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ABSTRACT

BACKGROUND
Lp(a) lipoprotein binds proinflammatory oxidized phospholipids. We investigated
whether levels of oxidized low-density lipoprotein (LDL) measured with use of mono-
clonal antibody E06 reflect the presence and extent of obstructive coronary artery dis-
ease, defined as a stenosis of more than 50 percent of the luminal diameter.

METHODS

Levels of oxidized LDL and Lp(a) lipoprotein were measured in a total of 504 patients
immediately before coronary angiography. Levels of oxidized LDL are reported as the
oxidized phospholipid content per particle of apolipoprotein B-100 (oxidized phos-
pholipid:apo B-100 ratio).

RESULTS

Measurements of the oxidized phospholipid:apo B-100 ratio and Lp(a) lipoprotein lev-
els were skewed toward lower values, and the values for the oxidized phospholipid:apo
B-100 ratio correlated strongly with those for Lp(a) lipoprotein (r=0.83, P<0.001). In
the entire cohort, the oxidized phospholipid:apo B-100 ratio and Lp(a) lipoprotein lev-
els showed a strong and graded association with the presence and extent of coronary
artery disease (i.e., the number of vessels with a stenosis of more than 50 percent of the
luminal diameter) (P<0.001). Among patients 60 years of age or younger, those in the
highest quartiles for the oxidized phospholipid:apo B-100 ratio and Lp(a) lipoprotein
levels had odds ratios for coronary artery disease of 3.12 (P<0.001) and 3.64 (P<0.001),
respectively, as compared with patients in the lowest quartile. The combined effect of
hypercholesterolemia and being in the highest quartiles of the oxidized phospholipid:
apo B-100 ratio (odds ratio, 16.8; P<0.001) and Lp(a) lipoprotein levels (odds ratio,
14.2; P<0.001) significantly increased the probability of coronary artery disease among
patients 60 years of age or younger. In the entire study group, the association of the ox-
idized phospholipid:apo B-100 ratio with obstructive coronary artery disease was in-
dependent of all clinical and lipid measures except one, Lp(a) lipoprotein. However,
among patients 60 years of age or younger, the oxidized phospholipid:apo B-100 ratio
remained an independent predictor of coronary artery disease.

CONCLUSIONS
Circulating levels of oxidized LDL are strongly associated with angiographically docu-
mented coronary artery disease, particularly in patients 60 years of age or younger. These
data suggest that the atherogenicity of Lp(a) lipoprotein may be mediated in part by
associated proinflammatory oxidized phospholipids.
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UMAN CORONARY ATHEROSCLEROSIS

is a chronic inflammatory disease that is

superimposed on a background of lipid
abnormalities. Proinflammatory oxidized low-den-
sity lipoprotein (LDL) may be a unifying link be-
tween lipid accumulation and inflammation in the
vessel wall. In humans, oxidized LDL in plasma and
within atherosclerotic lesions is strongly associ-
ated with coronary artery disease, acute coronary
syndromes, and vulnerable plaques.*”

Lp(a) lipoprotein is a lipoprotein of unknown
physiologic function that is composed of apolipo-
protein B-100 (apo B-100) to which apolipopro-
tein(a) is covalently bound. Increased plasma levels
of Lp(a) lipoprotein are independent predictors of
the presence of angiographically documented and
clinical coronary artery disease, particularly in pa-
tients with hypercholesterolemia.® However, the
underlying mechanisms by which Lp(a) lipopro-
tein contributes to the pathogenesis of atheroscle-
rosis are not well understood. We recently showed
that proinflammatory oxidized phospholipids are
strongly associated with Lp(a) lipoprotein in human
plasma.>7»° Therefore, we hypothesized that the
presence of oxidized phospholipids on apo B-100—
containing lipoproteins may explain some of the ath-
erogenic properties of Lp(a) lipoprotein, and we
designed this study to evaluate the relationship be-
tween circulating oxidized LDL, Lp(a) lipoprotein,
and angiographically documented coronary artery
disease.

METHODS

STUDY DESIGN

We designed the current study on the basis of a
previous study in which we had enrolled a total of
504 consecutive patients (97.2 percent of whom
were white), 18 to 75 years of age, who were under-
going clinically indicated coronary angiography at
the Mayo Clinic between June 1998 and December
1998.1° Race was self-reported. The exclusion cri-
teria, which have been described previously, includ-
ed prior coronary revascularization and the presence
of diabetes mellitus.*® Arterial plasma samples were
obtained from the femoral sheath before angiog-
raphy and were placed in tubes containing EDTA
and frozen at —70°C until the analyses were per-
formed. Hypercholesterolemia was defined as a to-
tal cholesterol level of at least 250 mg per deciliter
(6.5 mmol per liter), an LDL level of atleast 150 mg

per deciliter (3.9 mmol per liter), or ongoing treat-
ment with lipid-lowering agents. The study was ap-
proved by the Mayo Clinic institutional review board,
and all patients gave written informed consent.

ANGIOGRAPHIC ANALYSIS

The maximal stenosis in each of 27 coronary-artery
segments was assessed by a cardiologist, who was
unaware of risk factors, with the use of handheld
calipers or in visual analysis according to the seg-
mental classification system of the Coronary Artery
Surgery Study. The extent of angiographically doc-
umented coronary artery disease was quantified as
follows: normal coronary arteries (smooth, with ei-
ther no stenosis or a stenosis of <10 percent of the
luminal diameter), mild disease (a stenosis of 10
to 50 percent of the luminal diameter in one or more
coronary arteries or their major branches), or one-
vessel, two-vessel, or three-vessel disease, defined
as a stenosis of more than 50 percent of the lumi-
nal diameter in one, two, or three coronary arteries
or their major branches.*®

LABORATORY ANALYSES

Analyses of apo B-100, Lp(a) lipoprotein, total cho-
lesterol, high-density lipoprotein (HDL) cholester-
ol, and triglycerides were performed with the use
of commercially available kits. LDL cholesterol was
estimated with the use of the Friedewald formula.
High-sensitivity C-reactive protein (CRP) (lower
limit of detection, 0.15 mg per liter) was measured
as described elsewhere.?

Our assay of oxidized LDL determines the con-
tent of oxidized phospholipids per particle of apo
B-100 (oxidized phospholipid:apo B-100 ratio) and
is performed with the use of the murine monoclo-
nal antibody E06, which specifically binds to the
phosphorylcholine moiety of oxidized but not na-
tive phospholipids.®” We have previously used the
term OXLDL-EOQG to describe the name of this as-
say. In brief, a dilution of plasma at 1:50 in phos-
phate-buffered saline was added to microtiter wells
coated with monoclonal antibody MB47, which
specifically binds apo B-100 particles. Under these
conditions, a saturating amount of apo B-100 was
added to each well, and consequently, equal num-
bers of apo B-100 particles were captured in each
well for all assays. The oxidized phospholipid:apo
B-100 ratio was measured by chemiluminescent
enzyme-linked immunosorbent assay with the use
of biotinylated E06, as described elsewhere.®”
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STATISTICAL ANALYSIS
Discrete data are presented as frequencies and per-
centages, and continuous variables as means and
standard deviations or as medians and interquar-
tile ranges if the distributions were skewed. Spear-
man’s correlation coefficient was used to measure
the linear associations between the rank values of
the oxidized phospholipid:apo B-100 ratio and Lp(a)
lipoprotein levels as well as lipid levels and other
clinical risk factors. The association of the oxidized
phospholipid:apo B-100 ratio and Lp(a) lipopro-
tein levels with the extent of coronary artery disease
was tested by one-way analysis of variance of the
log-transformed values followed by a one-degree-
of-freedom test for trend. The percentages of pa-
tients with obstructive coronary artery disease and
the odds ratios were calculated for quartiles of the
oxidized phospholipid:apo B-100 ratio and Lp(a)
lipoprotein levels for all patients, according to age
(£60 years or >60 years), and according to the pres-
ence or absence of hypercholesterolemia.
Logistic-regression models were used to esti-
mate the associations between patients’ character-
istics and lipid measurements and obstructive cor-
onary artery disease. Multiple logistic-regression
analysis was used to estimate the partial associa-
tions between the oxidized phospholipid:apo B-100
ratio and Lp(a) lipoprotein levels and obstructive
coronary artery disease, with adjustment for age,
sex, smoking status, the presence or absence of hy-
pertension, and levels of LDL cholesterol, HDL cho-
lesterol, triglycerides, and CRP. The base-2 loga-
rithms (log,) of the oxidized phospholipid:apo
B-100 ratio and the levels of Lp(a) lipoprotein, tri-
glycerides, and CRP were used in all the logistic-
regression models to account for skewness in the
distributions. Thus, odds ratios for these variables
reflect the change in odds for an increase of 1 log,
(the equivalent of a doubling of the value) in the
measure.

RESULTS

The baseline clinical characteristics of the patients,
indications for coronary angiography, lipid mea-
surements, and CRP levels are shown in Table 1.
The distributions of both the oxidized phospho-
lipid:apo B-100 ratio and Lp(a) lipoprotein levels
were skewed toward lower values, with 85 percent
of the patients having levels lower than 0.4 and 45
mg per deciliter, respectively (Fig. 1). In the entire
population, a strong correlation (r=0.83, P<0.001)

was noted between the oxidized phospholipid:apo
B-100 ratio and Lp(a) lipoprotein levels.

ASSOCIATION WITH THE EXTENT
OF ANGIOGRAPHICALLY DOCUMENTED DISEASE

In the entire study group, the oxidized phospho-
lipid:apo B-100 ratio and Lp(a) lipoprotein levels
were strongly associated with a graded increase in
the extent of coronary artery disease (P<0.001 for
both analyses) (data not shown). These relation-
ships were markedly stronger for patients 60 years
of age or younger than for patients older than 60
years (Fig. 2).

ASSOCIATION WITH OBSTRUCTIVE CORONARY
ARTERY DISEASE

The proportion of patients with obstructive coro-
nary artery disease increased consistently with in-
creases in the oxidized phospholipid:apo B-100
ratio and in Lp(a) lipoprotein levels (Table 2). This
association was particularly evident among pa-
tients 60 years of age or younger, among whom the
highest quartiles of the oxidized phospholipid:apo
B-100 ratio (odds ratio, 3.12; P<0.001) and Lp(a)
lipoprotein levels (odds ratio, 3.64, P<0.001) were
associated with a significantly higher risk, as com-
pared with the lowest quartiles. This association was
not present among patients older than 60 years.

The combined effects of hypercholesterolemia
plus either the oxidized phospholipid:apo B-100
ratio or Lp(a) lipoprotein levels greatly increased
the probability of obstructive coronary artery dis-
ease. When compared with patients in the lowest
quartile who did not have hypercholesterolemia, pa-
tients in the highest quartile of the oxidized phos-
pholipid:apo B-100 ratio or Lp(a) lipoprotein levels
who had hypercholesterolemia were significantly
more likely to have obstructive coronary artery dis-
ease (Table 3). These relationships were marked-
ly accentuated among patients 60 years of age or
younger (for the oxidized phospholipid:apo B-100
ratio, odds ratio, 16.8 [P<0.001]; for Lp(a) lipopro-
tein levels, odds ratio, 14.2 [P<0.001]), as compared
with those older than 60 years (for the oxidized
phospholipid:apo B-100 ratio, odds ratio, 4.95 [P=
0.003]; for Lp(a) lipoprotein levels, odds ratio, 4.92
[P=0.007]).

The relationship of the oxidized phospholipid:
apo B-100 ratio and Lp(a) lipoprotein levels to cor-
onary artery disease remained fundamentally simi-
lar after the exclusion from analysis of 41 patients
with acute myocardial infarction within six weeks
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before enrollment. Also, there was a stronger as-
sociation between the oxidized phospholipid:apo
B-100 ratio and Lp(a) lipoprotein levels and coro-
nary artery disease in patients with hypercholester-
olemia who were taking statins than among such
patients who were not taking statins, but differenc-
es in the odds ratios were not statistically signifi-
cant (data not shown).

PREDICTORS OF OBSTRUCTIVE CORONARY
ARTERY DISEASE

Without adjustment for other risk factors, the oxi-
dized phospholipid:apo B-100 ratio was predictive
of obstructive coronary artery disease (odds ratio
per doubling, 1.19; 95 percent confidence interval,
1.05 to 1.34; P=0.005) as was the Lp(a) lipoprotein
level (odds ratio per doubling, 1.22; 95 percent con-
fidence interval, 1.07 to 1.40; P=0.003). Similarly,
male sex (odds ratio, 4.33; 95 percent confidence
interval, 2.95 to 6.35; P<0.001), age (odds ratio per
decade, 1.48; 95 percent confidence interval, 1.25
to 1.75; P<0.001), current smoking (odds ratio,
1.65; 95 percent confidence interval, 1.16 to 2.35;
P=0.0006), hypertension (odds ratio, 1.81; 95 per-
cent confidence interval, 1.27 to 2.58; P=0.001),
LDL cholesterol (odds ratio per increase of 25 mg
per deciliter [0.65 mmol per liter], odds ratio, 1.28;
95 percent confidence interval, 1.12 to 1.45; P=
0.003), and triglyceride levels (odds ratio per dou-
bling, 1.27; 95 percent confidence interval, 1.00 to
1.61; P=0.05) were also predictive, whereas HDL
cholesterol (odds ratio per increase of 10 mg per
deciliter [2.3 mmol per liter], 0.64; 95 percent con-
fidence interval, 0.56 to 0.74; P<0.001) was a nega-
tive predictor. CRP (odds ratio per doubling, 1.08;
95 percent confidence interval, 0.98 to 1.19; P=0.12)
was not a predictor of obstructive coronary artery
disease.

Among patients 60 years of age or younger, the
odds ratios per doubling for the oxidized phos-
pholipid:apo B-100 ratio (1.43; 95 percent confi-
dence interval, 1.20 to 1.71; P<0.001) and Lp(a) lipo-
protein level (1.41; 95 percent confidence interval,
1.16 to 1.73; P<0.001) were significant, whereas
among those older than 60 years they were no
longer significant (for the oxidized phospholipid:
apo B-100 ratio: odds ratio per doubling, 1.05; 95
percent confidence interval, 0.89 to 1.25; P=0.58;
and for Lp[a] lipoprotein levels: odds ratio per dou-
bling, 1.09; 95 percent confidence interval, 0.90
to 1.32; P=0.37).

Multivariable analysis with the use of logistic-

Table 1. Baseline Characteristics and Lipid Levels in the Study Group.*

Variable
Age —yr
Female sex — no. (%)
White race — no. (%)
Hypertension — no. (%)
Current smoker — no. (%)
Previous myocardial infarction — no. (%)
Congestive heart failure — no. (%)
Family history of coronary artery disease — no. (%)
Hypercholesterolemia — no. (%)
Statin therapy — no. (%)
Serum creatinine level — mg/d|
Median
Interquartile range
Indications for angiography — no. (%)
Myocardial infarction within 6 wk before enrollment
Unstable angina
Dyspnea on exertion
Ischemia on nuclear stress test
Other
Lipid levels — mg/dl
Total cholesterol
LDL cholesterol
HDL cholesterol
Triglycerides
Median
Interquartile range
Apolipoprotein B-100
Lp(a) lipoprotein
Median
Interquartile range
C-reactive protein — mg/liter
Median
Interquartile range

Value

60.1£10.9
193 (38)

207+45
124437
48+15

153
112-207
98+21

21.1
8.8-39.6

29
1.2-6.7

* The study group was made up of 504 patients. Plus—minus values are means
+SD. LDL denotes low-density lipoprotein, and HDL high-density lipoprotein.

T Race was self-reported.

i Patients could have more than one indication for angiography.

regression models to derive adjusted odds ratios
for coronary artery disease showed that an increase
in the oxidized phospholipid:apo B-100 ratio (odds
ratio per doubling, 1.21; 95 percent confidence in-
terval, 1.05 to 1.39; P=0.007) was an independent
predictor of obstructive coronary artery disease,
as were male sex (odds ratio, 4.27; 95 percent confi-
dence interval, 2.59 to 7.03; P<0.001), age (odds
ratio per decade, 1.72; 95 percent confidence in-
terval, 1.41 to 2.10; P<0.001), an increase in LDL
cholesterol (odds ratio per 25 mg per deciliter, 1.28;
95 percent confidence interval, 1.11 to 1.48; P<
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0.001), and hypertension (odds ratio, 1.67; 95
percent confidence interval, 1.10 to 2.52; P=0.016),
whereas an increase in HDL cholesterol levels (odds
ratio per 10 mg per deciliter, 0.75; 95 percent con-
fidence interval, 0.63 to 0.90; P=0.002) was a neg-
ative predictor. An increase in CRP (odds ratio per
doubling, 1.09; 95 percent confidence interval, 0.97
to 1.22; P=0.16) was not a predictor of obstructive
coronary artery disease. When Lp(a) lipoprotein
was added to the model and the oxidized phospho-
lipid:apo B-100 ratio was removed, Lp(a) lipopro-
tein was also an independent predictor (odds ratio
per doubling, 1.20; 95 percent confidence interval,
1.02 to 1.40; P=0.02). As in the unadjusted data, the

N ENGL J MED 353;1

odds ratios per doubling for the oxidized phospho-
lipid:apo B-100 ratio (1.49; 95 percent confidence
interval, 1.20 to 1.84; P<0.001) and for Lp(a) lipo-
protein (1.42; 95 percent confidence interval, 1.12
to 1.81; P=0.004) among patients 60 years of age or
younger were significantly accentuated, whereas
among those older than 60 years they were no
longer significant (for the oxidized phospholipid:
apo B-100 ratio: odds ratio per doubling, 1.00; 95
percent confidence interval, 0.82 to 1.22; P=0.96;
for Lp(a) lipoprotein: odds ratio per doubling,
1.05; 95 percent confidence interval, 0.84 to 1.31;
P=0.69).

Interestingly, in the entire study group, when
Lp(a) lipoprotein was forced into the model with
the oxidized phospholipid:apo B-100 ratio, there
was a trend toward significance of the oxidized
phospholipid:apo B-100 ratio (odds ratio per dou-
bling, 1.21; 95 percent confidence interval, 0.95
to 1.54; P=0.12), whereas Lp(a) lipoprotein levels
no longer remained an independent predictor of
coronary artery disease (odds ratio per doubling,
1.00; 95 percent confidence interval, 0.76 to 1.32;
P=0.99). However, when patients were analyzed
according to age, the oxidized phospholipid:apo
B-100 ratio, but not Lp(a) lipoprotein levels, was an
independent predictor of obstructive coronary ar-
tery disease among those 60 years of age or young-
er, but not among those older than 60 years (Fig. 3).
CRP was also a predictor of obstructive coronary
artery disease among patients 60 years of age or
younger, but not among those older than 60 years.
When the 41 patients with acute myocardial infarc-
tion, who also had the highest levels of CRP, were
removed from the analysis, CRP was no longer a pre-
dictor of obstructive coronary artery disease (odds
ratio per doubling, 1.06; 95 percent confidence
interval, 0.85 to 1.33; P=0.58), but the oxidized
phospholipid:apo B-100 ratio (odds ratio per dou-
bling, 1.55; 95 percent confidence interval, 1.05 to
2.27; P=0.03) remained a significant predictor.
When the data were evaluated according to the ab-
sence of coronary artery disease, as compared with
the presence of any coronary artery disease, the odds
ratios were slightly smaller, butin general, the trends
described were maintained, so thatyounger patients
had higher odds ratios than older patients.

CORRELATIONS BETWEEN OXIDIZED LDL LEVELS
AND OTHER BIOMARKERS

Levels of LDL cholesterol were weakly associated
with levels of Lp(a) lipoprotein (r=0.17, P<0.001),
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Figure 2. Association of the Oxidized Phospholipid:Apo B-100 Ratio and Lp(a) Lipoprotein Levels to the Extent of Coro-
nary Artery Disease (CAD) in 239 Patients 60 Years of Age or Younger and 265 Patients Older Than 60 Years.
The extent of coronary artery disease is categorized as no disease (stenosis of less than 10 percent of the luminal di-
ameter), mild disease (stenosis of 10 to 50 percent of the luminal diameter), or one-vessel, two-vessel, or three-vessel
disease (all patients with a stenosis of more than 50 percent of the luminal diameter). Each box represents the median
and interquartile range of values, with the I bars (whiskers) extended to the minimum and maximum. Oxidized phospho-
lipid:apo B-100 ratio denotes the oxidized phospholipid content per particle of apolipoprotein B-100. Values for the oxi-
dized phospholipid:apo B-100 ratio and Lp(a) lipoprotein are shown on a logarithmic scale.
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Table 2. Odds Ratios for Obstructive Coronary Artery Disease (CAD) According to Quartiles for the Ratio of Oxidized
Phospholipids to Apolipoprotein B-100 and Levels of Lp(a) Lipoprotein.*
Patient Group Oxidized Phospholipid:Apo B-100 Ratio Lp(a) Lipoprotein
Total No. with OR Total  No. with OR
No. CAD (%) (95% Cl) No. CAD (%) (95% Cl)
All patients
Quartile 1 126 59 (47) 1.00 126 56 (44) 1.00
Quartile I 125 64 (51) 1.19 (0.73-1.96) 126 62 (49) 1.21 (0.74-1.99)
Quartile I 126 68 (54) 1.33 (0.81-2.18) 127 70 (55) 1.54 (0.94-2.52)
Quartile IV 125 79 (63) 1.95 (1.18-3.23) 125 83 (66) 2.47 (1.48-4.12)
P for trend 0.009 <0.001
Age <60 yr
Quartile | 58 19 (33) 1.00 60 18 (30) 1.00
Quartile I 53 17 (32) 0.97 (0.44-2.15) 57 19(33) 1.17 (0.53-2.54)
Quartile 111 60 27 (45) 1.68 (0.79-3.55) 58 28 (48) 2.18 (1.02-4.63)
Quartile IV 68 41 (60) 3.12 (1.50-6.48) 64 39 (61) 3.64 (1.73-7.68)
P for trend <0.001 <0.001
Age >60 yr
Quartile | 63 40 (59) 1.00 66 38 (58) 1.00
Quartile I 72 47 (65) 1.32 (0.66-2.61) 69 43 (62) 1.22 (0.61-2.43)
Quartile 111 66 41 (62) 1.15 (0.57-2.30) 69 42 (61) 1.15 (0.58-2.28)
Quartile IV 57 38 (67) 1.40 (0.67-2.83) 61 44 (72) 1.91 (0.91-4.01)
P for trend 0.46 0.13

* OR denotes odds ratio, and Cl confidence interval. For the oxidized phospholipid:apo B-100 ratio, quartiles | through IV
correspond to the following values: <0.047, 0.047 to 0.089, >0.089 to 0.294, and >0.294, respectively. For Lp(a) lipoprotein,
quartiles | through IV correspond to the following values: <8.8, 8.8 to 21.1, >21.1 to 39.7, and >39.7 mg per deciliter,
respectively. Samples for the oxidized phospholipid:apo B-100 ratio were unavailable for two patients.

and with the oxidized phospholipid:apo B-100 ratio
(r=0.09, P=0.05). CRP levels correlated weakly
with LDL cholesterol levels (r=0.10, P=0.02) and
triglyceride levels (r=0.11, P=0.01). There were no
significant correlations between the oxidized phos-
pholipid:apo B-100 ratio or Lp(a) lipoprotein levels
and CRP levels, age, body-mass index, blood pres-
sure, and serum creatinine level.

DISCUSSION

This study shows an association between the oxi-
dized phospholipid:apo B-100 ratio in plasma and
the presence and extent of angiographically docu-
mented coronary artery disease. The association is
independent of all clinical and lipid-related risk
factors, except one, Lp(a) lipoprotein, which also
has a strong association with angiographically doc-
umented coronary artery disease. The odds ratios
for angiographically documented coronary artery
disease associated with the Lp(a) lipoprotein level

were nearly identical with those associated with the
oxidized phospholipid:apo B-100 ratio. However,
among patients younger than 60 years of age, the
oxidized phospholipid:apo B-100 ratio remained
an independent predictor of obstructive coronary
artery disease. There was a strong correlation be-
tween levels of Lp(a) lipoprotein and the oxidized
phospholipid:apo B-100 ratio. These observations,
in conjunction with previous studies from our labo-
ratory showing that in plasma such oxidized phos-
pholipids are predominantly physically present on
Lp(a) lipoprotein,>”*° as opposed to other lipopro-
teins, lend strong support to the hypothesis that, in
the setting of enhanced oxidative stress, proinflam-
matory oxidized phospholipids may, in part, medi-
ate the atherogenicity of Lp(a) lipoprotein.

The natural murine monoclonal IgM autoanti-
body E06, cloned from apolipoprotein E-receptor—
deficient mice,*? is functionally identical with classic
natural T15 murine antibodies that bind phospho-
rylcholine on the cell-wall polysaccharide of patho-
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Table 3. Odds Ratios for Obstructive Coronary Artery Disease (CAD) According to Quartiles of the Ratio of Oxidized Phospholipids
to Apolipoprotein B-100 and Levels of Lp(a) Lipoprotein in Patients without and with Hypercholesterolemia (HC).*
Patient
Group Oxidized Phospholipid:Apo B-100 ratio LP(a) Lipoprotein
P
No HC HC Value No HC HC
% with % with % with % with
CAD  OR(95%Cl)  CAD  OR (95% Cl) CAD  OR(95%Cl)  CAD

All patients
Quartile | 29 1.00 67  4.93 (2.31-10.5) 31 1.00 60  3.41(
Quartile I 44 1.92 (0.91-4.06) 56 3.10 (1.54-6.25) 35 1.18 (0.55-2.56) 59  3.28(
Quartile 11 38 1.47 (0.68-3.19) 64  4.36 (2.16-8.79) 39 1.42 (0.67-3.02) 67 457 (
Quartile IV 39 1.54 (0.70-3.40) 77 8.13 (3.88-17.1) <0.001 48 2.04 (0.93-4.48) 77 (
Age <60 yr
Quartile | 14 1.00 61 9.33 (2.64-33.0) 15 1.00 50 5.80(
Quartile I 27  2.21(0.61-7.97) 37 3.53 (1.03-12.0) 15 1.05 (0.25-4.39) 48 544 (
Quartile 11 28 2.33 (0.64-8.45) 57 8.00 (2.51-25.5) 37 3.36 (1.01-11.2) 61  8.96 (
Quartile IV 43 4.59 (1.39-15.1) 74 16.8 (5.11-55.2) <0.001 46 4.97 (1.46-16.9) 71 (
Age >60 yr
Quartile | 45 1.00 71 3.00 (1.10-8.18) 47 1.00 69  2.47(
Quartile I 61 1.85 (0.67-5.15) 68 2.57 (1.01-6.54) 54 1.31 (0.47-3.65) 67 233 (
Quartile 1l 48 1.11 (0.39-3.14) 71 2.90 (1.11-7.58) 42 0.80 (0.28-2.31) 71 277 (
Quartile IV 31  0.55(0.15-1.92) 80  4.95(1.76-13.9)  0.003 50 1.12 (0.36-3.53) 81 492 (

OR (95% Cl)

1.63-7.11
1.64-6.56
2.25-9.29
7.30 (3.53-15.1

1.71-19.7
1.67-17.7
2.66-30.2
14.2 (4.37-46.3

0.90-6.77
0.92-5.89
1.09-7.03
1.77-13.7

== = =

=SS

)
)
)
)

Value

<0.001

<0.001

0.007

3

OR denotes odds ratio, and Cl confidence interval. For the oxidized phospholipid:apo B-100 ratio, quartiles | through IV correspond to the fol-

lowing values: <0.047, 0.047 to 0.089, >0.089 to 0.294, and >0.294, respectively. For Lp(a) lipoprotein, quartiles I through IV correspond to the
following values: <8.8, 8.8 to 21.1, >21.1 to 39.7, and >39.7 mg per deciliter, respectively. The P values indicate whether any two of the eight

groups (defined by quartile and hypercholesterolemia status) have significantly different proportions of subjects with CAD.

gens such as pneumococcus and provide optimal
protection from pneumococcal infections.'® In
vitro, EOG binds to and prevents the uptake of oxi-
dized LDL and apoptotic cells by scavenger recep-
tors of macrophages. Binder et al. have also shown
that the immunization of mice with Streptococcus
pneumoniae results in increased titers of IgM oxi-
dized LDL autoantibodies and reduction in the pro-
gression of atherosclerosis.»**> These observations
suggest that seemingly unrelated proatherogenic
processes, such as oxidation, apoptosis, and infec-
tion, share molecular mimicry of the phosphoryl-
choline epitopes found on proinflammatory oxi-
dized phospholipids.*®

Although previous studies have shown that plas-
ma oxidized LDL levels are elevated in patients with
clinically manifest stable coronary artery disease”>*®
and acute coronary syndromes,>*>9 our study
shows that oxidized phospholipids present on par-
ticles of apo B-100 and primarily on Lp(a) lipopro-
tein correlate with both the presence and extent of
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angiographically documented coronary artery dis-
ease. Although most of the oxidized LDL is present
within the vessel wall,?° this study suggests that
the small amounts of minimally modified LDL (e.g.,
particles of apo B-100 that contain oxidized phos-
pholipids) are present in the circulation. This find-
ing is also consistent with previous studies from
our laboratory showing that the oxidized phospho-
lipid:apo B-100 ratio (with oxidized LDL measured
with use of antibody E00) rises abruptly after acute
coronary events® and immediately after percutane-
ous coronary intervention® — situations in which
the release of oxidized phospholipids (or oxidized
LDL, or both) from the vessel wall might be pos-
tulated.

A potential pathophysiological relationship be-
tween levels of oxidized phospholipids and Lp(a)
lipoprotein is strongly supported by this study and
by data from earlier studies from our laboratory
showing that oxidized phospholipids are physical-
ly associated with Lp(a) lipoprotein®>’ bound to
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A Age <60 Yr

Risk Factor Odds Ratio (95% Cl) P Value
Male sex 4.40 (2.08-9.29) <0.001 E L
LDL cholesterol 146 (1.19-1.79)  <0.001 L

(per increase of 25 mg/dl) 0
CRP (per doubling) 1.29 (1.07-1.55)  0.008 .
Oxidized phospholipid:apo B-100 1.52 (1.07-2.17) 0.02 i

ratio (per doubling) E —
HDL cholesterol 0.75 (0.56-1.01) 0.06 E

(per increase of 10 mg/dl) 0
Age (per decade) 1.44 (0.92-2.23) 0.11 ﬁE—O—
Hypertension 1.45 (0.77-2.71) 0.25 .
Current smoker 1.39 (0.72-2.68) 0.33 —E—o;
Lp(a) lipoprotein (per doubling) 0.97 (0.65-1.44) 0.87 —ci—
Triglycerides (per doubling) 1.02 (0.65-1.60) 0.95 4;-7

0.I25 0!5 150 2!0 4!0 8!0 1I6

B Age >60 Yr

Risk Factor Odds Ratio (95% Cl) P Value
Male sex 5.05 (2.46-10.4) <0.001 E —
HDL cholesterol 0.75 (0.59-0.95) <0.02 +E

(per increase of 10 mg/dl) 0
Hypertension 183 (1.02-3.27)  0.04 4.;
Triglycerides (per doubling) 1.43 (0.93-2.20) 0.11 4:—07
LDL cholesterol 1.16 (0.93-1.46) 0.18 LH

(per increase of 25 mg/dl) 0
Age (per decade) 1.30 (0.68-2.49) 0.42 4507
Current smoker 1.27 (0.70-2.33) 0.43 4507
Lp(a) lipoprotein (per doubling) 1.16 (0.77-1.74) 0.48 —é—oi
Oxidized phospholipid:apo B-100 0.90 (0.63-1.29) 0.56 :

ratio (per doubling) *fai
CRP (per doubling) 0.95 (0.81-1.12) 0.56 A:L

0.I25 0?5 l!O 2?0 4!0 8?0 1I6

Odds Ratio for Obstructive CAD

with the oxidized phospholipid:apo B-100 ratio.

Figure 3. Odds Ratios for Obstructive Coronary Artery Disease (CAD) Associated with Selected Risk Factors

among Patients 60 Years of Age or Younger and Those Older Than 60 Years, from the Multivariable Analysis.

Cl denotes confidence interval, LDL low-density lipoprotein, CRP C-reactive protein, oxidized phospholipid:apo B-100
ratio the ratio of oxidized phospholipid content per particle of apolipoprotein B-100, and HDL high-density lipoprotein.
Risk factors are shown in descending order of significance. In this analysis, Lp(a) lipoprotein was forced into the model

lysine residues on isolated fragments of kringle V
of apolipoprotein(a)® and also in the lipid phase of
Lp(a) lipoprotein (unpublished data). In addition,
the kringle V fragments containing such oxidized
phospholipids induce inflammatory responses by
up-regulating secretion of interleukin-8 by cultured
human macrophages.®?*

In this study, we have shown that the predictive

abilities of levels of oxidized LDL and Lp(a) lipo-
protein for obstructive coronary artery disease are
highly interdependent. In the entire study group,
when Lp(a) lipoprotein was excluded from the mul-
tivariable analysis, the odds ratios for the oxidized
phospholipid:apo B-100 ratio were similar to those
for traditional risk factors such as age, hyperten-
sion, and LDL cholesterol. Similarly, without the ox-
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idized phospholipid:apo B-100 ratio in the analy-
sis, Lp(a) lipoprotein levels stood as an independent
predictor, as has been shown in a recent meta-analy-
sis.® In the entire study group, with the oxidized
phospholipid:apo B-100 ratio in the model, there
was no added ability of Lp(a) lipoprotein levels to
explain the risk of obstructive coronary artery dis-
ease, suggesting that measures of oxidized LDL
and Lp(a) lipoprotein represent a common path
of biologic influence on the risk for coronary ar-
tery disease. However, in patients 60 years of age
or youngetr, the oxidized phospholipid:apo B-100
ratio maintained its independent predictive power
even with Lp(a) lipoprotein in the model. This ob-
servation supports the hypothesis that much of the
risk attributable to Lp(a) lipoprotein levels can be
explained by the binding of oxidized phospholip-
ids by Lp(a) lipoprotein, but that in younger pa-
tients, an additional risk associated with oxidized
phospholipids may be present, perhaps through
proinflammatory pathways independent of Lp(a)
lipoprotein.

The physiologic role of Lp(a) lipoprotein is un-
known. We and others have suggested that a po-
tential physiologic role of Lp(a) lipoprotein may
be to bind and detoxify proinflammatory oxidized
phospholipids.>7#? Lp(a) lipoprotein, which is
present only in humans and Old World primates
(although a partially related gene arose separately
in hedgehogs), may have evolved to provide protec-
tion against various oxidative stressors. For exam-
ple, Lp(a) lipoprotein has been shown to be involved
in wound healing?® and possibly in preventing an-
giogenesis in tumor models,?* and elevated levels
have been noted in centenarians in a manner con-
sistent with human longevity.>

Similarly, oxidized phospholipids are generat-
ed not only during atherogenesis but also in inflam-
mation and apoptosis,*>?® which suggests that
housekeeping functions involving the clearance
of such oxidized phospholipids may have evolved
for maintaining general health as well as vascular
health. In this regard, Lp(a) lipoprotein may act in
away similar to CRP, which Chang et al. have shown
also binds specifically to the phosphorylcholine
moiety of oxidized phospholipids and apoptotic
cells.?” Indeed, we and others have shown that Lp(a)
lipoprotein acts as an acute-phase reactant in pa-
tients with acute coronary syndromes.>%2® It has
also been reported to be highly enriched (higher by
a factor of 7 than LDL) in platelet-activating factor
acetyl hydrolase,?®3° an enzyme that potentially

could detoxify such oxidized phospholipids by re-
moving the oxidized fatty acid.

Thus, when present at low levels, Lp(a) lipopro-
tein may serve a protective function by binding and
participating in the transfer and possible degrada-
tion of oxidized phospholipids formed during nor-
mal homeostasis or in acutely stressful situations.
However, when Lp(a) lipoprotein levels are chroni-
cally elevated (as determined genetically), especial-
ly in a milieu of chronically increased oxidative
stress, Lp(a) lipoprotein, with its content of oxidized
phospholipids, may be proatherogenic, particular-
ly since it has enhanced binding to the extracellu-
lar matrix of the artery wall.31-33

The association between the oxidized phospho-
lipid:apo B-100 ratio and angiographically docu-
mented coronary artery disease in our study was
much stronger for patients 60 years of age or young-
er than for older patients. The reasons for this as-
sociation are not entirely clear, but many previous
studies have documented a strikingly similar rela-
tionship between Lp(a) lipoprotein levels and an-
giographically documented disease among young-
er patients only.3*#° By excluding patients with
diabetes and previous coronary revascularization
from our study, we may have preferentially enriched
the study group with younger patients with fewer
traditional risk factors. In addition, increasing age,
which is a surrogate for known and unknown risk
factors, is itself one of the strongest risk factors for
coronary artery disease. Thus, the independent ef-
fects of oxidized LDL and Lp(a) lipoprotein levels
appear to diminish with age, presumably because
of the cumulative contributions of additional risk
factors that affect the clinical expression of athero-
sclerosis.

The limitations of this study include the fact that
angiography is not a precise method for quantify-
ing atherosclerosis. In addition, we have not yet de-
fined the exact oxidized phospholipids, their physi-
cal location within Lp(a) lipoprotein, or the rates of
flux, binding, and removal of oxidized phospholip-
ids that are on Lp(a) lipoprotein.

In conclusion, we have documented that plas-
ma levels of oxidized phospholipids present on apo
B-100—containing lipoproteins and predominantly
on Lp(a) lipoprotein reflect the presence and extent
of angiographically documented coronary artery
disease. We propose that in settings of enhanced
oxidative stress and elevated Lp(a) lipoprotein lev-
els, a proinflammatory milieu may predominate that
contributes to the clinical expression of cardiovas-
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cular disease. Further studies are needed to explore
these mechanisms and to determine whether these

measures of oxidation predict clinical events.
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