B6 mice. Human /cat gene-transduced m-ccdPA was subcutaneously transplanted into
B6 mice with fibrin glue. Immunostaining of LCAT showed that the m-ccdPA 14 days
after transplantation survive and express human LCAT protein in B6 mice (Figure 3).
The hLLCAT expression was still detectable in the transplanted m-ccdPA 28 days after
transplantation (data not shown). The IP-western analysis showed that hLLCAT protein
was detected at least up to 28 days after transplantation in the serum of mice. The
mouse sera collected were analyzed for LCAT protein by IP-western blotting (Figure 4A).
hLCAT protein was detected up to 28 days after transplantation. Densitometric
analysis (Figure 4B) showed that from day4 to day7, the density became significantly
decreased, and from Day7 the concentration of LCAT protein became relatively constant.
The LCAT delivery into serum from m-ccdPA transplanted with fibrin glue was in
comparable level with those with Matrigel. These results showed that fibrin glue, a
clinically commonly available material, worked as a scaffold for in vivo delivery of

hLCAT protein.

Discussion

For the development of a long-lasting protein replacement therapy by the gene-
transduced ccdPA, clinically applicable scaffold is one of possible approach for the
improvement of survival and/or secretion function of transplanted cells in the patients.
Various types of materials have been proposed (Neuss et al., 2008; Malafaya et al., 2007;
Mano et al., 2007) as scaffolds for cell transplantation. In this study, we have chosen
fibrin glue among them because it is already commonly used in clinic with the fact that
easy handling kit is commercially available. In order to evaluate the effect of fibrin glue
as a scaffold in the survival and function of transplanted adipocytes, we established
autologous model system using human /cat gene-transduced m-ccdPA. The results using
the model mice showed that fibrin glue supported human enzyme delivery from the
transplanted m-ccdPA in the equivalent level to Matrigel, which is known as an efficient
scaffold in experimental models. Thus, fibrin glue could be one of candidates as a
scaffold for clinical transplantation of h-cedPA, which has been established for long time
an enzyme replacement for the enzyme deficiency, particularly for LCAT deficiency to
prevent the development of renal insufficiency and/or corneal opacity (Kuroda et al.
submitted).

Preliminary experiments showed that hLCAT protein was secreted by its
gene-transduced m-ccdPA in vitro, however, in contrast to h-ccdPA in mice, was hardly
detectable in mouse serum probably because of the lower capability of secretion (see

result). The integrated copy number and LCAT activity in the culture medium could be
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elevated by approximately three folds with the condition suitable for m-cecd-PA in mice
(see Figure 1). As a result, IP-western analysis was sensitive enough for the
quantification of serum hLCAT protein in the mice, and indicated that the delivered
protein is equivalent to those of 15 pg HDL (see Figure 2A). These optimizations
enabled us to establish an in vivo mice model to monitor the effect of fibrin glue as a
scaffold for the transplanted m-ccdPA. Adipogenic differentiation did not significantly
affect the LCAT delivery and cell survival in this model using fibrin glue as a scaffold
with m-ccdPA (see Figure 2B). In this context, our results may support that
transplanted cells with fibrin glue were differentiated into adipocytes without
adipogenic pretreatment (Cho et al. 2006, Torio-Padron et al. 2007). The
immunohistochemical observation did not clearly shown that ccdPA would undergo
adipogenic differentiation after transplantation, but transplanted ccdPA was certainly
identified as LCAT-delivery cells in the transplanted site of the recipient mice (see
Figure 3). The Jcat gene transduced m-ccdPA/fibrin glue showed that the serum LCAT
concentration decreased to one half in a week, and became relatively stable at 7-14 days
after transplantation (see Figure 4). Thus, we could know that LCAT-positive cells
survived and functioned for at least one month using the m-ccdPA transplanted mouse
model.

The current study showed that implanted cells successfully supplied a therapeutic
level of LCAT into the serum, and suggested the feasibility of the ccdPA-mediated gene
therapy by use of ccdPA. However, there are remaining several issues to be dissolved
before the clinical application, when we consider the cell implantation technique for
various diseases other than LCAT deficiency. The first is the survival period of ccdPA
after transplantation into the recipient. The precious model using insulin secreting
adipocytes showed that the blood glucose-reducing activity was stably observed for two
months (Ito et al., 2005). The stability of ccdPA needs to be evaluated for longer
observation using the mice established in this study. The second is the unstable protein
delivery by the transplanted ccdPA into serum at an initial phase to 7 days after
subcutaneous transplantation, although the delivery became rather constant after the
phase to a month. The characterization of transplanted ccdPA regarding the interaction
between differentiation and secretion function is in progress using this model. Before
obtaining the knowledge of multi-phase cell condition in recipient, the application of the
cell therapy would be restricted to the enzyme deficiency without the over-dose toxicity
in the enzyme-mediated metabolism in recipients. In order to dissolve the above
remaining problem for wide clinical application, the established autologous cell

transplantation model enables us to evaluate the effects of environmental condition of
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transplanted cccdPA on the survival and/or functioin of cells in detail, which is critical

for cell-based gene therapy in humans.
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Figure legends

Figure 1. Enhanced gene transduction efficiency in m-cedPA. Integrated copy numbers
(A) and LCAT activity in the culture medium (B) after retrovirus vector mediated
human /lcat gene transduction were analyzed. Single round (b) and two rounds (a, ¢) of
exposure to CGT_hLCATRV in the presence of 8 (a) or 500 pg/ml (b, ¢) of PS.
Transduction with 8 pg/ml (a) and 500 pg/ml (b, c) of PS were performed overnight and

one hour, respectively. Data are presented as the mean + SD (n=3). *p<0.05.

Figure 2. Detection of human recombinant LCAT and survival of human Jeat gene after
transplantation of Jeat gene-expressing m-ccdPA. Human Jeat gene-transduced-mouse
ccdPA (5 x 106 cells) were subcutaneously transplanted in nude mouse with fibrin glue
as a scaffold. A, Existence of human LCAT protein in mice sera was detected by
IP-western experiments. 15 pg human high density lipoprotein (HDL) was loaded for
quantification of signals (H). Mouse serum with (PC) or without (NC) 15 pg HDL were
subjected to IP-western. Serum (100 pl) from mouse transplanted with the gene
transduced (T) and un-transduced (C) m-ccdPA were subjected to IP-western. B, Human
lcat gene-transduced-mouse ccdPA (5 x 106 cells) were transplanted after three days
culture with (open bars) or without (closed bars) adipogenic differentiation medium. The
serum concentrations of the recombinant LCAT protein were quantified from

densitometric analysis (left), and human /cat gene was quantified in excised implants
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(right).

Figure 3. Detection of recombinant human LCAT in implants from mice. Sections of
implants from the cells with transduced (A, B, and C) or un-transduced (D, E, F) by
retrovirus vector at day28 were prepared and LCAT-immunostaining was performed.
Implants were taken upon observation of PKH26 fluorescent. Immunohistochemical
staining of human LCAT in fixed implants was done using rabbit anti-human LCAT
monoclonal antibody as a primary antibody. Alexa Fluor 488 goat anti-rabbit IgG was
used as a secondary antibody. The slides were counterstained with DAPI. Photographs
of LCAT staining (A and D), DAPI staining (B and E), and merged images (C and F)

were shown.

Figure 4. Effect of fibring glue on LCAT protein delivery. Human /cat gene transduced
m-ccdPA were subcutaneously transplanted in CB57BL/6J mice using fibrin glue or
Matrigel as scaffolds. Representative data of the experiment was shown (A), in which
human LCAT delivery was monitored in single mouse. Concentrations of human LCAT
protein in cell- transplanted mice sera with Matrigel (closed circle) or fibrin glue (closed

triangle) were quantified by densitometric analysis after IP-western experiments (B).
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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.

METHODS: 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 ug/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) (1, 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 urokinase-type plasminogen activator
receptor and enhances the activation of the integrin/
PFAK/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 (CSE). 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 sLR11 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 sSLR11 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 MADb 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
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Fig. 1. Identification of sLR11 in serum.and CSF.

(A}, Samples (50 ul) 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 A2-7=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 (IgGl,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 MAbs 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.

(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
subjected to immunoblot analysis using MAb A2-2-3 (lanes 3, 6, and. 7); R14 (lanes 8 and 10), or M3 (lanes 9 and 11). Lanes
1-3, human serum; lanes 4=6 and 8-11, rabbit serum; lane 7, human IMR32 cells. (B), Purified rabbit sLR11 protein was
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,

dues 1000-1550 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 MAb
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.
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PURIFICATION OF sLR11 FROM HUMAN AND RABBIT SERA

The RAP affinity resin described above was used to
extract sSLR11 from 2.5 L of human serum or 1.0 L of
rabbit serum. The eluted proteins were concentrated
and applied to a HilLoad 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
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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. nis., not significant.

1% BSA-PBST for 1 h. The samples (10 uL) 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
616 h. After extensive washing with PBST, 100 uL of
biotinylated MAb 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 uL of substrate
solution (tetramethyl-benzidine in citrate buffer, pH
3.65, containing hydrogen peroxide) for 30 min. The
chromogenic reaction was stopped with 100 wL 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
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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 sLR11 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 sLR11 from human and rabbit sera was not
different from that of sSLR11 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) and 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
(©). of MEGA-9. The amount of sLR11 in each fraction was
also visualized by immunoblotting after extraction with the
RAP. affinity resin.

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 CSF 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

Clinical Chemistry 55:10 (2009) 1805
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(A), Using the ELISA system developed in this study, we constructed a typical 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/t)
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 sLR11 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 ug/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
ug/L in serum and 4.4 ug/L in CSF, respectively. The
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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 pug/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) pg/L,n = 41] and
fernales [9.8 (5.8) ug/L, n = 46].

sLR11 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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als with atherosclerosis vs those in individuals with-
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previous section on variation of sLR11 in serum and
CSE). The sLR11 concentrations [14.2 (6.0) ug/L] in
individuals with atherosclerosis were significantly
higher than those in healthy individuals (Fig. 6). The
variation in circulating sSLR11 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 sSLR11 was immunologically identical
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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
R14 yielded an ELISA thatis highly specific for sSLR11in
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 sLR11 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 1 complex, and
amyloid-B, 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 sLR11 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 sLR11 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 a large 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 pathologlcal
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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Pre1-HDL, a minor HDL subfraction consisting of apolipoprotein A-1 (apoA-I), phospholipids and unes-
terified cholesterol, plays an important role in reverse cholesterol transport. Plasma pref31-HDL leveis
have been reported to be increased in patients with coronary artery disease (CAD) and dyslipidemia.
To clarify the clinical significance of measuring plasma pref1-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 pref31-HDL levels were deter-

Keywords: mined by immunoassay using a specific monoclonal antibody (Mab55201) that we established earlier.
Pref1-HDL ) X . . .

Acute coronary syndrome The mean pre1-HDL level in the CAD patients was significantly higher than the level in the controls
HDL (34.8 £ 12.9mg/L vs. 26.6 +6.9mg/L, p<0.001). In addition, the mean pref31-HDL level was markedly
Reverse cholesterol transport higher in the uAP subgroup than in the sCAD subgroup (43.1 + 11.5 mg/L vs. 30.9 + 1.7 mg/L, p<0.0001).
LCAT These tendencies remained even after excluding dyslipidemic subjects.

These results suggest that elevation of the plasma pre1-HDLlevel 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. PreB 1-HDLis known as the initial plasma acceptor
of cell-derived cholesterol [1-5].

Three pathways have been suggested as routes by which pre31-
HDL is generated [6-11]. The first is a pathway in which pref1-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 preB1-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: miyazakiO84@sekisui,jp (O. Miyazaki).
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released from a-migrating HDL during its remodeling [11]. As the
catabolic pathway of pre1-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 preP1-HDL removes cellular cholesterols, increases in size
and is converted to an a-migrating HDL [12-14].

Thus, pref1-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 pref31-HDL, and we estab-
lished an ELISA system for direct measurement of pre1-HDL using
Mab55201 [15]. The method provides a way to investigate the clin-
ical significance of measuring plasma pre31-HDL levels.

Plasma preP1-HDL levels have been reported to be elevated
in patients with coronary artery disease (CAD) and dyslipidernia
[15-17]. However, the mechanism responsible for elevation of the
preB1-HDL level has not been clarified. In this study we exam-
ined whether the pre§1-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) 65.8+9.1 ns. 65.5£9.0 ns. 66.3+8.3
BMI (kg/m?) 240427 ns. 241%34 ns. 233429
SBP (mmiig) 127+18.8 ns. 123+£197 <0.05 1344142
DBP (mmHg) 741 +£11.7 n.s. 7174125 <0.05 779+9.7
HbATc (%) 73+14 <0.05 71+14 ns. 64+12
T-Cho (mg/dL) 203+£414 n.s. 181+£22.9 ns. 193+203
TG (mgfdL) 1424779 <0,001 9224254 ns. 85.3429.3
LDL-C (mg/dL) 131:£34.7 0.051 1104£21.7 ns. 115416.1
HDL-C (mg/dL) 439+94 <0.0001 49.8+8.6 <0.05 55.24+11.2
ApoA-I (mg/dL) 1154185 <0.0001 1234 16.6 <001 1374210
ApoB (mg/dL) 108+27.3 <0.01 900+ 161 ns. 93.4+123
Creatinine (mg/dL) 0.93+032 <0.01 0934034 . <0.01 0.73+018
BUN (mg/dL) 177473 n.s; 16.8+4.0 ns. 154+4.0
AST (IU/L) 37+£19.5 ns. 38.14:16.3 ns. 320110
ALT (1U/L) 27.44:20.2 <0.05 29.1+228 <0.05 19.0+90
CHE (U/L) 3254+77.6 ns: 308+779 ns: 316467.2
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%) ns; 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%) ns. 3(10.0%)
Diuretics 10(8.9%) ns. 3(8.1%) ns. 1(3.3%)
Digoxin 6(5.4%) ns: 0(0.0%) ns. 1(3.3%)
ARBs 2(1.8%) ns. 1(2.7%) n.s: 1(3.3%)
Antiplatelet 27(24.1%) <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%) ns. 1(2.7%) ns. 0(0.0%)

Data are shown as mean = S.D. or number. ARBs: angiotensin li receptor blockers.
" Significance vs. controls.

the pref31-HDL level and lipid metabolism by examining for cor-
relations between the pref1-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 pre31-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 preff1-HDL and biochemical parameters

PreB1-HDL levels were measured by a sandwich enzyme
immunoassay using Mab55201 [15,18]. The pre31-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 pref1-
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

100
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Table 2
Comparisons of pref 1-HDL levels between CAD and control groups and between uAP and sCAD subgroups.
n Pref31-HDL (mg/L) p Pref31-HDL/apoA-1 (%) p
CAD 112 348 & 129 <0.001" 3.05 + 1.04 <0.0001"
Normolipidemic CAD 37 362+ 12.8 <0.001" 2,94 +£ 095 <0.0001"
CAD (HDL-C>40mg/dL) 74 369 + 13.1 <0.0001" 2.98 £ 097 <0.0001"
CAD (high LCAT") 28 36.5 + 12.3 <0.001" 3.15+ 093 <0.0001
Controls 30 266+ 69 - 197+ 0.51 -
uAP 36 431+ 115 <0.0001 3.66 £ 095 <0.0001
sCAD 76 309 + 117 2.76 £ 0.95
Normolipidemic
uAP 16 431491 <0.01 342 £0.76 <0.01
sCAD 21 309+ 128 2.58 £ 0.94
HDL-C =40 mg/dL
uAP 26 449 + 116 <0.0001 3.544 087 <0.001
sCAD 48 32:6 4 11.9 2.68 £ 0.89
HDL-C<40mg/dL
uAP 10 383+ 103 <0.05 400+ 110 <0.01
sCAD 28 281+ 110 290 + 105

Data are shown as mean+S.D.
* Significance vs. controls.
" LCAT activity >80 nmol/mL/h/37“C.

activities were determined only in 58 randomly selected CAD (S 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 x2-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+8.8 65.3:£9.2 ns;
BMI'(kg/m?) 246+34 238+24 ns.
SBP (mmHg) 1294223 1264169 n's;
DBP (mmHg) 76.8:13.5 72.9+£10.7 ns.
HbA1c (%) 75413 7.3+14 ns.
T-Cho (mg/dL}) 1914418 209+40.2 <0.05
TG (mg/dL) 1294674 147£82.1 ns.
LDL-C(mg/dL) 118+:35.6 1324:33.5 <0.05
HDL-C (mg/dL) 444398 436492 s
ApOA-1 (mg/dL) 119+203 112+£17.3 ns.
ApoB (mg/dL) 100426.3 112£270 <0.05
Creatinine (mg/dL) 0.96+0.29 091+034 ns.
BUN (mg/dL) 17.7+48 17.8+£8.2 ns.
AST (1UJL) 3984212 35.7+£187 ns.
ALT(1UJL) 28.64£20:6 269+201 ns:
ChE (UjL) 30.5489.8 335469.6 s
LCAT activity (nmol/mL/h/37°C)" 729+210 729+124 ns.
Medications, n (%)
Aspirin 28(77.8%) 62(81.6%) ns.
Nitrates 27(75.0%) 60(78.9%) s,
Calcium channel blockers 16(44.4%) 35(46.1%) n.s.
Beta blockers 12(33.3%) 25(32.9%) n.s.
ACE inhibitors 10(27.8%) 16(21.1%) ns,
Diuretics 4(11.1%) 6(7.9%) ns.
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 I receptor blockers.
' Determined in 9 uAP and 49 sCAD patients.
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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 higherin 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 pref31-HDL level were
markedly higher in the CAD group than in the control 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 (>40 mg/dL) or high LCAT
activity (=80 nmol/mL/h/37°C) and the control group. The pref31-
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 pref31-HDL levels between them. The
absolute and relative values for the pref3 1-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 (Table 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 pref1-HDL, HDL-C, LDL-C for diagnosis of uAP. The true-
positive rate (sensitivity asy 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% C1, 0.780-0.863) for pref31-HDL, 0.536 {95% Cl, 0.482-0.591) for HDL-C
and 0.616 (95% (I, 0.557-0.675).

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

3.3. Pref1-HDL as a diagnostic marker of uAP

ROC analyses were performed to evaluate pref31-HDL as a diag-
nostic marker of uAP. The AUC of pref31-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 pre1-HDL level and clinical factors

We examined for correlations between the absolute pre(31-HDL
concentration and various clinical factors in the CAD patientsand in
the control subjects. In the CAD patients, the pre31-HDL concentra-
tion showed a strong, significant positive correlation with apoA-I

Table 4
Correlations between pref3 1-HDL and clinical factors.

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

r p r p
Age 0.163 n.s. -0.122 ns.
BMI 0.134 ns. -0.026 ns.
SBP -0.037 ns. 0.117 ns.
DBP 0.003 n.s. 0.115 ns.
HbA1c 0.127 ns. -0.039 n.s,
T-Cho 0.146 n.s. -0.013 ns.
TG 0.200 <0.05 -0.157 ns:
LDL-C 0.025 n.s. -0.054 ns.
HDL-C 0.247 <0.01 0.194 ns.
ApoA-1 0.400 <0.0001 0.189 ns.
ApoB 0.070 n.s. —0.157 n.s.
Creatinine 0172 ns. -0.012 IS,
BUN 0.183 n.s. 0.181 ns.
AST 0.182 ns. 0.035 ns.
ALT 0.207 <0.05 ~0.195 ns:
ChE 0.068 ns. ~0.033 n.s.
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 pre1-HDL. The
only other marker correlating significantly with pre1-HDL was
ALT, which correlated slightly. In the control subjects, none of the
factors showed a significant correlation with pre31-HDL (Table 4).

We then examined for correlations between the pre1-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
pref1-HDL in the sCAD subgroup, but not in the uAP subgroup
(Fig. 2A). ApoA-I showed a significant positive correlation with
preB1-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 pref1-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 pre31-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=0215, p=0.139.
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