1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Clin Chim Acta. Author manuscript; available in PMC 2017 August 14.

-, HHS Public Access
«

Published in final edited form as:
Clin Chim Acta. 2012 December 24; 414:; 125-129. doi:10.1016/j.cca.2012.08.021.

Oxidized high-density lipoprotein is associated with increased
plasma glucose in non-diabetic dyslipidemic subjects

Kazuhiko Kotani®P.¢" Naoki Sakane?, Masashi Ueda, Shinichi Mashibad, Yasuyuki
Hayased, Kokoro Tsuzaki@, Toshiyuki YamadaP, and Alan T. Remaley®

aDivision of Preventive Medicine, Clinical Research Institute, National Hospital Organization Kyoto
Medical Center, Kyoto-City, Kyoto 612-8555, Japan

bDepartment of Clinical Laboratory Medicine, Jichi Medical University, Shimotsuke-City, Tochigi
329-0498, Japan

CLipoprotein Metabolism Section, National Heart Lung and Blood Institute, National Institutes of
Health, Bethesda, MD 20892-1508, USA

dlkagaku Co. Ltd., Kyoto-City, Kyoto 604-8852, Japan

Abstract

Background—Oxidized high-density lipoprotein (oxHDL) has reduced capacity for cholesterol
efflux and some of other anti-atherogenic properties of HDL, but the role of oxHDL in the
pathogenesis of cardiometabolic disease has not been fully demonstrated. This study investigated
the association of oxHDL with plasma glucose (PG) and the other atherosclerotic risk variables in
non-diabetic dyslipidemic subjects.

Methods—Conventional atherosclerotic markers and LDL particle size (LDL-PS), as determined
by a gel electrophoresis, were measured in 155 non-diabetic subjects (mean age of 57 years) with
dyslipidemia. Serum oxHDL levels were quantified using an antibody against oxidized human
apoA-1 in a sandwich ELISA format.

Results—Multiple regression analysis adjusted for possible confounders revealed that HDL -
cholesterol was independently, significantly and positively correlated with LDL-PS and oxHDL.
By multiple regression analysis, oxHDL was independently, significantly and positively correlated
with fasting PG (8= 0.19, = 0.01). Subjects in the highest PG tertile group had approximately
30% higher oxHDL levels than the lowest PG tertile group.

Conclusions—These results suggest that high PG levels may contribute to the HDL oxidation,
irrespective of HDL-cholesterol levels, even in non-diabetic subjects with dyslipidemia, and that
the measurement of oxHDL may be a useful marker of dysfunctional HDL.
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1. Introduction

Cardiovascular disease (CVD) is a major cause of moribidity and mortality, and the
identification of patients at risk by biomarkers is critical in the clinical management of these
patients [1]. High-density lipoprotein (HDL) particles play a critical role in the reverse
cholesterol transport pathway, and also exert anti-oxidant, anti-inflammatory and anti-
coagulant actions [2]. Because of its beneficial anti-atherogenic functions, HDL-cholesterol
(HDL-C), which is a marker for HDL levels, is strongly inversely related to CVD risk [2].
Recently, it has been demonstrated that HDL can undergo a variety of modifications,
including oxidation, making it dysfunctional and potentially even pro-atherogenic [2,3].
Oxidized HDL (oxHDL) has been detected in endothelial cells overlying atherosclerotic
lesions [4], and unlike native HDL can be taken up by macrophage, thus possibly
contributing to foam cell formation [5]. Unlike oxidized low-density lipoprotein (LDL) [6],
however, there is much less known about the role of oxHDL in atherogenesis.

HDL contains a wide variety of lipids and proteins that can potentially be modified by
oxidation [7]. Furthermore, HDL particles are considered to be the principal vehicle for
circulating lipid hydroperoxides [8]. Apolipoprotein A-I (apoA-I), the major protein
component of HDL, is known to be modified at several specific residues [9], particularly at
methionine and tyrosine residues [10,11], leading to its loss of function in cholesterol efflux
[3]. In fact, apoA-I is described to be more susceptible to oxidation than proteins on LDL
[8,12-14]. Results from a clinical study of patients, who were assessed by coronary
angiography, proposed that oxHDL, rather than oxLDL, may be more sensitively related to
coronary disease (i.e., artery spasm) [15]. The pathophysiologic conditions, however, that
lead to the oxidation of HDL are not well understood, but like LDL [16-19] glucose may
modify and lead to the oxidation of HDL even in non-diabetic subjects.

We have recently developed an ELISA system for measuring oxHDL that utilizes an
antibody against oxidized human apoA-I generated by the /n vitro treatment with H,O, [20].
This assay has been tested in several clinical settings, and increased oxHDL has been found
in diabetic patients [20] and was reported to be predictive of CVD outcomes in chronic renal
failure patients treated by hemodialysis [21,22]. The aim of the present study is to
investigate the relationship between fasting plasma glucose (PG) and oxHDL, as well as
other cardiovascular lipid/lipoprotein risk factors, in non-diabetic, dyslipidemic subjects to
determine if the oxHDL assay can be potentially be applied in a more general population.

2. Subjects and methods

2.1. Studied subjects

The present cross-sectional hospital-based study included 155 dyslipidemic subjects (21
men and 134 women) between 30 to 80 years of age. Dyslipidemia was diagnosed,
according to the guidelines of the Japan Atherosclerosis Society (circulating concentrations
of LDL cholesterol [LDL-C] = 3.64 mmol/l, triglycerides [TG] = 1.69 mmol/l, HDL-C <
1.04 mmol/l) [23]. Inclusion criteria required all subjects to be non-medicated, non-smokers,
abstainers from alcohol, and all subjects had a normal fasting PG levels (< 7.0 mmol/Il
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[24,25]). Subjects were excluded from the study if they were pregnant, had an acute
infections, such as the common cold, or if they had a positive history of diabetes, cardio/
cerebrovascular, thyroid, collagen, severe kidney or liver diseases. The study was approved
by the institutional ethics committees of Kyoto Medical Center and Jichi Medical University,
and all subjects gave their informed consent.

2.2. Atherosclerotic risk variables

All analysis was done on serum after an overnight fast. Serum LDL-C, HDL-C, TG and PG
concentrations were measured by enzymatic methods (Sekisui Co. Ltd., Tokyo, Japan). The
mean LDL particle size (LDL-PS) was simultaneously measured with a high-resolution,
nongradient polyacrylamide gel electrophoresis system (the Lipoprint system; Quantimetrix,
Redondo Beach, CA, USA) [26], which was validated for lipoprotein particle size by NMR.

Body mass index (BMI) was calculated based on height and weight measured, while
subjects wore light clothing without shoes. Blood pressure (BP) was measured in the
subject’s right arm with a mercury sphygmomanometer, while the subject was in a seated
position, and the mean BP (MBP) was calculated using the equation: Diastolic BP plus
(systolic BP minus diastolic BP)/3.

2.3. OxHDL assay

Serum oxHDL levels were measured by ELISA, as described previously [20]. An anti-
human oxidized apoA-I monoclonal antibody (clone No.7D3) was obtained by
immunization with H,O»-oxidized apoA-I in mice [20]. The antibody was shown to react
with oxHDL, but not native HDL. Serum samples were diluted in Tris-buffered saline (TBS:
100 mmol/I Tris-HCI pH 8.0, 150 mmol/l NaCl), and the monoclonal antibody against
oxidized apoA-I was dissolved in 50 mmol/l Tris-HCI buffer (pH 8.4) to a final protein
concentration of 10 pg/ml. A 100 pl aliquot of the monoclonal antibody solution was placed
in each well of a 96-well microplate (Corning Inc., NY, USA) and passively immobilized
after an overnight incubation at 4°C. The microplates were rinsed three times with distilled
water and were then blocked with 1% casein in TBS at 100 pl/well. After the addition of
samples (50 pl/well), microplates were incubated 1 hour at room temperature and rinsed
three times with PBS containing 0.01% Tween 20. A biotinylated anti-human apoA-I
monoclonal antibody was used as a secondary antibody and was diluted to 1 pg/ml in 1%
casein in TBS and placed in the microplates at 100 pl/well. The mixture in the microplates
was allowed to react for 1 hour at room temperature, and the microplates were then rinsed
three times with PBS, containing 0.01% Tween 20. A peroxidase-labeled avidin conjugate
(Vector Laboratories Inc., CA, USA) was diluted 20000-fold in 1% casein in TBS and added
to the microplates at 100 ul/well, and the mixture was allowed to react for 30 minutes at
room temperature. The microplates were rinsed three times with PBS, containing 0.01%
Tween 20. Signal was measured in terms of the difference in optical absorbance between
450 and 620 nm after adding into each well 100 pl of substrate solution, containing 200 mg/I
of tetramethylbenzidine, 0.1 mol/l Tris-HCI buffer, 35 mmol/I citrate and 5.5 mmol/l H,0,.
The reaction was terminated by adding 1 mol/l phosphoric acid. The reference curves were
constructed by plotting the known concentration of oxidized apoA-1 standards versus
absorbance. The intra- and inter-assay coefficient variations were 8.2 and 10%, respectively.

Clin Chim Acta. Author manuscript; available in PMC 2017 August 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kotani et al. Page 4

2.4. Proportion of oxidation of HDL particles

An immunoprecipitation method was used for determining the percentage of oxidized HDL
particles, as previously described [27]. In brief, HDL fraction was isolated from 3 non-
diabetic subjects (one male and two females) by ultracentrifugation [28]. 0.1 ml of isolated
HDL (1.5 mg protein/ml) and 0.3 ml of anti-oxidized apoA-I monoclonal antibody (clone
No.7D3) with immunomagnetic beads (JSR Co. Ltd., Tokyo, Japan) were incubated for 1
hour at room temperature in TBS (100 mmol/l Tris-HCI pH 8.0, 150 mmol/l NaCl) with 1%
casein. Then, after collecting a pellet by a magnetic separator for 3 minutes, the pellet
containing the immunoprecipitate was washed on the magnetic separator with PBS (0.01%
EDTA-2K, 2 ml), followed by additional 3 washes. The glycine buffer (0.2 ml pH 2.5) was
then added to the pellet and reacted for 10 minutes. Particles with immunomagnetic beads
were collected by the magnetic separator for 3 minutes. The supernatants were collected,
and Tris solution (1 mol/l, 0.01 ml) was added to the supernatants. An ELISA for apoA-I
(Dako, Glostrup, Denmark) was then applied to the supernatants in order to determine the
percent of oxHDL. The same ELISA was also applied to the original HDL fraction isolated
in the first step in order to determine the total level of apoA-I on HDL. Finally, the
percentage of the oxHDL-containing apoA-I was calculated by dividing by the total apoA-I
level and multiplying by 100.

2.5. Statistical analysis

Unless otherwise indicated, all data are expressed as the means + standard deviations or the
medians plus interquartile ranges. A Pearson’s correlation test was used to observe a simple
relationship of HDL-C, oxHDL or oxHDL/HDL-C levels with all of the other
atherosclerotic risk variables, including the LDL-PS. Subsequently, a multiple linear
regression analysis for HDL-C, oxHDL or oxHDL/HDL-C levels (as outcome variables),
adjusted for the other atherosclerotic risk variables (as predictive variables), was utilized to
observe their independent relationships. The oxHDL levels among three groups according to
the tertiles of PG levels were compared, using one-way ANOVA with multiple comparison
tests. The values of TG and oxHDL were log-transformed for all the analyses because of
their skewed distributions. A P-value of < 0.05 was considered to be statistically significant.

3. Results

Clinical features and laboratory parameters of the study subjects are listed in Table 1. The
subjects had a mean age of 57 years and all had relatively low BMI levels and were non-
hypertensive. They also had a normal fasting PG level but were dyslipidemic [23] (elevated
LDL-C [n =110, 71%], decreased HDL-C [n = 4, 3%] and elevated TG [n = 57, 37%)],
respectively). The median level of serum oxHDL was 136 U/ml, which is not significantly
lower than that previously observed in chronic renal failure patients [21,22].

A simple and multiple linear regression analyses of the main outcome variables are listed in
Table 2. As expected, an inverse relationship was observed between the HDL-C level and
male gander, BMI, MBP or TG level, whereas HDL-C was positively correlated with LDL-
PS and oxHDL. By multiple linear regression analysis, HDL-C was found to be inversely
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related to male gander, BMI and TG, and positively correlated to LDL-C, LDL-PS and
oxHDL.

A simple linear correlation analysis for oxHDL showed that it was significantly and
inversely correlated with male gander, BMI, TG or LDL-PS, whereas it was positively
correlated with age, PG and HDL-C. After multiple linear regression analysis, oxHDL was
still found to be positively correlated with PG and HDL-C.

Furthermore, the ratio of oxHDL/HDL-C was found to be positively correlated with PG (8=
0.19, P=0.02) by multiple regression analysis. Although no other statistically significant
correlation between the ratio of oxHDL/HDL-C and the other atherosclerotic risk variables
were observed (data not shown), there was a trend for an inverse relationship mildly between
the ratio of oxHDL/HDL-C and LDL-PS (8=-0.12, P=0.20).

As shown in Figure 1, oxHDL levels showed a stepwise increase with increasing PG when
subjects were grouped into tertiles (P < 0.01). A significant difference in the oxHDL levels
was seen between the lowest PG tertile group (/7= 49, PG: 4.83 £ 0.20 mmol/l) and the
highest PG tertile group (/7= 52, 6.24 + 0.44 mmol/l: P< 0.01). There was also a significant
difference in the oxHDL levels between the middle PG tertile group (7= 54, PG: 5.33 + 0.13
mmol/l) and the highest PG tertile (P=0.02).

In addition, we estimated the relative proportion of oxidation of HDL particles compared to
total HDL with our immunoprecipitation method in 3 subjects. The levels of oxHDL-
containing oxidized apoA-I and total apoA-I on HDL were as follows: subject 1, 33 ng/ml to
70944 ng/ml (0.05%); subject 2, 33 ng/ml to 67592 ng/ml (0.05%); subject 3, 24 ng/ml to
85760 ng/ml (0.03%). From these results, the amount of oxidized HDL compared to total
HDL was relatively small, less than 0.1% of the total HDL.

4. Discussion

Several findings concerning the relationship of HDL-C and oxHDL with the other
atherosclerotic risk variables was revealed in this study of non-diabetic dyslipidemic
subjects. After adjusting for age, gender and the other atherosclerotic risk variables, HDL-C
was found to be inversely related to BMI and TG and positively associated with LDL-C and
LDL-PS. The inverse correlation between HDL-C and BMI [29] or TG [30,31] is well
documented, and is most likely due to increased catabolism TG-enriched HDL after lipolysis
by hepatic lipase [32]. Similarly, HDL-C and LDL-C are often found to be positively
correlated [31], possibly because of an increase of CETP-mediated transfer of cholelsteryl
esters from HDL to LDL [33]. A positive correlation between HDL-C and LDL-PS (a
measure of small dense LDL) is also consistent with an earlier study [34] and may be linked
to TG-related metabolism [35-37]. Increased TG enrichment on both HDL and LDL
particles leads to increase lipolysis and the generation of smaller dense LDL and lower
HDL-C levels [34-37].

A novel major finding from this study is that oxHDL showed an independent, significant and
positive correlation with PG and HDL-C even in non-diabetic dyslipidemic subjects. This
suggests that PG even in the normal range can lead to the oxidative modification of HDL,
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which would be expected to render it less functional [3] and therefore may be associated
with CVD events [38]. Dyslipidemia, in itself, is considered a pro-oxidative condition [39],
so there can be potentially a synergistic interaction between elevated PG and dyslipidemia,
leading to HDL oxidation. The positive relationship observed between oxHDL and HDL-C
may simply be due to the increase in the level of substrate native HDL particles that can
undergo modification by oxidation. If so, the ratio of oxHDL/HDL-C, as has been
previously described [22], may be the best way to assess the oxidative state of subjects.
Although PG was not found to be related to HDL-C it was positively correlatd to oxHDL, so
the ratio of oxHDL/HDL-C was found in this study to be correlated with high PG. Finally,
LDL-PS was found to be a statistically non-significant but inverse correlation was found to
the oxHDL/HDL-C ratio. Because the small dense LDL is associated with the oxidative
milieu [35-37], similar oxidative stress-related factors that relate to its generation may also
be acting on HDL.

Although only a relatively small percentage (less than 0.1%) of total HDL was found to be
oxidatively modified with our assay, its positive correlation with PG suggests that it may
serve as a marker for a pro-atherogenic state and/or dysfunctional HDL. Several plausible
explanations for the mechanism(s) underlying the PG-oxHDL correlation are considered.
Qualitative modifications of HDL are well described with glucose exposure [40]. For
instance, a direct association has been observed between the PG level and apoA-I glycation
[41,42], and this modification of HDL promotes atherosclerotic processes that are often
accompanied with oxidative stress [43—45]. In addition, HDL particles from diabetic
subjects have a significant reduction in their antioxidative properties, which further
implicates a role of glucose in HDL oxidation [46]. Oxidative stress conditions are also
known to lead to decreased insulin sensitivity and increased PG levels [47].

There are several limitations to the present study. First, the sample size was relatively small,
but was sufficient to find many of the previously described relationships between
atherosclerotic risk factors, thus the statistical significant findings related to oxHDL are
likely robust. The study population was restricted to dyslipidemic but non-diabetic and
clinically CVD-free subjects. The findings, therefore, may not be generalizable to other
populations, although these types of subjects are commonly seen in cardiology clinics. The
study was a cross-sectional design, and therefore, cannot completely be used to establish
casual relationships.

In conclusion, the present study showed an independent positive association between the
levels of fasting PG and serum oxHDL, but not HDL-C, among non-diabetic and
dyslipidemic subjects. This suggests that high PG levels, even in the non-diabetic states, may
lead to the oxidative modification of HDL, irrespective of HDL-cholesterol levels. These
results also suggest that the oxHDL assay may be useful to assess the pathophysiology of
glucose and lipoprotein metabolism in patients at risk for CVD. Future studies with larger
and various populations, examining a possible link of oxHDL with evidence of
atherosclerosis will be needed, as well as future prospective studies with clinical CVD
endpoints, to fully assess the clinical utility of oxHDL as a CVD biomarker.
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Figure 1.
Oxidized high-density lipoprotein (HDL) levels according to the tertiles of fasting plasma

glucose levels.

The lowest/middle threshold level of glucose: 5.11 mmol/l, the middle/highest threshold
level of plasma glucose: 5.67 mmol/l. The oxHDL levels were shown as geometric means.
The comparison was analyzed by one-way ANOVA with multiple comparison tests.
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Subject characteristics

Table 1

Variable Mean/median levels
Age, years 57+ 11
Gender, male/female 21/134

Body mass index, kg/m? 23.9+38
Mean blood pressure, mmHg 96 + 12
Plasma glucose, mmol/I 5.48 + 0.65
LDL-cholesterol, mmol/Il 4.04 £0.90
Triglyceride, mmol/l 1.39 (0.96-1.85)
LDL particle size, nm 26.5+0.6
HDL-cholesterol, mmol/l 1.78 £0.45

Oxidized HDL, U/ml

136 (107-167)

LDL: low-density lipoprotein, HDL: high-density lipoprotein.

The data are presented as the means + standard deviation, medians (interquartile range) or the number (%).
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Table 2

Correlations of HDL-cholesterol or oxidized HDL (outcome variables) with other variables (predictive

variables)

Outcomevariable

For HDL -cholesterol

For oxidized HDL

Predictivevariable r (P-value) B (P-value) r (P-value) B (P-value)
Age, years 012 (0.15) 0.06 (0.37) 023 (<0.01)** 009 (0.26)
Gender, male -0.25(<001)™ -021(<0.01)™ -028(<001) ~0.15(0.09
Body mass index, kg/m? -043(<001)™ -031(<001)™ -0.16(0.04)"  —0.05(061)
Mean blood pressure, mmHg  _0 19 (0.02) * 0.11(0.14) 0.06 (0.47) 0.11 (0.284)
Plasma glucose, mmol/Il 0.07 (0.41) -0.01 (0.93) 0.26 (< 0.01) ** 0.19 (0.01) *
LDL-cholesterol, mmol/l 0.04 (0.64) 0.16 (< 0.01) ™ -0.02 (0.86) 0.02 (0.75)
Triglyceride, mmol/l -0.50 (<0.01) " -025(<0.01)™  -020(002)*  ~0.02(085)

LDL particle size, nm
HDL-cholesterol, mmol/l

Oxidized HDL, U/ml

0.49 (< 0.01) ™

0.46 (< 0.01) ™"

0.32 (<0.01) ™

0.24 (< 0.01) ™"

-017(0.04)*  0.03(0.75)

0.46 (<0.01)™ 0.38 (<0.01)™"

HDL.: high-density lipoprotein, LDL: low-density lipoprotein.

r. simple correlation test (Pearson’s test); B: multiple linear regression analysis for HDL-cholesterol or oxidized HDL.

The values of triglyceride and oxidized HDL were log-transformed because of their skewed distributions.

Significance level: * < 0.05, ** P< 0.01.
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