Gorog Thrombosis Test Nishida et al. 207

In conclusion, inverse correlations between occlusion 24  Bozzo J, Hernandez MR, Ordians A. Reduced red cell deformability
bl

. . associated with blood flow and platelet activation: improved by
time and VWF:Agv VWEF:RCo, RBGs, hemoglobm and dipyrimidamole alone or combined with aspirin, Cardio/ Res 1995;

hematocrit were detected in the GTT analysis; espe- 30:725-730.

cially, relations between VWF and the occlusion time in 25 Valles J, Santos MT, Aznar J, Manws Al, Sales VM, Portoles M, et al.
. . X Erythrocytes metabolically ehnace collagen-induced platelet

the GTT was fePOIted for the first time. Further dlag~ responsiveness via increased thromboxan production.adenosine

nostic values in the GTT should be determined in diphosphate release,and recruitment. Blood 1991; 78:154~162,

patients with atherosclerotic disorders.
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E-selectin, which is a member of the selectin superfamily of adhesion molecules,
contributes to the leukocyte-endothelial cell attachments and is involved in the
pathogenesis of thrombovascular diseases as a consequence. We investigated the A561C
mutation in the E-selectin gene in 235 Japanese patients with ischemic cerebrovascular
disease (CVD) and 301 age- and sex-matched healthy controls. Excluding the subjects with
diabetes mellitus and hypercholesterolemia, the AC genotype frequencies of patients with
ischemic CVD were higher than those of controls: 12.7% vs. 5.8% (P=0.04). Our results show
that E-selectin gene polymorphisms represent an increased risk for ischemic CVD in the
Japanese population without diabetes mellitus and hypercholesterolemia.

© 2006 Elsevier B.V. All rights reserved.

Leukocyte-endothelial attachments contribute to acute and
chronic inflammation and atherosclerosis (Yoshida et al.,
2003). In the normal physiological state, endothelial cells have
low adhesiveness for leukocytes. However, inflammation or
atherosclerosis activates both leukocytes and endothelial cells
(Fassbender et al., 1999). E-selectin, L-selectin, and P-selectin
are members of the selectin superfamily of adhesion mole-
cules. Selectins are expressed on activated endothelial cells (E-
selectin and P-selectin), leukocytes (L-selectin), and activated
platelets (P-selectin) (Haring et al., 1996). They have in
common an epidermal growth factor (EGF)-like domain
connected with variable repeats of amino acid units to a
membrane and cytoplasmic domain, and they bind to specific
carbohydrate molecules on leukocyte molecules (Bevilacqua,
1993). These molecules, especially E-selectin, were revealed to

* Corresponding author. Fax: +81 3 3353 1272.
E-mail address: hidehatt@1999 jukuin keio.ac.jp (H. Hattori).

facilitate leukocyte-endothelial cell attachments and contri-
bute to the pathogenesis of thrombovascular diseases as a
consequence (Cherian et al., 2003).

Recent studies showed that E-selectin plasma levels in
homozygous C561C subjects and heterozygous A561C subjects
were statistically higher than in wild-type A561A subjects
(Mlekusch et al, 2004) and the A561C allele enhanced
thrombin generation and fibrin formation significantly (jilma
et al, 2005). Positive results for C561 were associated with
myocardial infarction in Japanese patients (Yoshida et al,
2003).

Interestingly, the E-selectin and P-selectin serum levels in
patients with acute ischemic stroke were significantly higher
than in controls, suggesting that these selectins are directly
associated with the development of stroke (Cherian et al.,

0006-8993/% - see front matter © 2006 Elsevier B.V. All rights reserved.
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Table 1.~ Clinical characteristics of patients with CVD.and

controls

Controls Patients with p®
(n=301) CVD (n=235)
Male, % 77.1 77.9 NS®
Age, mean+8D, years 58.7+4.4 58.3+7.8 Ns®
Hypertension, % 255 56.2 <0.001
Hypercholesterolemia, % 326 386 0.146
Diabetes mellitus, % 6.31 25.8 <0.001
Smoking, % 37.9 53.3 <0.001
Body mass 5.17 9.02 0.155
index >27.3kg/m?, %
Family history, % 24.2 29.3 0.2%6

2 y*tests were used to compare values of patients with CVD and
controls for all parameters except for age, which was compared by
Student’s t test.

b Not significant.

2003). Although several studies have showed the positive
relationship between E-selectin AS561C polymorphism and
atherosclerotic disease (Mlekusch et al., 2004; Wenzel et al,,
1994), the association between the polymorphism and
ischemic stroke remains unclear. The primary aim of this
study was to determine whether the E-selectin single nucleo-
tide polymorphism is associated with cerebrovascular disease
in the Japanese population.

We analyzed 235 unrelated Japanese patients with ischemic
cerebrovascular disease (CVD) and 301 age- and sex-matched
controls. All patients with CVD had attended the outpatient
clinic of Keio University Hospital, Tokyo, for regular follow-up
examinations. All controls who worked for Keic University had
visited to Keio University Hospital for their annual health
check-up. We selected patients with CVD aged £70years at the
onset of CVD. On the basis of the Classification of Cerebrovas-
cular Diseases Ill report from the committee established by the
National Institute of Neuroclogical Disorders and Stroke,
patients with CVD and a diagnosis of atherothrombotic
infarction (AT), lacunarinfarction, or transient ischemic attack
(TIA) were enrolled in this study. Those with cardioembolic
cerebral infarction or cerebral hemorrhage were excluded.
Controls were patients who had had regular check-ups. Those
with a clinical history of CVD, myocardial infarction, o:
peripheral vascular disease were excluded. Written informed
consent was obtained from all subjects after a full explanation
of the study and a guarantee of total confidentiality. Brain
computed tomography (CT) and/or magnetic resonance ima-
ging (MRI) studies were performed on all patients with CVD.
Hypertension, hypercholesterolemia, and smoking were
defined as described previously (Ito et al., 2000).

To analyze the A561C polymorphism of E-selectin, poly-
merase chain reaction (PCR) was carried out as described
previously (Ito et al,, 2000). Briefly, amplification of a 358-bp
fragment of the E-selectin gene was performed with the 5’
primer 5'-ATGGCACTCTGTAGGACTGCT-3' and 3’ primer 5'-
GTCTCAGCTCACGATCACCAT-3'. Amplification by PCR con-
sisted of an initial 3min denaturation at 94 °C, 35 cycles of 30s
at 94 °C, 1min at 60 °C, and 1min at 72 °C, followed by 7min at
72 °C in a Gene Amp PCR system 2400 (Perkin Elmer, Foster

City, CA, USA). The PCR product (5ul) was cleaved with 15 U
Pstl restriction enzyme (Takara Shuzo, Ohtu, Shiga, Japan).
The digested PCR products yielded bands of 221 and 137bp
in AA homozygotes, and 358, 221, and 137bp in AC
heterozygotes. There were no CC homozygotes among our
subjects.

The differences in genotype frequencies and other risk
factors were analyzed by the y* test. Mean age and allele
frequencies in the two groups were compared by Student’s t
test. Multiple logistic regression methods were used to control
for possible confounding factors. All statistical analyses were
performed using Statview software (version 5.0 for Windows,
SAS Institute, Cary, NC, USA).

The 235 patients with CVD and 301 controls were well
matched in terms of age and sex (Table 1). The risk factors
hypertension, diabetes mellitus, and smoking were signifi-
cantly more common in patients with CVD than in controls
(P<0.001). The frequencies of the AS561C polymorphism
showed no deviation from Hardy-Weinberg equilibrium.

The frequencies of AC genotype carrier were not statisti-
cally different between patients with CVD and controls:
9.4% vs. 8.3%, odds ratio (OR)=1.14 [95% confidence interval
(C1)=0.63-2.05, P=0.669]. The C allele frequencies were not
significantly different between patients with CVD and con-
trols: 4.7% vs. 4.2%, OR=1.13 (95% CI=0.64-2.03, P=0.705)
(Table 2).

The frequency of AC genotype carrier without diabetes
mellitus and hypercholesterolemia was statistically higher in
patients with CVD compared with healthy controls: 12.7% vs.
5.8%, OR=2.37 (95% CI=1.03-5.44, P=0.040). The C allele
excluding diabetes mellitus and hypercholesterolemia was
significantly more frequent in CVD patients than healthy
controls: 6.4% vs. 2.9%, OR=2.28 (95 CI=1.04-4.99, P=0.045)
(Table 2).

Table .2 — Genotype :and :allele frequencies:of the

Ser128Arg (A561C) polymorphism of the E-selectin gene
in patients with CVD and controls

Genotype All AT  lLacunar TIA  Controls
patients (n=69) (n=142) (n=24) (n=301)
(n=235)

AC, % 9.4(22) 116() 77(11) 125(3)  83(25)

AA, % 90.6 (213) 884 (61) 92.3(131) 87.5(21) 917 (276)

P* 0.669 0.402 0.840 0.504 -

C, % 4.7 58 39 6.3 4.2

A, % 95.3 94.2 96.1 93.7 95.8

p* 0.705 0414 0.843 0.516 -

Without diabetes mellitus and hyperlipidemia

AC, % 127 (14) 138(4) 108( 17.6(3) 58(11)

AA, % 87.3(96) 86.2(25) 89.1(57) 824 (14) 94.2(179)

p* 0.040 0.150 0.184 0.108 -

C, % 6.4 6.9 5.5 8.8 29

A % 93.6 93.1 94.5 91.2 97.1

P* 0.045 0.159 0.193 0.118 -

The number of subjects (X). *;* tests were used to compare
genotype and allele frequencies between controls and all patients
with CVD and between controls and individual groups of patients
with CVD.
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In logistic regression analysis, sex, age, hypertension,
hypercholesterolemia, diabetes mellitus, current smoking,
body mass index, family history of stroke, and E-selectin
genotypes (AA vs. AC or A allele vs. C allele) were included
as independent variables. This analysis revealed that
presence of the C allele was independent of these acquired
risk factors.

The present study examined the relation between
ischemic CVD and E-selectin single nucleotide polymorph-
isms, and the results indicated that A561C single nucleotide
polymorphism was one of the genetic risk factors of
ischemic CVD in Japanese persons without diabetes melli-
tus and hypercholesterolemia.

The A561C polymorphism within the epidermal growth
factor-like domain of the human E-selectin gene results in
the substitution of arginine for serine at position 128
(Ser128Arg) of the mature protein (Wenzel et al,, 1994). The
A561C polymorphism has a profound effect on ligand
recognition and binding (Ellsworth et al., 2001). There is
evidence that human umbilical vein endothelial cells carry-
ing the A561C mutation shows more rolling and adhesion of
neutrophils and mononuclear cells than the wild-type cells
(Yoshida et al, 2003). Additionally, Mlekusch et al. (2004)
demonstrated that E-selectin plasma levels in subjects with
the A561C mutation were statistically higher than in
subjects with wild-type A561A. In summary, A561C poly-
morphism could facilitate the attachment between neutro-
phils and endothelial cells in the first stage of
atherosclerosis and increase the expression of E-selectin in
the human body, suggesting that A561C is one of the genetic
risk factors in atherothrombotic CVD.

Our study failed to show the relation between ischemic
CVD and AS561C in all participants, including those with
diabetes mellitus and/or hypercholesterolemia. The two
groups in Japan showed that serum levels of soluble E-
selectin were higher in patients with type 2 diabetes mellitus
and hyperlipidemia or other complications than in healthy
controls (Nomura et al., 2003; Matsumoto et al.,, 2002). On the
other hand, smoking did not increase serum E-selectin level
in the acute or chronic phases (Patiar et al, 2002). These
facts indicated that the expression of E-selectin levels could
be essentially increased in diabetes mellitus and/or hyperch-
olesterolemia even if the participants in our study had the
wild-type AS61A genotype; therefore, the genetic effect of E-
selectin genotype may be attenuated in these patients.

In conclusion, this study revealed a significant association
between AS61C polymorphisms in the E-selectin gene and
ischemic CVD without diabetes mellitus and hypercholes-
terolemia. Although further studies are needed to evaluate
whether E-selectin may play a role in the pathogenesis of
CVD, our results and those of recent studies indicate that E-
selectin polymorphism and expression levels in the human
body may have an effect on the occurrence of ischemic
CVD.
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Abstract

Transcriptional regulation of human telomerase reverse transcriptase (WTERT), a catalytic subunit of telomerase, is essential for tel-
omerase activity associated with telomere length. In this study, we investigated the effects of a ~327T/C polymorphism within the hTERT
promoter region on the hTERT promoter activity and leukocyte telomere length in normal individuals. The promoter activity in the

— 1327

carriers had significantly longer than the ~'**"T-allele non-carriers

sequence was significantly higher than that in the ~'**’C-sequence (p = 0.0004). For leukocyte telomere length, the ~'>*"T-allele
(p = 0.0007). Also, there was no age-related shortening in leukocyte

telomere length in the ="' T/T (p = 0.6633) and ~*¥'T/C subjects (p = 0.1691), whereas there was clear age-related telomere shortening
in the ~1¥27C/C subjects (p = 0.0117). These findings suggest that the functional ~'**’T/C polymorphism of hTERT is associated with

leukocyte telomere length in normal individuals.
© 2006 Elsevier Inc. All rights reserved.

Keywords: Human telomerase reverse transcriptase; Polymorphism; Telomere length

Telomerase synthesizes telomeric repeats for addition to
the end of linear chromosomes, although replication of the
telomeric end is sometimes incomplete [1,2]. Thus, telomere
shortening occurs after repeated cell divisions and has a
key role in cellular senescence, differentiation, immortaliza-
tion, and transformation [3]. A recent study showed that
telomere shortening is assumed to contribute to mortality
in older subjects or age-related diseases [4].

Telomere length is mainly regulated by telomerase
activity ~associated with transcriptional activity of
human telomerase reverse transcriptase (hTERT), a sub-
unit of telomerase [5-7]. The hTERT promoter region
located with the 1375bp upstream of the transcrip-

" Corresponding author. Fax: +81 3 3353 3515,
E-mail address: yumikoma@sc.itc.keio.ac,jp (Y. Matsubara).

0006-291X/$ - see front matter © 2006 Elsevier Inc. All rights reserved.
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tion-starting site is rich in transcription factor binding
sites [8,9]. Although the regulation of hTERT transcrip-
tion has been widely studied, little is known about the
genetic variations in relation to hTERT transcriptional
activity.

In this study, the hTERT promoter region was
sequenced for screening of genetic polymorphisms in a
healthy population. A T to C transition 1327 bp upstream
of the transcription-starting site of h\TERT (~'**'T/C) was
frequently observed (nucleotide numbering according to
Horikawa et al.) [9]. Further, we investigated the associa-
tion between the ~'**’T/C polymorphism and (a) hTERT
transcriptional activity in normal human umbilical vein
endothelial cells (HUVECs), and (b) telomere length and
telomerase activity in peripheral leukocytes in normal
individuals.
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Materials and methods

Screening of the sequence variations within the h'TERT promoter region.
Written informed consent was obtained from all subjects enrolled into the
study. Study subjects were genetically unrelated Japanese subjects.

We recruited 46 healthy subjects for screening of polymorphisms
within the hTERT promoter region. -Among these subjects, the varia-
tion(s) in the hTERT sequence (nucleotide number [9] ~1665 to *20) for 17
subjects and the sequence variation at position ~1327 for 29 subjects were
analyzed by a direct DNA sequence analysis.

Luciferase assay. A dual-luciferase reporter assay system (Promega,
Madison, WI) was used according to the manufacturer’s protocol. A
1.6-kb DNA fragment (nucleotide number [9] 1623 to T20) with the
“I32IT or _‘327C-sequence was subcloned using the TA Cloning Kit
(Invitrogen, Carlsbad, CA). Each hTERT insert was subsequently
cloned into a firefly luciferase reporter plasmid pGL-3-Basic, a promoter-
and enhancer-less vector (Promega), designated pGL3-~"¥'T and
pGL3-71327C_ Thus, we prepared four types of firefly luciferase reporter
plasmids, pGL3-"13?"T, pGL3-~1**'C, pGL3-Basic, and pGL3-Control,
with the SV40 enhancer/promoter for the normalization of hTERT
promoter activity and one Renilla luciferase reporter plasmid for
standardization of transfection efficiency.

HUVECGs (passage number, 3) were purchased from TAKARA
(Tokyo, Japan). Early passage HUVECs (passage number, 5-7) were used
to avoid the influence of any transformation by subculture on this assay.
Transfection with luciferase plasmid into HUVECs was performed using
FuGene 6 Transfection Reagent (Roche, Nutley, NJ). Luminescence was
measured in each transfectant 24 h and 48 h after transfection. The value
corresponding to the transcriptional activity of hTERT promoter for
pGL3-"¥T or -71327C was calculated using the formula: relative lucif-
erase activity (%) = [(pGL3-"*¥T or -7*32'C) — (pGL3-Basic)}/[(pGL3-
Control) — (pGL3-Basic)] x 100.

Assay for telomere length. To measure telomere length of leukocyte
DNA, as assessed by mean length of terminal restriction fragments (TRF),
we used Southern hybridization of telomeric DNA [10] and real-time
kinetics quantitative polymerase chain reaction (PCR) {11}, and correla-
tion of results by these two methods was previously confirmed [11]. After
the confirmation of correlation between these two different methods for
measuring telomeres of our samples, we calculated telomere length. Study
subjects were 133 males over 40 years of age because the rate of telomere
shortening decreases after 40 years of age and is higher in males [12,13].
Genotyping of the ~'**’T/C polymorphism was performed using Mega-
base 1000 (General Electric, Fairfield, CT), according to the manufac-
turer’s protocol for the single nucleotide primer extension-based method.

Telomerase activity. Telomerase activity in leukocyte from healthy
subjects was measured using the method for real-time quantitative PCR
telomeric repeat amplification protocol (TRAP) assay, as described pre-
viously {14], and telomerase activity in each genotype of the 132 1/C
polymorphism was analyzed by the values of threshold cycle of telomeric
repeat amplification in the real-time quantitative PCR TRAP assay. Nine
study subjects were selected to match in age among three genotypes of the
_13?7T/C polymorphism.

Statistics. Mean values of the two groups in this study were compared
by Student’s ¢ test. Mean values of the three groups in this study were
compared by ANOVA. Single regression analysis was used to detect a
correlation coefficient (r) in TRF length assay. Statistical analyses
were performed using StatView (ver 5.0, for Macintosh, SAS, Cary, NC).
A p value less than 0.05 was considered to be statistically significant.

Results

We analyzed the sequence of the hTERT promoter
region to screen for genetic variations in 17 subjects, and
2 subjects were showed to be heterozygous for a T to C
transition at 1327 bp upstream of the transcription-starting
site [9]. This ~'**’T/C transition has been reported

(rs 2735940) in the database of single nucleotide polymor-
phism (http://www.ncbi.nlm.nih.gov/SNP/index.html),
although there is no report of epidemiologic or experimen-
tal data for this substitution. To examine whether this T/C
substitution is polymorphism or not, i.e., this substitution
is present more than 1% among population, the genotype
distribution of the ~'*?'T/C substitution was analyzed in
an expanded population of 46 subjects. As a result, the
genotype distribution was 15.2% for the ~'*’T/T geno-
type, 39.0% for the ~*?T/C genotype, and 45.8% for the
~127C/C genotype, suggesting that this T/C substitution
is a polymorphism.

To investigate the effects of the ~'*?"T/C polymorphism
on hTERT transcriptional activity, we performed an exper-
imental study using a dual-luciferase reporter assay system.
The mean value of relative luciferase activity representative
of h"TERT promoter activity in HUVECs transfected with
pGL3-""*'T was significantly higher than that in
HUVECs transfected with pGL3-"*?/C at 24 h or 48 h
after the transfection: 4.592 + 0.285 (%, mean 4 SD) for
the pGL3-""**"T and 3.711 + 0.686 for the pGL3-~13%"C
after 24h of the transfection (p=0.0026), and
6.368 + 1.017 for the pGL3-""**'T and 4.842 + 0.203 for
the pGL3-""?’C after 48h of the transfection
{(p = 0.0004) (data were obtained from three independent
experiments performed in triplicate). The results are indic-
ative of the relationship between the ~'**’T-sequence and
higher hTERT transcriptional activity.

Next, we measured leukocyte TRF length to test the
hypothesis that the ~"**’T/C polymorphism affects telo-
mere length, closely related to the final stages of the telo-
mere system. This speculation was also raised by previous
reports that an inter-individual variation in leukocyte telo-
mere length was genetically determined [15,16]. The TRF
length in normal leukocytes was significantly different
among the three genotypes: 7.80 + 1.23 (kb, mean & SD)
for the ~'*7C/C genotype (n=67), 8.47 + 1.04 for the
~B2'T/C genotype (n=352), and 8.53+0.96 for the
~132'T/T genotype (n = 14) (p = 0.0031; Fig. 1). When ana-
lyzing the telomere length between the subjects without or
with the ~'**’T-allele, we obtained the results which
showed that the genotypes with ~'*?'T/T and ~'**'T/C
were significantly longer than that in the ~!'*2C/C geno-
type: 7.80 4= 1.23 (kb, mean + SD) for the ~'**’C/C geno-
type (n = 67), 8.47 + 1.04 for the ~"**'T/C and ~"**'T/T
genotypes (n=66) (p=0.0007). Mean age was not
significantly  different  between groups: 53.4+£5.0
(vears, mean & SD) for the ~'**’C/C, 52.7 + 4.4 for the
~BT/C, and 51.9 £ 4.4 for the ~"**'T/T (p.=0.5200).
Also, there was no age-related shortening in TRF length
in the “®T/T (r=0.128, p=0.6633) and ~"*?'T/C
subjects (r= —0.194, p=0.1691), whereas there was
clear age-related telomere shortening in the ~'*?’C/C
subjects (r = —0.306, p =0.0117; Fig. 1). These observa-
tions suggest that the ~"*?"T/C polymorphism is strongly
associated with telomere length in peripheral leukocytes
in normal individuals.
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Fig. 1. Relationship between leukocyte telomere length and the ~'**’T/C polymorphism. (A) Bars show mean TRF length (ie., telomere length)
(mean =+ SD) in each genotype. (B) Plot of leukocyte TRF length against age and regression line are shown separately for the ~*2’CC, ~"®2'TC, and

~132ITT genotypes.

Telomere length is mainly regulated by telomerase activ-
ity that is generally associated with hTERT transcriptional
activity. However, several reports showed that transcrip-
tional activity of hTERT did not always correlate directly
with telomerase activity and the presence of post-transla-
tional modification [17]. Thus, we analyzed the relationship
between the ~*¥'T/C polymorphism and telomerase
activity in leukocyte from healthy subjects, and mean age
in each genotype group was 36.0 +11.0 (y, mean + SD)
for the ~"**’C/C genotype (n=4), 36.0+=7.1 for the
~B2T/C genotype (n=2), and 36.04+12.2 for the
~2T/T  genotype (n=3). Telomerase activity was
examined using the threshold cycle values (C,) of telomeric
repeat amplification in the real-time quantitative PCR
TRAP assay, thus higher C, indicating lower telomerase
activity. Telomerase activity in the subjects with the
~1*?T_allele was higher than that in the subjects without
the ~"¥T.allele: 29.9+5.6 (C, mean+SD) for the
~1327C/C genotype, 28.0 +4.2 for the ~1327T/C genotype,
and 21.8+£4.0 for the ~"?'T/T genotype, and this
difference was marginally significant (p = 0.0713). Observa-
tion suggests that the ~'*?"T-allele is associated with higher
telomerase activity in leukocyte.

Discussion

The present study demonstrates for the first time that the
~1B327/C polymorphism within the hTERT promoter region
has functional roles: the ~'**"T sequence is associated with
higher transcriptional activity, lack of age-dependent telo-
mere shortening, longer telomere length, and telomerase

activity. The relationship of the ~'*?"T/C polymorphism to
telomere shortening, telomere length, and telomerase activi-
ty was found in normal peripheral leukocytes. Leukocyte
telomere shortening has been highlighted as a critical marker
in the research of cell senescence and cancer, thus, our obser-
vations show an impact in the fields.

Transcriptional regulation of hTERT has a key role in
telomerase activity and telomere shortening; therefore, we
focused on the hTERT promoter region in this stady. In
our promoter assay, we found approximately a 25% higher
promoter activity in the ~'*?’T-sequence compared the
~1327C_sequence. Although the finding with such a modest
effect, the data were so strong statistically significant. This
significance was caused by the small range of the standard
deviations, and possible reasons of the very little inter-as-
say are as follows; we used a dual-luciferase assay system
for standardization of transfection efficiency and early pas-
sage HUVEC: (passage number, 5-7) to avoid the influence
of any transformation by long-term culture on this assay.
Particularly, long-term culture of HUVECs showed cell
senescence [18]. Although HUVECs have slight activity of
telomerase [19], telomerase activity in senescent HUVECs
is not fully understood. These suggest that long-term
culture of HUVECs is not adapted to evaluate hTERT
promoter assay. Thus, we used the present assay system
that telomerase promoter with promoter gene works under
transient condition using early passage HUVECs although
it is important to examine the promoter assay under
permanent condition in HUVEC. As a result of careful
assay design, we found the relationship of the ~1**’T/C poly-
morphism on hTERT transcription activity in HUVECs.
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We measured leukocyte DNA TRF length, but not that
of endothelial cells, because telomere length in both leuko-
cytes and endothelial calls is inversely correlated with age
(average decline 30-40 bp/year in normal leukocytes)
[12,13,20~22], and leukocyte DNA was available for this
study. Also, endothelial celis and leukocytes are exposed
to the same hemodynamic stress, thus the rate of turnover
is considered to correlate between these cells [21]. The
~1327T_sequence was strongly associated with longer telo-
mere length. We postulated that “1327T-sequence with
higher hTERT transcriptional activity is associated with
more effective extension of the telomeric end during cell
division, and our results reveal a possible causative role
of the ~*?'T/C polymorphism in inter-individual varia-
tions in leukocyte telomere length.

In conclusion, we report a potential role of the ~'*2’T/C
polymorphism within the hTERT promoter region in the
WTERT promoter activity and leukocyte telomere shorten-
ing among normal individuals.
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The human lectin-like oxidized low-density lipoprotein receptor 1 (OLR1/LOX-1) is the major
endothelial scavenger receptor against oxidized low-density lipoprotein (Ox-LDL), which
has been implicated in the pathogenesis of atherosclerosis. We investigated the G501C
mutation in the OLR1 gene in 235 Japanese patients with ischemic cerebrovascular disease
(CVD) and 274 age- and sex-matched healthy controls using single nucleotide primer
extension analysis (SNuPe). There was no significant difference in the polymorphism
between patients with ischemic CVD and controls (GC+CC versus GG, p=0.48). The C allele
was not significantly different between the patients and controls (C versus G, p=0.91). Our
results show that the OLR1 gene polymorphism has little effect on an increased risk for
ischemic CVD in the Japanese population.

© 2006 Elsevier B.V. All rights reserved.

Human lectin-like oxidized low-density lipoprotein receptor 1
(LOX-1), encoded by the OLR1 gene, was identified as a cell-
surface endocytosis receptor for oxidized low-density lipopro-
tein (Ox-LDL) on vascular endothelial cells. In the physio-
logical state, LOX-1 expression is seen in vivo in vascular rich
organs, such as placenta, lungs, brain, and liver, and in vitro in
normal aortic endothelial cells (Sawamura et al., 1997). On the
other hand, Ox-LDL and inflammatory cytokines can upregu-
late the expression of LOX-1 and induce the endothelial
expression of leukocyte adhesion molecules and smooth
muscle growth factors, which are involved in atherosclerosis
(Kume and Gimbrone, 1994). LOX-1 on the endothelium
mediates the auto-activation of platelets, the platelet-endo-
thelium interaction, and the release of endothelin-1 from

* Corresponding author. Fax: +81 3 3353 1272.
E-mail address: hidehatt@1999 jukuin keio.ac.jp (H. Hattori).

endothelial cells that introduces endothelial dysfunction
(Kakutani et al., 2000).

A single nucleotide polymorphism G501C of the OLR1 gene
that results in an amino acid dimorphism (Lys/Asn) at residue
167 in LOX-1 protein was found in patients with ischemic
heart disease from a single family, and G501C+C501C
genotype increased the risk of myocardial infarction or the
severity of coronary artery disease significantly (Tatsuguchi
et al., 2003; Ohmori et al., 2004).

Interestingly, a recent study demonstrated that acetylsa-
licylic acid (aspirin), which could prevent ischemic stroke,
inhibited Ox-LDL-mediated LOX-1 expression and metallo-
proteinase-1 in human coronary endothelial cells (Mehta
et al., 2004). The expression of LOX-1 was greater than tenfold

0006-8993/% ~ see front matter @ 2006 Elsevier B.V. All rights reserved.

doi:10.1016/j.brainres.2006.08.091
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Fig. 1 - The principal of SNuPe genotyping. The constructed
SNuPe primers anneal the amplified DNA templates in front
of 501 sites. Subsequently, the different fluorescent dyes
labeled ddGTP or ddCTP react with the target SNP site and

stop the annealing on and after 501 sites. Using a scanner, we
can genotype the G501C single nucleotide polymorphism.

at a transient ischemic core site compared with the non-
ischemic side in the rat middle cerebral artery occlusion
model (Schwarz et al., 2002). These data suggest that LOX-1
expression induces atherosclerosis in the brain and is the
precipitating cause of ischemic stroke. Although several
studies have shown the positive relationship between A501C
polymorphism of OLR1 gene and atherosclerotic heart disease,
the association between the polymorphism and ischemic
stroke remains unclear. Using the SNuPe assay (Greenwood
and Burke, 1996), we examined whether the OLR1 single
nucleotide polymorphism is associated with ischemic cere-
brovascular disease in the Japanese population.

We analyzed 235 unrelated Japanese patients with ische-
mic cerebrovascular disease (CVD) and 274 age- and sex-
matched controls. All patients with CVD had attended the
outpatient clinic of Keio University Hospital, Tokyo, for regular
follow-up examinations. All controls worked for Keio Univer-
sity and had visited Keio University Hospital for their annual
health examinations. We selected patients with CVD who
were <70 years of age at the onset of CVD. On the basis of the
Classification of Cerebrovascular Diseases IiI report from the
committee established by the National Institute of Neurolog-
ical Disorders and Stroke, patients with CVD who were given a
diagnosis of atherothrombotic infarction (AT), lacunar infarc-
tion, or transient ischemic attack (TIA) were enrolled in this
study. Those with cardioembolic cerebral infarction or cere-
bral hemorrhage were excluded. Those with a clinical history
of cerebrovascular disease, myocardial infarction, or peri-
pheral vascular disease were excluded. Written informed
consent was obtained from all subjects after a full explanation
of the study and a guarantee of total confidentiality. Brain
computed tomography (CT) and/or magnetic resonance im-
aging (MRI) studies were performed on all patients with CVD.
Hypertension, hypercholesterolemia, and smokers were de-
fined as described previously (Ito et al., 2000).

Whole blood was collected into tubes containing sodium
citrate. After genomic DNA was extracted, polymerase chain
reaction (PCR) was carried out in a 25-pl volume containing
1.5 pl of 25 mM MgCl,, 2 pl of 2 mM dNTP, 2.5 ul of 10x PCR
buffer, 0.2 ul of each primer, 0.125 pl of Taq Gold, 17.475 ul of
distilled water, and 1 ul of the extracted DNA. Amplification of
a 441-bp fragment of the OLR1 gene was performed with the 5
primer 5'-CTGGAGGGACAGATCTCAGC-3' and 3’ primer 5'-
TAAGTGGGGCATCAAAGGAG-3'. Amplification by PCR con-
sisted of an initial 5 min of denaturation at 94 °C, 35 cycles of
30s5at94°C,30sat61°C,and 30 s at 72 °C, followed by 7 min at
72 °C in a GeneAmp PCR system 9700 (Applied Biosystems,
Foster City, CA, USA) or a PLT-225 DNA Engine Tetrad (Mj
Research, Waltham, MA, USA).

To analyze the G501C polymorphism of the OLR1 gene, a
commercial MegaBACE SNuPe Genotyping Kit (Amersham
Biosciences, Piscataway, NJ, USA) was used (Fig. 1). The 10-ul
SNuPe reaction volume contained 1 pl purified PCR product,
4 pl SNuPe Premix, and 2 pmol SNuPe primer. The HPLC-
purified SNuPe primer 5'-GGCTCATTTAACTGGGAAAA-3’ was
constructed. The SNuPe reaction consisted of 25 cycles of 10 s
at 94 °C, 5 s at 58 °C, and 10 s at 60 °C, and the sequence was
completed by the MegaBACE 1000 DNA sequencing system
(Amersham Biosciences, Piscataway, NJ, USA).

The differences in genotype frequencies and other risk
factors were analyzed by the ¥* test. The mean age and allele
frequencies in the two groups were compared by Student’s
t-test. Multiple logistic regression methods were used to con-
trol for possible confounding factors. All statistical analyses
were performed using Statview software (Ver. 5.0 for Windows,
SAS Institute, CA, USA).

The 235 patients with CVD and 274 controls were well
matched in terms of age and sex (Table 1). The risk factors
hypertension, hypercholesterolemia, diabetes mellitus, and
smoking were significantly more common in patients with
CVD than in controls {P<0.001). The frequencies of the G501C
polymorphism showed no deviation from Hardy-Weinberg
equilibrium.

The frequencies of GC+CC genotype carrier were not
statistically different between all patients with CVD and

Table 1 — Clinical characteristics of patients with CVD and

Controls Patients with p®
(n=274) CVD (n=235)
Male, % 719 77.9 Ns®
Age, meanx3D, y 59.1+£3.4 58.3x7.8 Ngb
Hypertension, % 25,3 56.2 <0.001
Hypercholesterolemia, % 15.1 38.6 <0.001
Diabetes mellitus, % 5.53 25.8 <0.001
Smoking, % 25.6 53.3 <0.001
Body % mass 5.68 9.02 0.062
index >27.3 kg/m* %
Family history, % 185 29.3 0.012

@ 4 tests were used to compare values of patients with CVD and
controls for all parameters except for age, which was compared by
Student’s t-test.

> Not significant.
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Table 2 — Genotype and allele frequencxes of the G501C
polymorphism of the OLR1 gene in patients with GVD and
controls

Lacunar TIA

Genotype Patients AT Controls

with CVD (n=69) (n=142) (n=24) (n=274)
(n=235)

GC+CC,% 39.1(92) 449(31) 37.3(53) 333(8) 36.1(99)

GG, % 60.9 (143) 55.1(38) 62.7(89) 66.7(16) 63.9 (175)

P? 0.484 0.182 0.811 0.783 -

C % 211 24.6 20.1 16.7 214

G, % 78.9 75.4 7.9 83.3 78.6

p? 0.911 0.410 0.666 0.433 -

The number of subjects (X).

“ #* tests were used to compare genotype and allele frequencies
between controls and all patients with CVD and between controls
and individual groups of patients with CVD.

controls: 39.1% versus 36.1%, odds ratio (OR)=1.14 [95%
confidence interval (CI)=0.98 to 2.00, p=0.484]. The C allele
frequencies were not significantly different between all
patients with CVD and controls: 21.1% versus 21.4%, OR=0.98
(95% CI=0.73 to 1.33, p=0.911) {Table 2). As seen in Table 2, a
stepwise increase in the percentage of patients with CVD and
GC+CC genotype was found depending on the severity of CVD:
33.3% in TIA, 37.3% in lacunar infarction, and 44.9% in AT.
However, we failed to show a statistical difference between
these subtypes of CVD.

In logistic regression analysis, sex, age, hypertension,
hypercholesterolemia, diabetes mellitus, current smoking,
body mass index, family history of stroke, and OLR1 genotypes
(GC+CC vs. GG or C allele vs. G allele) were included as inde-
pendent variables. This analysis revealed that the presence of
the C allele was independent of these acquired risk factors.

The present study examined the relation between ischemic
CVD and the G501C single nucleotide polymorphism (SNP) on
exon 4 of the OLR1 gene and did not show the statistical
influence of the SNP. As shown in Table 3, there are three other
studies regarding the relation between acute myocardial
infarction (AMI) and the polymorphism, but two of the three
failed to show any relation. In detail, Chmori et al. identified
the significant stepwise decrease in the percentage of patients
with GC+CC genotype depending on the severity of coronary
artery disease (Ohmori et al., 2004), but the other group showed
asignificantassociation between GG genotype and the severity
of coronary artery disease when the patients having three
obstructed vessels were compared to those with one or two

obstructed vessels (Trabetti et al., 2006). In addition, we found a
stepwise increase in the percentage of patients with CVD and
GC+CC genotype depending on the severity of CVD, but it was
not significant. Based on these findings, we suppose that the
association between atherosclerotic diseases and the genotype
seems weak because we found the paradoxical results
associated with disease severity in both studies.

Several reasons may explain why the present study failed
to show an association between stroke and G501C genotype.
First, the G501C genotype and other polymorphisms on
intron 4, intron 5, and 3'UTR of the OLR1 gene were studied
by two other groups of researchers. They showed that there
was a significant association between the 3'UTR/T allele
carrier (TC+TT genotypes) and acute myocardial infarction
or coronary artery disease severity (Mango et al., 2003; Chen
et al., 2003). Although the G501C genotype of the OLR1 gene,
which resulted in the missense mutation of K167N in the
extracellular ligand-binding domain of the LOX-1 protein, may
affect the binding affinity between Ox-LDL and LOX-1, the
effect of these SNPs in the untranslated portion remains
unclear. However, Mango et al. suggested that SNPs in the
untranslated portion may affect the alternative splicing of the
OLR1 gene, which could express not only LOX-1but also LOXIN,
which lacked exon 5. They also reported that LOXIN blocked
the apoptosis of endothelial cells, smooth muscle cells, and
macrophages associated with LOX-1 activation (Mango et al.,
2005). In a comparative expression analysis between the wild-
type and mutant OLR-1 in intron 4, intron 5, and 3'UTR, LOXIN
expression in the mutant was higher than thatin the wild-type
plasmid. Taken together, they suggested that alteration of
LOXIN expression in untranslated SNPs is directly associated
with susceptibility to AML If these SNPs are also important to
the susceptibility to ischemic stroke, LOX-1 activation without
Ox-LDL binding is more important than the Ox-LDL scavenger
function of LOX-1. Thus, G501C may not have such a strong
effect on the susceptibility to stroke.

Second, the mechanism of the relation between LOX-1 and
ischemic stroke was proposed to be based on oxidative stress
(Gorelick, 2001). Primarily, angiotensin II stimulates oxidation
of LDL and expression of LOX-1 in pathogenesis of ischemic
stroke, and the binding of Ox-LDL to LOX-1 increased
production of superoxide, which inactivated nitric oxide in a
chemical reaction (Cominacini et al., 2001). Subsequently, this
reduced nitric oxide has been linked to impaired endothelium-
dependent relaxation and the progression of atherosclerosis.
If that is the main reason of atherosclerotic progression in
patients with ischemic CVD, the GC+CC genotype has
adverse effects against atherosclerosis, which means that

the present study.

Table 3 — Association results between OLR1 gene polymorphxsm and atheroscleronc dlseases in the prevxous studies and

The first authors Sample size® Risk genotype Odds ratio (95% CI) P-value Associated phenotype (results)
Tatsuguchi et al,, 2003 102 vs, 102 G501C+C501C 2.89 (1.51-5.53) <0.002 Acute myocardial infarction (associated)
Ohmori et al., 2004 171 vs. 248 GS01C+C501C 34 vs. 37%" Not significant Acute myocardial infarction (failed)
Trabetti et al., 2006 190 vs. 160 G501C+C501C 0.97 (0.55-1.68) 0.88 Acute myocardial infarction (failed)
Present study 235 vs. 275 G501C+C501C 1.14 (0.98-2.00) 0.484 Ischemic cerebrovascular disease (failed)

? Patients vs. controls.
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the genotype may decrease atherosclerotic vessels. That is
another reason of our failure.

In conclusion, this study showed no association between
the G501C polymorphism in the OLR-1 gene and ischemic
cerebrovascular disease in the Japanese population. G501C
may not influence the susceptibility to ischemic stroke. One
reason is that LOX-1 activation without Ox-LDL binding may be
more important than the scavenger function of LOX-1 for
intracranial atherosclerosis. Another reason is that the inter-
action between Ox-LDL and LOX-1 may have an accelerative
effect on endothelium dysfunction. Although recent studies
indicate that LOX-1is implicated in the mechanism of atheros-
clerosis and ischemic stroke, further studies are needed to
evaluate whether the G501C genotype may change the binding
affinity of LOX-1.
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