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Table 1. Clinical characteristics of the study population

Table 2. Incidence of metabolic syndrome and metabolic ab-
normalities by Japanese diagnostic criteria

men women
(n=1,917) (n=1,347) men (%) women (%) all (%)

age 463 £0.30  45.7 £046 metabolic syndrome 12.1 1.7 7.8
BMI 234007 224 =0.07* visceral obesity 48.2 9.7 323
waist circumference (cm) 841020 732=x029* hypertriglyceridemia 31.3 11.2 23.0
systolic blood pressure (mmHg) 125 = 0.40 120 = 0.49* low HDL-cholesterolemia 124 2.2 8.2
diastolic blood pressure (mmHg)  76.3+0.27 723 £0.31* dyslipidemia 35.2 12.1 25.6
T-cho (mg/dL) 201 £ 0.78 200 £0.97 hypertension 254 19.5 22.9
TG (mg/dL) 145 £2.97  92.1 =1.64* elevated fasting glucose 14.4 7.0 11.3
HDLe (mg/dL) 548033 64.6x039% A . o
LDLc (mg/dL) 118.0£0.99 1135 = 1.22% gﬁgﬁ(:f;iif defined as hypertriglyceridemia and/or low HDL-
HbAlc (%) 486002 482014
fasting glucose (mg/dL) 97.8 043  91.1 £0.36%
insulin (IU/mL) 628011 7.16=021* ide, HDL-cholesterol, and fasting glucose were 200

Data are expressed as the means £ SEM. T-cho; total cholesterol, TG;
triglyceride, HDLc; HDL-cholesterol, LDLe; LDL-cholesterol. * <
0.001, **p<0.01

emia were excluded, because we could not obtain data
as to whether they were treated for hypercholesterol-
emia or hypertriglyceridemia. We also analyzed the in-
cidence of metabolic syndrome by ATP Il criteria
published in 2005%. We modified the criteria by using
the Japanese cutoff of waist circumference. Other dif-
ferences are fasting glucose 2100 mg/dL and HDL-
cholesterol <50 mg/dL in women. Metabolic syn-
drome in ATP Il criteria was defined as the presence
of at least 3 abnormalities among visceral obesity, hy-
pertriglyceridemia, low HDL-cholesterolemia, hyper-
tension, and glucose intolerance.

Data Analysis

The results are expressed as the mean value =
standard deviation, and categorical data by the inci-
dence and relation between visceral obesity and vari-
ous factors were expressed by the odds ratio and 95%
confidence interval. Differences in the means were
evaluated by analysis of variance (ANOVA) or analysis
of covariance (ANCOVA). The relation between vis-
ceral obesity and various factors was examined using
multiple, logistic regression analysis for multivariate
analysis. Analysis was performed using the statistical
Package for Social Sciences (SPSS Japan Inc. ver. 11.5,
Tokyo, Japan). A p value of 0.05 or less was consid-
ered to indicate significant difference.

Resulis

Table 1 shows the characteristics of the study
population. The means of total cholesterol, triglycer-

mg/dL, 123 mg/dL, 59 mg/dL, and 95 mg/dL. These
data are almost the same as the means of the total par-
ticipants (201, 115, 59, 95, respectively)@. The means
of both genders were also equivalent to the means of
the total participants, indicating that this population
represents all participants in this Japanese lipid survey
in 2000. Although we found no difference in the
mean age, total cholesterol, and HbAlc between men
and women, the means of BMI, waist circumference,
blood pressure, triglyceride, LDL-cholesterol, and fast-
ing glucose were higher in men than in women, while
those of HDL-cholesterol and insulin were lower in
men than in women.

Using the Japanese diagnostic criteria for meta-
bolic syndrome we determined the incidence of meta-
bolic syndrome (Table 2). The incidence of metabolic
syndrome in all participants was 7.8%. The incidence
in men and women was 12.1, 1.7%, respectively. The
incidence was about 7-fold higher in men than in
women, reflecting the difference in visceral obesity de-
fined by waist circumference, 48.2% in men and 9.7%
in women. The incidence of dyslipidemia, hyperten-
sion, and glucose intolerance was also higher in men
than in women in this population, indicating a higher
prevalence of metabolic abnormalities in men.

It is important for us to intervene from the peri-
od of visceral obesity to prevent cardiovascular disease
due to these metabolic abnormalities. Therefore, we
compared the incidence of visceral obesity, visceral
obesity plus one metabolic abnormality, and metabol-
ic syndrome. Fig.1 shows the incidence of visceral
obesity, visceral obesity plus one metabolic abnormali-
ty, and metabolic syndrome. The incidence of visceral
obesity plus one metabolic abnormality was about
twice the incidence of metabolic syndrome both in
men and women.

To compare the incidence of metabolic syndrome
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by Japanese and ATP Il criteria in this population, we
determined the incidence of metabolic syndrome using
these criteria in each generation from age 20s to 70s in
men and women as shown in Fig. 2. The incidence of
metabolic syndrome using ATP III criteria was about 3
times higher than that by the Japanese criteria. Using
both criteria the incidence of metabolic syndrome
started to rise in men in their 30s and reached a pla-
teau after their 40s. Meanwhile, the incidence of met-
abolic syndrome in women started to rise after their
50s using both criteria, indicating the increased preva-
lence of metabolic syndrome after menopause.

We next examined whether visceral obesity con-
tributed to metabolic abnormalities in this study pop-
ulation. Fig.3 shows the difference of lipid profiles
and fasting glucose levels with or without visceral obe-
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Fig. 1. Incidence of metabolic syndrome and visceral obesity
in the lipid survey in 2000.

The percent incidence of metabolic syndrome, visceral obesity plus
one risk factor, and visceral obesity in men and women is shown.
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Fig, 2. Incidence of metabolic syndrome in each generation by Japanese and ATP Il criteria.

Fach column shows the incidence of metabolic syndrome in each generation in men (closed column) and women {open column) by Japanese
(A) and ATP I (B) criteria. The incidence in the total population is shown on the left.
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Fig.3. Comparison of metabolic abnormalities with or without visceral obesity.

Each column shows the mean = SD of total cholesterol, triglyceride, HDL-cholesterol, LDL-cholesterol, and fasting glucose with or without
visceral obesity in men (A) and women (B). *»< 0.001



206 : Arai et al.

(] no visceral obesity
B visceral obesity

150

120

mmHg

60

30

1

SBP DBP
Men Women

Fig.4. Comparison of systolic and diastolic pressure with or
without visceral obesity.
Each column shows the mean * SD of systolic and diastolic blood

pressure with or without visceral obesity in men and women. *p <
0.001

sity in this study population. The levels of total cho-
lesterol, triglyceride, LDL-cholesterol, and fasting glu-
cose were significantly higher, while the level of HDL-
cholesterol was significantly lower in the group with
visceral obesity than in the group without, indicating
the contribution of visceral obesity to these metabolic
abnormalities in both men and women. Systolic and
diastolic blood pressure was also higher in the visceral
obesity group in both genders (Fig.4). We also deter-
mined the effect of visceral obesity on the develop-
ment of each abnormality by calculating the odds ra-
tios and 95% confidence interval (Fig.5). Visceral
obesity was significantly associated with the develop-
ment of each metabolic abnormality in men and
women except for low HDL-cholesterolemia in wom-
en. When we changed the cutoff of HDL-cholesterol
to 50 mg/dL, visceral obesity was significantly associ-
ated with low HDL-cholesterolemia in women. The
odds ratio was 2.10 and the 95% confidence interval
was 1.35-3.27. Among dyslipidemia, hypertension,
and glucose intolerance, visceral obesity was most as-
sociated with the development of dyslipidemia.

We also determined the age-adjusted difference
of lipid profile in the presence or absence of visceral
obesity in this population. Even after age adjustment
we found a significant difference in total cholesterol,
triglyceride, HDL-cholesterol, and LDL-cholesterol in
men and in women, except for a difference in LDL-
cholesterol in women (Table 4).

Men ‘ Odds Ratio (95% Cl)
elevated glucose —=— 1.89 (1.46-2.46)
hypertension -=2- 2.17 (1.76-2.69)
dyslipidemia 8- 2.47 (2.04-3.0)
low HDL cholesterolemia -8 2.67 (1.99-3.57)
hypertriglyceridemia - 1.95 (1.59-2.38)

0;1 1 Tb

Women .
elevated glucose —e— 2.45 (1.41-4.24)
hypertension —— 2.24 (1.51-3.32)
dyslipidemia —o—  3.13(2.04-4.81)

low HDL cholesterolemia ——————@mev 1.04 (0.31-3.48)

hypertriglyceridemia i —e—  3.17(204-4.91)

i
+
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Fig. 5. Effect of visceral obesity on hypertriglyceridemia, low
HDL cholesterolemta, dyslipidemia, hypertension, and
glucose intolerance in men and women.

Odds ratios and 95% confidence interval are shown for each ab-
normality in the presence or absence of visceral obesity.

Discussion

In this study we determined the incidence of
metabolic syndrome in the Japanese general popula-
tion using a lipid survey performed in 2000 using new
Japanese criteria to diagnose metabolic syndrome. We
found that 3 times more people were diagnosed with
metabolic syndrome using the new ATP Il criteria
than the Japanese criteria and that visceral obesity
contributed to metabolic abnormalities, such as dys-
lipidemia, glucose intolerance, and hypertension.

In our study the incidence of metabolic syn-
drome in Japanese men and women was 12.1 and
1.7%, respectively. The incidence of metabolic syn-
drome in our survey is lower than that from the latest
National Health and Nutrition survey in 2004. In that
survey the incidence of metabolic syndrome in Japa-
nese men and women was 23.0 and 8.9%, respective-
ly. In this national survey they used HbAlc (=5.5)
instead of FBS to diagnose glucose intolerance. This
might explain the difference between the two surveys.
This difference also indicates that the cutoff of FBS
needs to be changed in the future. Although the mean
age and the criteria used were different, Takeuchi ez al.
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Table 3. Incidence of each metabolic abnormality in the presence or absence of visceral obesity

visceral obesity

no visceral obesity

men women men women
hypertriglyceridemia 41.1% 25.4% 22.2% 9.7%
low HDL-cholesterolemia 17.6% 2.3% 74% 2.2%
dyslipidemia 45.7% 26.9% 25.4% 10.5%
hypertension 32.8% 33.1% 18.4% 18.1%
elevated fasting glucose 18.4% 14.6% 10.6% 6.2%
Dyslipidemia is defined as hypertriglyceridemia and/or low HDL-cholesterolemia
Table 4. Age-adjusted difference of lipid profile in the presence or absence of visceral obesity
age-adjusted women age-adjusted all age-adjusted
no visceral  visceral no visceral  visceral no visceral  visceral
. . P . . P . . P
obesity obesity obesity obesity obesity obesity
mean 195.6 205.9 198.8 214.2 197.3 206.9
T-cho number 994 923 <0.001 1217 130 0.082 2211 1053 <0.001
SD 33.4 33.4 354 33.1 34.6 33.4
mean 128.7 162.0 88.9 121.7 106.8 157.0
TG number 994 923 <0.001 1217 130 <0.001 2211 1053 < 0.001
SD 119.3 138.8 60.2 51.5 93.7 131.8
mean 57.7 51.7 65.1 59.8 61.8 52.7
HDlc  number 994 923 <0.001 1217 130 0.003 2211 1053 < 0.001
SD 14.2 13.9 14.5 12.5 14.8 14.0
mean 112.1 122.1 1114 128.0 111.7 122.9
LDle number 374 479 0.001 510 71 0.106 884 550 <0.001
SD 26.0 30.1 29.0 28.8 27.8 30.0

The mean, the number of samples, and SD are shown. P value was obrained by ANCOVA.

reported that the incidence of metabolic syndrome in
men in the Tanno and Sobetsu study was 25.3%'".
The mean age of their study population was 60.3
years, about 15 years older than that in our study pop-
ulation. Other studies reported a similar incidence of
metabolic syndrome in Japanese. Considering that the
incidence of metabolic syndrome in our population in
their 60s was about 20%, the difference of the criteria
used contributed to this difference. Similar to our
study Urashima ez a/. reported an incidence of meta-
bolic syndrome in Japanese men and women of 14.1%
and 1.7%, respectively in central Tokyo'. Thus, the
current incidence of metabolic syndrome in Japan
would be around 15% in men and a few percent in
women. In our study we found that about twice as
many people with metabolic syndrome had visceral
obesity and one risk factor in both men and women,
indicating a potential for the incidence of metabolic
syndrome to increase in the future. In our previous

analysis we showed that the level of triglyceride in
men dramatically increased from 1990 to 2000°.
Therefore, we need to tackle this problem to prevent
the increase in metabolic syndrome and cardiovascular
disease in Japan.

In this population the incidence of metabolic
syndrome in women was one seventh that in men.
The incidence of visceral obesity, dyslipidemia, and
glucose intolerance in women was one fifth, one third,
and one half that in men, respectively. Furthermore,
most of the women who satisfied this criteria were
more than 50 years old, which means that few women
are diagnosed with metabolic syndrome before the
menopause. In Japan we adopted a cutoff of waist cir-
cumference of 90 ¢cm for women, which is 5 cm more
than that for men. This might explain why the inci-
dence of metabolic syndrome in women was much
less than in men. In contrast to the cutoff waist cir-
cumference in Japan, other criteria, such as in ATP I,



208 Arai et al.

generally have a larger cutoff in men than in women;
however, our cutoff in women is based on the exten-
sive study by Matsuzawa and his group using CT
scan '*1%. Therefore, in terms of detecting visceral obe-
sity, 90 cm would be appropriate for Japanese women.
However, we need to establish another method to se-
lect high-risk patients without visceral obesity. Our
data also strongly indicate that visceral obesity using
our cutoff is associated with metabolic abnormalities
even after age adjustment, as shown in Fig. 5 and Ta-
ble 4. Therefore, we believe that visceral obesity is a
useful surrogate marker for metabolic abnormalities
and intervention to reduce abdominal circumference
would lead to the prevention of cardiovascular disease.
However, in terms of the cutoff of HDL-cholesterol,
50 mg/dL might be better than 40 mg/dL from the
odds ratio in women (Fig. 5 and Results) as in the cut-
off of the ATP HI criteria.

In summary we have shown that the incidence of
metabolic syndrome in the Japanese general popula-
tion is 7.8%, 12.1% in men and 1.7% in women. In-
tervention is required to prevent metabolic syndrome
as well as metabolic abnormalities, such as dyslipid-
emia, hypertension, and glucose intolerance. The cur-
rent criteria for metabolic syndrome should be assessed
for the better diagnosis of women and elderly people.
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ELISA for Soluble Form of Lectin-Like
Oxidized LDL Receptor-1, A Novel
Marker of Acute Coronary Syndrome

To the Editor:
Lectin-like oxidized LDL receptor-1
(LOX-1) is prominently expressed in
atherosclerotic plaques (1, 2). LOX-1
expressed on the cell surface is pro-
teolytically cleaved at its membrane-
proximal extracellular domain (ECD)
and released in soluble form
(sLOX-1) (2, 3). Serum sLOX-1 is in-
creased at an earlier stage of acute
coronary syndrome (ACS) than are
other cardiac makers, such as creat-
ine kinase-MB fraction, troponin T,
and high-sensitivity C-reactive pro-
tein (4). We describe the develop-
ment of an ELISA for sLOX-1.

The cleavage sites on human LOX-1
(hLOX-1) remain unknown. We tried
to obtain human sLOX-1 (hsLOX-1)

Letters

from cultures of CHO-K1 cells stably
expressing hLOX-1 (3,5), but the
amount of hsLOX-1 obtained was too
small for ELISA development.

hsLOX-1 should be similar to the
ECD of hLOX-1 (hLOX-1-ECD), con-
sidering a structure of bovine
sLOX-1 (3). We produced recombi-
nant hLOX-1-ECD [rhLOX-1-ECD;
hLOX-1 (84-273)] in Escherichia coli
and purified it as described previ-
ously (5); we then used the soluble
fraction of rhLOX-1-ECD instead of
hsLOX-1 as the assay calibrator and
immunogen. We estimated the
amount of rhLOX-1-ECD by ultravi-
olet spectrophotometry, using the
formula: EX . = 10.0

To produce the K266 and K267
antisera, we immunized 2 female
rabbits (KBL:JW; Kitayama Labs)
with an emulsion of rhLOX-1-ECD
solution in Freund’s complete adju-
vant [~04 mg (0.5 mL) per dose].
Each rabbit received a dose once ev-
ery 3 weeks for a total of 6 doses.

We used K266 IgG as the immobi-
lized (capture) antibody and horse-
radish  peroxidase (HRP)-labeled
K267 Fab' as the detection antibody.
K267 Fab’ was prepared and labeled
with HRP by use of succinimidyl
4-(N-maleimidomethyljcyclohexane
1-carboxylate (Pierce), as described
previously (6). Absorbance ratios at
280 and 403 nm indicated a 1:1 mo-
lecular binding ratio of HRP to K267
Fab'. We added the preservative Pro-
clin 150 (final concentration, 1 mL/L;
Supelco) to the HRP-labeled anti-
body, which was stored at —80 °C.

To immobilize the K266 antibody,
we added 100 pL of K266 IgG solu-
tion (0.01 g/L in 0.1 mol/L phos-
phate buffer, pH 7.0) to the wells of
microplates. The microplates were
kept at room temperature for 16 h
and then washed twice with 200 pL.
of assay buffer [0.1 mol/L phosphate
buffer (pH 7.0) containing 5 g/L bo-
vine serum albumin (Sigma), 1 g/L
CHAPS (Dojindo), and Proclin 150].
The plate was then blocked with the
assay buffer (200 plL) for 2 h at room
temperature.

Calibrator samples (1-100 pg/L
rhLOX-1-ECD in commercially avail-
able normal human plasma; George
King Biomedical) or unknown sam-

ples of human serum/plasma (10
uL) were added to 100 uL of assay
buffer in duplicate microplate wells
containing immobilized antibody.
The microplates were then incubated
for 2 h at room temperature and
washed twice. The HRP-labeled an-
tibody solution (100 uL; diluted to
~900 ug/L in the assay buffer) was
then added to the microplate wells
and incubated for 16 h at room tem-
perature. We then washed the micro-
plate wells twice and added the sub-
strate solution (100 wpl) containing
3,3",5,5'-tetramethylbenzidine (TMB+;
Dako). We allowed the enzyme reac-
tion to take place for 30 min in the
dark and then stopped the reaction
with 0.5 mol/L sulfuric acid (100 pL).
The absorbance at 450 nm was mea-
sured by a plate reader (ARVOsx;
Wallac /Perkin-Elmer).

We evaluated the effects of endog-
enous sLOX-1 by assaying 10-uL
samples of individual plasmas from
6 healthy volunteers and the com-
mercially available plasma; the dif-
ferences between the results were
negligible. ELISA binding was not
changed in plasma samples contain-
ing heparin, EDTA, or citrate, and we
observed no differences between
plasma and serum. Various sub-
stances (final concentrations: biliru-
bin F, 34-170 mg/L; bilirubin C, 42—
210 mg/L; hemolytic hemoglobin,

1-5 g/L; chyle, 392-1960 FTU; Inter-
ference check-A; International Re-
agent Corp.) in the calibrator sam-
ples (50 ug/L) did not interfere with
the ELISA. The presence of oxidized
or native LDL (3.2-50000 png/L),
which may bind sLOX-1 in the cali-
brator solutions (10 ug/L), had no
effect (4).

The ELISA calibration curve indi-
cated a good response to rhLOX-1-
ECD (1-100 pg/L) as well as to
hsLOX-1 (Fig. 1), suggesting that this
ELISA can measure natural forms of
human sLOX-1. Intra-/interassay
imprecision (as CV) was 2.0%-12%,
and measured values were within
—2.5% to +7.0% of the expected val-
ues for the range 1-100 pg/L. The
limit of quantification was 1.0 ug/L.
Plasma (serum) concentrations >(.5
ug/L were detectable; however, de-
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(Left), ELISA calibration curve for rhLOX-1-ECD in the assay buffer (@) and comparison with the dilution curve
for sLOX-1 obtained from the conditioned media of hLOX-1-CHO cells (A). Although hsLOX-1 released from
hLOX-1-CHO cells was not used as the assay calibrator, its response in the ELISA at various dilutions matched
the ELISA calibration curve obtained by use of rhLOX-1-ECD. (Right). calibration curve for rhLOX-1-ECD in
normal human plasma (@) and comparison with the dilution curve for a patient serum sample with a high
sLOX-1 concentration (). The responses of serial dilutions of patient serum were comparable to the ELISA
calibration curve, thus demonstrating that this ELISA measures sLOX-1 in human blood.

tection of concentrations <1 ug/L
was unreliable.

rhLOX-1-ECD in plasma at con-
centrations of 1.79, 8.64, and 41.4
png/L was stable at —40°C for 14
weeks and during 3 freeze-thaw cy-
cles.

Qur results indicate that the pro-
posed ELISA measured sLOX-1 spe-
cifically and sensitively in human
serum/plasma and can be used as a
diagnostic test for ACS at the earliest
stage.
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N-Terminal Pro-B-Type Natriuretic
Peptide and Echocardlographic
Abnormalities In Severely Obese
Patlents: Coirelation with
Vieceral Fat

To the Editor:

B-Type natriuretic peptide (BND)
and its co-released peptide N-termi-
nal propeptide (NT-proBNP) are
both secreted mainly by the left car-
diac ventricle as a consequence of
pressure overload and wall stretch.
This situation often occurs in obesity,
in which the amount of intraabdomi-
nal fat may worsen the severity of
morphologic and dynamic cardiac
abnormalities detectable by echocar-
diography (1).

Many studies have confirmed NT-
proBNP as a sensitive marker for left
ventricular  hypertrophy and/or
asymptomatic left ventricular dys-
function (2, 3), and it is particularly
reliable because of its high negative
predictive value (4). To our knowl-
edge, however, recent findings on
the relationship between NT-
proBNP and morphologic and dy-
namic cardiac abnormalities in obe-
sity are still inconsistent and
controversial. Rivera et al. (5) re-
ported lower NT-proBNP concentra-
tions in obese patients with heart
failure compared with nonobese pa-
tients. Conversely, Hermann-Arnhof
et al. (6) found that NT-proBNP con-
centrations were increased in obese
individuals and were comparable to
the values for New York Heart Asso-
ciation class | patients. Therefore, to
gain further information on the util-
ity of NT-proBNP as an indicator of
possible preclinical cardiac disease in
normotensive, severely obese indi-
viduals, we measured NT-proBNP
concentrations in 27 severely obese
women with no complications [mean
(SD) body mass index, 43.5(4.8)
kg/m? (median, 41.7 kg/m"); mean
(SD) age, 33.3 (8.3) years (median, 31
years)] and 15 normal-weight pa-
tients. All participants were pre-
menopausal, normotensive, normo-
glycemic, drug-free young women
with normal renal function, who
were not dyspneic; this excluded the
possibility that high NT-proBNP
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Abstract

Lectin-like oxidized LDL receptor-1 (LOX-1) is an oxidized LDL receptor, and its role in restenosis after angioplasty remains
unknown. We used a balloon-injury model of rabbit aorta, and reverse transcription-polymerase chain reaction revealed that LOX-1
mRNA expression was modest in the non-injured aorta, reached a peak level 2 days after injury, and remained elevated until 24 weeks
after injury. Immunohistochemistry and in situ hybridization showed that LOX-1 was not detected in the media of non-injured aorta but
expressed in both medial and neointimal smooth muscle cells (SMC) at 2 and 24 weeks after injury. Low concentrations of ox-LDL
(10 ng/mL) stimulated the cultured SMC proliferation, which was inhibited by antisense oligonucleotides of LOX-1 mRNA. Double
immunofluorescense staining showed the colocalization of LOX-1 and proliferating cell nuclear antigen in human restenotic lesion. These
results suggest that LOX-1 mediates ox-LDL-induced SMC proliferation and plays a role in neointimal formation after vascular injury.

© 2006 Elsevier Inc. All rights reserved.

Keywords: LOX-1; Angioplasty; Restenosis; Vascular smooth muscle cell

Oxidized low-density lipoprotein (ox-LDL) is believed
to play a key role in cellular dysfunction, as well as choles-
terol accumulation and subsequent foam-cell transforma-
tion in macrophages and phenotypically modulated
vascular smooth muscle cells (SMC) [1]. Lectin-like oxi-
dized LDL receptor-1 (LOX-1), a new class of oxidized
LDL receptors, is expressed by intimal SMC and macro-
phages in advanced atheroscrelotic lesions, as well as vas-
cular endothelial cells covering early atherosclerotic
lesions {2,3]. Therefore, LOX-1 is thought to play a role
in the atherogenesis and the pathogenesis of atherosclerotic

* Corresponding author. Fax: +81 99 265 8447.
E-mail address: miyatam@m3.kufm kagoshima-u.ac jp (M. Miyata).

0006-291X/3 - see front matter © 2006 Elsevier Inc. All rights reserved.
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plaque rupture [4] and inflammatory intramyocardial vas-
culopathy [5].

Percutanous coronary intervention (PCI) is an impor-
tant procedure for the treatment of coronary stenosis.
Sirolimus-eluting and polymeric paclitaxel-eluting stents
strongly suppress neointimal hyperplasia [6,7]. However,
a meta-analysis of randomized clinical trials of drug-elut-
ing stents reported that the rate of angiographic restenosis
after drug-eluting stents is 8.9% [8]. Restenosis after PCI is
still a significant problem. Identifying the molecules
involved in the restenosis after PCI will help to develop
new strategies for the prevention of restenosis.

Although roles of LOX-1 in atherosclerotic plaque sta-
bility have been suggested [4), its role in restenosis after
PCI remains unknown. Therefore, we investigated LOX-1
expression in the neointima and media of the rabbit aorta
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after balloon injury, as well as human lesions after PCIL
Furthermore, in order to address the role of LOX-1 in
neointimal hyperplasia after balloon injury, we performed
cell culture experiments.

Methods

Rabbit aorta model. Male Japanese white rabbits weighing 3.0-3.5 kg
were used and all surgical procedures on rabbits were carried out under
general anesthesia with sodium pentobarbital (40 mg/kg), ketamine (2 mg/
kg), and xylazine (8 mg/kg). The balloon-injury model of the rabbit aorta
was created as reported previously [9]. At various time points (6, 12, and
24 h, 2, 5, and 7 days, and 2, 4, 8, 16, and 24 weeks after balloon injury),
animals were anesthetized with sodium pentobarbital (40 mg/kg), keta-
mine (2 mg/kg), and xylazine (8 mg/kg), sacrificed with overdose sodium
pentobarbital, and the aorta was carefully removed. For immunohisto-
chemical study, three portions of the injured aorta were fixed with 10%
neutral buffered formalin for 24 h and then embedded in paraffin. The
specimens were cut into 10-pm thick sections and fixed to glass slides. For
isolation of RNA and protein, the adventitia was stripped away from the
aorta in PBS with the use of fine forceps and then snap-frozen in liquid
nitrogen. Sham-operated animals were used as controls. The investigation
conforms to Guide for the Care and Use of Laboratory Animals published
by the U.S. National Institutes of Health (NIH Publication No. 85-23,
revised 1996) and with the principles outlined in the Declaration of Hel-
sinki. This study was carried out in accordance with the Guide for Animal
Experimentation, Faculty of Medicine, Kagoshima University.

Immunohistochemical staining. Tmmunohistochemical staining was
performed as described previously [10]. After deparaffinization and
hydration of specimens, endogenous peroxidase activity was blocked and
the specimen was fixed by immersion in 0.3% H,0, in methanol for
20 min. Immunohistochemistry was performed using a mouse monoclonal
antibody against rabbit LOX-1, a mouse monoclonal antibody against rat
muscle actin (HHF-35, Enzo Diagnostics), and a mouse monoclonal
antibody against human ox-LDL (donated by Dr. Itabe, Showa Univer-
sity, Tokyo, Japan), by use of the labeled streptavidin-biotin complex
method (Histofine SAB-PO kit, Nichirei). An anti-rabbit LOX-1 mono-
clonal antibody was produced by immunizing mice with a recombinant
rabbit LOX-1 extracellular domain and subsequent screening of the
hybridomas. Immunoreactivity was confirmed by immunostaining of cells
transfected with full-length rabbit LOX-1 cDNA. After blocking with 10%
rabbit serum, slides were incubated overnight with a primary antibody at
4°C in a moisture chamber. Slides were washed with Tris-buffered saline
(TBS) and incubated with a biotinylated secondary antibody at room
temperature for 30 min. After washing with TBS, slides were incubated
with streptavidin at room temperature for 30 min and visualized with
3,3'-diaminobenzidine. The specificity of the immunoreaction was evalu-
ated in comparison with negative control specimens in which irrelevant
mouse IgG was used instead of primary antibody.

Preparation of protein extracts. Proteins were extracted for Western
blot analysis as reported previously [11]. Briefly, rabbit aorta was ground
to a fine powder under liquid nitrogen and incubated in ice-cold 0.1%
Triton lysis solution [mmol/L: Hepes 10 (pH 7.4), sodium pyrophosphate
50, NaF 50, EDTA 5, EGTA §, and NaCl 50; and 100 mmol/L Na;VO,,
0.1% Triton X-100, 500 mmol/L PMSF, and 10 mg/mlL leupeptin] for
30 min. Insoluble matter was removed by centrifugation, and the protein
concentration was measured by a bicinchoninic acid assay (Pierce).

Western blot analysis. Western blotting was performed with a
NuPAGE Electrophoresis System (Novex) as reported previously [9].
Briefly, 10-ug protein samples were resuspended in reduced sample buffer
and then electrophoresed on a 4-12% Bis-Tris gel (Novex) with Mops
running buffer; blotted to nitrocellulose; and sequentially probed with
polyclonal goat antisera raised against human LOX-1 (Santa Cruz Bio-
technology). Horseradish peroxidase-conjugated rabbit anti-goat antibody
(Santa Cruz Biotechnology) was then added, and secondary antibody was
detected by autoradiography using enhanced chemiluminescence (ECL
Plus, Amersham).

Reverse transcription-polymerase chain reaction (RT-PCR) for LOX-1
mRNA. Frozen rabbit aortas were ground to a fine powder under liquid
nitrogen, and total RNA was isolated by the guanidium thiocyanate
method. For the synthesis of ¢DNA, 1ug of total RNA was
reverse-transcribed with random hexamers using Super Script II
(Gibco-BRL, Life Technologies). The transcribed cDNA was amplified by
PCR with specific primers for rabbit LOX-1 and glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH). Two specific primer pairs corresponding
to published sequences were used to amplify LOX-1 (5-TATGCACA
GGTGCTGAAGG-3' and 5'-CAAGAGGCTCTGAAGAGAATGG-3)
{3, and GAPDH (5'-CAGGAATTCGGTGAAGGTCGGAGTCAAG
GG-3¥ and 5-AGTGGATCCGGTCATGAGTCCTCCCAGGAT-3').
The PCR amplification included 35 cycles of denaturing, annealing, and
elongation with Ex Tag polymerase( Takara Shuzo). Equalamounts of PCR
product were subjected to electrophoresis through 1.5% agarose gels and
visualized with ethidium bromide. Densitometric analysis was performed to
quantify the PCR products using NIH Image software. GAPDH expression
was used as a reference for quantification of LOX-1 mRNA.

In situ hybridization for LOX-I mRNA. In situ hybridization was
carried out with thymine-thymine (T-T) dimerized synthetic oligonucle-
otides complementary to a rabbit LOX-1 mRNA as a probe as reported
previously [9). A 45-base sequence (italic type) complementary to rabbit
LOX-1 mRNA was chosen. A computer-assisted search (GenBank) of
antisense sequences, as well as the sense sequences, revealed no significant
homology with any known sequences other than that of LOX-1. For the
haptenization of oligo-DNAs with T-T dimers, 2 or 3 TTA repeats were
added to the 5'- and 3'-ends of the native sequences as follows: antisense
probe, 5'-TTATTACAAGAGGCTCTGAAGAGAATGGACAACTTTIC
AGGTCCTTGTCCCATTATTATT-3; sense probe, 5-TTATTAGTTCT
CCGAGACTTCTCTTACCTGTTGAAAAGTCCAGGAACAGGGATTA
TTATT-3".

Cell culture. Rabbit SMC were isolated from the media of rabbit aorta
and were cultured as previously described [9]. We confirmed that these
cells were 100% positive for smooth muscle a-actin expression. Seventh
passage of SMC was seeded into 48-well microplates and incubated with
Medium 199 (M 199; Gibco-BRL, Life Technologies) containing 10% fetal
bovine serum (FBS). To make the cell growth arresting quiescent, they
were incubated with M199 containing 0.1% FBS for 24 h.

Antisense phosphorothioate oligonucleotides and sense phosphoro-
thioate oligonucleotides directed to 5'-coding sequence of the human
LOX-1 mRNA were designed and manufactured by Sigma Genosys.
The antisense oligonucleotides (antisense LOX-1) were synthesized at
16-mer targeted at 5'-CAGTTAAATGAGGCCG-3'part of the LOX-1
c¢DNA sequence. The sense oligonucleotides (sense LOX-1) were
16-mer targeted at 5-ACCTACGTGACTACGT-3' [12,13]. In order to
examine effects of ox-LDL-~LOX-1 interactions on SMC proliferation,
SMC were preincubated with antisense LOX-1 or sense LOX-1
(0.5 ymol/L) containing 0.1% FBS for 48h and then incubated with
ox-LDL (10 pg/mL) containing 0.1% FBS for 24 h. We counted the
cell numbers to determine the SMC proliferation. To analyze the
expression of LOX-1 and proliferating cell nuclear antigen (PCNA),
SMC were cultivated on chamber slides in the presence of antisense or
sense LOX-1 (0.5 umol/L) for 48h and incubated with ox-LDL for
additional 24h. Then, immunofluorescence staining was performed
using a monoclonal antibody against rabbit LOX-1 or a polyclonal
antibody against PCNA. Ox-LDL was purchased from Biogenesis. All
the experiments were performed in triplicate, and each experiment was
repeated three times.

Human atherectomy specimens. To investigate the expression of
1L.OX-1 in restenotic lesions from humans, we performed immunohisto-
chemical analysis of atherectomy specimens after angioplasty with an anti-
LOX-1 antibody as reported previously [9]. In order to further assess
relationships between LOX-1 expression and the presence of ox-LDL in
SMC of restenotic lesions, we performed immunohistochemical staining
with a monoclonal antibody raised against ox-LDL. In addition, to
address the role of LOX-1 in restenosis after PCI, colocalization of LOX-1
and PCNA was analyzed by double immunofluorescence staining, using a
polyclonal antibody raised against PCNA (Santa Cruz Biotechnology).
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Fig. 1. Time course of LOX-1 mRNA expression after balloon injury in
the rabbit aorta. Total RNA was isolated from the non-injured aorta, and
the injured aorta obtained at 6 hours (6h), 12 hours (12h), 24 hours (24h),
2 days (2d), 5 days (5d), 7 days (7d), 2 weeks (2w), 8 weeks (8w), 16 weeks
(16w), and 24 weeks (24w) after balloon injury. (A) A representative time
course of LOX-1 mRNA expression after balloon injury by RT-PCR. (B)
Quantification of LOX-1 mRNA in three independent experiments.
Intensities of the bands for LOX-1 were normalized in comparison with
those for GAPDH. Bars indicate fold increases relative to non-injured
aorta (mean -+ SD).

Statistical analysis. All calculated data are presented as means £ SD
and analyzed by ANOVA. A value of P <0.05 was considered to be
statistically significant.

Results
Vascular injury model of the rabbit aorta

We used a balloon-injury model of rabbit aorta in which
LOX-1 mRNA and protein expression levels were analyzed
at 6, 12, and 24 h, 2, 5, and 7 days, and 2, 4, 8, 16, and 24
weeks after the balloon injury. Neointima appeared 5 days
after balloon injury and the neocintimal area increased until
8 weeks (data not shown). We have previously shown that
not only media, but also the neointima, are composed pre-
dominantly of SMC based on immunohistochemical stain-
ing for muscle actin [9].

Time course of LOX-1 mRNA expression

Based on RT-PCR analysis for the time-dependent
changes in LOX-1 mRNA expression after balloon injury,
LOX-1 mRNA expression was minimal in the non-injured
aorta, showed a peak level 2 days after the injury (a 12-fold
increase compared with non-injured aorta), declined slight-
ly from the peak value after 7 days, and remained elevated
until 24 weeks after injury (Fig. 1).

Expression of LOX-1 protein

To analyze the localization of LOX-1 protein in the bal-
loon-injured rabbit aorta, we performed immunohisto-
chemical staining with a monoclonal antibody raised
against rabbit LOX-1 (Fig. 2A). The LOX-! protein was

S2KD
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Time after balloon injury

16w 24w

Fig. 2. Immunohistochemical staining for LOX-1 in the balloon-injured rabbit aorta. (A) Representative pictures of immunohistochemical staining.
LOX-1 protein was not detected in the media of the non-injured aorta (a), but was expressed in SMC of the media at 2 days (b) after balloon injury, as well
as in the SMC of the media and neointima at 5 days (c), 2 weeks (d), 8 weeks (e), and 24 weeks (f) after balloon injury. Arrows indicate the internal elastic
lamina. (B) Time course of LOX-1 protein expression after balloon injury in the rabbit aorta by Western blot analysis.
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not detectable in the media of non-injured aorta, but was
expressed in the medial SMC 2 days after vascular injury.
Five days after injury, neointimal formation was observed
and LOX-1 protein was expressed in both medial and neo-
intimal SMC. LOX-1 protein expression persisted in the
medial and neointimal SMC until 24 weeks after injury.
Furthermore, in order to quantify the expression levels
of LOX-1 protein after vascular injury, Western blot anal-
ysis of LOX-1 was performed. The time course of LOX-1
protein expression is shown in Fig. 2B. The expression of
LOX-1 was undetectable in the non-injured aorta, but
appeared at 2 days after vascular injury, gradually
increased, and sustained until 24 weeks after injury.

In situ hybridization of LOX-1 mRNA

We performed in situ hybridization to assess whether
medial and neointimal SMC produced mRNA encoding
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LOX-1. LOX-1 mRNA was not detected in the medial
SMC of non-injured aortas, whereas LOX-1 mRNA was
expressed in the medial and neointimal SMC at both 2
and 24 weeks after injury (Fig. 3), as well as in the medial
SMC 2 days after injury (data not shown).

Effect of LOX-1 on SMC proliferation

In order to clarify the role of LOX-1 in neointimal for-
mation after vascular injury, we performed cell culture
experiments using cultured rabbit SMC, ox-LDL, and anti-
sense or sense LOX-1. Using immunofluorescence staining,
we analyzed the expression of LOX-1 and PCNA. Immu-
nofluorescence staining demonstrated that ox-LDL
(10 pg/mL) upregulated the expression of both LOX-i
and PCNA (Figs. 4B and F). In addition, antisense
LOX-1 decreased the ox-LDL-induced expression of
LOX-1 and PCNA (Figs. 4C and G); however, sense

10 um

Fig. 3. In situ hybridization of LOX-1 in the balloon-injured rabbit aorta. Using an antisense probe, LOX-1 mRNA was not detected in the media of the
non-injured aorta (A), but was observed in SMC of the media and neointima at 2 (C) and 24 (E) weeks after balloon injury. Using a sense probe, no signal
was detected in the non-injured aorta (B), or the aorta at 2 (D) or 24 (F) weeks after balloon injury. Arrows indicate the internal elastic lamina.
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Fig. 4. Immunofluorescence staining for LOX-1 (A-D) and PCNA (E-H)
in cultured SMC. (A,E) 0.1% FBS; (B,F) 0.1% FBS + 10 pg/mL ox-LDL;
(C,G) 0.1% FBS+ 10 pg/mL ox-LDL + antisense LOX-1; (D,H) 0.1%
FBS + 10 pg/mL ox-LDL +sense LOX-1. Ox-LDL upregulated the
expression of LOX-1 (B) and PCNA (F). Antisense LOX-1 decreased
the ox-LDL-induced expression of LOX-1 (C) and PCNA (G); however,
sense LOX-1 did not affect the ox-LDL-stimulated expression of LOX-1
(D) or PCNA (H).

LOX-1 did not affect the ox-LDL-induced LOX-1 or
PCNA expression (Figs. 4D and H). Furthermore, we ana-
lyzed proliferation of SMC by counting the cell numbers of
cultured SMC 3 days after stimulation by ox-LDL (Fig. 5),
and found that ox-LDL (10 ug/mL) significantly increased
the cell number. Preincubation of SMC with antisense
LOX-1, but not sense LOX-1, significantly suppressed the
ox-LDL-induced increase in the cell number.

Expression of LOX-1 in human restenotic lesion

To determine if LOX-1 was expressed in human reste-
notic lesions after balloon-angioplasty, we performed
immunohistochemical analysis, using an anti-rabbit
LOX-1 monoclonal antibody in human atherectomy spec-
imens obtained from human coronary restenotic lesions.

w
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+ +
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LOX-1 LG

Fig. 5. Effect of antisense LOX-1 on SMC proliferation. Ox-LDL (10 pg/
mL} significantly increased the number of SMC. Preincubation of SMC
with antisense LOX-1, but not sense LOX-1, significantly decreased the
cell number. *P <0.01 vs. 0.1% FBS, **P<0.01 vs. ox-LDL or ox-
LDL + sense LOX-1.

LOX-1 was strongly expressed in human restenotic lesions
after balloon-angioplasty (Figs. 6A and B). Oxidized LDL
was also detected in the intimal SMC of human restenotic
lesions, suggesting colocalization of LOX-1 and ox-LDL in
human coronary restenotic lesions {(Figs. 6C and D). Fur-
thermore, double immunofiluorescence staining revealed a
colocalization of LOX-1 and PCNA in restenotic lesion
after PCI (Figs. 6E and F). It is suggested that LOX-I
appears to be involved in SMC proliferation in restenosis
after PCIL.

Discussion

In this study, we demonstrated that LOX-1 mRNA and
protein are induced and persistently expressed in neointi-
mal and medial SMC of the rabbit aorta for 24 weeks after
balloon injury. LOX-1 protein is similarly expressed in
restenotic lesions after balloon-angioplasty in humans. In
cell culture experiments, the chemical inhibitor of LOX-1
reduced the SMC proliferation stimulated by relatively
low concentrations of ox-LDL which was hard to induce
apoptosis, although previous studies have shown that high-
er concentrations induce LOX-I-dependent apoptosis of
SMC [14,15]. These results suggest that LOX-1 may play
a role in restenosis after PCI and that LOX-1 might be a
molecular target for preventing restenosis after PCIL

LOX-1 has been reported to be upregulated by proinflam-
matory stimuli, such as tumor necrosis factor-alpha (TNF-¢)
[16,17], transforming growth factor-beta (TGF-B) [18], and
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Fig. 6. Expression of LOX-1 (A,B) and oxidized LDL (C,D) in human restenotic lesions by immunohistochemistry. (A,C) Low power magnification;
(B,D) high power magnification. Double immunofluorescense staining showed a colocalization of LOX-1 and PCNA in restenotic lesion after PCI

(E, LOX-1; F, PCNA).

bacterial endotoxin [17], as well as by phorbol esters [16],
angiotensin II [20,21], oxidized LDL [13,22], fluid shear
stress [19,23], and heparin-binding epidermal growth fac-
tor-like growth factor (HB-EGF) [24]. Specifically, angio-
tensin IT, TGF-B, and HB-EGF are known to play roles in
restenosis after balloon injury or atherogenesis of human
coronary arteries. Furthermore, Mehta et al. [25,26] report-
ed that statins and aspirine inhibit ox-LDL-mediated LOX-1
expression in endothelial cells.

In the present study, we also demonstrated that LOX-1
colocalizes with ox-LDL in human restenotic lesions after
balloon-angioplasty. This suggests that the interaction
between ox-LDL and LOX-1 appears to occur in human
coronary restenotic lesions and that ox-LDL may be one
of the stimuli that induce LOX-1 expression and smooth

muscle cell proliferation after balloon injury. LOX-1 also
is reported to be the receptor for apoptotic cells, in addi-
tion to ox-LDL [13].

Significant numbers of apoptotic cells are present in
restenotic lesions after balloon injury [27]. Higher concen-
trations of ox-L.DL can induce smooth muscle cell apopto-
sis by the interactions with LOX-1 [14,15]. Moreover,
LOX-1 can act as a phagocytic receptor for apoptotic cells
[28]. Therefore, LOX-1 may also play an important role in
inducing and removing apoptotic cells from restenotic
lesions after PCT [28].

Recently, Muscali et al. [29] reported that LOX-1 was
expressed in neointima of rat common carotid artery until
2 weeks after balloon injury. Here, we demonstrated that
LOX-1 was induced in neointima and media of rabbit aorta
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in a time-dependent manner and its expression was sus-
tained until 24 weeks after balloon injury. Muscali et al.
did not show the direct evidence that LOX-1 is associated
with SMC proliferation. Therefore, we performed the cell
culture experiments in order to address the role of
LOX-1 in restenotic lesion after PCI. Relatively low
concentrations of ox-LDL stimulated the SMC prolifera-
tion, which was inhibited by antisense LOX-1. In addition,
for the first time, we demonstrated the expression of
LOX-1 and its colocalization with PCNA in human reste-
notic lesion by double immunofiuorescense staining. Our
results thus suggest that LOX-1 appears to play significant
roles in proliferation of SMC.

LOX-1 has been reported to be converted into soluble
molecules by proteolytic cleavage at the membrane-proxi-
mal sites of the extracellular domain [30]. Among the scav-
enger receptors, LOX-1 is the first molecule shown to be
cleaved from the cell surface and released as a soluble mol-
ecule. Recently, soluble LOX-1 was reported to be a useful
marker for early diagnosis of acute coronary syndrome
[31]. We speculate that the concentration of soluble
LOX-1 in the circulating plasma might also be elevated
in patients with restenosis after PCI, and thus might possi-
bly be a predictor or indicator of restenosis after PCL

In conclusion, the present study revealed that LOX-1 is
expressed by SMC in the media and neointima after bal-
loon injury in humans and animal models in a time-depen-
dent fashion. Furthermore, immunochistostaining and cell
culture experiments demonstrated that LOX-1 appears to
be involved in ox-LDL-induced SMC proliferation.
LOX-1 thus may play a key role in neointimal formation
and restenosis after balloon-angioplasty and may be one
of the target molecules for the diagnosis and prevention
of restenosis after PCI.
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Histone Acetyltransferase Activity of p300 Is Required for
the Promotion of Left Ventricular Remodeling After
Myocardial Infarction in Adult Mice In Vivo

Shoichi Miyamoto, MD*; Teruhisa Kawamura, MD, PhD*; Tatsuya Morimoto, MD, PhD;
Koh Ono, MD, PhD; Hiromichi Wada, MD, PhD; Yosuke Kawase, PhD; Akira Matsumori, MD, PhD:
Ryosuke Nishio, MD, PhD; Toru Kita, MD, PhD: Koji Hasegawa, MD, PhD

Background—I| eft ventricular (IV) remodeling after myocardial infarction is associated with hypertrophy of surviving
myocytes and represents a major process that leads to heart failure. One of the intrinsic histone acetyltransterases, p300,
serves as a coactivator of hypertrophy-responsive transcriptional factors such as a cardiac zine finger protein GATA-4
and is involved in its hypertrophic stimulus-induced acetylation and DNA binding. However, the role of p300-histone
acetyltransferase activity in LV remodeling after myocardial infarction in vivo is unknown.

Methods and Results—To solve this problem, we have generated transgenic mice overexpressing intact p300 or mutant
p300 in the heart. As the result of its 2—amino acid substitution in the p300-histone acetyltransferase domain. this mutant
lost its histone acetyltransferase activity and was unable to activate GATA-4—dependent transcription. The two kinds
of transgenic mice and the wild-lype mice were subjected to myocardial infarction or sham operation at the age of 12
weeks. Intact p300 transgenic mice showed significantly more progressive LV dilation and diminished systolic function
after myocardial infarction than wild-type mice. whereas mutant p300 transgenic mice did not show this.

Conclusions—These findings demonstrate that cardiac overexpression of p300 promotes LV remodeling after myocardial
infarction in adult mice in vivo and that histone acetyltransferase activity of p300 is required for these processes.

(Circulation. 2006;113:679-690.)
' Key Words: hypertrophy

myocytes

signal transduction

Ecﬁ ventricular (LV) remodeling after myocardial infarc-
tion (MI) consists of dynamic changes in ventricular
heart. It has been reported that among patients with acute M1,
20% had heart failure at the time of hospital admission and
9% have development of heart failure thereafter.! The hospi-
tal death rates associated with heart failure are greater in the
latter. Therefore, elucidating the mechanisms of LV remod-
eling after MI is of clinical importance. During LV remod-
eling, hypertrophy of each surviving myocyte occurs in
proportion to infarct size.?

Clinical Perspective p 690

Hypertrophic stimuli initiate a number of subcellular sig-
naling pathways, which finally reach the nuclei of cardiac
myocytes and change the pattern of gene expression.®
Transcription factors that mediate these changes include
myocyte enhancing factor-2.% serum response factor,® AP-17
and a zinc finger protein, GATA-4.7® The involvement of

multiple transcription factors in hypertrophic responses sug-
gests that these factors are coordinately activated.

An adenovirus ElA-associated protein, p300, acts as a
coactivator of these hypertrophy-responsive transcription
factors. In addition, p300 serves as an intrinsic histone
acetyltransferase (HAT) and promotes an active chromatin
configuration.® " p300 protein can also acetylate certain
nonhistone proteins such as DNA-binding transcription
factors.t-1 Acetylation is emerging as a postiranslational
modification that is essential for the regulation of tran-
scription and that modifies transcription factor affinity for
binding sites on DNA, stability, and/or nuclear localiza-
tion. Our previous study demonstrated that p300 can
induce the acetylation and DNA binding of GATA-4.
During myocardial cell hypertrophy. the acetylated form of
GATA-4 and its DNA binding markedly increase, concom-
itant with an increase in p300 expression. In addition, a
dominant-negative form of p300 inhibits agonist-induced
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hypertrophy, demonstrating a critical role of p300 in
hypertrophic responses in cardiac myocytes in culture.'s
However, the precise role of p300 HAT activity in LV
remodeling after MI in vivo is unknown. The present study
was performed to solve this problem.

Methods

Plasmid Constructs

The expression vectors pcDNAGH. pCMV B-gal. pCMVwip300. and
pCMVHATmutp300 contain the cytomegalovirus promoter/
enhancer fused to ¢DNA encoding murine GATA-4.16.17
B-galactosidase. a full-length human intact p300. or mutant p300. in
which double amino acid substitution mutations were intro-
duced. 1819 respectively. pCMVwip300 and pCMVHATmutp300
were gifts from Dr Richard Eckner, University of Medicine and
Dentistry of NJ. The reporter plasmid pANF-luc consists of the
firefly luciferase (luc) cDNA driven by a 131-bp rat atrial natriuretic
factor (ANF) promoter sequence.®® pET-1-CAT contains the tran-
scription start site-proximal 204 bp of the wild-type (WT) rat
endothelin-1 (ET-1) promoter fused to a bacterial chloramphenicol
acetyltransferase (CAT) gene.'s pRSVCAT and pRSVluc contain a
bacterial CAT and a firefly luc gene. respectively, driven by Rous
sarcoma virus (RSV) long terminal repeat sequences.®

Analysis of the Acetylation State of GATA-4 and
Western Blotting

Cell culture of COS7 cells, immunoprecipitation. and Western
blotting for acetylated lysine and GATA-4 were performed as
previously described.!s We used goat anti-GATA-4 polycional
antibody (Santa Cruz Biotechnology) for immunoprecipitation. and
rabbit polyclonal antibody against acetylated lysine (Cell Signaling).
rabbit anti-GATA-4 polyclonal antibody (Santa Cruz Biotechnol-
ogy). mouse anti-p300 monoclonal antibody (Upstate Biotechnol-
ogy). mouse anti-B-actin monoclonal antibody (SIGMA). and
mouse anti-GAPDH monoclonal antibody (Molecular Probes) for
Western blotting. The level of acetylated GATA-4 was also analyzed
by pulse-labeling as previously described.’?

Electrophoretic Mobility Shift Assays

Electrophoretic mobility shift assays (EMSAs). with the GATA-4
site in the rat ET-1 promoter used as a probe, were carried out as
previously described.?® We also used a double-stranded oligonucle-
otide containing the Sp-1 binding site as a control probe (Santa Cruz
Biotechnology).

Transfection and Luciferase/CAT Assays

COS7 cells were transfected with the indicated amounts of plasmid
DNA through the use of LIPOFECTAMINE (Life Technologies.
Inc). as previously described.?® The relative luc or CAT activities in
the same cell lysates were measured as described previously.=®

Creation of Transgenic Mice

All animal experimental protocols were approved by the Institute of
Laboratory Animals. Graduate School of Medicine. Kyoto Univer-
sity. Transgenic (Tg) mice overexpressing HATmut p300 (HATmut
p300-Tg mice) in the heart were created as previously described.!?
Briefly. the ce-myosin heavy chain (MHCO)-HATmutp300 DNA
plasmid was constructed by subcloning the Notl-Hindlll fragment of
pCMVHATmutp300 into the Sall-HindIll site of a 5.5-kb mouse
a-MHC promoter—containing constiuct. The c-MHC-HATmutp300
DNA fragment was gel-purified and injected into newly fertilized
C57BL/6 oocytes. which were transferred to the oviducts of pseu-
dopregnant CS7BL/6 recipients. All animals were maintained under
specific pathogen-free conditions.

Experimental MI and Physiological Studies

All mice used in the present study were female. Mice were
anesthetized with 1.0 to 1.5% isoflurane. and open-chest coronary
artery ligation was performed. MI was induced by ligating the lefl
anterior descending coronary artery. In sham-operated mice. the
suture was passed but not tied. Five weeks after the operation. we
noninvasively measured heart rate and blood pressure with a photo-
electric pulse device (UR-5000. Ueda Production Corp) placed on
the tail of prewarmed mice. We then performed echocardiography
under anesthesia with 2.5% avertin. Transthoracic echocardiography
was performed with a cardiac ultrasound recorder (Philips Sonos
5500). using a 12-MHz transducer. For cardiac catheterization, mice
were anesthetized with a mixture of ketamine (100 mg/kg) and
xylazine (5 mg/kg) intraperitoneally. The pressure-volume loops and
intracardiac ECG were monitored online. and the conductance.
pressure. and intracardiac electrocardiographic signals were digitized
at 2 kHz. stored on disk. and analyzed as previously described.~!

Histological Analysis

After the physiological analysis. all surviving mice were euthanized.
and their hearts were removed. The excised hearts were cut into 2
transverse slices at the mid level of the papillary muscles: the basal
specimens were fixed in 10% buffered formalin and embedded in
paraffin, after which 4-pum-thick sections were stained with hema-
toxylin and eosin. Masson trichrome. and sirjus red CI 35870 (0.05%
solution in saturated aqueous picric acid). Quantitative assessments
of infarct size. noninfarct size, cross-sectional myocardial cell
diameter. cell populations. and fibrotic area were performed on 20
randomly chosen high-power fields in each section with the use of
Axioskop 2 FS plus (Zeiss).

Measurement of Myocardial ET-1 Levels

ET-1 was extracted from the supernatant of homogenized LV tissues
and measured by means of the sandwich enzyme immunoassay. as
previously described.”*

Statistical Analysis

Data are presented as mean®SD. Statistical comparisons were
performed with the use of unpaired 2-tailed Student 7 tests or
ANOVA with Scheffé test where appropriate. with a probability
value <0.05 taken to indicate significance. The log-rank test was
used to evaluate survival rate.

Results

HAT Activity of p300 Is Required for Acetylation
and DNA Binding of GATA-4

To determine the role of p300 HAT activity in acetylation and
DNA binding of GATA-4, we performed experiments using
pCMVHATmmutp300, an expression plasmid encoding mutant
p300 (HATmut p300). We performed immunoprecipitation/
Western blotting in COS7 cells transfected with pcDNAG#4 in
the presence or absence of pCMVwtp300 or pCMVHAT-
mutp300. No protein was immunoprecipitated with control
IoG (Figure 1A, lane 4). Forced expression of intact p300
induced acetylation of GATA-4, whereas expression of HAT-
mut p300 did not induce acetylation (Figure 1A, upper panel).
GATA-4 was similarly immunoprecipitated with anti-
GATA-4 antibody in the 3 groups (Figure 1A, lower panel).
Before immunoprecipitation, the expression levels of
GATA-4 were similar in the 3 groups (Figure 1B, middle
panel). Furthermore, intact p300 and HATmut p300 were
expressed at similar levels (Figure 1B, upper panel). We also
performed pulse-labeling experiments. Incorporation of so-
dium [YCJacetate into GATA-4 protein was clearly detected
in pCMVwip300-transfected cells but not in pCMVHATmutp300-
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transfected ones (Figure 1C). Next, the same extracts used in the
experiments shown in Figure 1, A and B, were subjected to EMSAs
by using the GATA-4 site of ET-1 promoter as a probe (Figure 1D).
Competition and supershift experiments demonstrated that the
retarded band (indicated by an arrow) represents an interaction of
the probe with GATA-4. Notably, expression of intact p300
markedly increased GATA-4/DNA binding (lane 2) compared with
fBreal expression (lane 1), whereas that of mutant p300 only
modestly increased (lane 3, Figure 1, D and F). Sp-1/DNA binding
was similar among the 3 groups (Figure [E). These findings
demonstrate that the HAT activity of p300 plays a critical 1ole in
acetylation and DNA binding of GATA-4.

HAT Activity of p300 Is Required for Synergistic
Activation of GATA-4-Dependent Promoters

To examine whether the HAT activity of p300 participates in
GATA-4 —dependent transcription of the ET-1 and ANF
genes, we performed transient (ransfection experiments. As
shown in Figure 2, A and B, transfection of either pcDNAG4
(lane 2), pCMVwtp300 (lane 3), or pCMVHATmutp300

HAT Activity of p300 in LV Remodeling After MI

|
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+ -
- +

Figure 1. Histone acetyltransferase (HAT)
activity of p300 is required for acetylation
and DNA binding of GATA-4. A, COS7
cells were transfected with 2 g of
pcDNAG4 in the presence or the
absence of pCMVwip300 (10 ug) or
pCMVmutp300 (10 wng), as indicated. The
total amount of DNA was kept constant
by cotransfecting pCMVg-gal. Protein
extracts from these cells were immuno-
precipitated with goat anti-GATA-4 poly-
clonal antibody, followed by sequential
Western blotting with rabbit antiacety-
lated lysine polyclonal antibody and with
rabbit anti~GATA-4 polyclonal antibody.
B, The extracts used in A before immu-
noprecipitation were subjected to West-
ern blotting with the use of antibodies
against p300, GATA-4, and j-actin. C,
COS7 cells were transfected with 2 ug
of pcDNAG4 in addition to 10 ug of
pCMVwitp300 or pCMVmutp300 and
were pulse-labeled with ['*C] acetic acid,
sodium salt for 3 hours. The protein
extracts were immunoprecipitated with
goat anti~GATA-4 polyclonal antibody or
with normal goat IgG and resolved by
SDS-PAGE. D and E, The same extracts
used in A and B were probed with a
radiolabeled double-stranded oligonucle-
otide containing the GATA-4 site in the
ET-1 promoter (D) and with one contain-
ing the Sp-1 site (E). F, The amount of
GATA-4/DNA binding (indicated by an
arrow) was quantified by densitometry
with the use of NIH image 1.61.

Without IP

<005

(lane 5) alone resulted in only modest increases in ANF and
ET-1 promoter activities. Transfection of pCMVwtp300 in
addition to pGATA-4 (lane 4) induced a marked activation of
these promoter activities. However, transfection of
pCMVHATmMutp300 only modestly augmented GATA-4-
dependent ET-1 or ANF transcription (lane 6). Intact p300
and HATmutant p300 were similarly expressed in extracts
from pCMVwip300-transtected and pCMVHATmutp300-
transfected cells (Figure 2C, upper panel, lanes 3 to 0).
GATA-4 levels were also similar among lanes 2, 4, and 6
(Figure 2C, middle panel). These findings demonstrate that
p300 and GATA-4 synergistically activate the ANF and ET-1
promoters and that the HAT activity of p300 is required for
these activations.

HAT Activity of p300¢ Is Required for Acetylation
of GATA-4 in the Mouse Heart

To further investigate the role of p300 HAT activity in LV
remodeling after MI in vivo, we generated Tg mice
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Figure 2. Histone acetyltransferase (HAT) activity of p300 partic-
ipates in GATA-4-dependent activation of atrial natriuretic fac-
tor {(ANF) and endothelin-1 (ET-1) promoters. A and B, COS7
cells were transfected with 2.0 g of pANF-luc and 0.1 g of
pRSV-CAT (A) or 2.0 pg of pET-1-CAT and 0.1 ug of pRSV-luc
(B) in the presence or absence of 0.5 ug of pcDNAG4 and 2.5
ug of pCMVwip300 or pCMVmutp300, as indicated. The total
amount of DNA was kept constant by cotransfecting pCMV 3~
gal. The results, expressed as fold induction of reporter con-
structs, are mean=SD of 3 independent experiments, each car-
ried out in duplicate. C, Extracts from these cells were
subjected to Western blotting for p300, GATA-4, and j-actin.

overexpressing intact p300 or HATmat p300 in the heart.
Among multiple lines we obtained, we selected two
independent lines for each type of Tg mouse (intact
p300-Tg: lines 21 and 39; HATmut p300-Tg: lines 17 and
23) because the expression levels of the transgene in the

heart were similar among these four lines. Since similar
findings were obtained for the two lines in each kind of Tg
mice, we show in the present study combined data of these
two lines.

At the age of 12 weeks, cardiac function and morphol-
ogy of each type of Tg mice were similar to those of the
corresponding WT mice. These mice were then subjected
to either sham operation or MI operation. Five weeks later,
extracts from the whole LV except for the scar area of
these mice were subjected to Western blotting with anti-
p300 antibody that recognized the proteins produced from
both transgenes (intact p300 and HATmut p300) as well as
endogenous p300 (Figure 3A, upper panel, and Figure 3B).
In the sham operation groups, intact p300- and HATmut
p300-Tg mouse hearts showed an 8-fold increase in total
p300 content, compared with their corresponding WT
mouse hearts (compare lanes | and 3 and lanes 5 and 7 in
Figure 3B). Endogenous p300 levels in WT mouse hearts
increased after MI (compare lanes 1 and 2 and lanes 5 and
6 in Figure 3B). However, in the hearts of intact p300-Tg
and HATmut p300-Tg mice, total p300 levels were similar
between the sham operation and MI groups (compare lanes
3 and 4 and lanes 7 and 8 in Figure 3B). On the other hand,
the total amounts of cardiac GATA-4 were similar in all
groups (Figure 3A, middle panel).

Next, we investigated the role of p300 HAT activity in
GATA-4 acetylation in mouse hearts. Signals of acetylated
GATA-4 (Figure 3C, upper panel) were distinct in intact
p300-Tg mice (lanes 3 and 4) but undetectable or very
weak in WT mice (lanes | and 2) and HATmut p300-Tg
mice (lanes 5 and 6). In all kinds of mice, the signals were
higher in the MI groups than in the sham-operated groups.
GATA-4 was similarly immunoprecipitated with anti~
GATA-4 antibody in all these groups (Figure 3C, lower
panels, lanes 1 to 6). No protein was immunoprecipitated
with control IgG (lanes 7 and 8). These findings demon-
strate that the overexpression of p300 in the heart promotes
the acetylation of GATA-4 and that the HAT activity of
p300 is required for this effect.

Cardiac Overexpression of Intact p306 but Not of
Mutant p300 Augments LV Remodeling After MI
All sham-operated mice survived throughout the study. We
next examined the mortality of Ml-operated mice after the
operation. Mortality at day 0, which indicates acute surgical
death due to MI, did not differ among WT, intact p300-Tg,
and HATmut p300-Tg mice (Figure 4A). The 5-week sur-
vival rate was significantly lower in intact p300-Tg mice than
the corresponding WT mice but was similar between HAT-
mut p300-Tg and WT mice. Autopsy revealed considerable
pleural effusion and pulmonary congestion in almost all of
the mice that died later than 2 days after ML, suggesting that
these mice predominantly died of heart failure. Compared
with HATmut p300-Tg mice, the mortality rate of intact
p300-Tg mice was remarkably increased later than 2 days
after MI. Thus, this increase may come from increased
incidence of heart failure in intact p300-Tg mice after ML
Next, we performed physiological study to evaluate
cardiac morphological and functional changes at 5 weeks
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Figure 3. Histone acetyltransferase (HAT) activity of p300 is
required for acetylation of GATA-4 in adult mouse hearts. A and
B, Five weeks after the sham or Mi operation, 10 g of protein
extracts from WT and intact p300- or HATmut p300-Tg mouse
hearts were subjected to Western blotting with anti-p300 anti-
body, anti-GATA-4 antibody, or anti-GAPDH antibody. Repre-
sentative photographs in each group are shown (A). The levels
of signals were quantified, and results from 6 animals in each
group are expressed as mean=SD (B). C, Protein extracts from
WT and intact p300- or HATmut p300-Tg mouse hearts were
immunoprecipitated with goat anti-GATA-4 polyclonal antibody
or control goat IgG and sequentially subjected to Western blot-
ting for acetylated lysine and GATA-4.

after sham or MI operation. Echocardiographic data in the
sham-operation groups was similar among all kinds of
mice (WT, intact p300-Tg, and HATmut p300-Tg). After
MI. bowever, increase in LV end-diastolic and end-systolic
dimension and decrease in percent fractional shortening
were more prominent in intact p300-Tg than WT mice but
were similar between WT and HATmut p300-Tg mice
(Figure 4, B and (). Systolic and diastolic blood pressures
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were similar among these kinds of mice. Cardiac catheter-
ization data (Figure 5) in the sham operation groups were
also similar among all kinds of mice except for LV
end-diastolic pressure, LV end-systolic volume, and 7, the
time constant of isovolumic relaxation, which were
slightly increased in intact p300-Tg mice. After MI, the
increases in LV end-diastolic volume (LVEDV), LV end-
systolic volume, and LV end-diastolic pressure and the
decreases in normalized end-systolic volume elastance
(NIL. Ees) and preload recruitable volume work were more
prominent in intact p300-Tg than their corresponding WT
mice but were similar between HATmut p300-Tg and their
WT mice. In summary, diastolic function is impaired in
intact p300-Tg mice compared with other kinds of mice. In
addition, in accord with the data obtained by echocardiog-
raphy. Ml-induced changes, consisting of decreased con-
tractility, chamber dilation, and low output, were more
prominent in intact p300-Tg mice than in HATmut
p300-Tg or WT mice.

Consistent with the findings of the physiological analy-
sis, histological analysis at 5 weeks after MI revealed a
severely dilated LV cavity with a thin infarct wall in intact
p300-Tg mice compared with HATmut p300-Tg or WT
mice (Figure 6A). The absolute infarct size was similar
among the different kinds of mice, whereas the noninfarct
area was modestly increased in intact p300-Tg mice
(Figure 6B). There was no significant difference in per-
centages of infarct area relative to total LV area among
WT (23.4%), intact p300-Tg (21.3%), and HATmut
p300-Tg (22.1%) mice, suggesting that severe L.V remod-
eling in intact p300-Tg mice developed independent of
infarct size in these mice. In addition, in the MI groups, LV
cavity area (Figure 6C) and heart weight/body weight ratio
(Figure 6D) after MI were larger in intact p300-Tg than
HATmur p300-Tg or WT mice.

Although there were no significant differences in histol-
ogy among the different kinds of sham-operated mice,
cross-sectional myocardial cell diameter at 5 weeks after
MI was larger in intact p300-Tg mice than in WT or
HATmut p300-Tg mice (Figure 7, A and B). In the Ml
groups, the population of noncardiomyocytes in the infarct
area (Figure 7C) and the amount of fibrosis in the infarct
area (Figure 7D) and in the noninfarcted LV walls (Figure
7E) were similar among WT, intact p300-Tg, and HATmut
p300-Tg mice. These findings demonstrate that p300
promotes Ml-induced LV remodeling associated with the
hypertrophy of individual myocytes and that the HAT
activity of p300 is required for this promotion.

HAT Activity of Cardiac p300 Is Involved in
Increase in GATA-4/DNA binding and LV ET-1
Expression After Ml

To examine changes in GATA-4/DNA-binding after Ml in
WT, intact p300-Tg, and HATmut p300-Tg mouse hearts,
EMSAs using the ET-1 GATA site as a probe were performed
in cardiac nuclear extracts from these mice 5 weeks after the
operation. Competition and supershift experiments demon-
strated that the retarded band (indicated by an arrow) repre-
sents an interaction of the probe with cardiac GATA-4
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