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Low HDL Cholesterol Is Associated With the
Risk of Stroke in Elderly Diabetic

Individuals

Changes in the risk for atherosclerotic diseases at various ages
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OBJECTIVE — To clarify the relationship between lipid levels and ischemic heart disease
(IHD) and cerebrovascular disease (CVD) in diabetic individuals.

RESEARCH DESIGN AND METHODS — The Japan Cholesterol and Diabetes Mellitus
Study is a prospective cohort study of 4,014 type 2 diabetic patients (1,936 women; mean * SD
age 67.4 * 9.5 years). Lipid and glucose levels and other factors were investigated in relation to
occurrence of IHD or CVD.

RESULTYS — 1HD and CVD occurred in 1.59 and 1.43% of participants, respectively, over a
2-year period. The relation of lower HDL or higher LDL cholesterol to occurrence of IHD in
subjects <65 years old was significant. Lower HDL cholesterol was also significantly related to
CVD in subjects 265 years old and especially in those >75 years old (n = 1,016; odds ratio
0.511 [95% CI 0.239-0.918}; P < 0.03). Stepwise multiple regression analysis with onset of
CVD as a dependent variable showed the same result.

CONCLUSIONS - Lower HDL cholesterol is an important risk factor for not only THD but
also CVD, especially in diabetic elderly individuals.

Diabetes Care 32:1221-1223, 2009

ever, diabetic individuals have an in-
creased risk of IHD (1,2). Risk factors for
IHD or CVD in elderly diabetic individu-
als are not fully known (3), and the Japan
Cholesterol and Diabetes Mellitus Study
was formulated to evaluate them (Umin

ype 2 diabetes, dyslipidemia, and
aging are independent risk factors
for cardiovascular diseases. Japa-
nese individuals have lower rates of isch-
emic heart disease (IHD) and higher rates
of cerebrovascular disease (CVD); how-
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RESEARCH DESIGN AND
METHODS — The japan Cholesterol
and Diabetes Mellitus Study is a single-
center prospective cohort study com-
prised of 4,014 Japanese diabetic
individuals on a consecutive outpatient
basis recruited between September 2004
and March 2005 (1,936 women; mean *
SD age 67.4 * 9.5 years [range 35-83
years]). Patients with previous IHD (myo-
cardial infarction, unstable angina pecto-
ris, angioplasty, or bypass grafting) or
CVD (stroke) were excluded. Follow-up
information was available for 98.2 and
92.3% of patients enrolled in the first and
second years, respectively. Patients were
divided into those aged <65 years, 65-74
years, and >75 years (n = 1,267, 1,731,
and 1,016, respectively). The primary
end points were onset of IHD or CVD.
Plasma lipid, glucose, A1C, and other rel-
evarit levels were measured annually.

The study was approved by institu-
tional review boards and by the safety-
monitoring board. All events were
confirmed by the organizing committee
annually. The guidelines of the Japan Ath-
erosclerosis Society (2002), stating that
LDL cholesterol should be <120 mg/dl
and HDL cholesterol >40 mg/dl in dia-
betic individuals, and the American Dia-
betes Association criteria for diagnosis of
type 2 diabetes were used (4,5).

Results are presented as means = SD.
All statistical analyses were performed us-
ing JMP software (SAS Institute, Cary,
NC). Incidences were analyzed in relation
to risk factors. Univariate and multiple lo-
gistic regression analysis and stepwise
analysis were used. Values of P < 0.05
were considered significant.

RESULTS — Mean AlC, fasting
plasma glucose, LDL cholesterol, triglyc-
eride, HDL cholesterol, and systolic and
diastolic blood pressure levels on registra-
tion were 7.53 = 1.12%, 159.4 £ 52.7
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Age-based changes in risk for atherosclerotic diseases

Table 1—Adjusted multiple regression analyses of factors found to be significant by univariate regression analysis for IHD or CVD, as well as

major atherogenic risk factors; total n = 4,014

<65 years old (n = 1,276)

65-74 years old (n = 1,731)

=75 years old {n = 1,016)

Adjusted OR {95% CI) P Adjusted OR (95% CI) P Adjusted OR (95% C1) p
IHD
Sex 1.469 (1.02-1.94) 0.02* 1.109 (1.02-1.74) 0.04* 0.829 {0.23-3.06) 0.78
Age 1.063 (0.96-1.20) 0.28 0.991 {0.86-1.15) 0.99 0.996 (0.83-1.17) 0.87
LDL cholesterol 1.225(1.02-2.04) 0.04* 1.001 (0.72-1.25) 0.89 0.776 (0.43-1.40) 0.40
HDL cholesterol 0.659 (0.39-0.98) 0.04* 0.939 (0.68-1.25) 0.38 0.946 (0.58-1.29) 0.23
Triglycerides 1.356 (1.00-2.02) 0.05 0.731 (0.52-1.94) 0.18 0.881 (0.46-1.70) 0.71
AlC 1.179 (0.75-1.88) 0.27 1.082 (0.76-1.55) 0.67 1.274 (0.57-2.35) 0.44
SBP 0.702 (0.49-1.09) 0.15 1.082 (0.79-1.69) 0.15 1.051 (0.58-1.89) 0.87
DBP 1.020 (0.97-1.05) 028 1.088 (0.73-1.27) 0.24 1.998 (0.99-4.35) 0.08
CVD
Sex 1.158 (0.68-2.17) 0.47 1.004 (0.79-1.69) 0.82 0.847 (0.45-1.52) 0.58
Age 1.006 (0.94~1.10) 0.88 0.982 (0.82-1.14) 0.39 1.139 (0.99-1.30) 0.06
LDL cholesterol 1.099 (0.98-1.23) Q.06 1.067 (0.76-1.44) 0.51 1.128 (0.64-1.59) 0.71
HDL cholesterol 0.888 (0.64~1.48) 0.09 0.758 (0.53-0.98) 0.04* 0.511 (0.24-0.92) 0.04*
Triglycerides 1.147 (0.68-2.04) 0.62 1.070 (0.69-1.67) 0.75 1.355 (0.75-2.56) 0.32
AlC 0.996 (0.64-1.28) 0.52 1.019 (0.75-1.74) 0.54 1.015 (0.60-1.72) 0.95
SBP 1.005 (0.67-1.33) 0.86 0.991 (0.94-1.13) 0.35 1.063 (0.62~1.57) Q.75
DBP 1.109 (0.61-2.13) 0.74 1.303 (0.81-2.09) 0.27 1.045 (0.68-1.5) 0.59
IHD CVD
<65 years 65-74 years =75 years <65 years 65-74 years =75 years
old old old Total old old old Total
HDL cholesterol (mg/dl)
<44 2.31 2.49 1.68 2.14 1.13 1.99 2.62* 2.01
44-53 1.45 1.45 1.64 1.50 1.05 1.84 2.15* 1.64
54-63 1.25 141 0.98 1.23 1.44 0.80 0.88* 1.04
=64 0.42 1.69 0.99 1.19 1.0 0.80 0.45* 0.72

Data were adjusted for sex. The ratio of male to female subjects is 1:1. *Statistically significant (P <0.05). DBP, diastolic blood pressure; SBP, systolic blood pressure.

mg/dl, 120.3 + 32 mg/dl, 140.6 + 108.3
mg/dl, 55.8 + 18.0 mg/dl, 136.5 = 17.1
mmHg, and 75.1 £ 11.1 mmHg, respec-
tively. Insulin and oral agents for diabetes
were prescribed for 19.9 and 70.5% of
individuals, respectively. Dyslipidemia
was seen in 79.1%, and antihyperlipi-
demic drugs were prescribed in 59.0%.
Mean lipid and glucose metabolism levels
did not change significantly over the
2-year study period.

In the first and second years, 83 and
69 vascular events occurred, respectively.
IHD and CVD occurred in 0.80 and
0.71% of total patients per year. The rela-
tionship between IHD or CVD and back-
ground factors such as LDL cholesterol
levels in each age-group was analyzed by
univariate logistic regression.

Sex, age, LDL cholesterol, HDL cho-
lesterol, and triglyceride were signifi-
cantly related to IDH in patients aged
<65 years. Age, sex, history of hyperten-
sion, and antihypertensive drugs were re-
lated in patients aged between 65 and 74

years, and sex and systolic and diastolic
blood pressure were related in patients
aged > 75 years. CVD and LDL choles-
terol were related in patients aged <65
years, and HDL cholesterol and systolic
blood pressure were related in patients
aged >75 years.

We performed multiple regression
analysis with factors found to be signifi-
cant by univariate regression analysis for
IHD or CVD and other atherogenic risk—
related factors (A1C, etc.) in three age-
groups (Table 1). LDL and HDL cholesterol
were associated with [HD in patients
aged < 65 years but not in other age-
groups. Sex was associated with IHD in
individuals aged <74 years. HDL choles-
terol was also associated with CVD in in-
dividuals between aged between 65 and
74 years and >75 years.

Stepwise multiple regression analysis
was performed using factors that were
found to be significant by univariate re-
gression analysis for IHD or CVD and
other atherogenic risk-related factors,

HDL and LDL cholesterol were associated
with [HD in individuals aged <65 years
(HDL cholesterol odds ratio 0.79 {95% C1
0.58—0.96; P = 0.04] and LDL choles-
terol 0.60 [0.33-0.99; P = 0.04]). HDL
cholesterol was associated with CVD in
individuals aged between 65 and 74 years
and =75 years (65-74 years 0.73 [0.56—
0.94;, P = 0.04] and =75 years 0.60
[0.35-0.81;, P = 0.01]).

The relation of age or HDL cholesterol
to THD and CVD was evaluated in quartile
categories. HDL cholesterol levels were
inversely correlated with IHD in individ-
uals aged <65 years (hazards ratio 0.633
195% CI1 0.428-0.975]) but not in other
groups. The relationship between CVD
and HDL cholesterol was prominent in
those aged >73years but not in other age-
groups (Table 1). There were no sex-
related differences in the relationship of
HDL cholesterol with CVD. There was no
relationship between LDL, triglyceride,
fasting blood glucose, or A1C and the fre-
quency of CVD.
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CONCLUSIONS — This study repre-
sents one of the largest-scale attempts to
examine IHD and CVD in middle-aged
and elderly diabetic individuals. In the
U.S., evidence suggests that middle-aged
diabetic individuals have an THD risk sim-
ilar to that for individuals with myocar-
dial infarction (6). However, this risk may
not exist in elderly diabetic individuals.
Many guidelines to prevent atherothrom-
botic diseases recommend strict control
of LDL cholesterol in diabetic patients but
the same guideline for HDL cholesterol
control (40 mg/dl) as that used for nondi-
abetic subjects (4-7).

A novel finding was that type 2 dia-
betic elderly individuals had frequent
CVD, and incidence rates were associated
with HDL cholesterol. Few data were
available for the relationship among el-
derly, type 2 diabetes, and CVD (8,9).

There have been three large-scale
clinical studies of statins that included
participants aged up to 75 years (10-12).
Although they reported that statins ex-
erted effects on IHD (including in diabetic
individuals), effects were not pro-
nounced. (Prosper reported that statins
induced a 16% decrease in IHD without
any effects on CVD.) The data suggest that
because LDL cholesterol decreased, sim-
ple LDL cholesterol control may not pre-
vent IHD or CVD in elderly individuals.
Our study shows the importance of HDL
cholesterol in CVD in elderly diabetic in-
dividuals and in IHD in middle-aged dia-
betic individuals. If HDL cholesterol is
well controlled in elderly diabetic pa-
tients, then CVD and IHD might be de-
creased to the levels found in middle-aged
cohorts. Patients prescribed statins whose
HDL cholesterol was <40 mg/dl showed
the same risk (data not shown). Although
medicated patients may be more con-
scious of diseases, HDL cholesterol is a
strong risk factor and masks the effects of
statins.

In conclusion, HDL and LDL choles-
terol were risk factors for IHD in diabetic
patients aged <65 years. In addition,
HDL cholesterol was a risk factor for CVD
in elderly diabetic subjects, especially
those aged >75 years. HDL cholesterol
may help prevent CVD in elderly diabetic
subjects. Risk factors for IHD and CVD
appear to change with advancing age.
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ABSTRACT

The elderly are prone to postprandial hyperglycemia that in-
creases their cardiovascular risk. Although insulin_therapy is
necessary to treat diabetes, high plasma concentrations of
insulin may cause the development of atherosclerosis and ‘ac-
celerate endothelial senescence. We assumed that high glu-
cose causes stress-induced premature senescence and repli-
cative senescence and examined the regulatory role of insulin
in endothelial senescence and functions under different glu-
cose conditions. Exposure of human endothelial cells to high
glucose (22 mM) for 3 days increased senescence-associated-
B-galactosidase activity, a senescence marker, and decreased
telomerase activity, a replicative senescence marker. Physio-
logical concentrations of insulin preserved telomere.length and

delayed endothelial senescence under high-glucose condi-

tions. The effect of insulin under high-glucose conditions was
associated with reduced reactive oxygen species and in-

creased nitric oxide (NO). Small interfering RNA targeting en-
dothelial NO synthase reduced the antisenescence effects of
insulin. Physiological concentrations of insulin also reversed
high-glucose-induced increases in p53 and vascular cell adhe-
sion molecule-1 and decreases in senescence marker protein-
30. On the other hand, when insulin was given at any concen-
trations under normal glucose or at high concentrations under
high glucose, its ability to promote cellular senescence was
unrelated to endothelial NO. Finally, streptozotocin-induced

.. diabetes showed more senescent cells in the aortic endothe-

lium of aged rats compared with age-matched control and
insulin-treated animals. Conclusively, the regulatory effects of

Jinsulin on endothelial senescence were modulated by the glu-

cose environment. These data may help explain insulin's com-
plicated roles in atherosclerosis in the elderly.

Introduction

Diabetes mellitus is a common and serious metabolic dis- secretion to food intake, and their cardiovascular risk in-

ease worldwide. It affects 240 million people, and those num-
bers are still increasing. Diabetic patients have a ~2.5- to
4-fold increased risk of cardiovascular events, and their life
spans can be shortened by as many as 10 years (Fox et al.,

This work was supported by a Grant-in-Aid for Scientific Research from the
Ministry of Education, Culture, Sports, Science, and Technology of Japan
[Grant 195910403].

Article, publication date, and citation information can be found at
http://jpet.aspetjournals.org.

doi:10.1124/jpet.110.177584.

2004). In the elderly, before diabetes is diagnosed, postpran-
dial hyperglycemia is common because of the delay in insulin

creases (Rodriguez et al., 1996).

Diabetes mellitus and aging are closely associated with
atherosclerosis, an inflammatory disease characterized by
endothelial dysfunction and oxidative stress, such as reactive
oxygen species (ROS), and leads to the destruction of nitric
oxide (NO) (Hayashi et al., 1991; Ignarro and Napoli, 2004).
Insulin is necessary to treat diabetes; however, elevated in-
sulin levels might be associated with cardiovascular events
(Murcia et al., 2004; Muniyappa et al., 2007). Insulin can

ABBREVIATIONS: ROS, reactive oxygen species; NO, nitric oxide; NOS, NO synthase; eNOS, endothelial NOS; IGF, insulin-like growth factor;
PI3-K, phosphatidylinositol 3-kinase; L-Arg, L-arginine; L-NAME, NC-nitro-L-arginine methyl ester; AICAR, 5’-aminoimidazole-4-carboxamide
ribonucleoside; LY294002, 2-(4-morpholinyl)-8-phenyl-4H-1-benzopyran-4-one; HUVEC, human umbilical venous endothelial cell; HAEC, human
aortic endothelial cell; SA-B-gal, senescence-associated-g-galactosidase; NOXx, nitrite and nitrate; siRNA, small interfering RNA; VCAM-1,
vascular cell adhesion molecule-1; STZ, streptozotocin; SMP30, senescence marker protein-30; CM-H,DCFDA, 5-(and-6)-chloromethyl-2',7'-

AQ:L dichlorodihydrofluorescein diacetate, acetyl ester; VE, vascular endothelial; NG, normal glucose; HG, high glucose; EHG, extremely high glucose.
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progress atherosclerosis through the migration and prolifer-
ation of smooth muscle cells (Stout, 1990). Therefore, insulin
is a double-edged sword in the treatment of diabetics; it
reduces oxidative stress and glucose toxicity, but it contrib-
utes to the atherogenic process.

Insulin and insulin-like growth factor-1 (IGF-1) signaling
promotes aging in Caenorhabditis elegans and mice through the
activation of phosphatidylinositol 3-kinase (PI3-K) and FOXO/
DAF16 pathways (Miyauchi et al., 2004). Recent clinical trials,
such as Action to Control Cardiovascular Risk in Diabetes,
warrant strict glucose control in the diabetic elderly because of
the possible increased risk of cardiovascular diseases. However,
the contribution of insulin is unclear. The detrimental effects of
insulin may be evident in the elderly, suggesting an important,
but unclear, role of insulin signaling in both atherosclerosis and
aging (Action to Control Cardiovascular Risk in Diabetes Study
Group et al., 2008).

Cellular senescence could contribute to aging processes,
such as atherosclerosis (Minamino and Komuro, 2007).
Senescent endothelial cells are found in human atheroscle-
rotic lesions but not in nonatherosclerotic lesions (Hayashi
et al., 2007), which suggests that cellular senescence con-
tributes to atherogenesis. However, the role of diabetes is
not fully understood.

Senescence ensuing from cell replication is termed “repli-
cative senescence,” which implicates an intrinsic mechanism
responsible for the life span of somatic cells (Hayashi et al.,
2008). Mitosis-related telomere shortening is critical. A de-
crease in telomerase activity precedes telomere shortening
(Bosnar et al., 1998). The senescence response is elicited by
many stressful stimuli, such as DNA damage (McLaren et
al., 2004) and ROS (Parrinello et al., 2003). Human cells

exposed to these stressors display features of “stress-induced

premature senescence” within several hours or a few days
that are probably related to telomerase disorganization

rather than telomere shortening per se (Yokoi et al., 2006 »

Minamino and Komuro, 2007).

Hyperglycemia generates oxidative stress that pushes nor-

mal endothelial cells to premature senescence (Hayashi et
al., 2006; Yokoi et al., 2006). Hyperglycemia is observed
ordinarily not only in diabetic individuals but also in the
elderly, who display impaired glucose tolerance. This study
aimed to delineate the regulatory role of insulin in endothe-
lial senescence on cardiovascular risks. We hypothesized that
insulin may act differently on endothelial senescence in a
manner that can be affected by glucose conoentratmns and
endothelial NO.

Materials and Methods

Materials. D-glucose, D-mannitol, L-arginine [L-Arg; a substrate of
NO synthase (NOS)], N®-nitro-L-arginine methyl ester (L-NAME; an
NOS inhibitor), and insulin were purchased from Sigma-Aldrich (St.
Louis, MO). Apocynin (an NADPH oxidase inhibitor), 5’-aminoimid-
azole-4-carboxamide ribonucleoside (AICAR; an AMP-activated protein
kinase agonist), and LY294002 (2-(4-morpholinyl)-8-phenyl-4H-1-
benzopyran-4-one; a PI3-K inhibitor) were purchased from Calbiochem
(San Diego, CA).

Cell Culture. We used two types of endothelial cells. Human
umbilical venous endothelial cells (HUVECs) and human aortic en-
dothelial cells (HAECs) were purchased from Lonza Walkersville
Inc. (Walkersville, MD) and cultured in endothelial cell growth me-
dium-2 until the start of the experiment. The cells were cultured in

modified endothelial cell growth medium-2 that lacked IGF-1 but
contained 2% fetal bovine serum during the experimental term. It
contained only less than 107'2 M insulin, which was considered to
have no affect on our outcome. According to our previous study
(Hayashi et al., 2006), five- to seven-passage subconfluent cells were
used in the experiments. Cells were harvested at subconfluence and
seeded into six-well plates.

Research Design. The effects of various concentrations of insulin
were examined in HUVECs or HAECs cultured under normal glu-
cose (5.5 mM; the same as human plasma) or high glucose (22 or 31
mM) for 72 h to 28 days. Mannitol was used to rule out the effect of
osmotic pressure. Senescence-associated-B-galactosidase (SA-B-gal),
telomerase activities, ROS generation, endothelial NOS (eNOS) ex-
pression, and NOx (nitrite and nitrate) were assessed. To elucidate
the possible mechanisms of the effects of insulin, L-Arg, L-NAME,
apocynin, AICAR, LY294002, and small interfering RNA (siRNA)
targeted to eNOS were treated during the same term as insulin.

Pulmonary Microvascular Leakage. SA-B-gal activity was
measured by flow cytometry as described previously (Kurz et al.,
2000). After the experiment, HUVECs were incubated with C,,FDG
(fluorogenic substrate 5-dodecanoyl-aminofluorscein di-B-D-galacto-
pyranoside; 33 mM) at 37°C for 30 min. Cells were trypsinized and
analyzed using a FACSCalibur flow cytometer (BD Biosciences,
Franklin Lakes, NJ). Cytochemical staining for SA-B-gal was per-
formed at pH 6 using the senescence detection kit (Bio Vision Re-
search Products, Mountain View, CA) (Canela et al., 2007).

Human Telomerase Activity Assay. Telomerase activity was
measured using the TeloTAGGG Telomerase PCR ELISATMUS kit
(Roche Diagnostics, Mannheim, Germany) (Hayashi et al., 2006).
This assay is based on the telomere repeat application protocol (trap)
assay. Protein concentrations were determined using a DC Protein
Assay kit (Bio-Rad Laboratories, Hercules, CA).

Human Telomere Length Assay. Telomere length was mea-
sured by fluorescence in situ hybridization using flow cytometry
(Canela et al., 2007).

Western Blot Analysis. Immunoblotting was performed as de-

‘scribed in our previous reports (Fukatsu et al., 2007; Miyazaki-

Akita et al., 2007). Samples of cell homogenate (5-10 png) were
subjected to electrophoresis on polyacrylamide gels, and proteins
were transferred to polyvinylidene difluoride filter membranes.

The membrane was blotted with the indicated antibodies and

processed via chemiluminescence. We note that the actual immu-
noblot data were obtained from exactly the same samples under
exactly the same conditions.

Flow Cytometric Analysis of ROS Generation. Intracellular
oxidant generation was detected with the fluorescent probe, 5-(and-
6)-chloromethyl-2',7’-dichlorodihydrofluorescein diacetate, acetyl es-
ter (CM-H,DCFDA) (Invitrogen, Carlsbad, CA) (Chandra et al.,
2003). Cells were incubated with CM-H,DCFDA (10 mM) at 37°C for
30 min,.and flow cytometry was performed.

Immunofluorescence and Confocal Analysis. Cultured endo-
thelial cells were fixed with a 4% formalin solution and exposed to
the fluorescent antibody overnight either with an anti-vascular cell
adhesion molecule-1 (VCAM-1) antibody (Santa Cruz Biotechnology
Inc., Santa Cruz, CA) or an anti-VE-cadherin antibody (Alexis Bio-
chemicals, San Diego, CA). Endothelial cells were treated with an
ROS detection reagent (CM-H,DCFDA; Invitrogen). The nucleus
was counterstained with Hoechst 33258 (Nacalai Tesque, Kyoto,
Japan). Images were observed using a Leica (Wetzlar, Germany)
TCS-SP5 confocal system.

Transfection of eNOS siRNAs. siRNAs targeting human eNOS
were developed in our laboratory (Miyazaki-Akita et al., 2007). Nonsilenc-
ing control siRNA (QIAGEN, Tokyo, Japan) was used as a negative control.
A control with scrambled siRNA was also used as a control. The following
sequences were used: 5'-CGAGGAGACUUCCGAAUCUUU-3' (sense) and
5'-PAGAUUCGGAAGUCUCCUCGUU-3' (antisense) for eNOS siRNA;
5'-UUCUUCGAACGUGUCACGUATAT-3' (sense) and 5'-ACGUGA-
CACGUUCGGAGAAJTAT-3’ (antisense) for control siRNA. siRNA (1 nM)
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was transfected using Lipofectamine RNAIMAX (Invitrogen). After incu-
bation for 72 h, the down-regulation of eNOS expression was confirmed by
Western blotting and NOx levels.

Generation of Streptozotocin Diabetic Animal Model. We
generated young (8 weeks old) and aged (82 weeks old) diabetic rats
(Sprague-Dawley rats) using streptozotocin (STZ) (60 mg/kg i.p.).
The control group was injected with the buffer solution alone. After
we confirmed that plasma glucose levels were higher than 350 mg/d|,
diabetic rats were randomly divided into two groups. The STZ-
insulin group received insulin (4 IU/day s.c.), and the STZ group
received saline alone. Plasma glucose levels and body weights
were measured daily. After treatment for 7 days, the rats were
sacrificed for measurements of SA-B-gal activity and other aging-
related proteins.

Statistical Analysis. The data are presented as the mean + S.E.
Statistical analysis was performed using one- or two-way analysis of
variance followed by Fisher’s protected least-significant-difference
test. A P value less than 0.05 was considered significant.

Results

Cellular Senescence Assessed by SA-B-Gal Activity.
Both HUVECs and HAECs were examined to verify the
similarity of the endothelial senescence responses to vari-
ous stimuli in different types of endothelial cells. Glucose
increased SA-B-gal activity in a concentration-dependent
(Fig. 1, A and B) and time-dependent manner. Under nor-
mal glucose, all concentrations of insulin increased SA-B-
gal activity in HUVECs and HAECs (Fig. 1, A and B).
However, insulin at 107'° M, a physiological concentra-
tion, prevented the increase in SA-B-gal activity that was
induced by high-glucose conditions (Figs. 1 and 2A). How-
ever, treatment with supraphysiological concentrations of
insulin (10~7 to 107 M) enhanced the high-glucose (22
mM)-induced increase in SA-B-gal activity (Figs. 1A and

2A), although insulin at 107 M did not cause further

increase in SA-B-gal activity beyond that of extremely high
glucose (31 mM) alone (Fig. 1A). To rule out an osmotic
effect, we added 25 mM mannitol to 5.5 mM glucose and

Glucose, Insulin, and Endothelial Senescence 3

9.5 mM mannitol to 21 mM glucose. Mannitol was without
effect on cellular senescence (data not shown).
Replicative and Stress-Induced Senescence. Telomer-
ase activity decreased significantly after 3 days of exposure
to high glucose in HUVECs, and subsequently, telomere
length was significantly shortened by 4 weeks, which indi-
cated replicative senescence (Fig. 2, B and C). Physiological
concentrations (1071° to 10™° M) of insulin prevented this
decrease in telomerase activity and telomere shortening in-
duced by high glucose (Fig. 2, B and C). However, such effects
were not observed at high concentrations of insulin (1078 to
10~ M) (Fig. 2, B and C). The endothelial expression levels
of p53, a canonical inducer of cellular senescence (Kletsas et
al., 2004), and senescence marker protein-30 (SMP30), a
protein that decreases with aging (Feng et al., 2004), were
significantly affected by high insulin under normal and high
glucose in the absence of insulin (Fig. 3, A and B). Therefore,
the high-glucose-induced increase in p53 was significantly
decreased and the decrease in SMP30 was significantly in-
creased by insulin at a physiological concentration.
Phosphorylation of Akt and eNOS. No evident decrease
in glucose levels in the culture medium was found, and we
never detected that the glucose transporter protein GLUT4
was expressed in human endothelial cells (data not shown),
which is consistent with the previous report that endothelial
cells lack GLUT4 (Chisalita et al., 2006). This suggests the
gpecificity of glucose metabolism in human endothelial cells
compared with other tissues. We also investigated the effects
of insulin on high-glucose-induced changes in Akt and eNOS
activation in human endothelial cells. As shown in Fig. 3C,
phosphorylation levels of Akt and eNOS were inhibited by
high glucose, and they were prevented by insulin at both
physiological and supraphysiological concentrations. These
regults suggest that the favorable effect of physiological in-
sulin on endothelial senescence under high glucose cannot be
attributed solely to the ability to improve the high-glucose-
induced impairment of Akt/eNOS signal transduction.
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Fig. 2. Effects of insulin on senescence in HUVECSs exposed to high glucose. A and B, concentration-dependent effects of insulin on SA-B-gal activity
(3 days of exposure) (A) and telomerase activity (B) under high glucose. Telomerase activity was measured by the telomere repeat application protocol
(trap) assay (n = 6). ¥, P < 0.05; **, P < 0.01 versus HG without insulin. C, effects of low and high concentrations ol insulin on telomere length under
normal or high glucose (28 days of exposure). Telomere length was measured to evaluate the relationship to replicative senescence (n = 5). *, P < 0.05
versus NG; 1, P < 0.05 versus HG.
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Fig. 3. Effects of insulin on p53 expression, SMP30 expression, and eNOS and Akt phosphorylation in HUVECs. A, bottom, effects of low and high
concentrations of insulin on p53 expression under normal and high glucose (3 days of exposure). **, P < 0.01 versus NG without insulin. NG, 5.5 mM;
HG, 22 mM. Top, representative Western blots of p53 and actin (n = 6). B, bottom, effects of low and high concentrations of insulin on SMP30
expression under normal and high glucose (3 days of exposure). *, P < 0.05 versus NG without insulin. {, P < 0.05 versus HG without insulin. NG,
5.5 mM; HG, 22 mM. Top, a representative Western blot of SMP30 (n = 6). C, bottom, effects of low and high concentrations of insulin on the
phosphorylation of eNOS and Akt under normal and high glucose (3 days of exposure). f, P < 0.05 versus HG without insulin. NG, 5.5 mM; HG, 22
mM. Top, representative Western blots (n = 6).

ROS Generation and VCAM-1 Expression. The expo-
sure of HUVECsS to high glucose (22 mM) for 3 days increased
ROS generation (Fig. 4, A and B). Insulin did not significantly
affect ROS generation under normal glucose. However, both
physiological and high concentrations of insulin reduced ROS
generation under high glucose (Fig. 4, A and B). The expression
of VCAM-1, which is involved in the recruitment of leukocytes
to inflammatory sites, under normal glucose was unchanged by

physiological insulin treatment, but it normalized the high-
glucose-induced increase in VCAM-1 expression (Fig. 4C). The
expression of VE-cadherin was unaffected by any of the treat-
ments individually or combined.

Effect of NO on Cellular Senescence. 1-Arg, a NOS sub-
strate, had no effect on the SA-B-gal activity of HUVECs incubated
with high glucose (Fig. 5A). I-NAME, a NOS inhibitor, signifi-
cantly increased SA-B-gal activity (Fig. 5A). In contrast, apocynin,
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Fig. 4. Effects of insulin on ROS generation and VCAM-1 expression in HUVECs exposed to high glucose for 3 days. ROS generation was detected as
intracellular oxidant generation by flow cytometry. Images of intracellular ROS and VE-cadherin were obtained by immunofluorescence and confocal
analysis. A, concentration-dependent effects of insulin on ROS generation under normal and high glucose (n = 5). *, P < 0.05 versus NG without
insulin. NG, 5.5 mM; HG, 22 mM. B, images of intracellular ROS visualization using CM-H,DCFDA. Effects of 107'° M insulin on ROS generation
under normal and high glucose are shown. C, immunofluorescent images for VCAM-1. Effects of 10~'° M insulin on VCAM-1 expression under normal
and high glucose are shown. In the merged images, nuclei were counterstained with Hoechst.

an NADPH oxidase inhibitor, and AICAR, an AMP-activated pro-
tein kinase agonist, inhibited SA-B-gal activity under high glucose
(Fig. 5A).

Coincident with the changes in SA-B-gal activity, L-NAME
further decreased telomerase activity, but apocynin and
AICAR increased this activity and prevented the effects of
high glucose (Fig. 5B). Apocynin decreased ROS levels under
high glucose, whereas L-Arg and L-NAME had no effect on
the high-glucose-induced increase in ROS (Fig. 5C).

To further substantiate the contribution of NO in mediat-
ing the effects of glucose and insulin on cell senescence,
siRNA was used to specifically knock down eNOS mRNA in
HUVECSs. The transfection of eNOS siRNA for 72 h success-
fully silenced the expression of eNOS protein and reduced
NOx production compared with the negative control under
normal and high-glucose conditions (Fig. 5, D and E). The
increases in eNOS protein (Fig. 5D) and NOx (Fig. 6) ob-
served under high glucose in the presence of physiological
insulin were significantly reduced by eNOS siRNA (Fig. 5D).

Under normal glucose, transfection with eNOS siRNA alone
marginally affected SA-B-gal activity (Fig. 5F), and physiologi-
cal insulin significantly increased SA-B-gal activity with eNOS

siRNA. High concentrations of insulin significantly increased
SA-B-gal activity regardless of whether eNOS siRNA was ap-
plied. However, under high glucose, treatment with eNOS
siRNA further significantly enhanced SA-B-gal activity and
blunted the decreased activity induced by physiological concen-
trations of insulin. Likewise, LY294002, a PI3-K inhibitor, elim-
inated the inhibitory effect of physiological insulin on SA-B-gal
activity under high glucose. SA-B-gal under high glucose re-
mained elevated even in the presence of a high concentration of
insulin in the absence or presence of LY294002 (Fig. 5G).
Aged Diabetic Rats and Vascular Senescence. We
generated young (8 weeks old) and old adult (82 weeks old)
diabetic rats using STZ. The plasma glucose levels in aged
rats were 102 = 12 mg/dl in the control group, 429 = 117
mg/dl in the diabetic group, and 153 * 39 mg/dl in the
insulin-treated diabetic group. Insulin levels were 0.75 =+
0.46, 0.18 *= 0.10, and 3.53 * 1.13 ng/ml, respectively. The
plasma glucose and insulin levels in control, diabetic, and
insulin-treated diabetic groups of young rats were not signif-
icantly different from the respective groups of aged rats (data
not shown). SA-B-gal-stained cells in the aortic endothelium

are shown in Fig. 7. In young rats, no significant SA-B-gal- F7
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Fig. 5. Analysis of the possible mechanisms underlying the effects of high glucose and insulin in endothelial senescence in HUVECs. A, B, and
C, effects of L-Arg, L-NAME, apocynin, and AICAR on the changes in SA-B-gal activity (A), telomerase activity (B), and ROS generation (C) were
examined in HUVECs exposed to high glucose for 72 h (n = 6). *, P < 0.05; **, P < 0.01 versus HG. NG, 5.5 mM; HG, 22 mM. D and E, bottom, effects
of insulin on eNOS protein expression and cellular senescence in HUVECs for 3 days. Concentration-dependent effects of insulin on eNOS protein
expression under normal and high glucose are presented with eNOS siRNA transfection. For comparison, the effects of L-NAME and apocynin are
shown. Nonsilencing control siRNA was used as a negative control, and scrambled siRNA was used as a control. *, P < 0.05; *+, P < 0.01 versus NG.
1, P < 0.05; 11, P < 0.01 versus HG. Top, representative Western blots of éNOS and B-actin (n = 5). F and G, modulation by eNOS siRNA and
LY294002 of effects of low and high concentrations of insulin on SA-B-gal activity under normal and high glucose (n = 5). *, P < 0.05 versus NG; T,
P < 0.05 versus HG. NG, 5.5 mM; HG, 22 mM.

stained cells were observed in the endothelial cells of aortas Senescent endothelial cells were accompanied by impaired
in each group (Fig. 7, A and B). However, aged diabetic rats endothelial function, such as NO release, which would cause
exhibited an increased ratio of SA-B-gal-stained cells, and “the migration and adhesion of vascular monocytes as the first
insulin decreased the ratio to nearly the same level observed step of atherosclerosis. The migration and proliferation of
in age-matched control rats (Fig. 7, C and D). “smooth muscle cells in media is the second step and shows
the features of proliferative diseases, such as atherosclerosis
Di " and diabetic microvascular disease. Telomere extension by
iScussion the overexpression of telomerase does not affect stress-in-

This study demonstrated the interactive effects of insulin duced senescence (Gorbunova et al., 2002) but prevents rep-
and glucose on cellular senescence and both an NO-depen- licative senescence (Bodnar et al., 1998). Therefore, the
dent and -independent regulatory pathway. High-glucose- change in telomerase activity, subsequent to the change in
induced replicative senescence in endothelial cells was re- telomere length induced by high glucose, reflected replicative
versed by physiological concentrations of insulin through senescence. The increase in p53 and decrease in SMP30 were
NO-dependent and telomere-related mechanisms. We also similar to the change in telomerase activity. Ordinary stim-
confirmed the effect of insulin on high-glucose-induced endo- uli, such as hydrogen peroxide in cellular senescence exper-
thelial senescence in vivo using aged STZ-induced diabetic iments, causes stress-induced senescence within 30 min and
rats with or without insulin treatment. conformational changes occur in telomeres instead of telo-
We were especially interested in the role of endothelial cell mere shortening (Breitschopf et al., 2001; Ota et al., 2008).
senescence in the development of diabetic vascular disease. However, a high-glucose stimulus is gentler and closer to
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Fig. 6. Effects of insulin on basal NOx production in HUVECs under
normal and high glucose conditions. NOx contents in the medium were
measured with an automated NO detector high-performance liquid chro-
matography system. Cells were incubated for 3 days under normal or
high glucose. *, P < 0.05. NG, 5.5 mM; HG, 22 mM.

pathophysiological conditions, such as diabetes mellitus.
High-glucose-induced endothelial senescence has the charac-
teristics of both replicative and stress-induced senescence.

In our previous study, HUVEC proliferation rate showed a
tendency to decline in senescent cells, and L-NAME inhibited
the proliferation of HUVECs (Hayashi et al., 2006). High
glucose also affected HUVEC proliferation, which revealed a
moderate inhibition (data not shown).

In this study, high glucose reduced NO and increased oxida-
tive stress. Its cellular senescent effects were partially reversed
by the NADPH oxidase inhibitor apocynin or the AMP-acti-
vated protein kinase agonist AICAR. Apocynin is also a super-
oxide scavenger, but the discrimination of the role of apocynin

A Young control

SA-p-gal activity (% of total area)

C Aged controi

SA-f-gai activity (% of total area)

Aged diabetic Aged diabetic-insulin D Aged
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on the specificity of NADPH oxidase inhibition was difficult in
the present study (Williams and Griendling, 2007). Oxidized
low-density lipoproteins inhibit endothelial telomerase activity
(Breitschopf et al., 2001). Likewise, long-term exposure of
HUVECs to mild oxidative stress caused by perturbation of the
glutathione redox cycle results in accelerated telomere erosion
(Parrinello et al., 2003; Polytarchou and Papadimitriou, 2005).
Oxidative stress may also stimulate replicative- and stress-
induced senescence. It is noteworthy that individuals with
shorter white blood cell telomeres showed a 2.8-fold higher
coronary risk than the highest quartile for telomere length after
adjusting for age (Brouilette et al., 2003). Lifestyle and ath-
erosclerotic risk affects telomere length in blood cells. We
showed the interactions of glucose and insulin on telomere
length, which may lead to changes in coronary risk burden.
VCAM-1 is activated during inflammatory processes and
plays an important role in atherosclerosis, reflects endo-
thelial senescence induced by high glucose and insulin,
and identifies the close relationship between atherosclero-
sis and endothelial senescence.

In this study, physiological concentrations of insulin accel-
erated cellular senescence under normal glucose, but they
retarded it under high glucose. Under normal glucose, telom-
erase activity can be post-transcriptionally regulated by var-
ious molecules, including protein kinase C, extracellular sig-
nal-regulated kinase 1/2, and Akt/protein kinase B, in
endothelial cells (Miyauchi et al., 2004). The phosphorylation
of Akt leads to the phosphorylation and inactivation of fork-
head transcription factor FOX03a, which consequently de-
creases MnSOD and increases ROS (Miyauchi et al., 2009).
This mechanism is speculated for insulin under normal glu-
cose and, it is noteworthy that the NO-mediated reaction is
not large under normal glucose. However, physiological in-

~ sulin retarded the senescence in an NO-dependent manner

under high glucose because eNOS siRNA and inhibitors of

Young diabetic Young diabetic-insulin - B Young

100
73
50 Fig. 7. SA-B-gal activity in diabetic rat
vessels. Diabetes was induced in young (8
weeks old) and aged rats (82 weeks old) by
25 an STZ injection. SA-B-gal-positive stain-
ing was observed in the intimal side of
; I aortas of aged diabetic rats. Insulin treat-
¢ ment for 7 days reduced its staining.

Control Diabelic Diabetic-
inguiin

A, representative photographs of SA-B-
gal-positive staining in the intimal side of
aortas of young rats. B, relative ratio of
SA-B-gal positively stained cells in the in-
100 timal side of aortas of young rats. C, rep-

resentative photographs of SA-B-gal-posi-
tive staining in the intimal side of aortas

75 of aged rats. D, relative ratio of SA-B-gal
positively stained cells in the intimal side
of aortas of aged rats. *, P < 0.05 versus

50 control.

*
25
'

Control Diabetic Diabetic-
Insuiin
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the PI3-K pathway eliminated the antisenescence effects of
physiological insulin. Although an effect of insulin on eNOS
has been reported, little is known regarding its effect on
cellular senescence under high glucose. Plasma insulin levels
are variable (~10~® M) because of eating and other stimuli,
including chemical injections. High concentrations of insulin
(~2 X 10~7 M) are observed temporarily after an injection of
large insulin doses in some diabetic patients (Epel et al.,
2004). These plasma concentrations may be similar to the
concentrations in the endothelial cells environment in our
study.

Another finding of this study is that high concentrations of
insulin promoted senescence independently of glucose con-
centrations. The mechanisms of this effect may differ from
the underlying action of physiological insulin. The effect of a
high concentration of insulin on the high-glucose-induced
impairment of eNOS phosphorylation was the same as that
of a physiological concentration of insulin. The concentra-
tions of insulin at >10"% M activate not only insulin recep-
tors but also IGF receptors (Abu-Lebdeh et al., 2006). IGF
signaling promotes senescence and shortened life spans in C.
elegans and mice. Insulin promotes endothelial senescence,
as determined by indirect assays (e.g., p53/p21 transcrip-
tional activity) (Miyauchi et al., 2004), at normal glucose
levels, a concept that is supported by the results of this study.
The effect of supraphysiological insulin on the IGF receptor
pathway may mask its insulin receptor-mediated, eNOS-
dependent beneficial action on endothelial cell senescence.
The results with supraphysiological concentrations of insulin
would provide some insight into the pathophysiology of insu-
lin resistance.

These dual effects of insulin on cellular senescence have

implications for how the concentration of insulin needed for

control of glucose in diabetics may contribute to endothelial
damage and promote vascular disease. Insulin may contrib-

ute to the antiatherogenic effect and the pathugenesxs of

atherosclerosis as a result of insulin resistance and the con-
sequent high concentrations of insulin. »

Diabetic macroangiopathy may occur under the same con- -

ditions as cellular senescence with increased superoxide from
NADPH oxidase and an impairment of NO production
(Thomas et al., 1995). We found a significant effect of the
NADPH oxidase inhibitor apocynin on cellular senescence
under high glucose. However, apocynin may have the poten-
tial to be an antioxidant by itself (Heumiiller et al., 2008).
From this standpoint, the results with apocynin ‘may be
associated with an increase in NO bicavailability rather than
a specific inhibition of NADPH oxidase.

ROS, such as O,7, decrease the telomerase activity that
precedes replicative senescence, and this may be caused by
the actions of NADPH oxidase and the uncoupling of eNOS
(Thomas et al., 1995). However, Akt, which is phosphorylated
by NO, maintains human telomerase in an active state in the
nucleus, thereby preventing telomere shortening (Guzik et
al., 2002). In this study, physiological insulin activated te-
lomerase by an NO/Akt-dependent mechanism under high
glucose.

Finally, we found that aged diabetic rats showed greatly
increased SA-B-gal-positive staining in aortas and that insu-
lin treatment decreased the staining to nearly the same level
observed in age-matched control rats. We have previously
demonstrated significant SA-B-gal-positive staining in ath-

erosclerotic legions of the intimal side of human thoracic
aorta (Hayashi et al., 2006). The question remains as to why
staining was seen in abdominal and not in thoracic aortas of
aged diabetic rats in the present study. At present, we do not
have a clear understanding of this observation. The signifi-
cance of this observation awaits further study.

The present study highlighted the effect of glucose and the
concentration-dependent effects of insulin on endothelial se-
nescence. High-glucose-induced endothelial senescence had
the characteristics not only of stress-induced senescence but
also of replicative senescence. These results give credence to
the notion that physiological concentrations of insulin delay
cellular senescence through an NO-dependent and telomere-
related mechanism and may retard atherosclerosis formation
under high glucose. This NO-dependent action of insulin may
result from an interference with the redox balance of endo-
thelial cells (Kang et al., 1999). In contrast, all concentra-
tions of insulin under normal glucose or high concentrations
of insulin under high glucose promoted cellular senescence in
an eNOS-independent manner. These unique dual effects of
insulin offer an important clue for the pathophysiological
basis of endothelial cell senescence in diabetes and aging.
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Introduction

ABSTRACT

Aims: This study evaluated the presence of genetic mutations in relation to thrombosis or atherosclerosis in
elderly women.
Main methods: This is an observational study of 93 Japanese women with a mean age of 80.9 years recruited
from outpatient clinics of Nagoya University and its related hospitals. Ten single nucleotide polymorphisms
(SNPs) were studied. Each gene studied acts in or is related to either blood coagulation (factor V Leiden,
prothrombin G20210A, factor XIII Val34Leu, factor VIl Arg353GIn, MTHFR C677T, (3-fibrinogen G-455A, PAI-1
4G/5G), metabolic syndrome-related pathways (PPARc Leu162Val), or endothelium/estrogen system (eNOS
Glu298Asp, ERa IVS1-401). SNPs were analyzed for their relation to clinical values including lipids, B-type
natriuretic peptide (BNP), fasting plasma glucose, tumor necrosis factor-a, interleukin-6, cyclic GMP, and
nitric oxide metabolites.
Key findings: Comparisons between the distributions of different genotypes and clinical values showed three
relationships. First, factor VII Arg353Cin and HDL-cholesterol (HDL-C) were linked to Arg/Arg carriers at
higher levels (P=.049). The HDL-C to LDL-cholesterol ratio supported this link (P=.027). Second, eNOS
Glu298Asp and triglycerides were linked to Glu/Glu carriers at higher levels (P=.031). Third, ERa IVS1-401
and BNP were related to CC genotype at lower levels (P=.031). Additionally, the last two relations showed
that genotype does not influence the demarcation line of biomarkers, but the plasma/serum levels of
biomarkers instead.
Significance: Correlations of factor VII Arg353GIin with HDL-C and eNOS Glu298Asp with triglycerides are new
findings. Polymorphisms in the endothelium/estrogen system and the heart failure marker BNP are also
correlated, with ERa IVS1-401 being the first identified marker. SNPs may be helpful for understanding the
pathophysiology of atherosclerotic diseases in elderly women.

© 2009 Published by Elsevier Inc.

pausal hormone-replacement therapy (HRT) (Fisher et al. 1998;
Ettinger et al. 1999; Rosendaal et al. 2002).

A thrombogenic state is an important risk factor for atherosclerotic
diseases such as myocardial infarction and stroke. Thrombosis has
been suggested to be an adverse effect associated with postmeno-
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Genetic mutation factors have been associated with an elevated
risk associated with thrombosis. For example, factor V Leiden (also
known as Arg506GIn, R506Q, or G1691A) has been associated with a
6.69-fold enhancement of the risk posed by thrombosis (Cushman
et al. 2004). This single nucleotide polymorphism (SNP) is a guanine
(G) to adenine (A) transition at the second base of the codon for
amino acid position 506 in exon 10 of the factor V (symbol; F5) gene.
In total, 5% of Caucasians are carriers of this SNP, which is known to
make the protein resistant to inactivation by activated protein C
(Bertina et al. 1994). This SNP is found in 20% of venous thrombosis
patients (Rosendaal et al. 1995). Regional differences exist; East Asians
do not carry factor V Leiden (Rees et al. 1995), which could be one of
the reasons for the lower incidence of thrombosis in East Asians,
although this remains unclear. Another noted SNP seen in Caucasians
is prothrombin G20210A, which is a G to A transition at position 20210
of the prothrombin (symbol; F2) gene. It is observed among 6% of
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venous thrombosis patients (Poort et al. 1996). For these two blood
clotting factors, a meta-analysis has found a moderate association
with coronary disease (Ye et al. 2006), implying that, for these and
other clotting factors, a genetic study should be performed.

Several SNPs related to thrombosis and atherosclerotic risk have
been proposed. Factor XIII Val34Leu shows a protective effect against
venous thromboembolism (Mikkola et al. 1994; Wells et al. 2006).
Factor VII Arg353GIn (R353Q or G10976A) leads to a reduction of its
protein levels with a lower risk of cardiovascular disease (Green et al.
1991; Lane et al. 1992; Hunault et al. 1997; Girelli et al. 2000). MTHFR
C677T leads to higher homocysteine levels and is thus a risk factor
for coronary artery diseases {Frosst et al. 1995; Ma et al. 1996). 3-
fibrinogen G-455A (Haelll) is associated with higher plasma fibrinogen
levels (Thomas et al. 1991; Iso et al. 1995; van' t Hooft et al. 1999). PAI-1
4G/5G, which is the 4G allele related to elevation of circulating PAI-1, is
associated with cardiovascular disease (Dawson et al. 1991; Eriksson
et al. 1995; Hoekstra et al. 2004). PPARa Leu162Val (L162V) is asso-
ciated with increased transcriptional activation of itself and the
elevation of serum lipid levels (Vohl et al. 2000; Sapone et al. 2000).
eNOS Glu298Asp (E298D) is associated with the possibility of impaired
endothelial function (Philip et al. 1999; Guzik et al. 2001). Lastly, ERat
IVS1-401 (IVS1-397 or Pvull), which is a transition in the intervening
sequence 1 at position-401, is associated with cardiovascular disease
(Herrington et al. 2002b; Nordstrom et al. 2003).

In atherosclerotic lesions, lipid accumulation in the plaque intima
(Kramsch et al. 1971), increased cytokine levels (Rus et al. 1991, 1996),
and an increased BNP level are all detected (Casco et al. 2002). It is
believed that nitrite and nitrate, which are metabolites of nitric
oxide (NOx) in vascular disease, are important factors that should be
assessed (Palmer et al. 1987). BNP and NO elevates intracellular cGMP
level (Palmer et al. 1987; Chinkers et al. 1989), indicating the impor-
tance of this second messenger. From a clinical point of view, it is
important to identify biomarkers that can be used to predict both
disease and longevity (Nomura et al. 2002; Hayashi et al. 2007).
However, the use of SNPs as biomarkers is not well understood to date.
Our aim is to evaluate genetic factors in elderly women in order to
identify biomarkers that correlate with SNPs. The experimental design
of this report was restricted to an East Asian population that does not
possess factor V Leiden, because it is an easier model for screening
candidate factors associated with thrombosis or atherosclerotic risk.
In addition, analyses focusing on postmenopausal elderly women are
rarely performed, and thus may result in an improved fundamental
understanding of older people.

Material and methods
Subjects

We enrolled 104 Japanese female subjects over 60 years of age who
were admitted to the Department of Geriatrics in an outpatient clinic
of Nagoya University Hospital, Nagoya City (Japan), between May
2004 and January 2005. All subjects gave written informed consent.
Proper authorization for the study was obtained from the Ethics
Committee of the Nagoya University Graduate School of Medicine. As
the data of serum or plasma collection or amount of assay for DNA
analyses were insufficient in 11 patients, we finally analyzed the data
of 93 patients.

Serum or plasma collection and measurement

Serum or plasma was collected from fasting blood samples after
centrifugation at 3000 rpm at 4 °C, and stocked at — 30 °C until mea-
surement. BNP and cGMP concentrations were derived from the blood
sample analysis (SRL Laboratories, Japan) as measured by a specific
immunoassay. Tumor necrosis factor-o and interleukin-6 were mea-
sured using the Quantikine HS Kit (R & D Systems, USA). NOx was
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determined by high-performance liquid chromatography (Hayashi
et al. 2007). Other clinical biochemical factors, such as LDL-C, HDL-C,
and triglyceride levels, were also assessed.

DNA isolation and genotyping

DNA was isolated from whole blood using the QJAamp DNA Blood
Mini Kit (QIAGEN, Diisseldorf, Germany) and genotyped with the
Mutector Dual Well Test Kit (TrimGen, Maryland, USA) according to
the manufacturer's instructions. The Mutector kit was designed for
mutation detection among known nucleotide substitutions using a
96-well strip plate, and can confirm all three genotypes (wild, mutant
homozygous, and heterozygous types). Both positive and negative
controls were provided by the manufacturer. In brief, a complimentary
detection primer is designed and immobilized on the wells whose 3"
end terminates just before the target base (i.e. order made by offering
the specified sequence information). The polymerase chain reaction
product from the preceding step is added to wells together with
labeled nucleotides and extension primer for either mutant or wild
strand. Primer for mutant strand makes extension when the target
base is mutant type but not wild, and vice versa. As a result, labeled
nucleotides are incorporated and a colorimetric reaction is observed
and measured by 405 nm on a microplate reader.

Selection of SNPs

All ten analyzed SNPs have referential SNP cluster identification
numbers (RefSNP 1D) provided by the NCBI (National Center for Bio-
technology Information, Maryland). They are: factor V Leiden (rs6025),
prothrombin G20210A (rs1799963), factor X1l Val34Leu (rs3024472),
factor VII Arg353Gln (rs6046), MTHFR C677T (rs1801133), 3-fibrinogen
G-455A (rs1800790), PAI-1 (-675) 4G/5G (rs1799889), PPARx: Leu162-
Val (rs1800206), eNOS Asp298Glu (rs1799983), and ERa [VS1-401
(rs2234693).

Statistical analyses

The association of genotype distribution with clinical factors,
represented as mean--SEM, was analyzed using Microsoft Excel en-
hanced software with either an unpaired Student’s t-test or a Mann-
Whitney U-test, depending on histogram distribution. A chi-square test
was used to describe the effect of genotype on biomarker levels

Table 1
All variables are presented as mean + SEM.

Characteristic On registration [n=293]
Age, years 60-64 [n=4] 80954090
65-74 [n= 16}

75-84 [n =36}

85-94 [n =36}

95-99 [n=1]
Total cholesterol, mg/dL 20613 +4.62
LDL-C, mg/dL 120.73+4.28
HDL-C, mg/dL 57.89+2.05
Triglycerides, mg/dL 113.37 £5.60
Creatinine, mg/dL 0.84+0.03
BNP, pg/mL 7767 +817
Glucose, mg/dL 99.29+3.52
TNF-g, pg/mL 3.96+031
IL-6, pg/mL 7.08 4204
¢GMP, pmol/mL 7.28 £ 0.40
NOx, pmol/L 55.38+4.00
Hemoglobin, g/dL 11.894+ 020

LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein
cholesterol; BNP, B-type natriuretic peptide; TNF-¢;, tumor necrosis factor-o; IL-6,
interleukin-6; cGMP, cyclic guanosine 5'-monophosphate; NOx, nitric oxide
metabolites.
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Table 2
The ten SNPs were analyzed for all subjects (n=93) except for PAI-1 4G/5G (n=90)
and PPARa Leu162Val (n=91).

Type of SNP Distribution of different genotypes Total
n
Factor V Leiden 93 [GG; Arg/Arg] O [AG; GIn/Arg] 0 [AA; Gin/Gin] [93]
Prothrombin G20210A 93 [GG| 0 [AG] 0 [AA] |93}
Factor X1l Val34leu 93 [GG; Val/Val] D [TG; Leu/Val] - 0 [TT; Leu/Leu] [93]
Factor VIl Arg353Gin 81 [GG; Arg/Arg] 11 [AG; Ginj/Arg] 1 [AA; GIn/Gin] [93]
MTHFR C677T 35[CC; Ala/Ala] 39 [TC; Val/Ala] 19 [TT; val/val] - [93]
p-fibrinogen G-455A 73 [GG] 19 [AG] 1 [AA] 193}
PAI-1 4G/5G 9 [5G/5G] 41 [4G/5G}) 40 [4G/4G] [90]
PPARa Leu162Val 91 [CC; Len/leu] O [GC; Val/leu] 0 [GG; Val/val] [91]
eNOS Glu298Asp 80 [GG; Glu/Glu] 12 [TG; Asp/Glu] 1 [TT; Asp/Asp] [93]
ERa IVS1-401 13 [cC) 44 [1C] 36 [TT] 193]

For example, ‘0 |AG; Gln/Arg]' indicates that the genotype is an A and G allele
heterozygous genotype coding for Gln and Arg, with n=0 subjects. SNP, single
nucleotide polymorphism; G, guanine; A, adenine; T, thymine; C, cytosine; Arg,
arginine; Gln, glutamine; Val, valine; Leu, leucine; Ala, alanine; Glu, glutamic acid; Asp,
aspartic acid; IVS, intervening sequence.

dichotomized by the demarcation line. A probability value under 0.05 as
determined by two-tail analyses was considered statistically significant.

Results
Study population and genotype distribution

The patient profiles are shown in Table 1. The observed population
contains clinical backgrounds such as the following with some holding
multiple diseases; angina (n=3), arteriosclerosis (n=2), cardiac
insufficiency (n=15), cerebrovascular accident which contains a sequela
(n=19), diabetes (n=11), hyperlipemia (n=14), hypertension
(n=42), and none disease carriers (n=28) (supplemental Table 1b).
The distribution of the different genotypes for each of the ten analyzed
SNPsis shown in Table 2. As suggested in the introduction, we confirmed
that neither prothrombin G20210A nor factor V Leiden was present at
detectable levels in our samples. Genotype frequencies were in Hardy-
Weinberg equilibrium for all the SNPs, analyzed by chi-square test on
observed versus expected genotype frequencies (all P>.05) (supple-
mental Table 2b). We proceeded with dominant model analyses to
investigate the relation of genotypes to clinical values, and those which
appeared to have significant differences are further addressed.

Table 3
All variables are presented as mean = SEM.
Characteristic GG AG+AA P-value
[n=81; 87.1%] [n=12; 12.9%] [GG vs. AG+AA]
Age, years 81.04+ 100 80.33+182 795
Total cholesterol, mg/dL 207.75+5.16 195.50 +8.24 373
LDL-C, mg/dL 119104607 131194+ 715 337
HDL-C, mg/dL 5944 +224 47934385 .049*
Triglycerides, mg/dL 11344612 12542 +1385 380
Creatinine, mg/dL 0844003 0.804-0.04 736
BNP, pg/mL 78.81+9.04 69.97 +17.57 681
Glucose, mg/dL 98.11+3.82 108.0048.51 370
TNF-at, pg/mL 391+035 422 +0.66 a2
1L-6, pg/mL 7324240 5804191 788
¢GMP. pmol/mL 7474045 6304085 299
NOx, pmol/L 52,56+ 4.11 7027 +12.16 106

1192+022 11.58 +0.65 645

P<.05 is indicated by an asterisk (*). Mann-Whitney U-tests were performed on HDL-C,
Creatinine, BNP, and ¢cGMP values, while unpaired Student's t-tests were used for the
other values. Of note, GG [n=71] and AG+AA [n = 12] for triglycerides, and GG [n =37
and AG+AA [n = 5] for glucose were analyzed. The G/A allele codes for Arg/Gln. Arg,
arginine; Gln, glutamine; G, guanine; A, adenine; LDL-C, low-density lipoprotein
cholesterol; HDL-C, high-density lipoprotein cholesterol; BNP, B-type natriuretic
peptide; TNF-c, tumor necrosis factor-c; IL-6, interleukin-6; ¢cGMP, cyclic guanosine
5'-monophosphate; NOX, nitric oxide metabolites.
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Fig. 1. Genotype affects the HDL-C to LDL-C ratio. The Mann-Whitney U-test was
performed on factor VII Arg353GIn genotypes vs. HDL-C to LDL-C ratio. P<.05 is indi-
cated by an asterisk (*). Bar indicates SEM. HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; G, guanine; A, adenine; Arg, arginine; Gin,
glutamine.

Factor VII gene polymorphism and HDL-C

As shown in Table 3, the factor VII Arg353GIn polymorphism was
linked to HDL-C. The GG genotype encoding for Arg/Arg was asso-
ciated with higher HDL-C levels than the AG+AA genotypes (P =.049).
This finding is supported by comparison of the HDL-C to LDL-C ratio for
the GG genotype (0.65+0.10) and the AG+AA genotypes (0.39+
0.05), which were significantly different (P=.027) (Fig. 1). We did not
observe a significant difference among LDL-C levels between geno-
types, although there was a similar trend.

Endothelial nitric oxide synthase gene polymorphism and triglycerides
As shown in Table 4, the eNOS Glu298Asp polymorphism was

related to triglycerides. The GG genotype encoding for Glu/Glu was
associated with higher triglyceride levels than the TG+TT genotypes

Table 4
All variables are presented as mean + SEM.
Characteristic GG TC+TT P-value
[n=80; 860%] [n=13;140%]  [GG vs. TG-+TT]
Age, years 8048+ 1.00 83.8541.61 185
Total cholesterol, mg/dL 20824 + 482 192.25 + 1485 244
LDL-C, mg/dL 122.804+4.14 105.79 + 18.66 351
HDL-C, mg/dL 57734229 59,03 +3.45 837
Triglycerides. mg/dL 117.82 +6.00 8090+ 1147 031*
Creatinine, mg/dL 0.84+0.03 0.8040.11 767
BNP, pg/mL 73794828 101.60 +28.74 240
Glucose, mg/dL 99.80 4-3.57 na. na
TNF-o, pg/mL 4024034 3.71+080 702
IL-6, pg/mL 5814170 1265+ 814 185
c¢GMP, pmol/mL 7194042 767+114 548
NOx, pmol/L 57004479 4840+ 4.82 A05
Hemoglobin, g/dL 1195+ 022 1143+ 0.66 452

P<.05 is indicated by an asterisk (*). Mann-Whitney U-tests were performed on LDL-C
and creatinine values, while unpaired Student's t-tests were used for the other values.
Of note, GG [n= 73] and TG+TT [n=10] for triglycerides, and GG [n=41] and TG+TT
|n= 1] for glucase were analyzed. Since the latter separated as TG+TT {n= 1], analyses
were not performed (na.). The G/T allele codes for Glu/Asp. Glu, glutamic acid;
Asp, aspartic acid; G, guanine; T, thymine; LDL-C, low-density lipoprotein cholesterol;
HDL-C, high-density lipoprotein cholesterol; BNP, B-type natriuretic peptide; TNF-a,
tumor necrosis factor-a; IL-6, interieukin-6; cGMP, cyclic guanosine 5'-monophosphate;
NOx, nitric oxide metabolites.
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(P=.031). Since triglycerides is a clinical marker with an accepted
demarcation line, that is 100 mg/dL, we used the chi-square test to
assess whether the GG genotype and TG+TT genotypes has or has not
had an effect on triglyceride levels dichotomized by this line. As
shown in Fig. 2, genotype does not influence the demarcation line but
has an effect on the triglyceride levels (P=.021).

Estrogen receptor alpha gene polymorphism and BNP
As shown in Table 5, the ERot IVS1-401 polymorphism was related
to the plasma BNP concentration, with the CC genotype being

associated with a relatively lower plasma BNP concentration when
compared to the TC+TT genotypes (P=.031). Since BNP is a standard

A eNOS Glu298Asp vs Triglycerides

n

*P=.021

Subjects over
100 mg/dL

29

GG TG+TT

B ERc IVS1-401 vs BNP

*P=.031

Subjects over
80 pg/mL

12
49

CcC TC+TT

Fig. 2. The eNOS and ERa genotypes influence the concentration of triglycerides and
BNP. Chi-square tests were done on eNOS Glu298Asp genotypes vs. triglyceride
concentration separated by 100 mg/dL (A), and on ERx 1VS51-401 genotypes vs. BNP
concentration separated by 80 pg/mL (B). The gray box above the dotted line indicates
the number of subjects who were over the demarcation line. P<.05 is indicated by an
asterisk (*). Each box was sized to reflect the percentage for visual purposes. Glu,
glutamic acid; Asp, aspartic acid; G, guanine; T, thymine; IVS, intervening sequence;
BNP, B-type natriuretic peptide; C, cytosine.
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Table 5
All variables are presented as mean + SEM.
Characteristic cC TC+TT P-value
[n=13; 14.0%] |n=280; 86.0%] {CC vs. TC+TT]
Age, years 79314310 81.21+092 466
Total cholesterol, mg/dL 21162+ 1137 20522 +5.07 631
LDL-C, mg/dL 128.81+9.81 119.62 +4.68 486
HDL-C, mg/dL 62964757 57194210 362
Triglycerides, mg/dL 115.64 + 11.67 113.03+6.23 876
Creatinine, mg/dL 0.82+0.06 0841003 804
BNP, pg/mL 5217 +19.69 81.82 £8.90 031*
Glucose, mg/dL 102.80 - 10.57 98.81+3.78 719
TNF-t, pg/mL 4904102 3744031 149
IL-6, pg/mL 5,02+ 1.56 7554248 633
c¢GMP, pmol/mL 6534090 744 +£045 384
NOx, pmol/L 5414+ 648 55.64 +4.67 .889
Hemoglobin, g/dL 1227£074 11.82 4020 An

P<.05 is indicated by an asterisk (*). Mann-Whitney U-tests were done on HDL-C,
creatinine, BNP and cGMP values, while unpaired Student's t-tests were used for the
other values. Of note, CC [n= 11| and TC+TT [n=72] for triglycerides, and CC [n=5]
and TC+TT [ =37] for glucose were analyzed. IVS, intervening sequence; C, cytosine;
T, thymine; LDL-C, low~density lipoprotein cholesterol; HDL-C, high-density lipoprotein
cholesterol; BNP, B-type natriuretic peptide; TNF-ct, tumor necrosis factor-a; IL-6,
interleukin-6; c¢GMP, cyclic guanosine 5'-monophosphate; NOx, nitric oxide
metabolites. .

clinical marker for heart failure with a well-known demarcation line,
that is 80 pg/mL, we used the chi-square test to assess whether the CC
genotype and TC+TT genotypes has or has not had an effect on BNP
levels dichotomized by this line. As shown in Fig. 2, it was revealed
that genotype does not influence the demarcation line but has an
effect on the BNP levels (P=.031).

Discussion

We restricted our subjects to postmenopausal elderly women (with
a mean age of 80.9 years) who were free of factor V Leiden and
prothrombin G20210A. In doing so, we were able to identify new
correlations between the factor VII Arg353GIn polymorphism and
HDL-C levels, and between the eNOS Glu298Asp polymorphism and
triglyceride levels. We have demonstrated, for the first time, a
statistically significant association between the ERa [VS1-401 poly-
morphism and plasma BNP concentration, suggesting that CC geno-
type carriers have relatively lower plasma BNP levels than TC+TT
genotypes (P=.031). To our knowledge, there are no other reports
linking the heart failure marker BNP with an SNP in the estrogen
system.

Recently, an important meta-analysis of HRT ruled out the possi-
bility that HRT increases HDL-C and reduces either LDL-C or the LDL-C
to HDL-C ratio (Salpeter et al. 2006). Concerning SNPs, a recent meta-
analysis implied that the ERa IVS1-397 (which is synonymous with
-401) polymorphism does not influence the HDL-C response to HRT
(Kjaergaard et al. 2007). Our focus is on elderly women, and we did
not identify a relationship between ERot IVS1-401 and HDL-C levels, as
shown in Table 5. We did, however, observe a relationship between
HDL-C and the factor VII Arg353GIn polymorphism, with the GG
genotype being associated with higher HDL-C levels than the AG+AA
genotypes (P=.049). This finding was supported by comparison of
the HDL-C to LDL-C ratio in each genotype in the same manner (P=
.027). This ratio was not significant for eNOS Glu298Asp (GG; 0.63 +
0.03, TG+TT 0.55 +0.07), and ERct IVS1-401 (CC; 0.51 + 0.06, TC+TT;
0.63+0.10). It is interesting to consider that such an SNP could
partially impact the circulating levels of HDL-C in elderly individuals,
but not in younger individuals; however, there is currently no scien-
tific evidence to support the influence of SNPs on clinical biomarker
levels that are only present in the elderly.

We have provided new evidence that the eNOS Glu298Asp
polymorphism is related to triglyceride levels, with the GG genotype
encoding for Glu/Glu being associated with higher triglyceride levels



