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Abstract

Objective The mitochondrial DNA 5178 cytosine/
adenine (Mt5178 C/A) polymorphism is reportedly asso-
ciated with longevity in the Japanese population, and the
Mt5178A genotype may exert anti-atherogenic effects. The
aim of this study was to determine whether there were
longitudinal differences in serum lipid levels between
carriers of the Mt5178C genotype and those of the
Mt5178A genotype and to assess the impact of these
genotypes on serum cholesterol levels.

Methods The serum levels of total cholesterol (TC), high-
density lipoprotein cholesterol (HDLC), and low-density
lipoprotein cholesterol (LDLC) were measured and the
Mt5178 C/A genotypes determined in 110 Japanese men
aged 41-66 (mean 52.3) years who had received medical
checkups twice in the period 1999-2005. The longitudinal
changes of TC, HDLC, and LDLC were calculated
according to genotype.

Results  The serum levels of TC at baseline and follow-up
were significantly different, whereas those of HDLC and
LDLC were not. The changes in HDLC differed signifi-
cantly between the two Mt5178 C/A genotype groups, with
the changes in HDLC level being significantly greater in
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the Mt5178A genotype group than in the Mt5178C group
(p = 0.015).

Conclusions The Mt5178 C/A genotype may modify
longitudinal changes in serum TC and HDLC levels in
middle-aged Japanese men.

Keywords Mitochondrial polymorphism - Low-density
lipoprotein cholesterol - High-density lipoprotein
cholesterol - Follow-up study

Introduction

The mitochondrial DNA 5178 cytosine/adenine (Mt5178
C/A) polymorphism results in an amino acid polymorphism
in NADH dehydrogenase subunit-2 237 leucine/methionine
(ND2-237 Leu/Met) and is known as a longevity-associ-
ated polymorphism. Tanaka et al. [1, 2] suggested that the
Mt5178 A genotype of the Mt5178 C/A polymorphism is
associated with longevity in Japanese people. Specifically,
they reported that the frequency of Mt5178A is signifi-
cantly higher in centenarians than in the general popula-
tion. The Mt5178A genotype is generally rare worldwide
[3, 4], but it’s frequency has been reported to be as high as
40-45% in the Japanese populace [1, 5-13]. There have
been a number of reports regarding an association between
the Mt5178 C/A polymorphism and adult-onset diseases
[1, 8, 9, 14], and individuals with Mt5178A appear to be
resistant to atherosclerotic diseases.

Japanese individuals with the Mt5178C polymorphism
are more susceptible to lifestyle-related atherosclerotic
diseases, myocardial infarction [8, 14], and cerebrovascular
disorders [9] than those with Mt5178A. There is also evi-
dence of differences in serum lipid levels being related to
the Mt5178 C/A genotype [13, 15, 16]. In one study, the
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concentration of high-density lipoprotein cholesterol
(HDLC) was significantly higher in males carrying the
Mt5178A genotype than in males carrying the Mt5178C
genotype; in the same study, triglyceride (TG) levels were
significantly lower in females carrying the Mt5178A
genotype than in those carrying the Mt5178C genotype
[14].

The anti-atherogenic effects of the Mt5178A genotype
may facilitate longevity in individuals with the Mt5178A
polymorphism compared to those with Mt5178C. Based on
previous findings that individuals with the Mt5178C
genotype are more susceptible to arteriosclerosis diseases
than those with the Mt5178A genotype, we examined
changes in serum cholesterol levels between individuals
with the Mt5178C genotype and those with the Mt5178A
genotype over the course of 4 or 5 years because these lipid
levels influence the development of arteriosclerosis.

Materials and methods
Subjects

Male volunteers (n = 449) were initially recruited from
individuals who visited the Mito Red Cross Hospital for
medical checkups between July 1999 and June 2000. Of the
initial 449 recruits, 118 males who visited the hospital for
medical checkups again between September 2003 and
January 2005 and who were between 40 and 69 years of age
at the second checkup were eligible for enrolment in the
study. There were no prescribed interventions in diet,
exercise, smoking, or drinking between the two medical
checkups. Women were excluded from the study because
there were not enough female recruits. The study was per-
formed in accordance with the Declaration of Helsinki and
approved by the Ethical Committee of Kyorin University.
Written informed consent was obtained from volunteers
before participation. The final study cohort comprised 110
Japanese men with a mean age of 52.3 + 6.0 years
[mean + standard deviation (SD)]. None of the subjects
were taking dyslipidemic medications at the time of either
medical checkup reported in this study.

Clinical characteristics of subjects

Blood samples were obtained after a minimum of a 12-h
fasting period. Serum indicators were determined as
described previously [13]. Briefly, serum concentrations of
total cholesterol (TC) were measured on a Determiner L
TC II apparatus (Kyowa Medex, Tokyo, Japan). Serum
cholesterol concentrations were analyzed by routine
methods used at Mito Red Cross Hospital, and serum
concentrations of HDLC were measured with a Determiner
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L HDL-C apparatus (Kyowa Medex). Low-density lipo-
protein cholesterol (LDLC) concentrations were calculated
according to Friedewald’s formula after excluding the
subjects whose TG levels were >400 mg/dl. The body
mass index (BMI) was calculated as weight (kg) divided by
height squared (m?). Information on the drinking and
smoking habits of each subject was obtained from a self-
administrated questionnaire.

Normal ranges were defined as a TC of <220 mg/dl,
LDLC of <140 mg/dl, and HDLC of >40 mg/dl.

Genotyping

DNA was isolated from white blood cells and subjected to
PCR-restriction fragment length polymorphism analysis
using the forward PCR primer (5'-CTTAGCATACTCCTC
AATTACCC-3), the reverse PCR primer (5-CTGAATTC
TTCGATAATGGCCCA-3'), and the restriction enzyme
Alul. PCR products lacking the Alul site were designated as
Mt5178A, and those possessing the Alul site were desig-
nated as Mt5178 C.

Statistical analysis

The changes in TC, LDLC, and HDLC levels were cal-
culated by subtraction based on the measurements taken
during the repeated visits, and the percentage of subjects
outside the normal cholesterol levels between the two visits
were compared by the chi-square test. Cholesterol levels in
1999-2000 and 2003-2004, respectively. in the whole
cohort and each Mt5178 group were compared by the
Wilcoxon signed-rank test. Changes in cholesterol levels
over time between individuals with genotype Mt5178C and
those with genotype Mt5178A type were compared by
analysis of covariance adjusted for age, BMI, smoking and
drinking habits.

The statistical analysis was performed with the Statis-
tical Package for the Biosciences (SPBS v9.5; [17]).
p values of <0.05 were considered to be statistically
significant.

Results

There were no significant differences between the subjects
with the Mt5178C and Mt5178A genotypes in terms of the
follow-up period, systolic blood pressure, diastolic blood
pressure, fasting blood sugar. The average follow-up period
was 4 years and 5 months (range 3 years, 7 months to
5 years, 3 months).

Age, BMI, smoking, and drinking habits in 1999-2000
and 2003-2004 are shown separately by genotype in
Tables 1 and 2, respectively. Among our study subjects,
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Table 1 Characteristics of

. . Patient characteristics
study subjects according to

Mt5178 C (n = 64) Mt5178 A (n = 46) Total (n = 110)

mitochondrial DNA 5178
cytosine/adenine (Mt5178 C/A)
genotype based on the
1999-2000 checkups

Age (years)
BMI (kg/m?)
SBP (mmHg)
DBP (mmHg)
Fasting blood sugar (mg/dl)
Smoking habit
Current smokers
Past smokers
Never smoked

Data are presented as the mean Frequency of alcohol intake (1)

+ standard deviation, unless Every day
indicated otherwise Several/week
BMI Body mass index, Several/month
SBP systolic blood pressure, No alcohol

53.0 £ 6.2 514 +£58 523 £ 6.0
233 +£24 240 £25 23.6 £ 24
127.0 £ 16.0 1225 & 12.1 125.1 & 14.6
74.0 £ 9.6 715+ 7.9 73.0 £ 9.0
101.4 £ 27.5 103.6 £ 21.5 102.3 + 25.1
28 (43.8%) 21 (45.7) 49 (44.5)

23 (35.9) 15 (32.6) 38 (34.5)

11 (17.2) 10 21.7) 21 (19.1)

21 (32.8) 17 (37.0) 38 (34.5)

21 (32.8) 11 (23.9) 32 (29.1)

11 (17.2) 9 (19.6) 20 (18.2)

11 (17.2) 9 (19.6) 20 (18.2)

DBP diastolic blood pressure

Table 2 Characteristics of study subjects by Mt5178 C/A genotype
from the 2003-2004 checkups

Patient Mt5178 C Mt5178 A Total
characteristics (n=64) (n = 46) (n = 110)
Age (years) 574 +62 558 £ 5.6 56.8 + 6.0
BMI (kg/m?) 23.6 £2.6 240 £ 25 238 £ 25
SBP (mmHg) 1222 £ 11.8 116.6 £ 105 1199 £ 11.6
DBP (mmHg) 772 + 87 752 4+ 7.7 76.3 + 8.3
Fasting blood sugar 104.3 & 153 110.7 & 28.7 106.9 &+ 22.0
(mg/dl)
Smoking habit (n)
Current smokers 23 (35.9%) 16 (34.8) 39 (35.5)
Past smokers 28 (43.8) 20 (43.5) 48 (43.6)
Never smokers 11(17.2) 10 (21.7) 22 (20.0)
Frequency of alcohol intake (r)
Every day 21 (344) 18 (40.0) 39 (36.8)
Several/week 17 (27.9) 12 (26.7) 29 (27.4)
Several/month 11 (18.0) 5(11.1) 16 (15.1)
No alcohol 12 (19.7) 10 (22.2) 22 (20.8)

Data are presented as the mean = standard deviation, unless indicated
otherwise

the relative frequency of Mt5178C and Mt5178A was 58.2
(64/110) and 41.8% (46/110), respectively. There were no
statistically significant differences between the Mt5178
C/A genotypes in terms of age, BMI, or smoking and
drinking habits, and no significant change was seen
between 1999-2000 and 2003-2004 in BMI, smoking
habits, or frequency of alcohol intake in either group.
Table 3 shows the prevalence of subjects with serum
cholesterol levels falling within and outside the normal
range at the time of both medical checkup visits. The
percentage of subjects whose TC fell outside the normal

range was 30.9% (34/110) in 1999-2000 and 17.3% (19/
110) in 2003-2004 (p = 0.027, chi-square test).

In the Mt5178C group, the percentage of subjects with a
TC level that fell outside of the normal range did not change
significantly between 1999-2000 and 2003-2004, while in
the Mt5178A group, this decreased from 37.0% (17/46) in
1999-2000 to 13.0% (6/46) in 2003-2004 (p = 0.016). No
significant changes were observed between the two check-
ups in these percentages for the LDLC and HDLC levels in
whole cohort or in either genotype group.

The means and SD of the TC, LDLC, and HDLC levels
in each period, 1999-2000 and 2003-2004, and the change
by genotype are shown in Table 4. The mean TC level
decreased significantly (p = 0.020) in the whole cohort.
Although the TC level in the Mt5178C group decreased
from 1999-2000 to 2003-2004, this decrease was not sta-
tistically significant. In contrast, the decrease in TC levels
in the Mt5178A group was significant (p = 0.016). No
significant difference was observed in the change between
the Mt5178C (—3 mg/dl) and Mt5178A (—9.5 mg/dl)
groups (p = 0.269).

The LDLC level decreased slightly from 1999-2000 to
2003-2004 in the whole cohort and in both the Mt5178C
and Mt5178A groups when considered separately, but these
decreases over time were not significant, and the changes in
LDLC levels were also not significantly different between
groups (whole cohort, A genotype, and C genotype).

The HDLC level in the Mt5178A group significantly
increased from 1999-2000 to 2003-2004 (p = 0.018),
while the HDLC level in the Mt5178C group remained
unchanged. The change in the Mt5178C (0 mg/dl) and
the Mt5178A (3 mg/dl) groups was significantly different
(p = 0.015).

In the univariate analysis of TC, age, BMI, drinking
frequency, and smoking habit were significant at p < 0.05;
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Table 3 Proportion of subjects with serum cholesterol levels falling
within and outside the normal range at the 1999-2000 and 2003-2004
checkups

Serum cholesterol  1999-2000 2003-2004
components — - — -
Within Outside Within Outside
normal normal normal normal
range (%) range (%) range (%) range (%)
Total
TC 76 (69.1) 34 (30.9) 91 (82.7) 19 (17.3)*
LDLC 77 (72.6) 29 (27.4) 85(80.2) 21 (19.8)
HDLC 98 (89.1) 12 (10.9) 97 (88.2) 13 (11.8)
C
TC 47 (73.4) 17 (26.6) 51 (79.7) 13 (20.3)
LDLC 46 (74.2) 16 (25.8) 49 (79.0) 13 (21.0)
HDLC 56 (87.5) 8 (12.5) 56 (87.5) 8 (12.5)
A
TC 29 (63.0) 17 (37.0) 40 (87.0) 6 (13.0)*
LDLC 31 (70.5) 13 (29.5) 36 (81.8) 8 (18.2)
HDLC 42 (91.3) 4 (8.7) 41 (89.1) 5(10.9)

*p < 0.05, compared to the ratio from the 1999-2000 checkup by
Chi-square test

TC Total cholesterol, LDLC low-density lipoprotein cholesterol,
HDLC high-density lipoprotein cholesterol

Data are presented as the number of subjects, with the percentage
given in parenthesis

in the univariate analysis of HDLC and LDLC, age, BMI,
and drinking frequency were significant at p < 0.05.
Although smoking habit was not significant in the univar-
iate analyses of HDLC and LDLC, it is clear that smoking
influences HDLC and LDLC. Therefore, smoking habit
was also used as the variable in the covariance analyses of
HDLC and LDLC.

Discussion

In this investigation, the decrease in TC levels in the
Mt5178A group was significant after age, BMI, smoking,
and drinking habits had been accounted for, although no
significant difference was observed in the change between
the Mt5178C and Mt5178A groups. HDLC levels were
found to have significantly improved in the Mt5178A
group during the 4 or 5 years between the checkups,
whereas no significant changes were observed between
checkups in the Mt5178C group. The frequency of the
Mt5178A genotype observed among our subject cohort was
similar to the 43.8% reported by Tanaka et al. [1], thus
suggesting that there is no genetic bias in the subjects in
this study.

The general assumption is that in both men and women,
in the absence of intervention, the serum HDLC level will
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remain relatively stable throughout adult life [18-20] or to
show a tendency to decrease as a person ages [18, 21-23].
In their study, Wilson et al. [18] showed that HDLC
decreased in all age groups of men and women (range at
baseline 20-79 years) over follow-up intervals of 8 years
and that these changes occurred among healthy elderly
individuals not taking lipid-altering medications. They also
reported that age itself was an important determinant of
change in HDLC levels. The strength of the relationship
between HDLC and BMI was weaker in men older than 45
years than in men at younger ages, whereas the decline in
HDLC was proportional to change in BMI among men of
all ages. Furthermore, cigarette smoking and alcohol intake
had less influence on HDLC levels in people over the age
of 50 years than in younger individuals; nevertheless, the
cessation of either cigarette smoking or high alcohol intake
was associated with increased HDLC in both men and
women [18]. In our study, there were no significant chan-
ges in the factors (specifically LDLC level, weight, BMI, or
smoking and drinking habits) known to affect HDLC levels
in any of the three groups (whole cohort, Mt5178A group,
or Mt5178C group) between the first and follow-up
checkups; therefore, we suggest that the Mt5178A variant
itself was responsible for the observed increase in HDLC
levels in the Mt5178A group.

Although the mechanism by which Mt5178A influences
the HDLC levels is not clear, the substitution of adenine by
cytosine at Mt5178 results in a deduced amino acid change
from leucine to methionine, and this change at residue 237
of NADH dehydrogenase subunit 2 may bring the func-
tional change in NADH dehydrogenase. Levine et al. [24]
demonstrated that a variety of oxidants react readily with
methionine to form methionine sulfoxide and that surface-
exposed methionine residues create a high concentration
of reactant, available as an efficient oxidant scavenger.
Reduction back to methionine by methionine sulfoxide
reductases would allow the antioxidant system to function
catalytically. Thus, methionine may scavenge many oxi-
dizing molecules [24, 25]. Methionine in the proteins of the
Mt5178A group could be considered to be more efficient in
defending against oxidative stress and keeping serum lipid
levels normal in comparison to those of the Mt5178C group.
Gusdon et al. [26] examined mitochondrial reactive oxygen
species (ROS) production in mice with the typical Mt4738C
and Mt4738A genotype, respectively, which encoded in a
leucine to methionine amino acid substitution at NADH
dehydrogenase subunit 2 gene. These authors showed that
Mt4738 A mice exhibited lower ROS production. Thus, the
single similar nucleotide polymorphism in Mt5178C/A may
itself be involved in the functional change against ROS-
associated conditions alike. Further investigation to identify
the biochemical mechanism in experimental animals will be
necessary as well as human epidemiological studies.
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Table 4 Total cholesterol, high-density lipoprotein cholesterol and low-density lipoprotein cholesterol among the study subjects in 1999-2000

and 2003-2004 years and changes

Serum cholesterol components® 1999-2000° 2003-2004° Changes®
Total group
TC (n = 110) 203.1 £+ 35.0 197.1 + 28.0* —7.5 (=73 to 64)
LDLC (n = 106) 122.7 £ 31.0 119.9 £ 26.5 —3 (=65 to 70)
HDLC (n = 110) 535 £ 11.6 542 £ 11.6 1 (—=19 to 28)
Mt5178 C group
TC (n = 64) 202.5 £ 36.2 199.0 £ 29.9 —3 (=73 to 64)
LDLC (n = 62) 122.7 £ 32.1 121.6 £ 28.1 —3 (=65 to 70)
HDLC (n = 64) 547 £ 11.7 54.0 + 10.8 0 (=19 to 15)
Mt5178 A group
TC (n = 46) 204.0 + 33.6 194.5 + 25.2% —9.5 (=71 to 45)
LDLC (n = 44) 122.8 £ 29.8 1175 £ 242 —4 (=53 to 53)
HDLC (n = 46) 51.8 £ 11.3 54.5 + 12.6* 3 (—10 to 28)*

*p < 0.05, compared to the level of 1999-2000 by Wilcoxon signed-rank test; #p < 0.05, compared to the C genotype and A genotype by
analysis of covariance adjusted for age, BMI, smoking habit, and drinking habit

a

® Data are presented as the mean £ SD (units: mg/dl)

n refers to the number of patients for which the data were available

¢ Data are presented as the median, with the minimum-maximum range in parenthesis (units: mg/dl)

Individuals with Mt5178A have been reported to be
relatively less susceptible to adult-onset diseases, such as
myocardial infarction and atherosclerosis [8, 14]. Based on
the results of a study carried out by Gordon et al. in men
between the ages of 30 and 69 years [27], a 1 mg/dl
increment in HDLC was associated with a significant
1.9-2.3% decrement in the incidence rates of coronary heart
disease (CHD) and with a 3.7-4.7% decrement in CHD
mortality rates. It would also appear that a 2.7 mg/dl
increment in HDLC in individuals with the Mt5178A
genotype influences the incidence and mortality rates of
CHD. In another study involving Japanese men aged
>30 years, there was a positive graded relationship between
TC (>160 mg/dl) and mortality due to coronary artery
disease after adjustment for age, serum albumin, BMI,
hypertension, diabetes, cigarette smoking, and alcohol
intake [28]. On the grounds that the TC group even within
normal ranges had a gradual higher multivariate-adjusted
hazard ratio for CHD mortality [28], these authors proposed
that slight decreases of TC shown in the Mt5178A subjects
could influence the risk of CHD incidence.

Brousseau et al. [29] reported that a significant increase
in the frequency of the mutant G3456C allele of the ABC-
Al gene was observed in the Veterans Affairs Cooperative
HDL Cholesterol Intervention Trial (VA-HIT), which
compared men with a history of CHD and a low serum
HDLC level (<40 mg/dl) to another group of men without
any history of CHD. These authors reported that the
G3456C variant was associated with a more than twofold
increase in risk for CHD end points, defined as death due to

CHD or nonfatal myocardial infarction, whereas no sig-
nificant difference was observed in the HDLC level
between those individuals with the ABC-A1l genotype in
the VA-HIT [29]. Taking such research into consideration,
the question of whether the Mt5178 C/A polymorphism
influences the risk factors of CHD, including high blood
pressure and blood sugar levels as well as serum lipids, also
warrants further long-term follow-up studies.

In this study, the HDLC level in individuals with the
Mt5178A genotype significantly increased from 1999-2000
to 2003-2004, while that in individuals with the Mt5178C
genotype was unchanged; there were also no significant
differences observed in the HDLC levels between the two
groups (Mt5178C and Mt5178A genotypes) in the two
periods. One of the limitations of this study relates to the
generalizability of the results. The short interval period
evaluated is a potential weakness of this paper, as is the
small sample size. The reason why individuals with the
Mt5178A polymorphism had a lower level of HDLC than
those with Mt5178C at baseline is unknown and requires a
large-scale study for further elucidation. As the subjects in
our study were all Japanese and only a limited number of
measurements was available, the subjects should have been
recruited from at least two or more areas in Japan. Fur-
thermore, a larger cohort study involving different ethnic
groups is needed to definitively demonstrate the contribu-
tions of the Mt 5178 C/A polymorphism to serum choles-
terol levels. In our research, dietary habit and physical
activity were not added to the confounding variables under
consideration. As both dietary habit and physical activity
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influence cholesterol levels, an analysis in which these
variables are considered is required. Moreover, for practical
reasons in the routine health checkup setting, LDLC was
estimated using the values of TC and TG based on
Friedewald’s formula. However, the TG values can readily
fluctuate, depending on the number of fasting hours and the
last dietary intake; thus, direct, repeated measurements are
required to evaluate LDLC as precisely as possible.

In conclusion, among our study cohort of middle-aged
Japanese men, the Mt5178 C/A polymorphism tended to
contribute to longitudinal changes in TC and HDLC. Our
findings may suggest the possibility of a more personal-
ized, patient-specific preventative intervention based on
genotyping. They may also suggest that individuals with
the Mt5178C genotype should receive more careful health-
maintenance instructions during the course of preventive
consultations for atherogenic diseases.
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