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Table 1. Lipid profiles of the patient’s family

Father Mother Patient Sister

Age (ys) 39 39 11 9
Total cholesterol 486 206 524 154
Triglyceride 194 44 273 53
LDL-C 384 136 446 82
HDL-C 48 50 23 55
Values are expressed as mg/dL

not have his serum lipids tested before visiting the
regional hospital. His father had been diagnosed with
hetero FH at 20 years of age; a coronary arteriogram
at 33 years of age revealed 50% stenosis of the coro-
nary arteries. He was initially treated with statin and
colestimide, but neglected to continue treatment with
these drugs At 39 years of age, his coronary artery
stenosis increased to a maximum of 90% on three
branches, and he underwent percutancous translumi-
nal coronary angioplasty (PTCA). No history of coro-
nary artery disease or hypercholesterolemia was detected
in the patient’s paternal uncle and aunts. The patient’s
paternal grandfather had suffered acute myocardial
infarction at 45 years of age (lipid data was not avail-
able) and died of coronary artery disease at 71 years.
The patient’s maternal grandfather had coronary artery
stenosis detected at 72 years of age and underwent
PTCA. In addition, the patient’s maternal great-grand-
father and great-grandmother had died of heart dis-

case, but the details were unclear. Table 1 shows the
hpld profiles of patient’s family. No llpld abnormali-
ties were found in his mother or younger sister.

The results of physical examination were as fol-
lows: height, 135.4 cm; weight, 31.9 kg; abdominal
circumference, 56.8 cm; body mass index (BMI), 17.4
kg/ ; blood pressure, 116/78 mmHg. Xanthomas were
present on both elbows (Fig.1). Small xanthomas
(about 1-mm diameter) were also found just beneath
the eyes. Radiographs of the Achilles tendons revealed
thickening of both tendons (right: 16 mm, left: 18
mm; Fig. 2A), which decreased following treatment.
As shown In Table 2, serum concentrations of total
cholesterol (TC), triglyceride (TG), LDL-C and apoB
were very high, and that of HDL-C was very low (95th
percentiles of TC, TG and LDL-C in Japanese school-
children were 220, 140, and 140 mg/dL, respectively).
The 5th percentile of HDL-C in Japanese schoolchil-
dren is 40 mg/dL?. The 90th percentile of apoB in
schoolchildren at our hospital is 101 mg/dL (unpub-
lished dara). Serum concentration of Lp(a) was within
the normal range. Serum concentrations of plant-
derived sterols, such as sitosterol and cholestanol, were

Fig. 1. Xanthomas on both elbows (arrows).

all within normal ranges. ApoE phenotype was E3/E3.
The activity of LDL receptor was reduced to 32% by
lymphocyte assayﬁ). Arterial Intima-media thickness
(IMT) was assessed by carotid echogram, which
revealed plaque formation and hyperplasia of the
intima-media complex (Fig.2B: maximum thickness,
1.3 mm; IMT in control children in our department
<0.5 mm). Atherosclerotic change of the coronary
arteries was not detected on 3D-computed tomogra-
phy. As the patient’s father had been diagnosed with
hetero FH, patient had followed a low-fat diet.

Effect of Lipid-Lowering Therapy

After the serum concentrations of plant-derived
sterols and LDL-receptor activity were determined, the
patient was tentatively diagnosed with severe hetero
FH and began treatment with HMG-CoA reductase
inhibitor (rosuvastatin). At first, he received cholestim-
ide (1-2 g/day), but there was no marked reduction
of LDL-C. The rosuvastatin dose was increased every
4 weceks, based on the LDL-C levels, to a maximum
of 15 mg/day. After 6 months of statin therapy, his
LDL-C level had decreased by 22% but remained
above 300 mg/dL; therefore, he received cholestimide
in addition to statin. His LDL-C level decreased to
220 mg/dL after 12 months of treatment (rosuvastatin
15 mg/day, cholestimide 1.5 g/day), while HDL-C lev-
els increased from 23 to 42 mg/dL. After 12 months
of treatment, the thickness of the Achilles tendons had
decreased from 16-18 mm to 13 mm, IMT from 1.3
mm to 0.7 mm, and the small xanthomas (abour 1
mm in diameter) located beneath the eyes disappeared.
LDL-C levels, however, did not fall below 220 mg/dL
with rosuvastatin 15 mg/day and cholestimide 1.5 g/
day; cholestimide was therefore changed to ezetimibe

(10 mg/day). After 2 months of therapy with ezeti-
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Fig. 2. Radiograph of the Achilles tendons (A) and carotid echogram images of arterial intima-media thickness before statin treat-

ment (B).

Table 2. Results of laboratory tests on admission

Total Cholesterol 524 mg/dL (<220 mg/dL)
LDL-Cholesterol 446 mg/dL (<140 mg/dL)
Triglyceride 273 mg/dL (< 140 mg/dL)
HDL-Cholesterol 23 mg/dL (>40 mg/dL)
ApoA-1 59 mg/dL (112-162 mg/dL)
ApoB 249 mg/dL (59-99 mg/dL)
ApoE 11.0 mg/dL (3.0-5.5 mg/dL)
Lp (a) 27 mg/dL (<40 mg/dL)

AST 20 u/dL (14-33 IU/L)

ALT 8 u/dL (4-24 IU/L)

Glucose 75 mg/dL (68-105 mg/dL )
Insulin ' 9.4 pu/mL (2.6-30.7 pu/mL)
Cholestanol 3.4 pg/mL (1-7.9 pg/mL)
Sitosterol 5.1 pg/mL (5.1-9.9 pg/mL)
ApoE Phenotype E3/E3

LDL-receptor activity 32% (101 £ 10.8%, mean x5SD)

Rerefence intervals are shown in parenthesis.

mibe, the LDL-C level was relatively unchanged (220
-240 mg/dL) we are currently adjusting the dosage of
rosuvastatin by measuring the IMT and the thickness
of the Achilles tendons.

Discussion

In children, xanthomas with hypercholcsterolcmiq
are usually found in patients with homo FH or sitos-
terolemia or cerebrotendinous xanthomatosis (CTX)7+9.
Similar to sitosterolemia, serum concentrations of cho-
lestanol increase in patients with CTX®. Thus, after
determining serum concentrations of cholestanol and
sitosterol (Table 2, all within normal ranges), sitos-
terolemia and CTX were excluded from the differen-
tial diagnosis in our patient. The leading cause of
homo FH is a loss of function of the LDL receptor
that is inherited in an autosomal-dominant manner.

In addition, homo FH is recessively inherited when
mutations disrupt the function of an adaptor protein
for endocytosls of the LDL receptor, known as autoso-
mal recessive hypcrcholcsterolemla (ARH)?. The ped-
igree of our patient shows vertical transmission of
hypercholestcrolcmn from father to son, thereby sug-
gesting an autosomal-dominant manner. In addition,
a low level of LDL-receptor actlvlty and good response
to llpld -lowering therapy using statin suggested that
our patient was very likely to hve hetero FH.
Pathologlcally, atherosclerotic changes in the cor-
onary arteries originate during childhood, with the
extent of atherosclerotic lesions correlating positively
with plasma LDL-C levels and negatively with plasma
HDL-C levels, even in children and young adults®. In
our preliminary studies (unpublished data), serum
levels of LDL-C, Triglyceride (TG) and HDL-C in
schoolboys with untreated FH were 220 +42 mg/dL,
86%56 mg/dL and 62 %12 mg/dL, respectively (n=24,
mean £ SD). Serum levels of LDL-C, TG and HDL-C
in our patient were more than twice (LDL-C and TG)
and less than half (HDL-C) when compared with
average levels, rcspectxvely The phenotype of dyslipid-
emia in our patient and his father was type IIb.
reported previously, children with IIb usually showed
lower HDL-C levels than those with normolipidemia
and Ma'® ™. In Japanese adults patients with hetero
FH, IIb showcd increased coronary artery disease com-
pared to cases of Ia'?. Furthermore, cases of low
HDL-C had increased coronary artery disease in herero
FH'. Thus, in our patient, early development of xan-
thomas and advanced atherosclerosis (increased carotid
IMT and thickened Achilles tendons) may have been
caused by the interactions of high LDL-C, high TG
and low HDL-C levels. In this patient, however, coro-
nary artery disease was common in his maternal family,
although their detailed medical histories are not avail-
able at present. Because his mother’s serum levels of

LDL-C and HDL-C were within normal ranges, fac-
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tors other than dyslipidemia may have contributed to
the early development of atherosclerosis in our patient.
Although the possibility may be very low, interactions
of FH and ARH should also be considered. Recently,
as a cause of severe phenotype in hetero FH, dominant
gain-of-function mutations in the gene encoding a
member of the proprotein convertase family, PCSK9,
have been reported®. To clarify the mechanism behind
the early development of atherosclerosis in our patient,
further studies, including genetic analysis, are needed.

In Japan, there are currently no guidelines for the
pharmacological treatment of children with hetero FH;
however, recent studies of children and adolescents with
hetero FH have established the effectiveness and safety of
statin therapy'® '9. Based on these data, the American
Academy of Pcdntrlcs (AAD) released revised recommen-
dations for the management of hypercholesterolemia’.
According to this report, statins are recommended as
first-line pharmacologic agents, and drug therapy may be
instituted from 8 years of age. Although AAP recommen-
dations for drug therapy have elicited controversy 19, the
urgency for statin treaument in our patient may ovemdc
any possible adverse effects of statins. Thus far, we have
not obscrved any adverse effects of statin therapy.

In our patient, drug therapy enabled a 50%
reduction in LDL-C levels and 100% increase in
HDL-C levels, but these values remained greater than
220 mg/dL and less than 50 mg/dL, respectively. This
50% reduction in LDL-C and 100% increase in
HDL-C delivered a greater than expected improve-
ment in the thickness of the Achilles tendons and
carotid IMT. As reportcdm, initiation of statin treat-
ment in children may be more effective than in adults
to achieve regression and/or delay the progression of
atherosclerosis. In the present patient, we will control
the statin dosage by measuring carotid IMT and the
thickness of the Achilles tendons in addition to serum
levels of LDL-C and HDL-C.

In conclusion, careful evaluarion of atherosclero-
sis should be considered, even in children with hyper-
cholesterolemia. If advanced atherosclerosis is detected,
pharmacological therapy should be considered in addi-

tion to dictary treatment.
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ABSTRACT

LR11, an LDL receptor family member, is expressed in intimal smooth muscle cells. It was found that the
soluble form of LR11 (sLR11) is detected in serum, and the circulating sLR11 levels are positively corre-
lated with intima-media thickness of carotid arteries in dyslipidemic subjects. To clarify the significance
of serum sLR11, the circulating sLR11 levels in patients with organic coronary stenosis and the contribut-
ing risk factors for them were studied. The subjects, 150 patients with symptoms of coronary artery
disease, underwent coronary angiographic examination, and were divided into sex- and age-matched
two groups; one is organic coronary stenosis group (OCS) and the other is normal coronary group (NC).
Serum sLR11 levels were significantly higher in OCS thanin NC(4.9+2.7Uvs 3.6 + 1.8 U, p<0.05). Multi-
variate regression analysis showed that circulating sLR11 is independent contributing factor for the OCS,
as well as diabetes mellitus and dyslipidemia. Among various coronary risk factors for sLR11 level, HbAlc
showed the highest correlation coefficient (p<0.01).

These results suggest that the circulating sLR11 might reflect coronary organic stenosis, and that hyper-
glycemic condition might be promoting factor for expression of LR11 in intimal smooth muscle cells.

© 2009 Elsevier Ireland Ltd. Al rights reserved.

1. Introduction

In the formation of atherosclerosis, migration of vascular
smooth muscle cells (SMCs) from the media to the intima is the key
step [1,2]. Following migration, SMCs change the phenotype and
proliferate in the intima, resulting in intimal thickness. Further-
more, proliferating SMCs secrete matrices and proteases to form
atheromatous lesions under the influence of stimulatory cytokines
[3-6].

Recently, we [ 7] identified LR11, which is an LDL receptor family
member with poorly defined function, and observed the express-
ing of LR11 specifically in intimal SMCs, but not in medial SMCs,
macrophages or lymphocytes in the arterial wall {7-10]. LR11 as
both the membrane-spanning and the shed soluble (sLR11) forms
bind to urokinase-type plasminogen activator receptor (uPAR) on
the cell surface [8,11]. Over-expression of LR11 in SMCs enhances
their migration via elevated levels of uPAR, and appears to thereby
increase the activation of the uPA system [7,12].

* Corresponding author at: Department of Cardiovascular Center, Toho University
School of Medicine Sakura Hospital, Sakura 285-8741, japan.
E-mail address: kshirai@kb3.so-net.ne.jp (K. Shirai).

0021-9150/$ - see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.atherosclerosis.2008.12.010

Interestingly, the sLR11 was detected in the serum, and that
the circulating sLR11 levels are positively correlated with intima-
media thickness of carotid arteries in dyslipidemic subjects [13].
The relationship of the sLR11 levels in serum with other risk fac-
tors for atherosclerosis, such as age, sex, smoking, blood pressures,
serum lipids, and plasma glucose was not observed. But, the precise
was not clear yet.

it is reported that arterial intimal thickening after balloon
catheter injury was enhanced in diabetic animals than control
[6,14]. Clinically, increased intimal-medial thickness of carotid
artery in type 2 diabetes was reported [15,16]. Thus, a relationship
between coronary stenosis and sLR11 level, and also a relationship
between sLR11 and diabetic condition were suspected.

In this report, we investigated the significance of circulating
sLR11 in organic coronary stenosis (OCS) of the patients with a sus-
picion of coronary artery diseases (CAD). Contributing factors for
the elevation of serum sLR11 were also analyzed.

2. Subject and methods

The subjects were 150 persons who were suspected to have
coronary artery disease and who underwent coronary angiogra-
phy at Toho University Sakura Hospital Cardiovascular Center were

Please cite this article in press as: Tékéhashi‘M. etal Enhanced circulating soluble LR11 in patients with coronary ofganicstenosis, Atherosclerosis
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recruited for the study. Patients suffered from chronic heart disease
with ejection fraction < 50% or chronic renal failure with serum cre-
atinine >1.3 mg/dl were excluded from the study analysis. The study
protocol was approved by the Human Investigation Review Com-
mittee of Toho University Sakura Hospital, and informed consent
was given by each patient.

The angiographical severity of coronary stenosis was assessed in
the worst view position, and the percentage of luminal narrowing
was recorded according to the American Heart Association report-
ing system [17]: organic coronary stenosis was defined as a stenosis
with >75% diameter, and normal coronary artery (NC) was defined
as without significant stenosis. Blood sample were collected in the
morning after an overnight fast. Lipid variables and fasting blood
glucose were measured by standard laboratory techniques. Serum
insulin was measured by an enzymatic-immunological assay.
Homeostasis model assessment insulin resistance index (HOMA-
IR) was defined as: (plasma glucose x serum insulin}/405 [18].
Potential risk factors for atherosclerosis were analyzed, includ-
ing age, sex, body mass index (BMI), smoking, and histories of
hypertension, diabetes mellitus or dyslipidemia, Hypertension was
defined as a history of hypertension (systolic pressure > 140 mmHg
or diastolic pressure >90 mmHg). Diabetes mellitus was defined
as a history of diabetes mellitus having fasting blood glucose
>126mg/dl and HbAlc >5.8%. Dyslipidemia was defined as a
history of serum total cholesterol >220 mg/dl and/or triglyceride
>150 mg/dl in the fasting and/or HDL-cholesterol <40 mg/dl.

3. Measurement of serum sLR11 concentration

Fasting blood samples were collected and were centrifuged
immediately after collection to measure serum sLR11 levels.
Fifty microliters of serum was purified using a 39kDa receptor-
associated protein (RAP)-GST affinity beads (Cosmo Bio). For
immunoblotting, equal amount of protein extracted from pelleted
beads was subjected to 10% SDS-PAGE after heating to 95°C for
5min as described [13] under reducing conditions, and transferred
to a nylon membrane. Incubations were with antibody against
LR11 (5-4-30-19-2 at 1:500 dilution) [ 13], followed by peroxidase-
conjugated anti-mouse IgG. Development was performed with the
ECL detection reagents (Amersham Pharmacia). The signals were
quantified by densitometric scanning using NIH image™ software.
The sLR11 levels in each human serum (50 pl) was determined
as an averaged value of three quantified signal intensities result-
ing from independent assays using samples with blind indication,
and expressed as a ratio to that of a standard serum. The immuno-
logical estimation indicated that the signal of 1U (in 50 pl serum)
corresponded to approximately 50 ng/ml of recombinant sLR11.

4, Statistics

The results are shown as mean + SD or proportion (%) for each
index. Statistical analysis was performed with SPSS version 13.0
(SPSS Japan Inc.). The unpaired t-test and the chi-square test were
used to compare the continuous and the categorized variables,
respectively. Pearson’s correlation coefficient analysis was used to
assess association between measured parameters. Subsequently,
multiple linear regression analyses were used to calculate the ORs
for the OCS (i) by controlling for all risk factors (age, sex, BMI, smok-
ing, diabetes, hypertension, dyslipidemia and sLR11) (Model 1);
(ii) by additionally controlling for BMI, diabetes, dyslipidemia, and
sLR11, which are significantly associated with OCS by above analy-
ses(Model 2). These risk factors were scored as explanatory factors,
and subordinate variable was OCS=1 and NC=0. A value of p<0.05
was considered significant. Multivariate analysis was performed by
multiple regression analysis.

Table 1
Characteristics of the normal coronary artery and organic coronary stenosis subjects,
NC ocs p value

n 55 95
Male (%) 65.5 74.7 0.23
Age (y) 66.1 84 66.5+9.7 0.87
BMI (kg/m?) 23.9+3.0 251434 <0.05
Diabetes (%) 55 337 <0.01
Hypertension (%) 56.4 64.2 0.34
Dyslipidemia (%) 52.7 853 <0.01
sLR11(U) 36+1.8 49+27 <0.01
Fasting blood sugar {mg/dl) 106.7 +13.4 1115271 0.22
Insulin (pU/dl) 62+39 79+49 <0.05
HOMA-IR 1711 22+19 <0.05
Medications
Administration of statin (%) 182 66.3 <0.01
Administration of ACE-1 or ARB (%) 29.1 42.1 0.13

Plus-minus values are means+SD. The unpaired t-test was used for continuous
variables, and the chi-square test was used for categorized variables. BMI: Body
mass index. Circulating sLR11 levels in NC group and OCS group were 3.6 £ 1.8 U and
4.942.7U, respectively, indicating that the sLR11 levels in OCS were significantly
higher than those in NC(p<0.01).

5. Results
5.1. Circulating sSLR11 levels in NCA and OCS groups

The subjects were classified into age- and sex-matched two
groups, according to the angiographical evaluation. Normal coro-
nary artery group is composed of 55 subjects and organic coronary
stenosis group is composed of 95 subjects (Table 1). BMI, histo-
ries of diabetes and dyslipidemia were significantly increased in
the OCS group comparing with the NC group. Smoking and the his-
tory of hypertension were not different between the two groups.
Insulin levels and HOMA-IR levels were significantly increased in
the OCS group. Circulating sLR11 levels in NC group and OCS group
were 3.6+ 1.8U and 4.9+ 2.7 U, respectively, indicating that the
sLR11 levels in OCS were significantly higher than those in NC
(p<0.01). Note that we have reported that the mean circulating
sLR11 levels in four-hundreds dyslipidemic subjects are 3.0+ 1.0U
[13]. Thus, circulating sLR11 levels increased in the patients with
organic coronary stenosis among the patients taking angiographi-
cal examination with a suspicion of coronary arterial diseases.

5.2, Multivariate analysis of sSLR11 and other risk factors for OCS

We next analyzed the significance of sLR11 in comparison to
other risk factors for OCS in all subjects (Table 2). The multivariate
analysis of all variables (Model 1) for OCS showed that circulating
sLR11 and the histories of diabetes or dyslipidemnia were explana-
tory factor for OCS independent from other variables. The Model 2
analysis using the limited variables which have been shown to be
significantly increased in OCS (see Table 1) showed that circulating
sLR11 is still an independent factor for OCS. These results showed
that the circulating sLR11 level was enhanced in OCS group among
patients with a suspicion of CAD and taking coronary angiography.

5.3. Correlation of serum sLR11 with other various parameters in
all subjects

As shown in Table 3, a negative correlation between sLR11
concentration and HDL-cholesterol (r=-0.161, p<0.05) and a
positive correlation between sLR11 and triglyceride (r=-0.161,
p <0.05) were found. Furthermore, BMI (r=0.182, p <0.05), insulin
(0.186, p<0.05)and HOMA-IR (0.242, p <0.01) and HbA1c(r=0.272,
p<0.01) showed significant positive correlations with sLR11,
respectively. But there was no significant correlation between cir-
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Table 2

Multivariate assessment of the effect of sLR11 and other risk factors on OCS BMI,
sLR11 and age were analyzed per 0.1kg/m?, 0.1U, and 10y increase, respectively.
Models 1 and 2 are described in Methods. BMI: Body mass index.

OR (95% C1) pvalues
Model 1
BML, per 0.1 kg/m? increase 1.00(0.99-1.02) 0.85
Diabetes 7.98(2.29-27.77) <0.01
Dyslipidemia 4.03(1.61-10.08) <0.01
Male 1.48 (0.54-4.07) 0.44
Hypertension 1.53 (0.67-3.48) 031
Smoking 2.14(0.88-5.21) 0.09
sLR11, per 0.1 U increase 1.03(1.00-1.05) <0.01
Age, per 10y increase 1.15{0.72-1.82) 0.93
Model 2
BMI, per 0.1 kg/m? increase 1.04{0.91-1.15) 0.57
Diabetes 6.36 (1.97-20.51) <0.01
Dyslipidemnia 4.55{1.86-1.61) <0.01
sLR11, per 0.1 U increase 1.02 {1.00-1.04) <0.05

The multivariate analysis of all variables (Model 1) for OCS showed that circulating
sLR11 and the histories of diabetes or dyslipidemia were explanatory factor for OCS
independent from other variables. The Model 2 analysis using the limited variables
which have been shown to be significantly increased in OCS (see Table 1) showed
that circulating sLR11 is still an independent factor for OCS.

culating sLR11 levels and age, sex, white blood cell, red blood cell,
platelet, total cholesterol, LDL-cholesterol, non-HDL-cholesterol or
fasting blood sugar.

5.4. Multiple regression analysis for sSLR11 in all subjects

Table 4 shows multiple regression analysis for
sLR11concentratin. Variables in simple liner regression anal-

Table 3
Correlation of Serum Soluble Form of LR-11 with various parameters in all subjects.
Pearsons correlation coefficient p values
Age 0.121 0.14
Male -0.150 0.07
Total cholesterol (mg/dl) 0.067 0.42
HDL-cholesterol {mg/dl) -0.160 <0.05
Triglyceride(mg/dl) 0.161 <0.05
LDL-cholesterol{mg/dl) 0.101 0.11
Non-HDL-cholestero! {mg/dl} 0.144 0.08
Fasting blood sugar {mg/dl) 0.077 035
Insulin{pU/dl) 0.186 <0.05
HOMA-IR 0.242 <0.01
HbAlc (%) 0.272 <0.01
Body Mass Index (kg/m?) 0.182 <0.05

A negative correlation between sLR11 concentration and HDL-cholesterol
(r=-0.161, p<0.05) and a positive correlation between sLR11 and triglyceride
(r=-0.161, p<0.05) were found. Furthermore, BMI (r=0.182, p <0.05) and HbAlc
(r=0.272,p <0.01) showed significant positive correlations with sLR11, respectively.

Table 4
Results of multiple regression analysis for soluble form of LR11 in all subjects.
Partial regression t-value pvalue
coefficient (b)
X
HbATc (%) 0.21 2.50 <0.01
HOMA-IR 0.11 1.23 0.22
Body Mass Index (kg/m?) 0.10 1.16 0.25
HDL-cholesterol (mg/dl) -0.09 -1.05 0.29
Triglyceride {mg/dl) 0.05 0.59 0.56
Y Soluble form of LR 11

X, explanatory factor; Y, subordinate variables; Correlation coefficient (R)=0.35
F value=4.1, p=0.002, (n=150); The levels of sLR11 significantly correlated with
HDL-cholesterol, triglyceride, HbAlc, and BML Among these variables, only HbAlc
concentration showed independent correlation with stR11 levels (t-value=3.02
p<0.01).

ysis with p<0.05 were included into the multiple regression
analysis model. The levels of sLR11 significantly correlated with
HDL-cholesterol, triglyceride, HbAlc, BMI and HOMA-IR. Among
these variables, only HbAlc concentration showed independent
correlation with sLR11 levels (t-value=3.02 p<0.01).

6. Discussion

Coronary organic stenosis is formed mainly with intimal
thickness which is composed of proliferative intimal smooth mus-
cle cells and matrix components accompanying with lipid pool
[19-21]. In our cases, sSLR11 was higher in OCS group than that
of in NCA group. We have recently reported that LR11 is pro-
duced by the intimal SMCs, and considerable amounts of the
shed sLR11 enhance SMC migration in vitro [13]. Therefore, high
sLR11 concentration may reflect the pathophysiological condition
of intimal SMCs. And we also reported that sLR11 is a circulating
marker for IMT independent from the other classic risk factor for
atherosclerosis in dyslipidemic subjects without CAD or diabetes
[13]. Considering the facts that LR11 is highly expressed in inti-
mal SMCs, macrophages, or lymphocytes [7-10], the above results
strongly suggest that circulating sLR11 level reflect the amount of
intimal SMC in coronary arteries. Next, the contributing risk factors
for elevation of circulating sLR11 were studied. Although multiple
regression analysis showed HbA1c was only significant factor cor-
related with sLR11, insulin resistance relating factors such as BMI,
HOMA index, low HDL-cholesterol, high triglyceride were related
with sLR11 in single regression analysis, indicating that sLR11
might be induced with the state of insulin resistance in addition
to diabetes mellitus.

The reason why diabetic condition is tightly correlated with
sLR11 levels in serum is not available yet, but it has been reported
that arterial intimal thickening after balloon catheter injury was
enhanced in diabetic animals than controls [6,14]. From these
observations, diabetic condition may induce the expression of
sLR11 directly, and also modify the phenotype of smooth muscle
cell into so-called synthetic type in the arterial wall. Those possi-
bilities are currently under investigation.

In sumnmary, the results obtained from the patients with a sus-
picion of coronary artery diseases suggested that circulating sLR11
may relate to coronary organic stenosis, and that hyperglycemic
condition is a promoting factor for expression of LR11 in vascular
SMCs.

6.1. The limitation

The limitation of the present investigation is at first a lack of
information about the serum sLR11 data at acute phases of coro-
nary artery diseases. Second, the data may be influenced by the
continuous medication. More of subjects have received the treat-
ments against dyslipidemia with statins in OCS group than in NC
group, and most of subjects have received against hypertension
with angiotensin Il receptor type 1 blockers (ARBs) in the present
study (Table 1). Considering the facts that statins and ARBs inhibit
the sLR11 expression in the cultured SMCs [10,13], the circulating
sLR11 levels may be influenced by these treatments in addition to
coronary artery diseases. Further studies to investigate the effects
of these drugs on the circulating LR11 levels are in progress. Third,
HOMA-IR was assessed as a marker of insulin resistance. If this is
the case, glucose clamp method might be better than HOMA-IR;
but they are problematic in daily practice, and HOMA-IR consid-
ered a reliable insulin resistance marker, in vivo, especially in
subjects whose fasting blood glucose concentration were not so
high. Therefore we used HOMA-IR as a marker of insulin resistance,
considering the burden on patient and medical stuff.

Please cite this article in press as: Takahashi M, et al. Enhanced circulating soluble LR11 in patients with coronaty organic stenosis, Atherosclerosis

(2009), doi:10.1016/j.atherosclerosis.2009.12.010

— 284 —



GModel o
ATH-11253; No.ofPages4

4 M. Takahashi et al. / Atherosclerosis xxx (2009) Xxx-Xxx

Acknowledgment

These studies were supported by grants from the Japanese Min-
istry of Education, Culture, Sports, Science and Technology to Y.S.
and H.B.

References

[1} Ross R. Atherosclerosis - an inflammatory disease. N Engl ] Med
1999;340:115-26.

[2] Owens GK, Kumar MS, Wamhoff BR. Molecular regulation of vascular
smooth muscle cell differentiation in development and disease. Physiol Rev
2004;84:767-801.

{3] Bujo H, Saito Y. Modulation of smooth muscle cell migration by members of
the low-density lipoprotein receptor family. Arterioscler Thromb Vasc Biol
2006;26:1246-52.

[4] Saito Y, Bujo H, Morisaki N, Shirai K, Yoshida S. Proliferation and LDL bind-
ing of cultured intimal smooth muscle cells from rabbits. Atherosclerosis
1988;69:161-4.

[5] Inaba T, Yamada N, Gotoda T, et al. Expression of M-CSF receptor encoded by
c-fms on smooth muscle cells derived from arteriosclerotic lesion. ] Biol Chem
1992;267:5693-9.

[6] Kawano M, Koshikawa T, Kanzaki T, et al, Diabetes mellitus induces accelerated
growth of aortic smooth muscle cells; association with over expression of PDGF
beta-receptors. Eur ] Clin Invest 1993;23:84-90.

[7] Kanaki T, Bujo H, Hirayama S, et al. Expression of LR11, a mosaic LDL receptor
family member, is markedly increased in atherosclerotic lesions. Arterioscler
Thromb Vasc Biol 1999;19:2687-95.

[8] Zhu Y, Bujo H, Yamazaki H, et al. LR11 an LDL receptor gene family member, is
a novel regulator of smooth muscle cell migration. Circ Res 2004;94:752-8,

[9] Tanaga K, Bujo H, Zhu Y, et al. LRP1B attenuates the migration of smooth mus-
cle cells by reducing membrane localization of urokinase and PDGF receptors.
Arterioscler Thromb Vasc Biol 2004;24:1422--8.

{10] Jiang M, Bujo H, Zhu Y, et al. Pitavastatin attenuates the PDGF-induced
LR11/uPA receptor-mediated migration of smooth muscle cells. Biochem Bio-
phys Res Commun 2006;348:1367-77.

{11] Ohwaki K, Bujo H, Jiang M, et al. A secreted soluble form of LR11, specifically
expressed in intimal smooth muscle cells, accelerates formation of lipid-laden
macrophages. Arterioscler Thromb Vasc Biol 2007;27:1050-6.

{12} ZhuY,BujoH, YamazakiH, et al. Enhanced expression of the LDL receptor family
member LR11 increases migration of smooth muscle cells in vitro. Circulation
2002;105:1830-6.

{13] Jiang M, Bujo H, Ohwaki K, et al. Angl! - stimulated migration of vascular SMC
is dependent on LR11. ] Clin Invest 2008;118:2733-46.

{14} KanzakiT, ShinomiyaM, Ueda$, et al. Enhanced arterial intimal thickening after
balloon catheter injury in diabetic animals accompanied by PDGF beta-receptor
over-expression of aortic media. Eur j Clin Invest 1994;24:377-81.

{15] Temelkova-Kurktschiev TS, Koehler C, Leonhardt W, et al. Increased intimal-
medial thickness in newly detected type 2 diabetes: risk factors. Diabetes Care
1999;22(2):333-8. Feb.

[16] Bonora E, Tessari R, Micciolo R, et al. Intimal-medial thickness of the carotid
artery in nondiabetic and NIDDM patients. Relationship with insulin resistance.
Diabetes Care 1997;20(4):627-31. Apr.

[17] Austen WG, Edwards JE, Frye RL, et al. A reporting system on patients evaluated
for coronary artery disease. Report of the Ad Hoc Committee for Grading of
Coronary Artery Disease, Council on Cardiovascular Surgery, American Heart
Association, Circulation 1975;51:7-38.

[18] Matthews DR, Hosker |P, Rudenski AS, et al. Homeostasis model assessment:
insulin resistance and beta-cell function from fasting plasma glucose and
insulin concentrations in man. Diabetologia 1985;28:412-9.

[19] Bombeli T, Karsan A, Tait JF, Harlan JM. Apoptotic vascular endothelial cells
become procoagulant. Blood 1997;89(7):2429-42. Apr 1.

[20] Davies MJ, Woolf N, Rowles PM, Pepper J. Morphology of the endothe-
lium over atherosclerotic plaques in human coronary arteries. Br Heart }
1988:60(6):459-64. Dec.

[21] Isner JM, Kearney M, Bortman S, Passeri }. Apoptosis in human atherosclerosis
and restenosis. Circulation 1995;91(11):2703-11. June 1.

Please cite this article in press as: Takahashi M, et al. Enhanced circulating soluble LR11 in patients with coronary organic stenosis. Atherosclerosis

(2009}, doi: 10.1016/j.atherosclerosis.2009.12.010

— 285 —



Clinical Chemistry 55:10
1801-1808 (2009)

Proteomics and Protein Markers

Development of an Immunoassay for the Quantification of
Soluble LR11, a Circulating Marker of Atherosclerosis

Masanao Matsuo," Hiroyuki Ebinuma,'* Isamu Fukamachi," Meizi Jiang,? Hideaki Bujo,” and Yasushi Saito’

BACKGROUND: Vascular smooth muscle cells (SMCs)
migrate from the arterial media to the intima in the
progression of atherosclerosis, and dysfunction of
SMCs leads to enhanced atherogenesis. A soluble form
of the LDL receptor relative with 11 ligand-binding re-
peats (sLR11) is produced by the intimal SMCs, and the
circulating concentrations of sLR11 likely reflect the
pathophysiological condition of intimal SMCs. Fur-
thermore, polymorphism of the LR11 gene has been
found to be related to the onset of Alzheimer disease.
This study describes the development of a sandwich
immunoassay for quantifying sLR11 in human serum
and cerebrospinal fluid.

MerHODs: We used synthetic peptides or DNA immuni-
zation to produce monoclonal antibodies (MAbs) A2-2—-
3, M3, and R14 against different epitopes of LR11.

resuLts: SLR11 was immunologically identified as a 250-
kDa protein in human serum and cerebrospinal fluid by
SDS-PAGE separation, and was purified from serum by
use of a receptor-associated protein and MAb M3. An
immunoassay for quantification of sLR11 with a working
range of 0.25-4.0 pg/L was developed using the combina-
tion of MAbs M3 and R14. Treatment of serum with
5.25% n-nonanoyl-N-methyl-d-glucamine reduced the
matrix effects of serum on the absorbance detection in the
ELISA system. The linear dynamic range of the ELISA
spanned the variation of circulating sLR11 concentrations
in individuals with atherosclerosis.

concLusions: A sandwich ELISA was established for
quantifying sLR11 in serum and cerebrospinal fluid.
This technique provides a novel means for assessing the
pathophysiology of atherosclerosis, and possibly neu-
rodegenerative diseases.

© 2009 American Association for Clinical Chemistry

The LDL receptor relative with 11 ligand-binding re-
peats (LR11)* (also known as SorLA) (I, 2) is a mem-
ber of the LDL receptor family and is highly expressed
in atheromatous plaques, particularly in the intimal
smooth muscle cells (SMCs) at the border between the
arterial intima and the media (3 ). Overproduction of
LR11 protein promotes the enhanced migration of
SMCs via the upregulation of urokinase-type plasmin-
ogen activator receptor (4, 5). LR11 plays an essential
role in the angiotensin II-induced mobility of SMCs,
and angiotensin II type 1 receptor blockers have been
found to reduce intimal thickness through the inhibi-
tion of the LR11/urokinase-type plasminogen activator
receptor-mediated pathway of intimal SMCs in cuff-
injured mice (6). The extracellular domain of the
membrane-spanning LR11 is released to yield an active
soluble form of LR11 (sLR11) (5, 7, 8). Recombinant
sLR11 stabilizes urckinase-type plasminogen activator
receptor and enhances the activation of the integrin/
FAK/Racl pathway in SMCs and macrophages (6, 8).
The concentrations of sSLR11 in arteries increased 2 weeks
after endothelial injury in rats (8 ), and the neutralization
of sLR11 activity by specific antibodies reduced the inti-
mal thickness after cuff injury in mice (5). Statins, as well
as angiotensin II type 1 receptor blockers, have been re-
ported to inhibit the migration of intimal SMCs via the
downregulation of LR11 expression and to attenuate
LR11 expression in the intimal SMCs of aortic arterioscle-
rotic plaques in hyperlipidemic rabbits (9).

Circulating sLR11 can be immunologically de-
tected in serum by use of specific antibodies against
LR11 (6). Circulating concentrations of LR11 were
positively correlated with intimal-media thickness in
dyslipidemic individuals, and the correlation was inde-
pendent of other classical risk factors for atherosclero-
sis (6 ). In addition, neuronal LR11 expression is char-
acteristically reduced in mild cognitive impairment
and in the brains of individuals with Alzheimer disease
(AD) (10-13). Single nucleotide polymorphism anal-
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ysis of the gene for LR11 [sortilin-related receptor,
L(DLR class) A repeats-containing (SORLI)] has been
used to predict AD onset (14, 15).

In this study, we produced specific monoclonal
antibodies (MAbs) that bind to intact sLR11 without
prior purification. Using these antibodies, we devel-
oped a novel sandwich ELISA method to quantify cir-
culating sLR11 concentrations in both serum and cere-
brospinal fluid (CSF). This technique provides a means
for quantifying sLR11 to be used potentially as a
marker for atherosclerosis and a predictor of AD and
other neurodegenerative diseases.

Materials and Methods

BIOLOGICAL SAMPLES

Human and animal sera were purchased from Tennes-
see Blood Services and Cosmo Bio, respectively. Com-
mercial human CSF samples (n = 13) were obtained
from Scipac. To evaluate the normal concentration
range of circulating sLR11, human serum was obtained
from 87 healthy normolipidemic individuals (41 males
and 46 females), who gave informed consent for par-
ticipation in this study, which was approved by the Hu-
man Investigation Review Committee of the Chiba
University Graduate School of Medicine.

EXTRACTION OF sLRI1 WITH A RECEPTOR-ASSOCIATED PROTEIN
AFFINITY RESIN

Recombinant human receptor-associated protein
(RAP) was prepared as a glutathione S-transferase fu-
sion protein (16) and applied to a glutathione-
Sepharose resin (GE Healthcare), which was used to
extract sLR11 from serum. Briefly, samples were incu-
bated overnight at 4 °C at a RAP affinity resin—to—
sample volume ratio of 1:20, and the resin was packed
into a separation column. The column was washed
with 20 mmol/L Na,K-phosphate buffer {(pH 7.2) con-
taining 150 mmol/L NaCL, and sLR11 was eluted with
50 mmol/L sodium citrate buffer (pH 5.0) containing
150 mmol/L NaCl. The sLR11 from cultured human
IMR32 cells was extracted with a RAP affinity resin as
described previously (5 ).

PREPARATION OF MAb BY SYNTHETIC PEPTIDE IMMUNIZATION

Anti-LR11 MAD for use in the immunoblot analyses of
human and animal sera was prepared by immunizing
mice with a synthetic peptide (SMNEENMRSVITFDKG)
corresponding to amino acid residues 432447 of LR11
(2,17) coupled to keyhole-limpet hemocyanin. The
peptide-keyhole-limpet hemocyanin complex was emul-
sified with complete Freund’s adjuvant (Gibco) and sub-
cutaneously injected into BALB/c mice, 4 times at 2-week
intervals. The spleen cells extracted from the immunized
mice were fused with mouse myeloma cells (Sp2/0) in the

1802 Clinical Chemistry 55:10 (2009)

230 kDa

230 kDa

Fig. 1. Identification of sLR11 in serum and CSF.
(A), Samples (50 L) extracted from human and animal sera
by RAP affinity resin were separated by SDS-PAGE (2%-15%
gradient) under reducing conditions. The sLR11 was detected
by using an immunoblot assay with MAb A2-2-3. (B}, Human
CSF (10 ul) was separated by SDS-PAGE (2%-15% gradient)
under reducing conditions, with RAP affinity-treated human
serum as a control. The sLR11 protein was detected as above.
A representative photo is shown. A 230-kDa marker is shown
at the left in both panels.

presence of 50% polyethylene glycol. A single clone was
selected to yield MAb A2-2-3 (IgG1,k), which reacted
with both human and rabbit sLR11 in immunoblot
analyses.

IMMUNOBLOT ANALYSIS
Before immunoblot analysis, serum proteins were
boiled in SDS-Tris buffer, with or without

B-mercaptoethanol (reducing or nonreducing condi-
tion, respectively), and then separated by SDS-PAGE
and transferred to a polyvinylidene difluoride mem-
brane (Millipore). The membrane was blocked with
1% BSA in PBS containing 0.05% Tween 20 (PBST),
incubated with MAb A2-2-3, reacted with horseradish
peroxidase—conjugated rabbit antimouse IgG using a
VECTASTAIN ABC kit (Vector Laboratories) accord-
ing to the manufacturer’s instructions, and subse-
quently stained with diaminobenzidine.

PREPARATION OF MAbs BY DNA IMMUNIZATION

Anti-LR11 MADs for the sandwich ELISA were pre-
pared via DNA immunization at Nosan Corporation
(18-20). Briefly, cDNA encoding amino acid resi-
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Fig. 2. Purification of sLR11 from human and rabbit serum.

subjected to immunoblot analysis using MAb A2-2-3 (lanes 3, 6,
1-3, hurman serum; lanes 4—6 and 811, rabbit serum; lane 7,

140, and 70 kDa are shown at the left.

(A), Samples extracted from a RAP affinity column with- (lanes 2, 3, 5, 6, and 8=11) or without (lanes 1, 4, and 7) subsequent
purification using an MAb-M3 affinity column were separated by SDS-PAGE (2%~15% gradient) under reducing (lanes 1-9) or
nonreducing (lanes 10 and 11) conditions. Following electrophoresis, the samples were silver stained (lanes 1, 2, 4, and 5), or

fractionated by gel filtration chromatography (HiLoad Superdex 200), and absorbance was monitored at 280 nm: The eluted
proteins in each fraction were separated by SDS-PAGE under nonreducing conditions, and then silver stained. Markers at 230,

and 7), R14 (lanes 8 and 10), or M3 (lanes 9 and 11). Lanes
human IMR32 cells. (B), Purified rabbit sLR11 protein was

dues 10001550 of LR11 (2, 17 ) was cloned into an
expression plasmid (in-house vector, Nosan), and
we immunized BALB/c mice or Wistar rats by intra-
dermal application of DNA-coated gold particles,
using a hand-held device for particle bombardment
(Gene Gun, Bio-Rad). Antibody-producing cells
were isolated and fused with Sp2/0 myeloma cells by
use of polyethylene glycol, according to standard
procedures. Five mouse and 5 rat MAbs were se-
lected based on their reactivity with extracted rabbit
sLR11, and preliminary sandwich ELISAs were per-
formed using various combinations of these MAbs
and A2-2-3. Mouse MAb M3 (IgG2a,k) and rat MADb
R14 (IgG2b,k) were identified as the most sensitive
for rabbit and human sLR11, respectively, and the
combination of these antibodies gave the strongest
reactivity against serum sLR11 in our ELISA system.
Rat MADb R14 was then conjugated with sulfo-NHS-
LC-biotin (Pierce), according to the manufacturer’s
instructions.

— 288

PURIFICATION OF sLR11 EROM HUMAN AND RABBIT SERA

The RAP affinity resin described above was used to
extract sLR11 from 2.5 L of human serum or 1.0 L of
rabbit serum. The eluted proteins were concentrated
and applied to a Hiload Superdex 200 gel filtration
column (GE Healthcare) equilibrated with PBS. The
fractions containing immunologically detected sLR11
were pooled, concentrated, and incubated overnight at
room temperature with anti-LR11 MAb M3-Sepharose
resin. After the resin was rinsed with PBS, immunolog-
ically bound sLR11 was eluted with 100 mmol/L so-
dium citrate buffer (pH 3.0). The sLR11 content was
quantified by comparison with BSA standards on
silver-stained gels.

SANDWICH ELISA

The wells of a polystyrene microtiter plate (Nunc) were
coated with 100 wL of MAb M3 (10 mg/L in PBS) and
incubated for 2 h. After extensive washing with PBST,
the wells were blocked by incubation with 200 uL of

Clinical Chemistry 55:10 (2009) 1803
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Fig. 3. The effect of MEGA-9 on ELISA measurements of sLR11 in the presence or absence of human serum.

(A), Extracted human sLR11 was measured by ELISA; sLR11: samples were diluted with PBS in the presence () or absence (M)
of 10% human serum. (B), The sLR11 concentrations were quantified by ELISA (n = 8) in the sample buffer containing 10%
human serum in_the presence of various concentrations of MEGA-9. n.s., not significant.

1% BSA-PBST for 1 h. The samples (10 wL) were di-
luted with 100 uL of sample buffer, which consisted of
5.25% n-nonanoyl-N-methyl-d-glucamine (MEGA-9;
Dojindo) and 25% heterophilic blocking reagent
(Scantibodies Laboratory) in PBS. The calibration
samples (0—4.0 ug/L rabbit sLR11) serially diluted in
sample buffer together with the above diluted samples
(100 L) were placed into wells and then incubated for
6—16 h. After extensive washing with PBST, 100 uL of
biotinylated MADb R14 was added to each well, and the
plate was subsequently incubated for 4 h. After exten-
sive washing with PBST, the LR11-MAb complex was
reacted with horseradish peroxidase-conjugated
streptavidin (Pierce) for 1 h. The trapped complexes
were washed and incubated with 100 pL of substrate
solution (tetramethyl-benzidine in citrate buffer, pH
3.65, containing hydrogen peroxide) for 30 min. The
chromogenic reaction was stopped with 100 uL. H,SO,
and the absorbance of each sample was determined at
450 nm. All steps were performed at room tempera-
ture. ELISA data (ug/L) were significantly and posi-
tively correlated with the immunoblotting data (U)
previously observed following purification with RAP
affinity chromatography (r = 0.781, P < 0.001, y =
1.31x + 8.34) (6).

STATISTICAL ANALYSIS

Statistical analyses were performed with commercial
software (Stat Flex, Ver, 5.0). The effect of sample di-
lution with various concentrations of MEGA-9 on the

1804 Clinical Chemistry 55:10 (2009)

ELISA results was examined using a paired t-test, with
P < 0.05 considered significant. The correlation be-
tween variables was evaluated using Pearson correla-
tion analysis. Furthermore, sLR11 concentrations in
individuals with atherosclerosis vs those in normal in-
dividuals were compared by use of box plot analysis.

Results

IDENTIFICATION OF sLR11 IN VARIOUS SERA AND HUMAN CSF
sLR11 was isolated as a 250-kDa protein from rabbit
SMCs and human IMR32 cells by use of immunoblot
techniques under reducing conditions and an antibody
against a recombinant protein corresponding to a par-
tial amino acid sequence of rabbit LR11 (5). For com-
parison, sLR11 was extracted from both human and
animal sera, using RAP-glutathione S-transferase
resin. A single 250-kDa protein was detected in human
serum by use of MAb A2-2-3 (Fig. 1A). The migration
distance of the protein during electrophoresis was con-
sistent with that of sLR11 from rabbit SMCs and hu-
man IMR32 cells (5). A single protein band, similar in
size to that obtained from human serum, was detected
immunologically by MAb A2-2-3 in mouse, rat, rabbit,
goat, and porcine sera. The relative intensities of the
immunological signals suggested that sSLR11 was most
abundant in rabbit serum.

We also assessed the presence of sLR11 in human
CSF (Fig. 1B), where it was identified by MAb A2-2-3
without the need for RAP extraction. Although sLR11
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obtained from CSF was slightly larger than that in se-
rum, the protein appeared as a single band at 250-kDa
in both cases.

PURIFICATION OF sLR11 FROM HUMAN AND RABBIT SERA
Using DNA immunization, we established 2 MAbs, M3
and R14, against different epitopes of human sLR11;
these MAbs were then used to purify intact sSLR11 from
serum and construct a sandwich ELISA assay. Intact
sLR11 protein was first purified from human and rab-
bit sera using RAP affinity resin and was released from
the resin with an eluting buffer, without decoupling
from RAP-glutathione S-transferase (Fig. 2A, lanes 1
and 4). The eluted samples were treated with anti-LR11
MAb M3-Sepharose resin. Silver staining after electro-
phoresis indicated that the M3-reactive samples con-
tained sLR11 as a single protein at 250 kDa as well as
low molecular weight proteins, in both human and
rabbit sera (lanes 2 and 5). The purified sLR11, but no
other low molecular weight protein, was specifically
bound to MAb A2-2-3 (lanes 3 and 6). The migration
distance of sSLR11 from human and rabbit sera was not
different from that of sLR11 in the culture medium of
IMR32 cells (lane 7). Therefore, 2-step affinity chro-
matography with RAP and MAb M3 can be used to
specifically purify serum sLR11 as a soluble protein
identical to that released from cultured cells. R14, as
well as A2-2-3 and M3, showed reactivity against the
purified sLR11, but did not bind any other low molec-
ular weight protein (lanes 8—11). Notably, R14 reacted
with sLR11 under both reducing and nonreducing
conditions, whereas M3 reacted with sLR11 under
nonreducing condition only.

Silver staining of the purified protein after gel fil-
tration chromatography showed that the position to
which purified sLR11 eluted corresponded to an esti-
mated molecular weight >398 kDa (Fig. 2B). Notably,
no other distinct protein proportional to the level of
the stained sLR11 protein was detected in these frac-
tions. The apparent molecular weight of sLR11 esti-
mated from gel filtration was greater than that deter-
mined by use of gel electrophoresis (see Figs. 1 and 2A).

PREPARATION OF SAMPLES WITH MEGA-9 FOR SANDWICH ELISA
Sample conditions for the sandwich ELISA were deter-
mined using the above MAbs and purified samples.
The absorbance level of immunologically detected
sLR11 was proportional to the volume of extracted hu-
man sLR11 when diluted with PBS. However, the ex-
pected change in absorbance was not observed when
samples were diluted with human serum instead of PBS
(Fig. 3A). To measure sLR11 in human serum accu-
rately, the matrix effects were mitigated by the addition
of MEGA-9 detergent. The effects of MEGA-9 on ab-
sorbance recovery increased with increasing amounts
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Fig. 4.. Gel filtration elution profiles of sLR11 in hu-
man serum and CSF.

Human serum (A) anid pooled CSF (B} samples (2 mL each)
were fractionated by gel filtration chromatography (HiLoad
Superdex:200); and the sLR11 concentration in each frac:
tion was measured by ELISA in the presence (@) or absence
{©O) of MEGA-9. The amount of sLR1% in each fraction was
also visualized by immunoblotting after extraction with the
RAP affinity resin. e

of MEGA-9, up to 4.5%. No significant differences
were observed at higher concentrations (Fig. 3B).
These results suggest that human serum contains un-
known factors that interfere with sSLR11 quantification,
and that this interference could be diminished by the
presence of MEGA-9. Therefore, samples were diluted
with 5.25%, which was chosen as the middle concen-
tration of 4.5% and 6.0%.

CHARACTERIZATION OF sLR11 IN SERUM AND CSE BY GEL
FILTRATION

To assess whether ELISA can specifically detect natu-
rally occurring sLR11, each fraction of human serum
and CSF was analyzed for sLR11, following to separa-
tion by gel filtration chromatography; the results were
then compared with the immunologically purified
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(A), Using the ELISA system developed in this study, we constructed a typ|cal calibration curve (@) for sLR11 extracted from
rabbit serum and the % CV of each point {O). Imprecision. was assessed based on 5 replicates of the calibration curve. The insert
graph is a close-up of the low-concentration area of the calibration curve. (B), Percentage recovery of purified sLR11 (2 ug/l) -
measured in the presence of various concentrations of human serum (5%—16%) in sample buffer. The concentration of each
sample was measured using ELISA; and the percentage recoveries were calculated as a ratio of the actual-to-theoretical sLR11

sLR11 protein as a quantitative calibrator. The ELISA
of serum and CSF samples that had been diluted with
or without MEGA-9 showed abundant sLR11 in frac-
tions with molecular weights >398 kDa (Fig. 4), simi-
lar to the results of the purified protein (see Fig. 2B).
Immunoblot analyses showed that the concentration
of sSLR11 was proportional to the signal intensity of the
gel-filtered 250-kDa proteins in both the serum and
CSF samples. These results strongly suggest that this
ELISA based on the immunologically purified 250-kDa
sLR11 protein is also appropriate for quantifying the
naturally occurring sLR11 in serum and CSF, although
the gel filtration analyses suggested that the naturally
occurring protein may be involved in a high molecular
weight complex.

ELISA PERFORMANCE: ASSAY CHARACTERISTICS

A representative calibration curve is shown in Fig. 5A.
The working range of this ELISA was 0.25-4.0 pg/L. A
quadratic equation was applied to the calibration curve
in the working range. The sensitivity, defined as the
mean back-fit value for the lowest standard giving ac-
ceptable precision (CV = 10%), was 0.25 pg/L. With
this ELISA method the lower limit of detection for
sLR11 was 0.1 ug/L, which corresponds to the mean
blank signal plus 3 SDs. The intraassay CVs (n = 10)
were 3.0% and 3.7% at sLR11 concentrations of 7.6
wg/L in serum and 4.4 pug/L in CSF, respectively. The

1806 Clinical Chemistry 55:10 (2009)

interassay CVs (n = 4) were 3.9% and 10.5% at sLR11
concentrations of 7.6 ug/L in serum and 4.1 pg/L in
CSF, respectively. When we used samples containing
5%-16% human serum, percentage recovery ranged
from 96.5% to 102.6% (Fig. 5B).

VARIATIONS OF sLR11 IN SERUM AND CSF

Measurements of sLR11 in 87 serum samples and 13
CSF samples obtained from normal individuals gave
mean (SD) sLR11 concentrations of 8.7 (2.1) ug/L
(range, 4.5-14.2 pg/L) and 8.5 (3.5) ug/L (range, 3.7-
13.0 pg/L) in serum and CSF, respectively. We ob-
served no significant difference in serum sLR11 con-
centrations between males (8.4 (1.9) pug/L, n = 41] and
females [9.8 (5.8) pg/L, n = 46].

SsLR11 CONCENTRATIONS IN INDIVIDUALS WITH
ATHEROSCLEROSIS

To evaluate whether this ELISA method is useful for
detecting variation in circulating sLR11 under patho-
physiological conditions, we measured sLR11 concen-
trations in individuals with atherosclerosis. The sLR11
concentrations determined by immunoblotting after
RAP affinity chromatography were positively corre-
lated with the degrees of atherosclerosis in the carotid
arteries of individuals with dyslipidemia (6). The
sLR11 concentrations in individuals with atherosclero-
sis were compared to those of healthy individuals (see
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previous section on variation of sLR11 in serum and
CSF). The sLR11 concentrations [14.2 (6.0) pg/L] in
individuals with atherosclerosis were significantly
higher than those in healthy individuals (Fig. 6). The
variation in circulating sLR11 concentrations in indi-
viduals with atherosclerosis was within the dynamic
range of the ELISA.

Discussion

Three MAbs were established against different epitopes
of human sLR11, and an ELISA method was developed
for the quantitative measurement of sLR11 in serum
and CSF. One of the MAbs (M3), in combination with
RAP affinity extraction, enabled the purification of
sLR11 from human and rabbit sera. The purified hu-
man and rabbit sLR11 was immunologically identical

to sLR11 released from cultured cells, strongly suggest-
ing that circulating sLR11 corresponds to the soluble
form of membrane-bound LR11. This soluble form has
been identified in the media of IMR32 and SMC cul-
tures (5, 6, 9). The combination of MAb M3 and MAb
R14yielded an ELISA thatis highly specific for sSLR11 in
serum and CSF, without the need for prior RAP affinity
extraction.

Strong matrix effects interfered with the accurate
determination of sLR11 in serum by ELISA. However,
these effects were diminished by pretreatment with
MEGA-9 detergent (see Fig. 3). This pretreatment may
dissociate complexes of sSLR11 and serum components
or may induce a conformational change in sLR11
such that it more efficiently interacts with the MAbs.
Previous studies have shown that several serum com-
ponents, including apolipoprotein E-containing
lipoproteins, urokinase plasminogen activator—
plasminogen activator inhibitor type | complex, and
amyloid-f3, can interact with membrane-bound LR11
(1, 16, 21). The observation that MEGA-9 increased
the absorbance of the isolated protein at 450 nm in gel
filtration fractions obtained from both serum and CSF,
and did so in proportion to the signal intensity of the
sLR11 protein detected immunologically in the ab-
sence of MEGA-9 (see Fig. 4), suggests that epitope
recognition by MAbs was strengthened by MEGA-9.
The mechanism of MEGA-9 -mediated absorbance en-
hancement requires further elucidation, specifically
with regard to the interaction between naturally occur-
ring sLR11 and various matrices in serum and with
homomeric or heteromeric complexes under various
column conditions (see Fig. 2B).

Using the established ELISA conditions, we inves-
tigated the mean sLR11 concentrations in serum and
CSF. In 74% of healthy individuals, serum sLR11 con-
centrations were <10 ug/L. The sSLR11 concentrations
in the sera of individuals with atherosclerosis ranged
from 6 to 30 ug/L. Therefore, the ELISA technique de-
scribed here provides sufficient sensitivity for detecting
circulating sLR11 concentrations in individuals with
atherosclerosis and in normal populations.

Given that sLR11 is abundantly expressed in inti-
mal SMCs (3) and that circulating sSLR11 concentra-
tions are positively correlated with the carotid intima-
media thickness in dyslipidemic individuals (6),
variation in the circulating sLR11 concentration may
be indicative of the condition of intimal SMCs. Meta-
bolic disorders such as dyslipidemia and diabetes can
cause pathological changes in intimal SMC function,
possibly leading to accelerated progression of athero-
sclerosis (22-24 ). The expression level of LR11 is dras-
tically higher in intimal SMCs relative to that in medial
SMCs (3 ), and alarge proportion of the LR11 in the cell
membrane is released into the culture medium of
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SMCs (5). Therefore, the concentration of circulating
sLR11, rather than the LR11 expression level in intimal
SMCs, may be more effective as a novel marker for
pathogenic changes in SMCs.

Recent studies have highlighted the pathological
function of sLR11! in neurodegenerative diseases. Im-
munological analyses indicate that sSLR11 exists in CSF
at concentrations similar to those in serum. Neuronal
LR11 expression is significantly reduced in individuals
with mild cognitive impairment and AD (10-13), and
polymorphism of the gene for LR11 is highly associated
with the onset of AD (14 ). Therefore, methods for de-
termining sLR11 concentrations in CSF may be vital
for future research into neuronal diseases, particu-
larly AD.

In conclusion, we established a sensitive ELISA
method for determining sLR11 concentrations in se-
rum and CSF. This ELISA method constitutes a useful
tool for monitoring the pathological condition of inti-
mal SMCs and the progression of atherosclerosis (25 ).
Use of this ELISA method to measure sLR11 as an in-

dicator of intimal SMC function may enable novel
strategies for treating atherosclerosis and help to deter-
mine risk factors for vascular disease. Furthermore, the
ELISA described here has adequate sensitivity and dy-
namic range for determining sLR11 concentrations in
CSF and may allow significant progress in AD-related
research.
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Pref31-HDL, a minor HDL subfraction consisting of apolipoprotein A-I (apoA-1), phospholipids and unes-
terified cholesterol, plays an important role in reverse cholesterol transport. Plasma pref31-HDL levels
have been reported to be increased in patients with coronary artery disease (CAD) and dyslipidemia.
To clarify the clinical significance of measuring plasma pref31-HDL levels, we examined those levels in
112 patients with CAD, consisting of 76 patients with stable CAD (sCAD) and 36 patients with unstable
angina pectoris (uAP), and in 30 patients without CAD as controls. The pre(1-HDL levels were deter-
Pref1-HDL mined by immunoassay usil?g a specific mgnoclonal antibody {Mab55201) that we established earlier.
Acute coronary syndrome The mean pref1-HDL level in the CAD patients was significantly higher than the level in the controls
HDL (34.8+12.9mg/L vs. 26,6+ 6.9 mg/l, p<0.001). In addition, the mean pref31-HDL level was markedly
higher in the uAP subgroup than in the sCAD subgroup (43.1 + 11.5 mg/L vs. 30.9 = 11.7 mg/L, p <0.0001).

Keywords:

Reverse cholesterol transport

LCAT These tendencies remained even after excluding dyslipidemic subjects.
These results suggest that elevation of the plasma pre31-HDL level is associated with the atherosclerotic
phase of CAD and may be useful for identifying patients with uAP.

© 2008 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

PreB1-HDL, an HDL subfraction consisting of one or two
molecules of apolipoprotein A-1 (apoA-I), small amounts of phos-
pholipids and unesterified cholesterol, plays an important role
in reverse cholesterol transport, although it comprises only 1-5%
of total apoA-I in blood plasma [1-4]. The initial step of reverse
cholesterol transport, called cholesterol efflux, is a reaction by
which excessively accumulated cholesterol in peripheral tissues is
removed by HDL. Pre1-HDLis known as the initial plasma acceptor
of cell-derived cholesterol [1-5].

Three pathways have been suggested as routes by which prefi1-
HDL is generated [6-11]. The first is a pathway in which pre(31-HDL
is formed when lipid-free apoA-1 or lipid-poor apoA-I removes cell-
derived, unesterified cholesterol, mediated by ATP-binding cassette
transporter A1 (ABCA1) located on cell membranes [6-8]. The sec-
ond is a pathway in which pref1-HDL is directly secreted from
the liver 9,10}, and the third is a pathway in which pre31-HDL is

* Corresponding author. Tel.: +81 297 62 6425; fax: +81 297 62 8635.
E-mail address: miyazaki084@sekisui.jp (0. Miyazaki).

0021-9150/$ - see front matter © 2008 Eisevier Ireland Ltd. All rights reserved.
doi:10.1016/j.atherosclerosis.2008.10.015

released from «-migrating HDL during its remodeling [11]. As the
catabolic pathway of pref31-HDL, a lecithin-cholesterol acyltrans-
ferase (LCAT)-dependent conversion pathway has been suggested.
The unesterified cholesterol on the pre1-HDL is esterified by LCAT,
and the pref31-HDL removes cellular cholesterols, increases in size
and is converted to an a-migrating HDL [12-14].

Thus, pre31-HDL is proposed to be a key component of reverse
cholesterol transport. We previously reported development of
a monoclonal antibody (Mab55201) specifically recognizing an
epitope of apoA-I that is exposed only in pre31-HDL, and we estab-
lished an ELISA system for direct measurement of pre31-HDL using
Mab55201 [15]. The method provides a way to investigate the clin-
ical significance of measuring plasma pref31-HDL levels.

Plasma preB1-HDL levels have been reported to be elevated
in patients with coronary artery disease (CAD) and dyslipidemia
[15-17]. However, the mechanism responsible for elevation of the
pref1-HDL level has not been clarified. In this study we exam-
ined whether the pre1-HDL level is elevated in normolipidemic
CAD patients and whether the levels differ between patients
with unstable angina pectoris (uAP) and those with stable CAD
(sCAD), including stable effort angina pectoris and old myocar-
dial infarction. In addition, we studied the relationship between
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Table 1
Baseline characteristics of the study subjects.

CAD (n=112) P Normolipidemic CAD (n=37) P Controls (n=30)
Age (years) 65891 n.s. 65.5+9.0 ns. 66.3+8.3
BMI (kg/m?) 240+27 ns. 241434 . ns, 233+29
SBP (mmHg) 127£18.8 ns. 123197 <0.05 134+ 14.2
DBP (mmHg) 741117 ns. 7174125 <0.05 77.9+9.7
HbAlc (%) 73+£14 <0.05 71414 ns. 64+12
T-Cho (mgfdL) 2034414 ns. 1814229 ns. 1934203
TG {mg/dL) 142+779 <0.001 92.2£254 ns. 85.3+29.3
LDL-C {mg/dL) 131£34.7 0.051 1104£21.7 ns. 115+ 16.1
HDL-C (mg/dL) 439494 <0.0001 49.8+8.6 <0.05 552+112
ApoA-1(mg/dL) 15:+185 <0.0001 123+ 166 <0.01 137+£21.0
ApoB {mg/dL) 108 +£27.3 <0.01 90.0+16.1 ns. 934+123
Creatinine {mg/dL) 0.93+032 <0.01 0.93+0.34 <0.01 0.73+£0.18
BUN (mg/dL) 17.7+73 ns. 16.8:£4.0 ns. 15.4+4.0
AST(1U/L) 374195 n.s. 38.1+16.3 n.s. 320+11.0
ALT (1UJL) 27.4+202 <0.05 29142238 <0.05 19.0+9.0
ChE (U/L) 325+77.6 ns. 308+77.9 n.s. 3164+67.2
Medications, n (%)
Aspirin 90(80.4%) <0.0001 28(75.7%) <0.0001 2(6.7%)
Nitrates 87(77.7%) <0.0001 24(64.9%) <0.0001 1(3.3%)
Calcium channel blockers 51(45.5%) n.s. 17{45.9%) ns. 13(43.3)
Beta blockers 37(33.0%) n.s. 10(27.0%) n.s. 5(16.7%)
ACE inhibitors 26(23.2%) ns. 8(21.6%) n.s. 3(10.0%)
Diuretics 10(8.9%) ns. 3(8.1%) ns. 1(3.3%)
Digoxin 6(5.4%) ns. 0(0.0%) n.s. 1(3.3%)
ARBs 2(1.8%) n.s. 1(2.7%) ns. 1(3.3%)
Antiplatelet 27(241%) <0.01 9(24.3%) <0.01 0(0.0%)
Antidiabetics 45(40.2%) ns. 13(35.1%) ns. 9(30.0%)
Lipid-lowering agents 3(2.7%) n.s. 1(2.7%) ns. 0(0.0%)

Data are shown as mean + S.D. or number. ARBs: angiotensin 1l receptor biockers.
* Significance vs. controls,

the pre31-HDL level and lipid metabolism by examining for cor-
relations between the pref31-HDL level and the concentrations or
activities of various lipid metabolic markers.

2. Methods
2.1. Study subjects

One hundred and twelve coronary artery disease patients were
recruited from inpatients and outpatients of Chiba Cardiovascular
Center (Chiba, Japan). The diagnosis of CAD was based on a history
of myocardial infarction, clinical symptoms including prolonged
chest pain, and the presence of angiographically demonstrated
stenosis (>75%obstructive lesions). The CAD group was divided into
36 patients with uAP and 76 patients with sCAD based on the clini-
cal symptoms. uAP was diagnosed in accordance with the American
Heart Association (AHA) classification (1975): the presence of chest
pain which began during the previous 3 weeks and most recently
occurred within the previous 1 week; and the absence of both ST
segment elevation on the electrocardiogram and serum biochem-
ical markers of cardiac necrosis. All patients with uAP belonged to
class I or Il in severity and class B or C in the clinical circumstances
according to Braunwald’s classification (1989). The sCAD subgroup
was composed of 32 patients with stable effort angina pectoris and
44 patients with old myocardial infarction. We also enrolled 30
age- and BMI-matched subjects as the control group. The control
subjects were recruited from outpatients of Chiba Cardiovascular
Center and included type 2 diabetics and/or hypertension patients
without dyslipidemia and no history of CAD. The control subjects
were all confirmed to have no cardiac disorders on the exercise-
loaded electrocardiogram. Normolipidemic subjects in the CAD
group and the control group were determined on the basis of the
concentrations of four serum lipid markers, i.e., total cholesterol (T-
Cho) <220 mg/dL, LDL-cholesterol (LDL-C) <140 mg/dL, triglyceride

(TG)<150 mg/dL, and HDL-cholesterol (HDL-C) >40 mg/dL. Patients
with renal and/or liver dysfunction were excluded from this study.

We obtained informed consent from all participants at entry.
This study was conducted in accordance with the Declaration of
Helsinki of the World Medical Association.

2.2. Blood collection

Venous blood samples for plasma and serum were drawn from
the subjects after fasting for one night. The blood samples for
plasma were drawn into plastic tubes containing EDTA-2Na, imme-
diately chilled in ice water and centrifuged at 2 °C. The plasma was
diluted with 20 volumes of 50% sucrose solution for stabilization
and then stored at —80°C until pref31-HDL was assayed. The blood
samples for serum were separated and stored at —80°C until assay
for serum lipids, apolipoproteins, LCAT activity and other markers
of liver or renal function.

2.3. Measurement of pref1-HDL and biochemical parameters

PreB1-HDL levels were measured by a sandwich enzyme
immunoassay using Mab55201 [15,18]. The preB1-HDL level was
expressed as both an absolute value and a relative value. The abso-
lute value indicates the pref31-HDL concentration (mg/L) in the
plasma, and the relative value indicates the percentage of pref31-
HDL in the total apolipoprotein A-I in the plasma.

The T-Cho, TG, LDL-C, HDL-C, creatinine, blood urea nitro-
gen (BUN), aspartate transaminase (AST), alanine transaminase
(ALT) and cholinesterase (ChE) concentrations were determined
enzymatically using an automated analyzer. Apolipoprotein
concentrations were determined by immunoturbitometry with
commercial reagents from Daiichi Pure Chemicals (Tokyo, Japan),
using an automated analyzer. Hemoglobin Alc (HbA1c) was deter-
mined by an automated liquid-chromatographic system. LCAT
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Table 2
Comparisons of pref31-HDL levels between CAD and control groups and between uAP and sCAD subgroups.
n Pref31-HDL (mg/L) p Pref31-HDL/apoA-I (%) p
CAD 112 348 + 129 <0.001" 3.05 £ 1.04 <0.0001"
Normolipidemic CAD 37 362 + 128 <0.001" 294 + 095 <0.0001"
CAD (HDL-C > 40 mg/dL) 74 369 + 131 <0.0001° 2.98 + 0.97 <0.0001"
CAD (high LCAT™) 28 365 + 12.3 <0.001" 3.15 + 0.93 <0.0001"
Controls 30 26.6 £ 69 - 197 £ 0.51 -
uAP 36 431 £ 115 <0.0001 3.66 £ 095 <0.0001
sCAD 76 309 + 11.7 2.76 £ 0.95
Normolipidemic
uAP 16 431 £ 91 <0.01 342 £0.76 <0.01
sCAD 21 309 + 128 2,58 + 094
HDL-C> 40 mg/dL
uAP 26 449 + 11.6 <0.0001 3.54 + 0.87 <0.001
sCAD 48 326+ 119 2.68 + 0.89
HDL-C <40 mg/dL
uAP 10 383 + 103 <0.05 4.00 £ 1.10 <0.01
sCAD . 28 281 + 110 2.90 + 1.05

Data are shown as mean £5.D.
* Significance vs. controls.
" LCAT activity >80 nmol/mL{h/37°C.

activities were determined only in 58 randomly selected CAD (9 uAP
and 49 sCAD) patients, by the method of Nagasaki and Akanuma
using an endogenous substrate [19].

2.4, Statistics

Statistical analyses were performed using Stat Flex for Windows
ver. 5.0 (Artech Inc,, Osaka, Japan). The difference between two
groups was assessed using Student's paired t-test. Categorical vari-
ables were compared using the x?-test. The relationship between

Table 3
Comparisons of baseline characteristics between sCAD and uAP subgroups.

uAP (n=36) sCAD (n=76) P
Age (years) 67.0+88 65.3+9.2 ns.
BMI (kg/m?) 246434 238424 s.
SBP {mmHg) 1294223 126 +£16.9 ns.
DBP (mmHg) 76.8+135 72.9:+10.7 ns.
HbA1c (%) 75+£13 73414 ns.
T-Cho (mg/dL) 191+41.8 209402 <0.05
TG (mg/dL) 129+£674 147 £82.1 n.s.
LDL-C (mg/dL) 118+35.6 1324335 <0.05
HDL-C (mg/dL) 444+£938 436+9.2 ns.
ApoA-1 (mg/dL) 1194203 112£17.3 ns.
ApoB (mg/dL) 100+26.3 112+27.0 <0.05
Creatinine (mg/dL) 0.96+0.29 0914034 n.s.
BUN (mg/dL) 17.7+£48 17.8+82 ns.
AST(IU/L) 3984212 3574187 ns.
ALT(1U/L) 28.6+20.6 26.9+20.1 ns.
ChE (U/L) 30.5+89.8 3354£69.6 ns.
LCAT activity (nmoljmL/h/37°C)' 72.9:£210 7294124 ns.
Medications, n {%)
Aspirin 28(77.8%) 62(81.6%) ns.
Nitrates 27(75.0%) 60(78.9%) ns.
Calcium channel blockers 16(44.4%) 35(46.1%) n.s.
Beta blockers 12(33.3%) 25(32.9%) ns.
ACE inhibitors 10(27.8%) 16(21.1%) LS.
Diuretics 4(111%) 6(7.9%) n.s.
Digoxin 1(2.8%) 5(6.6%) ns.
ARBs 0(0.0%) 2{2.6%) n.s.
Antiplatelet 11{30.6%) 16(21.1%) n.s.
Antidiabetics 9(25.0%) 36(47.4%) <0.05
Lipid-lowering agents 1(2.8%) 2{2.6%) ns.

Data are shown as mean + S.D. or number (%). ARBs: angiotensin Ii receptor blockers.
" Determined in 9 uAP and 49 sCAD patients,

two parameters was examined using Pearson’s Correlation Coeffi-
cient. Receiver-operating characteristic (ROC) curves were plotted,
and the area under the curve (AUC) was analyzed to compare the
predictive powers of pref1-HDL, HDL-C and LDL-C for uAP using
the sCAD and the control group as reference groups. The AUC indi-
cates the diagnostic accuracy of tests [20]. For all analyses, p<0.05
was considered statistically significant.

3. Results
3.1. Comparison between CAD patients and controls

Table 1 shows the baseline characteristics of the study subjects.
Age, BMI and blood pressure were comparable between the CAD
and control groups. The concentrations of HbAlc, TG and apoB were
significantly higher, and the concentrations of HDL-C and apoA-I
were significantly lower, in the CAD group thanin the control group.
In the normolipidemic subjects, the only differences were that the
concentrations of HDL-C and apoA-I were slightly higher in the con-
trol group. Medications were comparable between the CAD and
control groups except for aspirin, nitrates and antiplatelet drugs.
The absolute and relative values for the pre1-HDL level were
markedly higher in the CAD group than in the contro! group. These
differences were also seen even in the normolipidemic subjects
only (Table 2). We then compared the pre31-HDL levels between
the CAD subgroups with high HDL-C (>40mg/fdL) or high LCAT
activity (>80 nmol/mL/h/37 °C) and the control group. The pre31-
HDL levels were markedly higher in both the CAD subgroups than
in the control group (Table 2).

3.2. Comparison between uAP and sCAD subgroups

We divided the CAD group into a uAP subgroup and an sCAD
subgroup and compared the pre31-HDL levels between them. The
absolute and relative values for the pre31-HDL level were markedly
higher in the uAP subgroup than in the sCAD subgroup. Moreover,
even in the comparisons using only the normolipidemic subjects,
only the high HDL-C (40 mg/dL) subjects and only the low HDL-C
(<40 mg/dL) subjects, the differences remained significant between
the two subgroups (Tabie 2). On the other hand, the concentrations
of lipid markers, age, BMI, blood pressure, renal and hepatic func-
tion markers and medications did not differ between the uAP and
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Fig. 1. ROC curves of pref31-HDL, HDL-C, LDL-C for diagnosis of uAP. The true-
positive rate (sensitivity as y axis) was plotted vs. the false-positive rate (1-specificity
as x axis) by changing the cutoff values for the test. The areas under the curves were
0.821 (95% Cl, 0.780-0.863) for pref1-HDL, 0.536 (95% ClI, 0.482-0.591) for HDL-C
and 0.616 {95% (1, 0.557~0.675).

sCAD subgroups, except that the concentrations of T-Cho, LDL-Cand
apoB were slightly lower and that the patients taking antidiabetics
were slightly fewer in number in the uAP subgroup (Table 3).

3.3. Prep1-HDL as a diagnostic marker of uAP

ROC analyses were performed to evaluate pre31-HDL as a diag-
nostic marker of uAP. The AUC of pre31-HDL was significantly
greater than that of either HDL-C or LDL-C (vs. HDL-C, p<0.0001;
vs. LDL-C, p<0.01) (Fig. 1).

3.4. Correlations between pref31-HDL level and clinical factors

We examined for correlations between the absolute pre31-HDL
concentration and various clinical factors in the CAD patientsand in
the control subjects. In the CAD patients, the pref31-HDL concentra-
tion showed a strong, significant positive correlation with apoA-1

J. Tashiro et al. / Atherosclerosis 204 (2009) 595-600

Table 4
Correlations between pref1-HDL and clinical factors.

CAD group (n=112) Control group {n=30)

r p r p
Age 0.163  ns. -0122  ns.
BMI 0.134 ns. -0.026 ns.
SBP -0.037 ns. 0117 ns.
DBP 0.003 f.s. 0115.  ns.
HbAlc 0.127 n.s: ~0.039  ns.
T-Cho . 0.146 ns. -0.013 ns.
TG 0200 <0.05 -0.157 ns.
LDL-C 0.025 ns. -0.054 ns.
HDL-C 0.247 <0.01 0.194 ns.
ApoA-1 0400 ;. <0.0001 0.189 ns,
ApoB 0.070 n.s. -0.157 n.s.
Creatinine 0.172 ns. -0,012 ns.
BUN 0.183 ns. 0.181 ns.
AST 0.182 s, 0.035 s,
ALT 0.207 <0.05 ~0.195 ns.
ChE . 0.068 ns. -0.033 ns.
LCAT activity’ 0204 ns. - -

* Determined in 58 CAD patients,

and a significant positive correlation with HDL-C. On the other
hand, no correlation was found with the LDL-C, T-Cho or LCAT activ-
ity. TG showed a slightly positive correlation with pre§1-HDL. The
only other marker correlating significantly with pref31-HDL was
ALT, which correlated slightly. In the control subjects, none of the
factors showed a significant correlation with pref31-HDL (Table 4).

We then examined for correlations between the pre31-HDL and
the HDL-C, apoA-I or LCAT activity in the uAP and sCAD subgroups
separately. HDL-C showed a significant positive correlation with
prep31-HDL in the sCAD subgroup, but not in the uAP subgroup
(Fig. 2A). ApoA-I showed a significant positive correlation with
pref31-HDL in both the uAP and sCAD subgroups (Fig. 2B), whereas
LCAT activity did not (Fig. 2C).

4. Discussion

The present study clearly showed that the plasma pref1-HDL
level was high in the CAD group even when excluding dyslipidemic
patients (Table 2). Earlier studies reported the plasma pre31-HDL
concentration to be elevated in patients with CAD, dyslipidemia
and obesity, and also in hemodialysis patients {15-17,21,22]. The
present study excluded patients with renal disorders, including
hemodialysis patients, and BMI-matched control subjects were
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Fig. 2. Correlations (Pearson's Coefficients) between pre1-HDL levels and HDL-C levels (A), apoA-I levels (B} and LCAT activities (C) in uAP and sCAD subgroups. A: uAP
(n=36),r=0.313, p=0.063; sCAD (n="76), r=0.227, p<0.05. B: uAP (n=36), r=0.394, p <0.05; sCAD (n=76), r=0.350, p<0.01. C: uAP (n=9), r=0.538, p=0.135; sCAD (n=49),

r=0.215,p=0.139.
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used to exclude any effect of obesity. When the CAD group was
divided into uAP and sCAD subgroups, the pref31-HDL level was
markedly higher in the uAP subgroup than in the sCAD subgroup.
Moreover, the difference remained significant even when dyslipi-
demic patients were excluded from the two subgroups (Table 2).
The age, BMI, blood pressure and concentrations of HbAlc, hep-
atic function markers, renal function markers, HDL-C and apoA-I
did not differ significantly between the two subgroups, although
T-Cho, LDL-C and apoB were somewhat lower in the uAP subgroup
than in the sCAD subgroup (Table 3). ROC analyses were performed
to investigate the potential of pre1-HDL as a predictive marker for
uAP. Pref31-HDL showed better diagnostic accuracy than other lipid
markers, suggesting that pre1-HDL may be useful for identifying
patients with uAP (Fig. 1).

Two earlier studies reported elevation of the pref31-HDL lev-
els in CAD patients {16,17]. However, the mechanism responsible
for that elevation has not been elucidated. Miida et al. reported
that delayed catabolism of pre1-HDL, specifically, delayed LCAT-
dependent conversion of pre31-HDL into a-migrating HDL, causes
elevation of the pref1-HDL level in CAD patients. However, they
also described that some CAD patients had a high pre31-HDL level
despite the high LCAT activity, suggesting that some other mecha-
nism may be responsible for pre1-HDL elevation [ 16]. Asztalos et
al. reported that CAD patients with low HDL-C levels (<35 mg/dL)
have high pref31-HDL levels and suggested that delayed catabolism
of pre1-HDL s responsible for the elevated pre1-HDL[17].In our
study, the normolipidemic CAD patients, excluding those with low
HDL-C levels (<40 mg/dL), also showed elevated pref1-HDL lev-
els (Table 2). We speculate that the many uAP patients included in
the present study may have been the cause of the elevated pref31-
HDL level in CAD patients without dyslipidemia. If, as has been
suggested [17], delayed catabolism of pre31-HDL is responsible for
pref31-HDL elevation, the HDL-C concentration and LCAT activity
should be lower in the uAP subgroup than in the sCAD subgroup
and should correlate negatively with the pre31-HDL concentra-
tion. However, we could not find any difference in either the HDL-C
concentration or the LCAT activity between the uAP and sCAD sub-
groups (Table 3), and there was no negative correlation between
the pref1-HDL concentration and either the HDL-C concentration
or the LCAT activity in the CAD patients. In fact, the pref1-HDL
concentration conversely showed a significant and positive corre-
lation with the HDL-C concentration in the CAD patients (Table 4
and Fig. 2A). In addition, the CAD patients with either a high HDL-
C level or high LCAT activity also showed an elevated pref31-HDL
level (Table 2). These results suggest that some other mechanism
must be responsible for pref31-HDL elevation.’

Perhaps that mechanism is enhancement of pref1-HDL forma-
tion. The following three formation pathways are known: synthesis
in the liver [9,10], new formation through interaction of apoA-I
and peripheral cells [6-8] and dissociation through remodeling of
o-HDL {11]. In the case of CAD, the last two of these pref1-HDL
formation pathways seem most likely and are discussed below.

Pre1-HDL formation is increased in atherosclerotic CAD due
to accelerated interaction of apoA-l and peripheral cells. It was
reported that foam cell formation enhanced expression of ATP-
binding cassette transporter A1 and apoA-I-mediated cholesterol
efflux from cells in in vitro experiments [23,24]. Since pref31-HDL
is formed by the cellular cholesterol efflux of lipid-free apoA-I
or lipid-poor apoA-1 mediated by ABCA1 [3,4,6-8], the formation
of preB1-HDL in atherosclerotic CAD caused by accumulation of
excess cholesterol might be accelerated by enhancement of that
efflux in the peripheral cells.

The other most likely pathway of pre31-HDL formation in uAP
is that preB1-HDL generation is enhanced by a-HDL remodeling
caused by an increase in acute-phase proteins during inflamma-

tion. Serum amyloid A (SAA), group Ila secretory phospholipase A2
(sPLA2-11a) and phospholipid transfer protein (PLTP), whose blood
concentrations or activities are elevated in the acute-phase, are
known to be factors that facilitate a-HDL remodeling {25-28]. For
example, it was reported that the amount of SAA in HDL parti-
cles increases markedly during the acute inflammatory phase [28]
and that it dissociates pref1-HDL from o-HDL when it binds to
a~-HDL [29]. The blood concentration of SAA increases in uAP [30],
and SAA is highly expressed in atherosclerotic lesions {31]. van der
Westhuyzen et al. suggested a model for the acute-phase response
in CAD in which SAA and sPLA2-Ila, present at sites of inflamma-
tion and tissue damage, play protective roles by enhancing cellular
cholesterol efflux, thereby promoting the removal of excess choles-
terol from macrophages [25]. Thus, acute-phase proteins, including
SAA, seem to be factors promoting pre1-HDL elevation in uAP,
although the results of the present study are not sufficient to prove
this hypothesis. i

In summary, we demonstrated that the pref1-HDL level is
elevated in CAD patients, especially in uAP patients, even when
excluding dyslipidemic subjects. These results suggest that ele-
vation of the plasma pref1-HDL level is associated with the
atherosclerotic phase of CAD. Elevation of plasma pref31-HDL may
be useful for the identification of patients with uAP. Moreover, that
elevation may be caused by a different mechanism from the previ-
ously proposed delayed catabolism of pref31-HDL due to low LCAT
activity.
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