter region has been iden-
tified (Shoulders et al., 1983; Needham et al., 1994).
The mutation is located 75 bp upstream of the trans-
cription initiation site between the putative CAT and
TATA-like sequences.

The human glutathione S-transferases (GSTs) are a
supergene family that is involved in the metabolism
and detoxification of cytotoxic and carcinogenic com-
pounds (Boyer and Kenney, 1985). Eight genetic loci
encoding human GST isozymes have been character-
ized. At least two of eight loci are genetically polymor-
phic. GST Mu1 (GSTMT), one of them, is of particular
interest because it has a null allele (GSTM1*0), in
addition to two more expressing alleles (GSTM1*A and
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GSTM1*B: Mannervik et al., 1992). The null allele
GSTM1*0 is due to a gene deletion, and persons
having it in a homozygous state have no gene product
(Seidegard et al., 1988). A simple polymerase chain
reaction (PCR)-based assay to determine the presence
or absence of GSTM1 gene was developed by Com-
stock et al. (1990).

In the present study, the G- —~A mutation at position
-75 of the APOAT gene promoter and the GSTM1
gene deletion were examined in an unrelated Korean
population. The G7° A mutation of APOAT was geno-
typed by the PCR amplification and subsequent diges-
tion of the PCR product using either Mspl or Mval.
The GSTM1 gene deletion was simply examined by
the PCR amplification.

Materials and Methods

Subjects

Bloods samples were obtained from healthy unrelated
Koreans ranging in age from 20 to 30 years. Bloods
(10-ml) were collected into 15 mi-tubes containing 10
mg EDTA, and then genomic DNAs were isolated from
whole biood using Wizard genomic DNA purification
system (Promega).

Polymerase chain reaction

The PCR amplification of APOA7 gene promoter region
was carried out in a 20-ul reaction mixture containing
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20 pmol of each primer and 0.2-0.6 g of genomic
DNA using premix reaction mixture (Bioneer). Amplifi-
cation was achieved by denaturation at 94°C for 3 min,
followed by 30 cycles of denaturation 94T for 1 min,
annealing at 58°C for 30 sec and extension at 72°C for
2 min using a DNA Thermal Cycler (Perkin Elmer Cetus).
The two primers used were as the followings (Pagani
et al., 1990; Needham et al., 1994): Al.1: 5-CACCCG-
GGAGACCTGCAAGC-3" and Al.2: 5-TCTAAGCAGC-
CAGCTCTTGCA-3".

The amplification of GSTM1 gene was performed in
the same premix reaction mixture described above,
except for using three primers instead of two. Ampilifi-
cation was achieved by denaturation at 94C for 3 min,
followed by 30 cycles of denaturation 94°C for 1 min,
annealing at 50°C for 1.5min and extension at 72°C
for 1 min. The three primers used were as the followings
(Mikelsaar et al., 1994): P1: 5"-CGCCATCTTGTGCTA-
CATTGCCCG-3’, P2: 5-ATCTTCTCCTCTTCTGTCTC-
3°, and P3: 5-TTCTGGATTGTAGCAGATCA-3".

Digestion of APOA1 gene promoter region

The PCR products of APOAT gene promoter region
were purified by the treatments of phenol:chloroform
and chloroform, and then incubated with 10 units of
restriction enzyme either Mspl or Mval (Boehringer
Mannheim) at 37°C for 3h. Digested PCR products
were genotyped by the electrophoresis using either
2% agarose gel with 1X TAE buffer (Mspl- digested
DNA) or 10% non-denaturing polyacrylamide gel with
1X TBE buffer (Mval-digested DNA).

Statistical analysis

The distributions of allele frequencies for the APOA1
gene were examined by x° test to detemine whether
the observed genotypic distributions conform to their
respective Hardy-Weinberg equilibrium expectations.

Results

Genotyping of G”° »A mutation of APOA1 gene
promoter region

The mutation of G to A at position -75 of the APOA1
gene promoter (GGCCG/AGGGC) causes an abolish-
ment of Mspl restriction site, but produces a Mval site.
For the examination of G’°>->A Mutation of APOA?
gene promoter region, 206 unrelated Koreans were
studied. The PCR amplification of the APOA7T gene
promoter region produced a 258 bp product (Fig. 1A).
As shown in Fig. 1(B), digestion of the product with
Mspl restriction endonuclease yielded two bands of
175 and 79 bp in the presence of the G allele, how-
ever, the digestion showed 254 bp single band instead
of two restriction fragments in the presence of A allele.
The heterozygote individuals (GA genotype) showed
three bands of 254, 175 and 79 bp which were sum of
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Fig. 1. PCR amplification and digestion with Mspl for the 5’-nontran-
scribed region of human APOAT gene. A, The amplification of the
promoter region of APOA1 gene between -258 and -1 was achieved by
30 cycles of denaturation at 94°C for 1 min, annealing at 58°C for 30
sec and extension at 72C for 2min (M, 100 bp DNA ladder; lane 1-7,
nondigested PCR product). B, The PCR products were digested with
Mspl at 37°C for 3h, and then electrophoresed using 2% agarose gel
(M, @x174/Haelll-digested marker; lanes 1, 4, 5, and 6, GG genotype;
lanes 2 and 7, GA genotype; lane 3, AA genotype).

bands yielded by G and A allele. A 4 bp fragment was
produced by the Mspl digestion, however, it was not
visualized on the electrophoresed gel because of its
very small size.

Confirmation of the G°-»>A mutation was carried out
by digestion of the PCR product with Mval restriction
endonuclease. It yielded two invariant fragments of
110 and 42 bp, as well as either a variable fragment
of 59 bp in the presence of G allele or two bands of
35 and 24bp in the presence of the A allele. The
heterozygotes showed all five bands (Fig. 2).

The observed numbers of GG, GA and AA genotypes
were 132, 63 and 11, respectively (Table 1), thus the
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Fig. 2. Electrophoretic patterns of alleles for the G’ »A mutation of
APOA1 gene following digestion with Mval. The PCR products were
digested with Mval at 37°C for 3h, electrophoresed using 10% non-
denatured polyacrylamide gel with 1X TBE buffer, and then visualized
by SYBR Green | staining (M, 100 bp DNA ladder; lanes 1, 4, 5, 6, and
8, GG genotype; lanes 2 and 7, GA genotype; lane 3, AA genotype).
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Table 1. Distribution of genotypes and allele frequencies for the APOAI G™° »A mutation

Genotype Allele frequency

Subject Sample size s R — — - Reference

GG GA AA G A

132 63 11
Korean 206 (129.9)’ (67.4) 8.7) 0.794 0.206 Present study
Japanese 21 17 3 1 0.881 0.119 Needham et al. {1994)
Caucasian (UK) 56 41 13 2 0.848 0.152 Needham et al. (1994)
Caucasian
(American) 409 261 130 18 0.797 0.203 Barre et al. (1994)

'The expected genotype numbers are presented in parentheses.

allele frequencies of G and A were 0.794 and 0.208,
respectively. The heterozygosity for these alleles was
0.306. The observed number of each genotype well
agreed with the Hardy-Weinberg equilibrium with no
significant asymmetry in the genotype distribution ( x°
=0.929, df=2, 0.50<P<0.80).

Detection of GSTM1 gene deletion

In order to examine the GSTM1 gene deletion, 106
unrelated Koreans were studied. A set of three primers
was used to amplify GSTM1 gene. Primer P1 annealed
to the 5" region of exon 4 of GSTM? as well as 5
region of exon 4 of GSTM4. Primer P1 with primer P3
annealing to the 3" region of exon 5 of GSTM7T pro-
duced a 231 bp product in GSTM17-positive individuals.
Primer P1 with primer P2 hybridizing to the 3" region
of exon 5 of GSTM4 produced a 158 bp product in all
persons, which serves an internal control (Fig. 3).

As shown in Table2, the observed numbers of
GSTM1 null and positive phenotypes were 55 (frequency
0.519) and 51 (frequency 0.481), respectively. The allele
frequencies of GSTM7*0 and the sum of GSTM*1 and
GSTM*2 were 0.720 and 0.280, respectively.

Discussion
The allele frequencies of APOAT gene were compared

with the results obtained by Barre et al. (1994) and
Needham et al. (1994). As shown in Table1, the

Table 2. Distribution of GSTM7 null phenotype in different populations
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Fig. 3. Detection of the GSTM71 gene deletion with PCR amplification.
The amplification of GSTM1? gene was achieved by 30 cycles of dena-
turation at 94°C for 1 min, annealing at 50°C for 1.5 min and extension at
72°C for 1 min. The PCR products were electrophoresed on 2% agarose
gel (M, 100 bp DNA ladder, P, positive phenotype; N, null phenotype).

mutated allele (A type) frequency of Korean was
highest (0.208) among the populations studied so far
(Caucasian UK, 0.152; Japanese, 0.119). However,
test for x° analysis revealed no significant allele distri-
butional asymmetry between populations.

A number of studies have shown that the GSTM7
null allele is very common and the frequency of null
phenotype is considerably variable between the studied
populations, ranging from 30 to 60% (Board, 1981;
Laisney et al., 1984; Seidegard and Pero, 1985; Afan
asyeva and Spitsyn, 1990; Zhong et al., 1991; Brock-
moéller et al,, 1992; Harada et al., 1992; Mikelsaar et

Population Sample size —
NuH
Korean' 106 55(51 9)
Indians 43 28(61.5)
Chinese 96 40(41.7)
Japanese 84 44(52.4)
Caucasians (Australia) 40 14(35.0)
Caucasians (England) 225 131(58.0)
Caucasians (France) 56 32(57.0)
Caucasians (Russia) 100 51(51.0)
Caucasians (Estonia) 151 75(49.7)
Caucasians (Sweden) 248 114(46.0)
Caucasians (Germany) 145 65(44.8)

Phenotype
— e — Reference

Posnive
51(48.1) Present study
15(34.9) Board (1981)
56(58.3) Board (1981)
40(47.6) Harada et al. (1992)
26(65.0) Board (1981)
94(42.0) Zhong et al. (1991)
24(43.0) Laisney et al. (1984)
49(43.0) Afanasyeva and Spitsyn (1990)
76(50.3) Mike!saar et al. (1994)
134(54.0) Seidegard and Pero (1985)
80(55.2) Brockmgller et al. (1992)

'Aliele frequency of GSTM1%0 was 0.720 in Korean population.
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al., 1994). Table 2 shows the percentage of individuals
lacking the GSTM1 isozyme in several populations.
The present study showed that 51.9% of the Korean
population have the homozygous deletion of GSTM1
gene, which is a similar value to that of the Japanese
(52.4%: Harada et al., 1992), but, higher than that of
Chinese (41.7%: Board, 1981).

Epidemiological studies suggested that low levels of
plasma APOA1 or HDL cholesterol increase the risk of
developing atherosclerotic heart disease (Schaefer,
1984). Jeenah et al. (1990) suggested that the substi-
tution of G to A is associated with elevated serum
APOA1 and HDL cholesterol concentrations. The G
—»A mutation has been shown to decrease APOAT
expression in vivo and in vitro (Smith et al., 1992;
Tuteja et al.,, 1992). Down regulation of the mutation
may lead to reduced HDL turnover and LDL clearance,
so causing the accumulation of triglyceride, manifested
as primary hypertriglyceridaemia. (Needham et al,
1994).

It has been suggested that those people with the
GSTM1 null phenotype have an increased risk for
several kinds of cancers. It has been shown that the
null phenotype is more common in smokers with lung
cancer (Kihara et al., 1994). It is also suggested that
the null phenotype is associated with increased risk of
stomach cancer (Harada et al, 1992) and alcoholic
hepatitis (Afanasyeva and Spitsyn, 1990).

Since this study was performed in subjects with
healthy individuals, no information concerning APOA1
G7® >A mutation- and GSTM1 null phenotype-related
genetic disorders were obtained. However, further stud-
ies should be carried out to reveal any correlation
between increased risk for some types of disorders
and genotypes.
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