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C-Reactive Protein, a Sensitive Marker of Inflammation,
Predicts Future Risk of Coronary Heart Disease in Initially
Healthy Middle-Aged Men
Results From the MONICA (Monitoring Trends and Determinants in
Cardiovascular Disease) Augsburg Cohort Study, 1984 to 1992
Wolfgang Koenig, MD; Malte Sund, MS; Margit Fröhlich, MD; Hans-Günther Fischer, MD, PhD;
Hannelore Löwel, MD; Angela Döring, MD; Winston L. Hutchinson, PhD; Mark B. Pepys, MD
Background—Inflammatory reactions in coronary plaques play an important role in the pathogenesis of acute
atherothrombotic events; inflammation elsewhere is also associated with both atherogenesis generally and its thrombotic
complications. Recent studies indicate that systemic markers of inflammation can identify subjects at high risk of
coronary events.
Methods and Results—We used a sensitive immunoradiometric assay to examine the association of serum C-reactive
protein (CRP) with the incidence of first major coronary heart disease (CHD) event in 936 men 45 to 64 years of age.
The subjects, who were sampled at random from the general population, participated in the first MONICA Augsburg
survey (1984 to 1985) and were followed for 8 years. There was a positive and statistically significant unadjusted
relationship, which was linear on the log-hazards scale, between CRP values and the incidence of CHD events (n553).
The hazard rate ratio (HRR) of CHD events associated with a 1-SD increase in log-CRP level was 1.67 (95% CI, 1.29
to 2.17). After adjustment for age, the HRR was 1.60 (95% CI, 1.23 to 2.08). Adjusting further for smoking behavior,
the only variable selected from a variety of potential confounders by a forward stepping process with a 5% change in
the relative risk of CRP as the selection criterion, yielded an HRR of 1.50 (95% CI, 1.14 to 1.97).
Conclusions—These results confirm the prognostic relevance of CRP, a sensitive systemic marker of inflammation, to the
risk of CHD in a large, randomly selected cohort of initially healthy middle-aged men. They suggest that low-grade
inflammation is involved in pathogenesis of atherosclerosis, especially its thrombo-occlusive complications.
(Circulation. 1999;99:237-242.)
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lthough atherosclerosis is clearly multifactorial, it is
now universally recognized that inflammation within
the lesions contributes importantly to their initiation and
progression,1 whereas histopathological and immunocytochemical observations suggest that active inflammatory processes may destabilize the fibrous cap tissue, thus triggering
plaque rupture and enhancing the risk of coronary thrombosis.2 On the other hand, prospective epidemiological studies
have shown a strong and consistent association between
clinical manifestations of atherothrombotic disease and systemic markers of inflammation, including white blood cell
count,3 and various hemostatic proteins that are also acutephase reactants such as fibrinogen,4 plasminogen-activator
inhibitor type-1,5 and von Willebrand factor.6 A potentially

important role of inflammation in the onset of acute ischemic
syndromes is indicated by neutrophil activation7 and elevated
levels of various acute-phase proteins8 –10 in unstable angina
and the notable temporal relationship between acute or
chronic infections and coronary events.11–13
C-reactive protein (CRP), the classic acute-phase protein,
is not directly involved in the coagulation process but is an
exquisitely sensitive objective marker of inflammation, tissue
damage, and infection.14 Its plasma half-life ('19 hours) is
rapid but identical under all conditions, in contrast to the
coagulation proteins and virtually all other major acute-phase
reactants, so the synthesis rate of CRP is the sole determinant
of its plasma concentration.15 Excellent anti-CRP antibodies
and a well-established World Health Organization (WHO)
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Figure 2. HRRs for CRP quintiles, relative to the first quintile, in
various adjustments. HRRs were computed for quintile medians
listed in graph by use of formulas given in footnote of Table 2.

strong unadjusted positive associations were found with age,
BMI, smoking, and history of diabetes. Current smokers had
CRP concentrations twice as high as nonsmokers, but interestingly, subjects who had never smoked had values similar
to ex-smokers. Obese subjects (BMI $30 kg/m2) also had
CRP concentrations twice as high as those with BMI ,25
kg/m2. Despite these associations, multivariable analysis
clearly showed an independent contribution of CRP in the
prediction of future coronary events.
CRP is an extremely sensitive, nonspecific, acute-phase
reactant produced in response to most forms of tissue injury,
infection, and inflammation and regulated by cytokines,
including interleukin-6, interleukin-1, and tumor necrosis
factor-a.38 Although reportedly expressed by some mononuclear populations, these cells do not secrete CRP, and
circulating CRP is exclusively produced by hepatocytes.39,40
The stimuli responsible for the generally modest elevations in
plasma CRP predictively associated with coronary events are
not known. They may arise in the atheromatous lesions
themselves and reflect the extent of atherosclerosis and the
local inflammation that predisposes to plaque instability,
rupture, and occlusive thrombosis. On the other hand, increased CRP production may result from inflammation elsewhere in the body that is somehow proatherogenic and
procoagulant. Chronic low-grade infections may be associated with increased risk of CHD,41,42 as is the chronic
inflammation of rheumatoid arthritis.43 Many coagulation
proteins, including fibrinogen, are acute-phase reactants;
elevation of fibrinogen is a well-recognized risk factor for
coronary events,4 and increased CRP values may just be a
signal of the acute-phase response in general.
However, there is substantial evidence that CRP may
contribute directly to the pathogenesis of atherothrombosis.
CRP is a ligand binding protein that binds to the plasma
membranes of damaged cells.44,45 Aggregated but not soluble
native CRP selectively binds LDL and VLDL from whole
plasma and, as we have previously proposed, could thereby
participate in their atherogenic accumulation.46 Complexed
CRP also activates complement and can be proinflammatory,47 whereas CRP has recently been found to be a potent
stimulator of tissue factor production by macrophages in
vitro.48 Tissue factor is the main initiator of coagulation in
vivo, and its local concentration in the arterial wall is clearly
related to coronary thrombotic events.49 –51 There are conflicting reports about the presence of CRP in atheromatous
lesions,52–54 and claims that CRP affects platelet function are
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also controversial.55 However, the capacity of CRP to enhance tissue factor production suggests a possible causative
link between increased CRP values and coronary events.
Although the number of cases was relatively small, results
of the present prospective study of a large cohort of initially
healthy middle-aged men indicate that modest elevations in
serum CRP concentration significantly predict future coronary events. These observations strengthen the association
between low-grade inflammation and the progression and
complications of atherosclerosis. Further work is required to
clarify the underlying pathophysiological mechanisms, but
modulation of the acute-phase response generally and/or the
functions of specific acute-phase proteins specifically, especially CRP, already constitutes novel potential therapeutic
targets in CHD.
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HMG-CoA Reductase Inhibitors Decrease CD11b Expression and
CD11b-Dependent Adhesion of Monocytes to Endothelium and Reduce
Increased Adhesiveness of Monocytes Isolated From Patients
With Hypercholesterolemia
CHRISTIAN WEBER, MD, WOLFGANG ERL, PHD, KIM S. C. WEBER, MBBS,*
PETER C. WEBER, MD
Munich, Germany and Boston, Massachusetts

Objectives. This study sought to determine whether inhibitors
of 3-hydroxy-3-methyl-glutaryl coenzyme A (HMG-CoA) reductase affect CD11b expression and adhesiveness of monocytes in
vitro and after treatment of patients with hypercholesterolemia.
Background. HMG-CoA reductase inhibitors improve survival
of patients with coronary heart disease (CHD) and prevent CHD
in hypercholesterolemic men. Because these drugs have been
shown to modulate monocyte functions, they may act by reducing
monocyte adhesion to endothelium, which is crucial in atherogenesis.
Methods. Isolated human blood monocytes were subjected to
flow cytometric detection of CD11b and adhesion assays on fixed
human endothelial cells after treatment with lovastatin in vitro or
ex vivo before and after treatment of hypercholesterolemic patients with HMG-CoA reductase inhibitors.
Results. The integrin heterodimer CD11b/CD18 expressed on
monocytes interacts with intercellular adhesion molecule-1 on
endothelium and is involved in monocyte adhesion to endothelium. Treatment of monocytes with lovastatin in vitro slightly and
dose dependently reduced surface expression of CD11b on mono-

cytes. Moreover, lovastatin inhibited CD11b-dependent adhesiveness to fixed endothelium of unstimulated monocytes or monocytes stimulated with monocyte chemotactic protein 1.
Coincubation with mevalonate, but not with low density lipoprotein (LDL), reversed the effects of lovastatin, suggesting that early
cholesterol precursors, but not cholesterol, are crucial for adhesiveness of CD11b. In hypercholesterolemic patients, adhesion of
isolated monocytes to endothelium ex vivo was dramatically
increased over values in healthy control subjects. Treatment of
these patients with the HMG-CoA reductase inhibitors lovastatin
or simvastatin (20 to 40 mg/day) for 6 weeks slightly decreased
total and LDL cholesterol plasma levels and monocyte CD11b
surface expression but resulted in a significant reduction of
monocyte adhesion to endothelium (p < 0.01, n 5 7).
Conclusions. The reduction of CD11b expression and inhibition
of CD11b-dependent monocyte adhesion to endothelium may
crucially contribute to the clinical benefit of HMG-CoA reductase
inhibitors in CHD, independent of cholesterol-lowering effects.
(J Am Coll Cardiol 1997;30:1212–7)
©1997 by the American College of Cardiology

Inhibitors of 3-hydroxy-3-methyl-glutaryl coenzyme A (HMGCoA) reductase are used in the treatment of hypercholesterolemia. They improve the survival of patients with coronary
heart disease (CHD) and prevent CHD in hypercholesterolemic men (1,2). However, the clinical benefits of HMG-CoA
reductase inhibitors such as simvastatin and pravastatin are not
strictly correlated with their lipid-lowering effects (1,3). The
action of HMG-CoA reductase inhibitors on cellular choles-

terol biosynthesis in the liver, blood cells and vasculature may
affect membrane integrity and regulation of membrane-related
processes (4) that are associated with changes in numerous
cellular functions. Cholesterol precursors—i.e., farnesyl or
geranyl pyrophosphates— have been implicated in proteinprotein interactions and protein anchoring to lipid membranes
(5,6), essentially contributing to receptor-stimulated Ca21
increase, superoxide anion formation, low density lipoprotein
(LDL) oxidation, eicosanoid synthesis and differentiation in
monocytic cells (7–10). The functional consequences of these
effects may be relevant for CHD and atherosclerosis, but they
remain to be elucidated in detail.
Monocyte recruitment into the vascular wall is crucial for
the initiation and progression of atherosclerotic lesions (11).
Interaction of the monocytic surface receptor CD11b/CD18, a
beta2 integrin heterodimer, with intercellular adhesion
molecule-1 (ICAM-1) has been involved in the adhesion to and
migration across endothelium of monocytes, particularly when
stimulated (12–14). Hence, we studied the effects of HMG-
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Figure 1. Effect of lovastatin (LOV) on monocyte CD11b expression
(A) and adhesion to endothelium (B). Monocytes were treated with or
without lovastatin (1 or 10 mmol/liter), mevalonate (MEV, 500 mmol/
liter) or LDL (50 mg/ml) for 24 h and carefully harvested, pretreated
with CD11b mAb (10 mg/ml) for 20 min on ice or prestimulated with
MCP-1 (10 ng/ml) for 10 min, as indicated. A, Cells were stained with
mAb to CD14, CD11b or isotype control and analyzed by flow
cytometry. After gating for CD14-positive cells, specific mean fluorescence intensity (sMFI) for CD11b was recorded. Data expressed in
channels are mean value 6 SD of three independent experiments. B,
After coincubation with fixed endothelium for 30 min at 37°C, the
number of adherent monocytes was determined. Data expressed as
percent of cells added are mean 6 SD of four independent experiments performed in triplicate.

Results
Lovastatin affects monocyte CD11b expression and adhesion to endothelium. We studied the effect of lovastatin on
monocyte CD11b surface expression in vitro. After gating for
CD14-positive monocytes, untreated cells showed marked
CD11b expression, which remained constant for 24 h of cell
culture. Treatment with lovastatin dose-dependently reduced
CD11b expression (Fig. 1A) from 328 6 17 to 247 6 28
channels at 10 mmol/liter (p , 0.05, n 5 3). The effect was not
detectable at 2 h and less pronounced at 12 h of incubation
(287 6 18 channels). Co-incubation with mevalonate (500
mmol/liter) but not LDL (50 mg/ml) reversed the reduction of
CD11b expression by lovastatin (Fig. 1A), suggesting that
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isoprenoid intermediates but not cholesterol are crucial for
expression of CD11b. Chemokines such as MCP-1 are known
to upregulate CD11b/CD18 expression on leukocytes (12). In
our assay, MCP-1 minimally increased monocyte CD11b expression, but treatment with lovastatin still decreased CD11b
expression on MCP-1–stimulated monocytes (Fig. 1A, p , 0.05
vs. untreated cells, n 5 3).
Because the adhesiveness of the ICAM-1 receptor CD11b/
CD18 has been shown to require its activation independent of
changes in surface expression (12), we studied effects of
lovastatin on CD11b-dependent adhesion to fixed HUVECs
expressing ICAM-1 but not vascular adhesion molecule-1
(VCAM-1) or E-selectin (14,18). MCP-1 markedly stimulated
adhesion of monocytes to fixed HUVECs (Fig. 1B) from
0.60 6 0.18% to 1.15 6 0.22% (p , 0.01, n 5 4). Preincubation
of monocytes with mAb to CD11b reduced adhesion of
unstimulated monocytes and completely inhibited MCP-1–
stimulated increases in adhesion to fixed HUVECs (Fig. 1B),
whereas isotype control mAb had no effect (data not shown).
This finding confirms the involvement of CD11b/CD18 and
shows that its activation mediates the increase in monocyte
adhesiveness. Pretreatment of monocytes for 24 h with lovastatin (10 mmol/liter) reduced adhesion of unstimulated monocytes to HUVECs and markedly inhibited adhesion of MCP1–stimulated monocytes (0.29 6 0.05%, p , 0.01, n 5 4) to
HUVECs (Fig. 1B). Combination with CD11b mAb showed no
additional inhibition, whereas coincubation with mevalonate
(500 mmol/liter) but not with LDL (50 mg/ml) reversed the
effect of lovastatin (Fig. 1B). Hence, lovastatin may interfere
with activation of CD11b/CD18 adhesiveness by chemokines in
monocytes as a result of decreased availability of isoprenoid
intermediates.
Effect of lovastatin or simvastatin on monocytes from
hypercholesterolemic patients. We next studied whether
HMG-CoA reductase inhibitors are also effective in monocytes
from patients with hypercholesterolemia. Total, LDL or HDL
cholesterol and triglyceride plasma levels in control donors and
in patients before and after treatment are shown in Figure 2A.
Consistent with previous results (15), we found that the
adhesion to endothelium ex vivo of monocytes from patients
with isolated hypercholesterolemia was markedly greater (Fig.
2B) than that of monocytes from healthy control subjects with
normal plasma cholesterol levels (p , 0.001, n 5 7). The
adhesion of monocytes from control subjects ranged from
0.43% to 1.01% (mean 6 SD 0.65 6 0.18%), whereas adhesion
of monocytes from patients was greatly enhanced (range 2.4%
to 9.8%, mean 5.3 6 2.3%). Preincubation with a CD11b mAb
inhibited the adhesion of monocytes isolated from patients
before treatment to 2.6 6 1.2%, indicating the involvement of
CD11b/CD18 in increased monocyte binding to fixed
HUVECs. Treatment of patients with lovastatin (20 to
40 mg/day, n 5 3) or simvastatin (20 mg/day, n 5 4) for 6 weeks
reduced plasma levels of total and LDL cholesterol while
increasing that of HDL cholesterol (Fig. 2A). The adhesiveness of monocytes isolated from patients was dramatically
reduced after 6 weeks of treatment (range 0.66% to 2.9%,
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Abstract
Abstract Secondary prevention of atherosclerosis, especially before the onset of symptoms,
appears desirable and could be possible with a serum marker detecting atherosclerosis.
Circulating, shedded forms of adhesion molecules may serve as such because their expression
is upregulated in atherosclerotic plaques. In 52 patients with peripheral arterial vascular
disease (Fontaine class IIa, 7 patients; class IIb, 29 patients; and class III, 16 patients), the
extent of atherosclerosis was evaluated on the basis of angiograms of a large portion of the
arterial system. The area diseased by atherosclerosis was determined by the percentage of
vessel wall irregularities of the following calculated segments: aorta (distal from the kidney
arteries), common iliac artery, external iliac artery, common femoral artery, lateral circumflex
femoral artery, and popliteal artery. The maximal surface area that could exhibit
atherosclerotic changes was 250 cm2. The serum concentration of circulating vascular cell
adhesion molecule-1 (VCAM-1) correlated with the extent of atherosclerosis (r = .8, P <
.001). In contrast, circulating intercellular adhesion molecule-1, E-selectin, P-selectin, and
thrombomodulin (as markers for endothelial cell damage) did not correlate with the extent of
atherosclerosis. Furthermore, circulating VCAM-1 could be used to indicate stages of
atherosclerosis with a high degree of statistical significance. The potential bias of factors such
as age, diabetes mellitus, hypercholesterolemia, arterial hypertension, renal failure, and
history of myocardial infarction on the correlation of circulating VCAM-1 with the extent of
atherosclerosis could be excluded by multivariate analysis. These findings suggest an
important role of VCAM-1 in atherosclerosis and may serve as the basis for further evaluation
of circulating VCAM-1 as a potential serum marker for atherosclerosis.
Introduction
In the early stages of atherogenesis, aggregations of lipid-rich macrophages and T
lymphocytes can be demonstrated within the intima. The adhesion of leukocytes on
endothelial cells and their transendothelial migration are mediated by adhesion molecules on
the endothelial cell membrane that mainly belong to two protein families: the selectins and
adhesion molecules of the immunoglobulin superfamily. For two members of the first group
(E-selectin and P-selectin) and two members of the latter group (ICAM-1 and VCAM-1),
expression has been demonstrated in various cell types forming the atherosclerotic plaque, for
example, endothelial cells, vascular smooth muscle cells, and macrophages. Especially in
intimal neovasculature, the expression of VCAM-1, ICAM-1, and E-selectin is upregulated.
Circulating, shedded forms of adhesion molecules have been described that are probably
generated by cleavage at a site close to the membrane insertion. The amount of soluble
ICAM-1 and E-selectin released has been demonstrated to be directly correlated with the
surface expression of ICAM-1 and E-selectin in endothelial cells in culture. Furthermore, a
correlation of circulating VCAM-1 with VCAM-1 mRNA expression in human
atherosclerotic aorta has been reported. On the basis of these findings, we hypothesized that
serum levels of circulating adhesion molecules can provide information on human
atherosclerosis. In two previous reports, patients with ischemic heart disease and pAVD have
been compared with asymptomatic control subjects with respect to their serum levels of
circulating adhesion molecules. In those studies, circulating P-selectin and ICAM-1 were
elevated in the patient groups compared with the control subjects. Elevated circulating
VCAM-1 levels have been reported in patients with an atherosclerotic aorta compared with

asymptomatic control subjects. Furthermore, patients with dyslipidemia, in whom advanced
atherosclerosis can be expected, demonstrated elevated levels of circulating adhesion
molecules. Thus, there are reports supporting the hypothesis that serum levels of circulating
adhesion molecules may provide information on atherosclerosis. The present study focuses on
the question of whether there is a correlation between the extent of human atherosclerosis and
serum levels of circulating adhesion molecules.
Methods
Patients
Patients (n = 52) were recruited from the Department of Internal Medicine and Vascular
Surgery at the University of Heidelberg. All patients demonstrated symptoms of pAVD. The
following classification of pAVD according to Fontaine was used: class I, asymptomatic
pAVD; class IIa, mild claudication with a walking distance > 200 m; class IIb, severe
claudication with a walking distance < 200 m; class III, rest pain; and class IV, gangrene. The
patients were distributed as follows: class IIa, 7; class IIb, 29; and class III, 16. Patients with
Fontaine class IV were not included in the study because their inflammatory status might have
interfered with the serum concentrations of circulating adhesion molecules. Because
malignancies can influence levels of circulating adhesion molecule, patients with
malignancies were excluded. Patient characteristics are described in Table 1 . The study was
performed as a cross-sectional study, and all angiographies were done for routine diagnostic
purposes within 7 days after blood drawing. Hospitalized patients and employees from the
Department of Internal Medicine who were without symptoms of pAVD as well as without
abnormalities on physical examination were recruited as asymptomatic control subjects.
Informed written consent was obtained from every individual for the drawing of 10 mL
venous blood.
Quantification of Human Atherosclerosis
Because clinical staging of pAVD does not necessarily correlate with the extent of human
atherosclerosis, the quantification of atherosclerosis was based on angiograms of the
abdominal aorta and pelvic and leg arteries. Thus, a large portion of the human arterial system
could be evaluated directly by use of defined criteria. To allow for the comparison of patients
of different sizes and weights, a mean area of the evaluated arteries was determined as
follows: the mean length (l) and radius (r) of arterial segments of all 52 evaluated patients
with pAVD were determined on the angiograms, and the mean internal vessel surface area of
each segment was calculated according to 2πrxl (total of all segments=250 cm2). The
percentage of irregular surface on both sides of the vessel in the angiogram (one view) was
determined by two independent observers, and the atherosclerotic area was calculated as the
percentage of the average surface area of the segments depicted in Fig 1 . These values do not
establish an absolute measurement of atherosclerosis, but they can be used for the comparison
of different extents of atherosclerosis.
Determination of Serum Levels of Circulating Adhesion Molecules, Thrombomodulin,
and Fibrinogen
Fasting venous blood was obtained after nontraumatic venipuncture and was allowed to clot at
room temperature for 30 minutes. Serum was withdrawn after centrifugation in a benchtop
centrifuge for 15 minutes at 3000 rpm and was stored at -20°C. In a blinded manner, ELISAs
were used to determine serum concentrations of VCAM-1 (capture MAB, BBA22; detection
MAB, BBIG-V3/1I10), ICAM-1 (capture MAB, BBIG-12/14C11; detection MAB, BBIGI1/11C81), E-selectin (capture MAB, BBA2; detection MAB, BBIG-I5/10C10), P-selectin
(capture MAB, BBA30; detection with polyclonal sheep antibody; British Biotechnology),
and thrombomodulin (Diagnostica Stago). According to the commercial suppliers, no crossreactivity between the above ELISAs was observed. The mean value of two determinations in

each patient was used for the statistical analysis. Standard curves based on six reference
concentrations were created according to the manufacturer's recommendations. Intraassay and
interassay precision were controlled in each assay for patients and control subjects. In both,
the variation was <7.5%. In three patients, sera drawn on 7 consecutive days were tested for
reproducibility. The variation of circulating VCAM-1 was within the range of 17%.
Fibrinogen was determined according to the method of Clauss (Baxter Diagnostics AG).
Statistical Analysis
The relationship between circulating adhesion molecules and the determined atherosclerotic
area was estimated by correlation and multiple linear regression analysis. To assess for
statistical significance, Student's t test was applied (null hypothesis: no correlation). For the
comparison of patient characteristics, the Mann-Whitney test was performed for continuous
data and Fisher's exact test for categorical data. For age-matched comparisons, the MannWhitney test for matched pairs was applied. The 95% confidence interval for predicting the
atherosclerotic area from the serum level of circulating VCAM-1 was calculated with the use
of Statistical Analysis System software (SAS Institute Inc).
Results
Serum concentrations of circulating VCAM-1 correlated with the determined atherosclerotic
area of angiographically examined patients (r = .8, P < .001, y = 7.3x + 294). In contrast, for
circulating ICAM-1, E-selectin, and P-selectin, no correlation with the determined
atherosclerotic area could be demonstrated. The circulating part of the endothelial cell surface
receptor thrombomodulin, as a marker of endothelial cell damage, also did not demonstrate a
correlation with the determined atherosclerotic area. To further evaluate the possibility of
grading the extent of atherosclerosis by circulating VCAM-1 levels, the median serum
concentration (800 ng/mL) of circulating VCAM-1 was used as an arbitrary cutoff point, and
two subgroups were thus established comprising 26 patients each. The atherosclerotic area in
these two groups was significantly different (46 ± 25 versus 110 ± 39 cm2; P < .001). The two
patient groups did not differ significantly in levels of circulating ICAM-1, E-selectin, Pselectin, or thrombomodulin. To evaluate a potential bias on circulating VCAM-1 levels by
the unequal distribution of factors such as diabetes mellitus, arterial hypertension,
hypercholesterolemia, history of myocardial infarction, and elevation of serum creatinine, a
multivariate regression analysis was performed. After adjustment for these potential
covariates, the correlation between circulating VCAM-1 and the atherosclerotic area was still
highly significant (P < .001). None of the potential covariates reached a significance level of
.05. Thus, the correlation between circulating VCAM-1 and the atherosclerotic area was not
due to a bias of the unbalanced distribution of the above factors. The subgroups in Table 2
differed in age. This difference was not significant, but a clear trend could be seen. An
increase of the overall atherosclerotic burden is expected with increasing age. Nevertheless,
there may be a bias of increasing VCAM-1 levels with increasing age. However, patients with
angiographically similar atherosclerosis did not demonstrate an increase of circulating
VCAM-1 with increasing age. To further exclude a potential bias of age, 15 age-matched
pairs selected from the two patient groups in Table 2 were compared, with a mean
atherosclerotic area of 48.5 ± 25.8 cm2 for circulating VCAM-1 < 800 ng/mL and 106.7 ±
30.5 cm2 for circulating VCAM-1 >800 ng/mL (P<.001). This result is not significantly
different from the overall comparison of the patient groups in Table 2 . Furthermore, age as a
potential covariate in a multivariate regression analysis did not reach statistical significance (P
= .3). Thus, the differences in age between the two groups in Table 2 were probably a result
of age-related atherosclerosis, and age per se does not seem to determine the circulating
VCAM-1 level. When values of the atherosclerotic area and circulating VCAM-1 were used
to divide the 52 pAVD patients into two subgroups with 26 patients each, a serum
concentration of circulating VCAM-1 >800 ng/mL indicated an atherosclerotic area >75 cm2,
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Abstract
Mononuclear phagocytes play a major role in the development of vascular lesions in atherogenesis. The
goal of our study was to characterize circulating blood monocyte subpopulations as potential cellular
markers of systemic immunological abnormalities in hypercholesterolemia. In normal subjects, threeparameter immunophenotyping of whole blood revealed that 61.3±6.0% of monocytes showed “bright”
expression of the lipopolysaccharide receptor (LPSR: CD14) and Fcγ receptor I (RI: CD64) without
expression of Fcγ-RIII (CD16). Other monocyte subsets (populations 2, 3, 4, and 5) were characterized by
the simultaneous expression of both Fcγ-R's (25.6±5.0%), isolated expression of Fcγ-RIII (9.4±1.7%), or
high expression of CD33 (3.7±1.1%) with only dim expression of CD14, respectively. The smallest
subset of monocytes (population 5: 2.1±0.8%) differed from the predominant population of
CD14brightCD64+CD16− monocytes by additional expression of neural cell adhesion molecule (N-CAM:
CD56). In a group of hypercholesterolemic patients (n=19), high density lipoprotein cholesterol levels
were negatively correlated to the population size of CD64−CD16+ monocytes. In both healthy subjects
(n=55) and hypercholesterolemic patients, the rare apolipoprotein E3/E4 and E4/E4 phenotypes were
associated with a tendency toward a larger population of CD64−CD16+ monocytes. Expression of the
variant activation antigen CD45RA by peripheral blood mononuclear phagocytes showed a positive
correlation to plasma levels of the atherogenic lipoproteins low density lipoprotein and lipoprotein(a).
These data suggest that systemic abnormalities in mononuclear phagocyte subpopulations may play a role
in the pathogenesis of atherosclerosis.
Introduction
The pathogenesis of atherosclerosis is characterized by increased adhesion of monocytes to the injured
endothelium, followed by their extravasation into the vessel wall.1 Within the wall, monocytes are
transformed into either lipid-laden foam cells, which lead to the development of fatty streaks, or activated
macrophages, which secrete cytokines and modify lipoproteins at least in part by oxidation. 2 Activated T
cells are also found in lesions.3 The development of atherosclerosis also appears to be associated with the

hallmarks of a systemic inflammatory reaction, including leukocytosis, which is a risk factor for the
development of coronary heart disease.4
Very little is known about the relationship between the inflammatory reaction within the arterial wall and
the reactivity and phenotype of circulating leukocytes. It has been shown, however, that PB monocyte
phenotypes can be distinguished on the basis of expression of characteristic surface antigens. Thus, a
subpopulation of 10% to 15% total monocytes is characterized by a phenotype similar to that of alveolar
macrophages, as evidenced by expression of the FcγRIII (CD16) and only low-level expression of the 55kDa LPSR (CD14).5 6 After stimulation, this subset of macrophages similar to monocytes is capable of
producing high levels of proinflammatory cytokines, such as tumor necrosis factor, in contrast to only low
levels of the anti-inflammatory cytokine IL-10.7
Two other “staining” techniques have been used to define subpopulations of myeloid antigen on cells
within PB: the first defines a subset that lacks FcγRI (CD64) expression. 8 These cells show lower
expression of CD14 antigen, a higher capacity for antigen presentation, higher MHC-II antigen
expression. and a different pattern of cytokine release in response to stimulation compared with the
predominant phenotype of PB monocytes. The second group, the PB precursors of dendritic cells,
expresses CD13 and CD33.9 10 These cells have low expression of the CD14 and lack FcR-mediated
phagocytosis.
There is increasing evidence that monocyte function may be influenced by disease. Thus, there appears to
be enhanced proliferation of monocyte progenitors in animal models of hypercholesterolemia. 11
Functional abnormalities, such as altered monocyte lipid metabolism12 and impaired monocyte signal
transduction,13 have been observed in hypercholesterolemic patients. Furthermore, enhanced antigen
presentation has been reported after preincubation of monocytes in cholesterol-rich media.14
Several disorders of lipid and lipoprotein metabolism are also characterized by patterns of monocyte and
macrophage accumulation in specific tissues, eg, atheroma and xanthoma formation 15 and the
splenomegaly of Tangier disease.16 This phenomenon might occur because of abnormal differentiation
and maturation of monocyte progenitors. Such conditions might therefore yield abnormal subsets of PB
monocytes and might underlie their abnormal accumulation in tissues.
The goal of this study, therefore, was to characterize the cellular phenotypes of PB monocytes and
correlate them with the parameters of lipid and lipoprotein metabolism in patients with
hypercholesterolemia and normal subjects.
Methods
Blood Samples
Heparinized PB samples were obtained from healthy male volunteers (age 20 to 35 years) who had been
recruited from hospital personnel and university students. Informed consent from each subject prior to
study and approval of the study protocol by the Hospital Ethics Committee were obtained. All subjects
were free of disease or infection on the basis of a physical examination, resting electrocardiogram,
physical exercise, echocardiogram, abdominal sonogram, and standard laboratory parameters.
Hypercholesterolemic patients were defined as those with total cholesterol levels >6.5 mmol/L, and their
family members were recruited from the inpatient clinic. The criteria for involvement in the screening
program were lack of infection and systemic disorders unrelated to lipid or lipoprotein metabolism. The
age distribution and lipid parameters of the patients and control subjects are given in Table 1⇓.
Table 1.

Characteristics of Healthy Control Subjects and Hypercholesterolemic Patients
Parameter

Healthy Control Subjects Hypercholesterolemic Patients

n
55
TG, mmol/L
0.94±0.51
Cholesterol, mmol/L
4.58±0.77
LDL-C, mmol/L
2.92±0.73
HDL-C, mmol/L
1.30±0.25
Apo A-I, g/L
1.55±0.29
Apo B, g/L
0.95±0.20
Lp(a), mg/L*
110 (<5-2260)*
Apo E genotype, n (% of group)
E3/E3
44 (80)
E3/E4
6 (11)
E4/E4
1 (2)
E2/E4
4 (7)
LDLR defects
ND


19
2.10±0.87
8.02±3.82
4.64±1.14
1.56±0.54
1.86±0.45
1.80±0.70
215 (<5-670)*
7 (37)
10 (53)
2 (11)
0 (0)
15 (79)

ND indicates not determined. Values are mean±SD. The group of healthy control subjects was
homogeneous for sex (male) and age (20 to 35) and free of disease and infection.
Hypercholesterolemic patients lacked disorders unrelated to lipid or lipoprotein metabolism or
acute infection.

Staining for Cell Surface Immunofluorescence
For flow-cytometric immunophenotyping, whole blood (100 μL) was incubated for 15 minutes on ice
with saturating concentrations of the fluorochrome-conjugated antibodies. The monoclonal antibodies
CD11a (clone 25.3.1), CD14 (IOM2), CD16 (3G8), CD19 (IOB4a), and CDw49d (HP2/1) were obtained
as FITC or R-PE conjugates from Immunotech. CD14 (My4), CD33 (My9), and CD45RA (2H4) were
obtained as FITC or R-PE conjugates or as a biotinylated reagent (My4) from Coulter. CD40 (EA-5) was
obtained as an R-PE conjugate from Ancell. CD3 (Leu-4), CD8 (Leu-2a), CD11b (D12), CD45 (2D1),
and CD56 (Leu-19) were obtained as R-PE or PerCP conjugates from Becton Dickinson. CD15 (PM-81)
was obtained as an R-PE conjugate and CD64 (32.2) and anti–HLA-DR (HL38) as tandem conjugates
with R-PE and Cy5 from Medac. IgG1 and IgG2a isotype controls were obtained as FITC, R-PE, and
PerCP conjugates from Becton Dickinson. After incubation the blood samples were treated for 10 minutes
with erythrocyte lysis solution from Becton Dickinson (FACSlyse) followed by two washes (5 minutes
each, 425g) with 3 mL Dulbecco's PBS without Ca2+ or Mg2+ (Biochrom). In the case of the biotinylated
CD14 antibody, cells were incubated for another 10 minutes with R-PE/Cy5–conjugated streptavidin
followed by two washes. Sample preparation and analysis were always performed within 4 hours of
venipuncture.
Staining for Intracellular Immunofluorescence
For simultaneous flow cytometry of intracellular antigens MPO or CD68 and two cell surface antigens,
whole blood (100 μL) was first fixed for 5 minutes at room temperature with Fix & Perm reagent A (An
der Grub) followed by one wash with PBS. The pellet was then resuspended in 200 μL of a
permeabilization medium (Fix & Perm reagent B, An der Grub) and incubated again with saturating

concentrations of FITC-conjugated anti-MPO (clone H 43-5, An der Grub) and antibodies directed
against cell surface antigens or CD68 alone (clone KP1, Dako) for 15 minutes on ice followed by one
wash with PBS. For CD68 staining the cells were incubated for an additional 10 minutes with a goat antimouse FITC conjugate (Becton Dickinson) and washed once with PBS. This was followed by incubation
for 15 minutes with the directly conjugated antibodies against cell surface antigens and a final wash with
PBS. For the biotinylated CD14 antibody, cells were incubated for 10 minutes with R-PE/Cy5–
conjugated streptavidin on ice followed by two washes in PBS. Previous experiments had shown that cell
incubation with antibodies directed against cell surface antigens in a first step followed by washing and
incubation with reagent A resulted in impaired lysis of erythrocytes but no differences in cellular labeling.
Phagocytosis of Escherichia coli
For simultaneous analysis of phagocyte activity and two cell surface antigens, whole blood (100 μL) was
incubated in nonadhesive polypropylene tubes for 10 minutes at 37°C with a saturating concentration of E
coli bacteria (E coli K12, Sigma) conjugated to FITC. The reaction was stopped by immersion into ice
followed by staining with either R-PE and PerCP or R-PE/Cy5–conjugated antibodies as described above.
Flow-Cytometric Analysis
The cellular light-scatter signals and three fluorescence signals of ≥50 000 leukocytes per sample were
analyzed in list mode at a channel resolution of 1024 with forward scatter as the trigger parameter on an
FACScan flow cytometer (Becton Dickinson). The photomultiplier gains were calibrated with
polychromatic fluorescent reference beads (Polysciences). Compensation was adjusted with FITC- and RPE–coated microbeads (Becton Dickinson) and triple-stained (CD3, CD4, and CD8) PB lymphocytes as a
biological control. List-mode data were processed off-line with LYSYS-II on a Hewlett-Packard 340
workstation and the personal computer–based program WinMDI (kindly provided by Joseph Trotter and
available by anonymous file transfer protocol at facs.scripps.edu:/pub/pc/). A “gate” on MNPs was
defined in the forward- and side-scatter dot plots based on simultaneous analysis of CD14 (FITC) on
fluorescence 1, CD15 and CD19 (both R-PE) on fluorescence 2, and CD3 and CD8 (both PerCP) on
fluorescence 3, as shown in Fig 1⇓. Subpopulations of MNPs were identified as shown in Fig 2⇓. Cellular
antigen densities were calculated with the assumption that there was only one cellular binding site for
each monoclonal antibody on its target antigen, on the basis of calibration with reference beads that
carried a defined number of anti-mouse binding sites (Flow Cytometry Standards Corp).

Figure 1.
Identification of PB MNPs on the basis of forward- and side-scatter characteristics (A), bright or dim
expression of CD14 (B), no CD15 or CD19 expression (C), and CD3 and CD8 expression (D) by
simultaneous five-parameter immunofluorescence. Flow-cytometric data for all nucleated cells
(n=50 000) in unseparated lysed whole blood were acquired in list mode followed by gating on
monocytes according to light scatter (A). The content of the light-scatter gate was evaluated for inclusion
of all cells with bright or dim expression of CD14 but exclusion of those with characteristics of T cells
(CD3, CD8), B cells (CD19), NK cells (CD8), or neutrophils (CD15). According to these criteria >95%

For the LDLR assay the patients' monocytes were isolated from 10 mL EDTA-blood on a density gradient
and cultured for 48 hours with 10% lipoprotein-deficient serum as previously described.17 Cells were then
displaced from the bottom of the culture flasks by vigorous washing. Labeling with the monoclonal
LDLR antibody (clone C7A, Amersham) and FITC-conjugated goat anti-mouse secondary antibody
(Becton Dickinson) were performed at 4°C in the dark. LDLR expression was analyzed by flow
cytometry.
Statistical Analysis
Results are presented as mean and SD when a normal distribution was assumed. The association between
the size of MNP subpopulations and plasma lipid or lipoprotein concentrations was analyzed on the basis
of scatterplots. Pearson's product-moment correlations with one-tailed probabilities were calculated for
analysis of linear associations. The intercept and slope of each regression line and their SEs were
calculated by the least-squares method for MNP subpopulations as the independent variable. The
significance of differences between the size of MNP subpopulations in subjects with different apoE
phenotypes was determined by ANOVA. All calculations were performed with the spss/pc+ software
package (SPSS).
Results
Immunological Heterogeneity of PB MNPs
PB monocyte subpopulations are often analyzed on the basis of physical or immunological preenrichment procedures that facilitate their discrimination from other cells in PB. These methods have the
drawback of uncontrolled cell loss. Our first goal, therefore, was to establish a procedure for identifying
and characterizing MNPs in whole blood. We combined the analysis for CD14, an antigen with “bright”
expression on most MNPs, with the analyses of antigens associated with T cells (CD3 and CD8), B cells
(CD19), NK cells (CD8), and neutrophils (CD15) in a three-color assay (Fig 1⇑). This procedure allowed
definition of a light-scatter gate that contained >95% of all cells with bright to dim expression of CD14.
Less than 5% of cells in the gate showed expression of CD3, CD8, CD15, or CD19. Cells in the gate
displayed a wide heterogeneity of CD14 expression as well as light-scatter characteristics. Our second
goal, therefore, was to characterize cellular subsets on the basis of a three-parameter analysis of antigens
that showed heterogeneous staining in this light-scatter region when normal and abnormal PB samples
were screened.
Seven different antigens, the 55-kDa LPSR (CD14), Fcγ-RI (CD64) and RIII (CD16), adhesion antigen
N-CAM (CD56), panmyeloid antigen CD33, and the tyrosine phosphatase receptor (CD45) together with
its splicing variant (CD45RA) showed the most heterogeneous patterns of expression on different
subpopulations of cells within the MNP light-scatter region (Figs 2 and 3⇑⇓). With the correlated threeparameter immunophenotyping of normal human PB samples, it was possible to delineate five major
subsets of MNPs (Fig 2⇑ and Table 2⇓). The largest subset of cells, designated population 1 in Fig 2⇑,
showed bright expression of CD14 and CD64 but not of CD16. Other subsets of monocytes were
numbered sequentially according to decreasing relative size of the population and were characterized by
simultaneous expression of both Fcγ-R's (population 2, Fig 2⇑) or isolated expression of Fcγ-RIII with
only dim expression of CD14 and CD33 antigens (population 3, Fig 2⇑). Another cell population
(population 4, Fig 2⇑) showed high expression of the CD33 antigen but only dim expression of CD14 and
no CD16 expression. The smallest subset (population 5, Fig 2⇑) differed from the largest population of
MNPs by additional expression of CD56. The CD45RA splicing variant of CD45, which is known to be
translocated from intracellular stores to the cell surface in myeloid cells after activation, was another cell
surface antigen that displayed heterogeneous expression on PB MNPs. CD45RA was expressed at a high
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Gregor Rothe a, Josef Stöhr a, Petra Fehringer a, Christoph Gasche b, Gerd Schmitz a,*
a

Institute for Clinical Chemistry and Laboratory Medicine, Uni6ersity of Regensburg, D-93042 Regensburg, Germany
b
Department of Gastroenterology and Hepatology, Uni6ersity of Vienna, Vienna, Austria
Received 22 August 1996; received in revised form 11 December 1996; accepted 19 December 1996

Abstract
Multiparameter flow cytometry reveals a complex heterogeneity of mononuclear phagocyte differentiation within the peripheral
blood compartment. In this study, the relation of abnormal cellular lipid metabolism to the phenotype of peripheral blood
mononuclear phagocytes, which finally may be related to atherogenesis, was analyzed using recently characterized autosomal
recessive defects of lysosomal acid lipase (LAL) expression as model system. The reduction of LAL activity in nine heterozygote,
disease free carriers of mutations from two cholesteryl ester storage disease (CESD) pedigrees and the family of a patient with
Wolman disease was associated with an increased fraction of monocytes which expressed CD56 (N-CAM) (4.19 2.7% of
monocytes, compared to 2.290.5% in ten controls, PB0.05), an antigen characteristic of immature myeloid cells, suggesting an
increased turnover of monocytes. Furthermore, a trend was observed towards an enhanced blood pool of more mature
mononuclear phagocytes which show decreased expression of the 55 kD lipopolysaccharide receptor (CD14) together with either
expression of the Fc-g-receptor III (CD16) or a high expression of CD33. A similar phenotype of peripheral mononuclear
phagocytes was observed in the two CESD patients analyzed. In conclusion, our data suggest that these monogenetic defects of
lysosomal lipoprotein metabolism are associated with complex alterations of mononuclear phagocyte differentiation and
extravasation. © 1997 Elsevier Science Ireland Ltd.
Keywords: Monocyte subpopulations; Mononuclear phagocyte differentiation; Wolman disease; Cholesteryl ester storage disease;
Lysosomal acid lipase

1. Introduction
The early pathogenesis of atherosclerosis is characterized already by an increased adhesion of monocytes
to the injured endothelium followed by extravasation
into the vessel wall [1]. Within the wall, the unregulated
cellular lipid accumulation by monocytes leads to foam
cell formation and the development of fatty streaks [2].
Furthermore, activated macrophages secrete cytokines
and modify lipoproteins at least in part by oxidation.
There is increasing evidence that the phenotype of
peripheral blood monocytes may be affected dependent
* Corresponding author. Tel.: +49 941 9446200; fax: + 49 941
9446202; e-mail: gerd.schmitz@klinik.uni-regensburg.de

on disturbances of cellular lipid or lipoprotein
metabolism. Thus, there appears to be an enhanced
monocyte progenitor proliferation in animal models of
hypercholesterolemia [3]. Functional abnormalities such
as impaired monocyte signal transduction have been
observed in hypercholesterolemic patients [4]. Furthermore, enhanced antigen presentation has been reported
upon pre-incubation of monocytes in cholesterol-rich
media [5].
Using multiparameter flow cytometry our group has
recently been able to demonstrate an altered phenotype
of the highly heterogeneous peripheral blood monocytes in patients with hypercholesterolemia [6]. In comparison to the predominant population of monocytes,
small subpopulations of peripheral blood mononuclear
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Fig. 1. The pedigrees of two CESD and one WD family are shown. The inheritance of the individual alleles (A1 – A10) is shown where available.
The mutations in the individual alleles are shown within the symbols. D72 depicts the mutations at the exon 8 splice donor site leading to skipping
of exon 8. The location of the respective mutation ( + 1 or − 1) indicates complete exon skipping ( + 1) or leaky exon skipping ( − 1). The null
allele (nonsense mutation) in pedigree B is shown as ‘null’. P108 indicates the His108Pro mutation. WT, wild type LAL sequence.

phagocytes are characterized by a decreased expression
of the 55 kD LPS-receptor (CD14) together with the
expression of either the Fc-g-receptor-III (CD16) correlating to phagocytically active cells or a high expression
of surface molecules related to antigen presentation
such as HLA-DR and CD40 correlating to cells which
are assumed to be the blood precursors of dendritic
cells [6–10]. Furthermore, a subset of cells expresses the
CD56 (N-CAM) antigen which is also found in less
differentiated forms of acute myeloid leukemia suggesting that these cells represent a more immature fraction
of monocytes. In our study, patients with hypercholesterolemia had an increased fraction of CD14dimCD16 +
monocytes which both correlated with the E4/E4 phenotype of the apolipoprotein E and low plasma levels
of HDL cholesterol.
Both the apolipoprotein E phenotype and the level of
cellular apolipoprotein E expression are tightly linked
to cellular lipoprotein uptake and metabolism. Thus the
expression of the more positively charged apolipoprotein E4 is related to higher plasma cholesterol levels
through enhanced hepatic internalization of remnants
from triglyceride-rich lipoproteins [11]. Furthermore,
the uptake of triglyceride-rich lipoprotein particles and
intracellular cholesteryl ester hydrolysis are increased
by exogenous apolipoprotein E [12] or dependent on
cellular apolipoprotein E secretion [13]. Monogenetic
defects of lysosomal acid lipase/acid cholesteryl ester
hydrolase (LAL/ACEH; EC 3.1.1.13) expression represent a further well characterized determinant of cellular
lipoprotein uptake [14,15].
In this study individuals with a reduced LAL expression served as a further model for the study of the
relation of an abnormal cellular lipid metabolism to the
phenotype of mononuclear phagocytes. These individuals were identified among the family members of patients with the autosomal recessive infantile-onset
Wolman disease (WD) and late-onset cholesteryl ester
storage disease (CESD) which both have been attributed to reduced levels of LAL [15]. Compared to
controls, WD patients tend to have B1% LAL activity

while CESD patients have enzymatic activities B10%.
Recently, the genomic organization of the gene for
LAL and different mutations leading to CESD and
WD have been identified [16–21]. Genotype-phenotype
relations in CESD and WD are, however, still poorly
understood.

2. Materials and methods

2.1. Patients and controls
Individuals with a partially defective LAL expression
were identified among the family members of patients
with WD and CESD. The distribution of the individual
alleles and mutations of pedigrees A (CESD) [22], B
(CESD) [19], and C (WD) [20] are shown in Fig. 1. The
study was approved by the Hospital Ethics Committee
and informed consent was obtained from all probands.
The nine carriers of LAL mutations had a mean age of
28.6 years. With the exception of a 5 and 7 year old
child and a 59 year old adult their age was in the range
of 15–39 similar to the age of the ten healthy control
probands (mean 27.8, range 20–35). All individuals
analyzed were free of infection or systemic disorders
unrelated to lipid or lipoprotein metabolism.

2.2. Analysis of LAL acti6ity
LAL activity was measured in cell lysates of skin
fibroblasts or peripheral blood leukocytes obtained
from patients, family members, and healthy controls
[19,20]. In brief, fibroblasts were cultured in Dulbecco’s
modified Eagle’s medium supplemented with 1% L-glutamine, 1% non-essential amino acids and 10% fetal
calf serum in a humidified atmosphere containing 5%
CO2. LAL activity was analyzed as described by Haley
[23] using [3H]cholesteryl oleate as the substrate [19].
LAL activity was determined as a percentage of controls based on picomoles cholesterol released per milligram protein during 60 min incubation.
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2.3. Analysis of peripheral blood mononuclear
phagocyte subpopulations
Leukocyte subpopulations were analyzed by threecolor flow cytometry in unseparated whole blood [6]. In
brief, heparinized whole blood (100 ml) was incubated
for 15 min on ice with saturating concentrations of the
fluorochrome-conjugated antibodies. The monoclonal
antibodies CD14 (IOM2), CD16 (3G8), CDw49d (HP2/
1), and anti-HLA-DR (B8.12.2) were obtained as FITC
or R-phycoerythrin (R-PE) conjugates, or as tandem
conjugates with R-PE and indodicarbocyanine (Cy5)
from Immunotech (Hamburg, Germany). CD33 (My9)
was obtained as a R-PE conjugate from Coulter
(Krefeld, Germany). R-PE or peridinin chlorophyll
(PerCP) conjugates of CD11b (D12), CD45 (2D1), and
CD56 (Leu-19) and IgG1 and IgG2a isotype controls
were obtained as from Becton Dickinson (Heidelberg,
Germany). After the incubation the blood samples were
treated for 10 min with the erythrocyte lysis solution
from Becton Dickinson (FACS lysing solution) followed by washing the samples twice (5 min, 425 g) with
3 ml of Dulbecco’s phosphate-buffered saline without
Ca + + or Mg + + (PBS, Biochrom, Berlin, Germany).
Sample preparation and analysis were performed within
4 h of venipuncture.
The cellular light scatter signals and three fluorescence signals of 50 000 leukocytes per sample were
analyzed in list mode at 1024 channel resolution using
forward scatter as the trigger parameter on a Facscan
flow cytometer (Becton Dickinson). The photomultiplier gains were calibrated using polychromatic fluorescent reference beads (Polysciences, St. Goar, Germany).
Compensation was adjusted using FITC and R-PE
coated microbeads (Becton Dickinson) and peripheral
blood lymphocytes triple-stained with CD3, CD4, and
CD8 as a biological control. List mode data were
processed off-line using CellQuest version 1.1.1 (Becton
Dickinson) on a Macintosh Quadra 650. Subpopulations of mononuclear phagocytes were identified based
on analysis of antigen coexpression as previously described [6]. The pool sizes represent the mean of up to
three determinations per population in the different
combinations of antigens, e.g. a CD14dimCD16 + ,
CD45brightCD16 + and CD14dimCD33dim region for
population 3.

2.4. Statistical analysis
Results are presented as mean and S.D. The significance of differences between the size of mononuclear
phagocyte subpopulations between individuals with
partial defects of LAL expression and controls was
determined based on an analysis of variance (ANOVA).
All calculations were performed using the SPSS/PC+
package (SPSS, Chicago, IL).
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3. Results

3.1. Phenotypic and genetic characterization of
defecti6e LAL expression in CESD and WD patients
and their family members
The goal of this study was the analysis of the relation of abnormal cellular lipid metabolism to the phenotype of mononuclear phagocytes based on well
defined defects of LAL expression in members of the
families of CESD and WD patients [19,20,22]. The
distribution of individual alleles and mutations of two
pedigrees with CESD and a pedigree with WD which
were available for the characterization of peripheral
blood mononuclear phagocyte subpopulations are
shown in Fig. 1.
Two individuals from pedigree A (Fig. 1) were diagnosed with CESD at the age of 58 (II-2) and 44
years (II-4) based on the clinical observation of hepatosplenomegaly, elevated cholesterol levels and abnormalities in the liver. Compared to control
fibroblasts from healthy individuals the CESD patient
II-2 had 2% and her affected brother (II-4) 3% LAL
activity. The asymptomatic brother (II-3) had halfmaximal LAL activity (48%) consistent with the
demonstrated heterozygosity. Both CESD patients
were compound heterozygous for a histidine-108 to
proline mutation and a G to A mutation at position1 of the exon 8 splice donor site [22].
In the pedigree B (CESD), the parents are heterozygous for a wild type and a mutant allele [19].
Due to a point mutation, a premature termination
codon results in inactive LAL from the father’s mutant allele (null allele) and an LAL activity 38% of
controls. A splice defect in the mothers mutant allele
results in aberrant splicing of exon 8 (exon-skipping)
resulting in internally deleted LAL enzyme which is
inactive. Only minute amounts of LAL mRNA are
spliced correctly resulting in active LAL protein and
a total LAL activity of 63% of controls. The CESD
patient in this family was compound heterozygous for
the mutations resulting in 2% LAL activity. His siblings were heterozygous for the wild type allele from
the father and the mutant allele from the mother and
asymptomatic at LAL activities of 14 and 29% of
controls.
In pedigree C (WD), the consanguineous parents
were heterozygous for a mutation at the same splicesite as the CESD patients, with the difference that the
+1 position was affected leading to skipping of exon
8 exclusively [20]. This resulted in LAL activity of
27 and 62% for the mother and father, respectively.
Two children were homozygous for this mutation and
died within the first year of life. One child is heterozygous and asymptomatic at an LAL activity 40%
of controls.
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Atorvastatin inhibition of cytokine-inducible nitric oxide synthase
expression in native endothelial cells in situ
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1 Animal experimental studies have demonstrated that inducible nitric oxide synthase (iNOS)
expression correlates with neointima formation and is prevented by HMG-CoA reductase inhibitors
(statins). In the present study we have investigated the underlying mechanism of action of these
drugs in isolated segments of the rat aorta.
2 Western blot analysis and immunohistochemistry revealed that tumour necrosis factor a (TNFa)
plus interferon-g (IFNg) synergistically induce iNOS gene expression in the endothelium but not in
the smooth muscle of these segments while constitutive endothelial NO synthase (eNOS) abundance
was markedly reduced.
3 Pre-treatment with 1 ± 10 mM atorvastatin, cerivastatin or pravastatin decreased TNFa plus IFNg
stimulated iNOS expression in the endothelium irrespective of the presence of the HMG-CoA
reductase product mevalonate (400 mM).
4 Electrophoretic mobility shift assay experiments con®rmed that the combination of TNFa plus
IFNg causes activation of the transcription factors STAT-1 and NF-kB in native endothelial cells.
Neutralization of these transcription factors by employing the corresponding decoy oligonucleotides
con®rmed their involvement in TNFa plus IFNg stimulated iNOS expression. Translocation of both
transcription factors was attenuated by atorvastatin, and this eect was insensitive to exogenous
mevalonate.
5 The present ®ndings thus demonstrate a speci®c HMG-CoA reductase-independent inhibitory
eect of statins, namely atorvastatin, on cytokine-stimulated transcription factor activation in native
endothelial cells in situ and the subsequent expression of a gene product implicated in vascular
in¯ammation. This eect may be therapeutically relevant and in addition provide an explanation for
the reported rapid onset of action of these drugs in humans.
British Journal of Pharmacology (2002) 136, 143 ± 149
Keywords: (Inducible) NO synthase; rat aorta; endothelium; HMG-CoA reductase inhibitor; transcription factor(s)
Abbreviations: AP-1, activator protein-1; C/EBP, CCAAT/enhancer binding protein; EMSA, electrophoretic mobility shift
analysis; IFNg, interferon-g; IL-1b, interleukin-1b; iNOS, inducible isoform of NO synthase; LPS,
lipopolysaccharide; NF-kB, nuclear factor kB; SMC, smooth muscle cells; STAT-1, signal transducer and
activator of transcription-1; TNFa, tumour necrosis factor a

Introduction
Inhibitors of 3-hydroxy-3-methylglutaryl-coenzyme
A
(HMG-CoA) reductase, collectively referred to as statins,
exert therapeutic eects beyond that of simply lowering
plasma cholesterol (for review see Laufs & Liao, 2000a).
HMG-CoA reductase is responsible for the conversion of
HMG-CoA to mevalonate and products of mevalonate
metabolism are critical for many cellular processes in
eukaryotic cells. In particular, small GTP-binding proteins
(G-proteins) which require post-translational isoprenylation
or farnesylation for full functional activity may play an
important role in mediating the eects of statins in the
cardiovascular system (Laufs & Liao, 2000b).
Thus, statins inhibit pro-in¯ammatory cytokine formation
in leukocytes and adhesion molecule expression in endothelial
cells (for review see Koh, 2000). Moreover, statins have been
shown to down-regulate inducible NO synthase (iNOS)

*Author for correspondence;
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expression in the endothelium and media of small vessels in
the kidney of transgenic rats expressing human renin and
angiotensinogen (Park et al., 2000), and via the same route
prevent neointima formation in hyperlipidemic rabbits (Alfon
et al., 1999).
Sustained production of large amounts of nitric oxide (NO)
is induced in blood vessels by in¯ammatory stimuli as a result
of iNOS expression. Induction of iNOS expression is
frequently observed in systemic in¯ammatory reactions such
as septic shock, but also locally due to denudation of the
endothelium or during atherosclerosis (Chen et al., 2000).
Injury-related expression of this enzyme in vascular smooth
muscle cells may play a role in the development of
atherosclerosis or postangioplasty restenosis by inhibiting
smooth muscle cell proliferation and contraction, as well as
by preventing leukocyte and platelet adhesion (Ikeda et al.,
1998).
The objective of the present study was to investigate the
mechanism of action by which the HMG-CoA reductase
inhibitors, namely atorvastatin, aect cytokine-induced iNOS
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Figure 6 Eect of 1 h pre-incubation with 10 mM atorvastatin
(atorva) on the nuclear translocation of STAT-1 and NF-kB and
its sensitivity to exogenous mevalonate (meval, ®nal concentration of
400 mM) in endothelium-intact rat aortic segments incubated for 0.5 h
with IFNg (200 u ml71) plus TNFa (1000 u ml71). The ®gure depicts
the statistical summary (n=3 ± 4, *P50.05 vs TNFa/IFNg) and a
typical EMSA at the bottom for each transcription factor,
respectively.

Perhaps the most striking ®nding of the present study was
that the inhibitory eect of atorvastatin on both cytokineinduced transcription factor activation and the subsequent
increase in gene expression was not reversed by exogenous
mevalonate, suggesting that it is brought about independently
of the concomitant HMG-CoA reductase blockade. This
notion is supported by the fact that the onset of the
inhibitory eect of atorvastatin was rather rapid, unlike its
mevalonate-reversible hence HMG-CoA reductase and small
G-protein dependent eects on eNOS expression or phorbol
ester-stimulated O27 formation in the same vascular
preparation (Wagner et al., 2000). What could be the
mechanism underlying this HMG-CoA reductase-independent eect of the statins on gene expression? There is a recent
report (Weitz-Schmidt et al., 2001) suggesting that statins
selectively block leukocyte function antigen-1 (LFA-1), a b2
integrin, via binding to a novel allosteric site within LFA-1.
This eect was unrelated to the inhibition of HMG-CoA

Statins and inducible NO synthase

reductase and suppressed the in¯ammatory response to
thioglycollate in a murine model of peritonitis. Perhaps the
eect of the statins on cytokine-induced iNOS gene
expression is likewise mediated by their binding to another
(presumably dierent) integrin-like receptor on the surface of
the rat aortic endothelial cells. In this context, it may be of
interest that an integrin-dependent modulation of gene
expression through LFA-1 has been described, leading to
an increased expression of a reporter gene construct in Jurkat
T cells (Bianchi et al., 2000).
The role of iNOS in mediating dierent aspects of
cardiovascular pathophysiology in the vessel wall is still
controversial (for review see Kibbe et al., 1999). For example,
it is not clear whether long term overproduction of NO plays
a bene®cial or detrimental role (Dusting et al., 1998). In this
regard, it is noteworthy that pro-in¯ammatory cytokines such
as TNFa and IFNg down-regulate rather than up-regulate
eNOS gene expression (Zhang et al., 1997; this study) so that
the parallel induction of iNOS gene expression in the
endothelium (this study) may represent a compensatory
mechanism (Binion et al., 2000). On the other hand, the
development of atherosclerosis appears to be associated with
increased expression of iNOS hence exaggerated synthesis of
NO both in humans (Dusting et al., 1998) and in
experimental animals (Detmers et al., 2000; Niu et al.,
2001; Alfon et al., 1999). It thus remains to be determined
whether cytokine-induced iNOS expression in the vascular
endothelium is bene®cial or detrimental, and this will
ultimately de®ne whether the inhibitory eect of the HMGCoA reductase inhibitors in this context constitutes a
therapeutic or an adverse side eect. Nonetheless, the present
®ndings demonstrate that in addition to the HMG-CoA
reductase-dependent eects of statins on plasma cholesterol
or the activity of small G-proteins, they also exert a HMGCoA reductase-independent eect on the transcription of
potentially harmful pro-in¯ammatory genes.

This work was supported by a grant from P®zer (Karlsruhe,
Germany). The expert technical assistance of Nicole Gottlieb,
Anette Bennemann and Sabine Krull is gratefully acknowledged.
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C-Reactive Protein Reassessed
Alan R. Tall, M.B., B.S.
In this issue of the Journal, Danesh and colleagues
report that elevated levels of C-reactive protein (CRP)
are associated with only a moderate increase in the
risk of coronary heart disease (CHD).1 Although
these findings are in line with those of other large
studies, the independent relative risk associated
with increased CRP levels is considerably less than
in some earlier reports. Using a multivariate analysis, the authors found that the predictive value of
CRP measurement adds relatively little to that provided by assessments of traditional risk factors. In
contrast, a smaller study suggested that the CRP
level could be more predictive than the level of lowdensity lipoprotein (LDL) cholesterol in the assessment of the risk of CHD.2 The new findings call into
question the clinical value of measuring CRP as a
predictor of the risk of CHD and indicate that further research is needed to clarify the place of this
approach in clinical medicine. Recent recommendations that CRP measurements be offered as an optional adjunct to a global assessment of risk factors
in persons whose calculated 10-year risk of CHD is
10 to 20 percent3 may have to be revisited.
The analysis of CRP and the risk of CHD in the
Reykjavik prospective cohort study involved 2459
patients with CHD and 3969 selected controls.1
A single measurement of CRP in stored samples obtained at base line was studied in relation to the 20year incidence of CHD. This is by far the largest
number of cases that have been examined in such
analyses. Other strengths of the study include the
fact that it was conducted in an Icelandic population
with high rates of participation and follow-up. The
consistency in the relationship of traditional risk
factors to CHD suggests that in terms of cardiovascular risk, this is a typical European population. Patients with a CRP value in the top third (cutoff value,
2.0 mg per liter) had an unadjusted relative risk of
CHD of 1.92, as compared with patients whose val-
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ues were in the bottom third. However, after adjustment for risk factors such as smoking status, blood
pressure, body-mass index, and total cholesterol
level, the relative risk was reduced to 1.45. Moreover, a meta-analysis of the four largest studies of
CRP levels and the risk of CHD indicated a similar
relative risk of about 1.49. In contrast, the independent relative risk for patients who had high cholesterol levels or who smoked was considerably higher.
Although these findings confirm pioneering
work showing that the CRP level is an indicator of
the risk of CHD,4,5 they call into question the magnitude of the effect. A comparison of the various
studies reveals substantial heterogeneity in the results1 that is not easily explained by methodologic
differences. There is some evidence that the relationship of CRP to the risk of CHD decreases over time,
and a preliminary analysis suggested a stronger relationship between base-line CRP values and the
risk of newly diagnosed CHD during the initial decade of follow-up than in subsequent periods. However, in the comparison of different studies, there
was no evidence that the heterogeneity of results
was related to the duration of follow-up, the study
design, or the storage temperature of the samples.
There was evidence that the strength of the relationship of CRP levels to the risk of CHD may have
been overestimated in earlier reports as compared
with more recent and larger studies. This is typical
of the publication bias inherent in the description of
emerging risk factors. Further epidemiologic research may help to refine the risk-factor status of
CRP. Pooling of data from individual subjects in different studies would allow more meaningful statistical adjustment for various risk factors. A further
potentially powerful approach will be to study the
effect of genetic variation on CRP levels in the prediction of the risk of CHD.
What do we know of the mechanisms underly-
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ing the link between CRP levels and the risk of CHD?
CRP was initially described as an acute-phase reactant that binds pneumococcal capsular polysaccharide. CRP is a highly sensitive marker of inflammation and tissue damage, and levels can rise to more
than 500 mg per liter in a variety of acute or chronic
inflammatory conditions.6 In contrast, base-line
CRP levels are roughly divided into population thirds
of less than 1 mg per liter, 1 to 3 mg per liter, and
more than 3 mg per liter. The introduction of highsensitivity assays for CRP has permitted the routine
measurement of base-line CRP, an option that was
formerly available only in research laboratories.
CRP is principally produced in hepatocytes, and
cytokines, especially interleukin-6, induce the expression and release of CRP.6 Cytokines made in adipose tissue may induce the production of CRP in the
liver, leading to elevated plasma levels. In a striking
parallel to atheroma formation, macrophages infiltrate adipose tissue in obese persons, contributing
to the release of cytokines and insulin resistance.7
Thus, an appealing idea is that elevated plasma CRP
levels are in part a marker of a low-grade inflammatory state, especially in visceral adipose tissue,
and that CRP is an indicator of cardiovascular risk
in part because of the relationship of adiposity to
insulin resistance and dyslipidemia. In short, CRP
may be a hallmark of the metabolic syndrome.
Similarly, CRP could also reflect a state of arterial
inflammation. A new idea in cardiology is that patients with acute coronary syndromes may have underlying, diffuse atherothrombosis of the coronary
arteries, precipitated by the infiltration of atheroma
by macrophages, the secretion of proteases, and the
erosion or rupture of plaque. This inflammatory reaction, initiated in response to the retention of atherogenic lipoproteins in the artery wall, could also
lead to the release of cytokines and the production
of CRP by hepatocytes. There may also be some local production of CRP by cells in the arterial wall,
but this would be unlikely to make a major contribution to systemic levels.
Whether the slight chronic elevations in baseline CRP levels that are associated with an increased
risk of CHD can cause atherothrombosis is unknown. There is evidence that CRP can cause tissue
damage. The binding of CRP to its ligands can activate the complement system, leading to the deposition of C3 in tissues. In animal models of myocardial infarction, this can lead to an increased area of
infarction.6 The deposition of C3 and the activation
of complement in arteries could potentially promote

n engl j med 350;14

atherogenesis. A variety of in vitro studies suggest
the existence of additional mechanisms of atherogenesis. CRP binds phosphocholine moieties such
as those presented by oxidized phospholipids in
LDL, perhaps promoting the uptake of LDL and the
formation of foam cells.8 CRP might promote endothelial activation and impair the production of nitric
oxide. Although a plethora of in vitro studies have
suggested that CRP has direct toxic effects on cells,
concern has been expressed about the methods used
in these studies.6 In apolipoprotein E–knockout
mice, the overexpression of transgenic human CRP
had little or no effect on the extent of atherosclerosis.9,10 However, mice make very little of their own
CRP, and such studies may have limited relevance to
humans. Overall, the evidence that CRP is directly
responsible for atherothrombosis is relatively weak.
Thus, the value of lowering CRP levels by means of
a variety of drugs and exercise is of uncertain clinical
significance.
Although the clinical relevance of CRP measurements in the prediction of the risk of CHD remains
unproven, the epidemiologic research on CRP has
sparked interest in the inflammatory underpinnings
of atherothrombosis. Further elucidation of the inflammatory response may provide new insights into
the mechanisms of insulin resistance, diabetes, and
atherothrombosis. There is a pressing need for research that will lead to the development of better
genetic, biochemical, or imaging indicators of risk
and thus allow the earlier identification of patients
who are at risk for CHD and stroke.
From the Division of Molecular Medicine, Department of Medicine,
Columbia University Medical Center, New York.
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Clinical Investigation and Reports
Simvastatin Lowers C-Reactive Protein Within 14 Days
An Effect Independent of Low-Density Lipoprotein Cholesterol Reduction
Julie K. Plenge, MD; Teri L. Hernandez, RN, BSN; Kathleen M. Weil, RN, MSS; Paul Poirier, MD;
Gary K. Grunwald, PhD; Santica M. Marcovina, PhD; Robert H. Eckel, MD
Background—The early response of C-reactive protein to initiation of a hydroxymethylglutaryl coenzyme A reductase
inhibitor (statin) is not known. The purpose of this study was to determine the rate at which highly sensitive C-reactive
protein (hsCRP) levels change after initiation of simvastatin and whether this occurs independently of the change in LDL
cholesterol.
Methods and Results—The study was a crossover, double-blind design including 40 subjects with elevated LDL
cholesterol. Subjects were randomly assigned to 1 of 2 groups: simvastatin 40 mg for 14 days, then placebo for 14 days,
or placebo first, then simvastatin. Simvastatin decreased LDL cholesterol by 56⫾4 mg/dL (P⬍0.0001) at day 7 and by
an additional 8⫾3 mg/dL (P⫽0.02) at day 14. Baseline log(hsCRP) levels were similar in the 2 groups. By day 14,
log(hsCRP) was significantly lower in patients on simvastatin when compared with placebo (P⫽0.011). Although there
was no significant difference in fibrinogen levels, simvastatin produced a modest increase in log[lipoprotein(a)]
(P⫽0.03) at days 7 and 14. There were no relationships between the decrease in LDL cholesterol and the decrease in
hsCRP.
Conclusions—Simvastatin lowers hsCRP by 14 days, independent of its effect on LDL cholesterol. This rapid impact of
a statin on hsCRP has potential implications in the management of acute coronary syndromes. (Circulation. 2002;106:
1447-1452.)
Key Words: C-reactive protein 䡲 lipoproteins 䡲 fibrinogen 䡲 inflammation

N

ew evidence continues to emerge supporting the role of
inflammation in coronary artery disease (CAD) and
emphasizing the importance of investigating interventions
that target inflammatory reduction and their impact on patient
outcomes. At the same time, a number of prospective studies
have demonstrated that elevated C-reactive protein (CRP) is
a risk factor for coronary events, independent of traditional
risk factors such as hyperlipidemia and tobacco use.1–3
Hydroxymethylglutaryl coenzyme A reductase inhibitors (statins) have been shown to decrease levels of CRP over
time,4,5 thus emphasizing the role of statins as a potential
modifier in the inflammatory process of CHD.
Statin therapy seems to be effective in the primary prevention of coronary events among patients with elevated CRP
levels, even when lipid levels are relatively low.6 Ridker and
colleagues7 recently reported that CRP could decrease within
8 weeks of initiation of cerivastatin. Beyond this knowledge,
however, the early response of CRP to a statin and its
relationship to the decrease in LDL cholesterol is unknown.
This information may be clinically applicable in a variety of
settings, including the management of patients with acute

coronary syndromes and immediately after percutaneous
intervention.
We hypothesized that simvastatin would have a relatively
rapid effect on CRP levels, with a change detectable within
several days of initiation. The aims of our study were (1) to
determine the rate at which CRP levels change after initiation
or cessation of the statin simvastatin and (2) to determine
whether the alteration in CRP occurs independently of the
change in LDL cholesterol.

Methods
Study Design
This study had a crossover, double-blind design and was approved
by the Western Institutional Review Board. Forty subjects with
elevated LDL cholesterol, as defined by the National Cholesterol
Education Program: Adult Treatment Panel II (NCEP:ATP II), were
included. Persons eligible for treatment according to NCEP:ATP II
guidelines are (1) subjects with known CAD or a CAD equivalent,
(2) subjects with ⱖ2 risk factors for CAD and an LDL cholesterol
⬎130 mg/dL, and (3) subjects with no risk factors or one risk factor
and an LDL cholesterol ⬎160 mg/dL. Subjects were randomly
assigned to 1 of 2 groups. One group took simvastatin for the first
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Log[Lp(a)] and Fibrinogen for Subjects on Placebo and Simvastatin
Log[Lp(a)]

Fibrinogen, mg/dL

Placebo

Simvastatin

Simvastatin Minus
Placebo

Placebo

Simvastatin

0

3.10⫾0.27

3.04⫾0.26

⫺0.06⫾0.03 (P⫽0.06)

354⫾9

363⫾12

8⫾9

1

3.09⫾0.26

3.08⫾0.26

⫺0.01⫾0.03 (P⫽0.70)

360⫾9

354⫾11

⫺7⫾9

3

3.10⫾0.26

3.15⫾0.26

0.05⫾0.03 (P⫽0.11)

349⫾9

346⫾9

⫺3⫾9

7

3.06⫾0.26

3.13⫾0.26

0.07⫾0.03 (P⫽0.03)

374⫾14

354⫾9

⫺20⫾9

14

3.04⫾0.26

3.11⫾0.26

0.07⫾0.03 (P⫽0.03)

365⫾11

358⫾10

⫺7⫾9

Time, d

Simvastatin Minus
Placebo

Values are mean⫾SEM.
For log[LP(a)] there was a significant time by treatment interaction (P⫽0.012), indicating different patterns across time for
simvastatin and placebo. For fibrinogen the interaction was not significant (P⫽0.33), so tests comparing simvastatin and placebo at
each time were not done.

also not correlated with the change in LDL cholesterol during
the preceding period (day 0 to 7; data not shown).

Discussion
Emerging data continue to substantiate CRP as an independent predictor of cardiovascular disease (CVD) events.1,15–17
Although many acute-phase reactants have been studied, CRP
has most consistently been found to be useful in predicting
subjects who are at greatest risk of both first and recurrent
CVD events. For example, a baseline elevation in CRP
confers up to a 3-fold risk of myocardial infarction in
apparently healthy men1 and a 4-fold risk in healthy women.3
After a myocardial infarction, higher CRP levels correlate
with lower event-free survival rates and higher cardiac event
rates.4 In patients undergoing percutaneous transluminal angioplasty, a baseline elevation in hsCRP confers an almost
4-fold risk of 30-day death or myocardial infarction.18
Although it has been shown that statins lower hsCRP over
time4,5 this is the first study to show that treatment with
simvastatin lowers hsCRP levels within 14 days, independently of the effect on LDL cholesterol and the acute-phase
reactants Lp(a) and fibrinogen. This suggests that statins may
inhibit inflammatory or noninflammatory processes that lead
to the development of CAD by another mechanism.
The mechanism by which elevated CRP levels might increase
the risk for CVD events has been debated. Several theories have
been proposed.1,19 –21 One holds that the acute-phase response is

Figure 2. Mean LDL cholesterol at days 0, 7, and 14, with bars
representing SEM. There was a significant time by treatment
interaction (P⬍0.0001), and subsequent tests at each time indicated significantly lower LDL cholesterol for patients on simvastatin at 7 and 14 days (**P⬍0.0001 for both).

activated by ongoing arterial inflammation. That is, the uptake of
oxidized LDL cholesterol and LDL phospholipids within an
arterial atheromatous plaque causes the release of interleukin-6
(IL-6) and other inflammatory mediators from the plaque itself.
This, in turn, stimulates the hepatic production of CRP and other
acute-phase reactants22 that may contribute to atherothrombosis.
A second theory holds that the secretion of IL-6 may come from
sources such as adipose tissue23,24 or a site of chronic infection.
IL-6 and other mediators would induce hepatic production of
CRP,25 which enters the systemic circulation and thereby contributes to atherothrombosis.23,24 These 2 proposed mechanisms
are not mutually exclusive; resultant atherothrombosis may be a
consequence of both. At this point, the degree to which hsCRP
or other inflammatory mediators actually contribute to the formation of atheromas or coronary thrombosis in humans is unknown.
Statins could reduce hsCRP by a number of mechanisms. One
possibility is by a reduction of inflammation within the artery,
presumably by reducing the amount of LDL available for
oxidative metabolism. This would likely be a time-dependent
process unlikely to occur by 14 days. However, although the
simvastatin-mediated decrease in LDL cholesterol occurred by 7
days, there was no relationship between this decrease and the
subsequent change in hsCRP. An effect of simvastatin to reduce
hsCRP production by the liver is possible, but without precedent
at present. Finally, the effect of statins could be to decrease the
production and/or circulation of mediators of hsCRP production,

Figure 3. Change in log(hsCRP) from day 0 to 14 versus change
in LDL cholesterol from day 0 to 14 for subjects on simvastatin.
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eg, tumor necrosis factor-␣ or IL-6. Decreases in leukocyte
function antigen-1 may also relate.26
An intriguing finding in this study was that treatment with
simvastatin increased Lp(a). This finding has questionable clinical implications, although the role of Lp(a) as an independent
risk factor for premature atherosclerotic vascular disease has
been documented in several large studies.27–29 Lp(a) has been
considered a lipoprotein particle with both atherogenic and
thrombogenic potential because of its structural similarities to
both LDL and plasminogen. The impact of statins on Lp(a)
concentrations is controversial, with some studies showing an
increase30 and others showing no effect.31,32 Further investigation into the effect of statins on Lp(a) concentrations may be
warranted.
The results of the present study may have important long-term
clinical implications. The effect of simvastatin on hsCRP was
independent of its effect on LDL cholesterol, supporting data from
other studies which have shown that treatment with statins decrease
the risk of both first and recurrent coronary events in patients with
elevated hsCRP, irrespective of LDL cholesterol levels.4,6,14,33 The
protective effect of statin therapy was recently emphasized when
Heeschen and colleagues34 reported that cessation of statin therapy
at the time of presentation with an acute coronary syndrome was
associated with a 3-fold increase in cardiac risk compared with
patients who continued to take their statin. At the same time, cardiac
risk was higher in patients who had never taken a statin when
compared with those who had.
The data also show that simvastatin lowers hsCRP rapidly,
potentially decreasing the risk for CVD events in the short
term. Because hsCRP can be lowered in as little as 2 weeks,
the administration of a statin in the setting of an acute
coronary syndrome may have a role as powerful as that of
early treatment with aspirin, a ␤-blocker, or an ACE inhibitor.
This rapid effect may also be important after percutaneous
intervention, where an elevated baseline CRP predicts a
heightened risk of death or myocardial infarction.18 If treatment with a statin was initiated immediately after percutaneous intervention in patients who did not otherwise meet
criteria for a statin, perhaps the incidence of CVD events after
intervention would be decreased.
The authors recognize that the present study population may
differ from ones in which patients present with an acute
inflammatory process, because basal CRP levels can increase
several hundred-fold in inflammatory states.35 This points to a
need for further study in this population. In addition, the short
study duration raises questions regarding whether the maximal
reduction in CRP was reached, highlighting the need for further
investigation of longer-term statin therapy and its effect in
multiple populations prone to CVD (eg, diabetes mellitus).
Overall, the 14-day hsCRP-lowering effect of simvastatin,
independent of its effect on other acute-phase reactants and
lipids, could change the way physicians manage all patients at
risk for CAD, both in the early setting and in the prevention of
long-term events.
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ORIGINAL ARTICLE
Body fat and circulating leukocytes in children
F Zaldivar1, RG McMurray2, D Nemet1, P Galassetti1, PJ Mills3 and DM Cooper1
1
Pediatric Exercise Research Center, University of California, Irvine, CA, USA; 2Department of Exercise and Sport Science,
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Objective: To determine the effects of obesity on baseline levels of circulating granulocytes, monocytes, and lymphocyte
subtypes in otherwise healthy children.
Design: Two group comparison of leukocytes in normal weight control and overweight children.
Subjects: In total, 38 boys and girls, ages 6–18 years, divided in two groups: normal weight, (NW, BMIo85th %tile, n ¼ 15) and
overweight (OW, body mass index (BMI)485th %tile, n ¼ 23).
Measurements: BMI obtained from direct measures of height and body mass. Body fat was assessed by DEXA. Complete blood
counts (CBC) were obtained by standard clinical hematology methods and surface antigen staining by flow cytometry.
Results: The OW group compared to the NW group had increased total leukocytes counts (P ¼ 0.011), neutrophils (P ¼ 0.006),
monocytes (P ¼ 0.008), total T (CD3) lymphocytes (P ¼ 0.022), and Helper T (CD4 þ ) cells (P ¼ 0.003). Significant correlations
were evident between leukocytes, and BMI percentile, BMI, or percent body fat. Neither lean body mass nor VO2peak per unit
lean body mass were significantly related to any of the leukocytes. Percent body fat and BMI percentile were positively correlated
(Po0.05) to total T cells (CD3) and/or helper T cells (CD4 þ ).
Conclusion: A group of 23 overweight children displayed elevated counts in most types of circulating immune cells, suggesting
the presence of low-grade systemic inflammation, a known pathogenetic mechanism underlying most long-term complications
of obesity. Our data provide an additional rationale for the importance of avoiding or correcting pediatric obesity.
International Journal of Obesity (2006) 30, 906–911. doi:10.1038/sj.ijo.0803227; published online 17 January 2006
Keywords: neutrophils; monocytes; granulocytes; lymphocytes; natural killer cells

Introduction
In the last decade, obesity has become one of the most
significant public health crises in the United States for both
adults and children.1 Obesity, during adulthood, has been
associated with coronary artery disease, diabetes, hypertension, cancer, and joint disease, just to name a few.
Although, obesity is associated with numerous medical
complications in adults, the implications of obesity in the
growing child are not clearly defined.
Research has shown that obese adults, (BMIX30 kg/m2),
have elevated total leukocytes.2,3 The majority of the
elevation of leukocytes appears to be related to monocytes4;
however, neutrophils, eosinophils, and lymphocytes may be
elevated.5 In addition, several groups have observed that
obese adults have elevated levels of many proinflammatory
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cytokines.6–10 Taken together, these studies suggest that
changes in the number of circulating leukocytes in adults
reflect some stimulation of stress/inflammatory mediators,
such that obesity should be considered a low-level inflammatory condition.11–13
Studies have shown that proinflammatory cytokines are
positively associated with BMI in both boys and girls.14–16
However, these studies did not evaluate the influence of BMI
on the leukocyte profile. Visser et al.16 did observe an
elevation in total leukocyte count in obese youth; however,
they did not present any breakdown of the specific cells
contributing to the elevation. Knowledge of which of the
leukocytes are elevated is important, since monocytes and
lymphocytes (T cells) are known to contribute to the
cytokine population. Furthermore, knowing the circulating
levels of neutrophils and eosinophils as well as monocytes
and lymphocytes, in obese children may be important in
understanding evolution of inflammation and diseases.
Exercise influences the circulating levels of anti and
proinflammatory mediators in both children and adults.
Exercise training in adults resulting in improved aerobic
power (VO2max), is related to lower levels of inflammatory
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blood counts (CBC) were obtained by standard methods
from the clinical hematology laboratory at UCI.

Surface antigen staining
The following monoclonal antibodies (mABs) directed
against human cell surface markers were used: CD3 (Total
T cells), CD4 (helper T cells), CD8 (cytotoxic T cells), CD19
(B Cells), and CD16/56 (natural killer (NK) cells). All mABs
and appropriate isotype controls were purchased from
Pharmingen/Becton Dickinson (San Diego, CA, USA). Surface antigen-specific fluorescent-conjugated mABs were
added to labeled 12  75 mm tubes, within 2 h of blood
collection, 100 ml of blood from each sample was added to
the tubes. The tubes were mixed well and incubated in the
dark at room temperature for 30 min. FACS Lysing Solution
(Becton Dickinson, San Jose, CA, USA) was then added to the
lysed red cells. The tubes were mixed gently and incubated
for 10 min at room temperature in the dark. Cell suspensions
were then centrifuged at 500 g for 5 min. The supernatant
was removed whereas being careful not to disturb the cell
pellet. Cells were washed using 2 ml wash buffer (1  PBS
containing, 5% bovine serum albumin and 0.1% sodium
azide) and centrifuged at 500 g for 5 min. Cells were fixed in
500 ml of 1% paraformaldehyde in 1  PBS. Samples were
analyzed using a FACS Calibur flow cytometer (Becton
Dickinson, San Jose, CA, USA). CaliBRITE beads and
FACSComp software were used for setting the photomultiplier tube (PMT) voltages and the fluorescence compensation, as well as checking instrument sensitivity prior to use.
A forward scatter threshold was used to acquire 100 000
events for each prepared sample. Data analysis was accomplished using CellQuest software (version 3.2.1).

classified as OW (Table 1). Both groups had similar age and
gender distribution (w2; P40.37). The OW group had a mean
BMI percentile of 96 and a body fat content of B38%. The
BMI of the NW group averaged 45th percentile, whereas
body fat was B20%. The OW group was taller, weighed
more, and had a higher lean body mass content than the NW
group. The peak aerobic power (VO2peak) of the NW group
was significantly greater than the OW group when expressed
per kilogram body mass (ml/kg/min), but was similar
(P ¼ 0.373) when expressed per kilogram lean body mass
(ml/kgLBM/min). Since the ages and gender distribution were
similar for both groups, further leukocyte analyses used
intact NW and OW groups.
The leukocyte data are presented in Figure 1 and Table 2.
The OW group had an overall increase in total leukocytes counts (P ¼ 0.011). Significant increases in the cell
numbers were noted in neutrophils (P ¼ 0.006), monocytes
(P ¼ 0.008), and in total T lymphocytes (P ¼ 0.022) comparing the OW group with the NW group. Based on surface
maker analyses (Table 2), the increase in total T cells in
the OW group was a result of an increase in Helper T (CD4)
cells (P ¼ 0.003).
Modest, but significant correlations were evident when
comparing leukocyte numbers, BMI percentile, BMI, and
percent body fat (Table 3). In addition, neither lean
body mass nor VO2peak per unit of lean body mass, were
significantly related to any of the leukocytes. However, the
correlation between total granulocytes or neutrophils and
VO2peak expressed in ml/kg body mass/min were significant.

Normal weight group
Overweight group

100

6
*
80

Based on the NHANES age- and gender-specific norms data,
15 children fell into the NW group and 23 children were
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5
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Statistical analysis
Data analysis was perfomed by the UCI GCRC Biostatistics
Core. The NW and OW groups were compared using t-tests
with Bonferroni corrections for multiple comparisons. Linear
correlations were computed between the leukocytes and
body fat, lean body mass, and peak aerobic power. Data are
presented as mean7s.d. SAS statistical software (SAS, Cary,
NC, USA) was used for all analyses.
In addition, for exploratory purposes only, the data from
the OW group were further subdivided by BMI (BMI ¼ 85–95
percentile, n ¼ 7 and BMI495th percentile; n ¼ 16), and
compared to the normal weight group. Although the original
study design was not powered to assess these differences,
they are reported for completeness with the intent to address
the potential curiosity of some readers on this issue.

WBC

Gran

Lymph

Mono

Figure 1 Circulating levels of total white blood cells (WBC), total
granulocytes (Gran), total lymphocytes (Lymph), and monocytes (Mono) in
23 overweight children (BMI485th %tile) and 15 normal weight children
(BMIo85th %tile). Data are presented as group mean7s.d. *Po0.02–0.01
between groups.
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Role of 3-Hydroxy-3-Methylglutaryl
Coenzyme A Reductase Inhibitors,
Angiotensin-Converting Enzyme
Inhibitors, Cyclooxygenase-2 Inhibitors,
and Aspirin in Anti-Inflammatory and
Immunomodulatory Treatment of
Cardiovascular Diseases
Bernhard Schieffer,

MD,

and Helmut Drexler,

MD

The immunologic response in atherosclerosis involves
not only intrinsic cells of the artery wall, but also circulating leukocytes, lymphocytes, and macrophages. Interaction of various arms of the immune response modulates plaque development and stability, and it is
conceivable that immunologic effects of some cardiovascular therapies may contribute to their mechanism of
benefit. The preponderance of data has accrued with the
3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (statins). Statin effects, such as inhibition of T cell
activation, tissue factor expression, or reduction of
platelet hyperreactivity, may elicit beneficial effects in
vitro and in vivo in patients with coronary artery disease. Moreover, aspirin may limit oxidation of lipoproteins and fibrinogen, and it may inhibit cytokine-induced
nitric oxide synthase II expression. The hypothesis that

selective inhibition of cyclooxygenase-2 (COX-2) may
increase risk of myocardial infarction is controversial
and may also be of questionable clinical significance.
Finally, angiotensin-converting enzyme (ACE) inhibitors
not only reduce proinflammatory mediators, such as
interleukin-6, but also enhance the concentration of
anti-inflammatory cytokines, such as interleukin-10.
Because ACE is expressed at the shoulder region of
atherosclerotic plaques, and ACE activity is enhanced in
unstable plaques, ACE inhibition may also contribute to
plaque stability. This article reviews the potential
immunomodulatory potencies of aspirin, COX-2 inhibitors, statins, and ACE inhibitors as established
pharmacotherapy in patients with coronary artery
disease. 䊚2003 by Excerpta Medica, Inc.
Am J Cardiol 2003;91(suppl):12H–18H

therosclerosis is a chronic inflammatory disease
that is initiated and perpetuated by cross-talk
A
between shared pathways of adaptive and innate im-

cular biomechanics and oxidative stress. This combined immune/inflammatory response involves endothelial and smooth muscle cells and the accumulation
of lipids and fibrous materials in atheromatous plaques
of the vessel wall. Moreover, this inflammatory response involves not only intrinsic cells of the artery
wall but also requires the recruitment of circulating
leukocytes, lymphocytes, and macrophages into the
vessel wall (Figure 1).
Because plaque composition and vulnerability
have emerged as more critical determinants of plaque
rupture than the degree of luminal stenosis, the interaction of various arms of the immune response predicts the perpetuation of atherosclerosis and the stability of atherosclerotic plaques (Figure 1). In the
future, enhanced understanding of these processes
may provide new targets for pharmacologic treatment.
Suppressing ⱖ1 components of the immune or inflammatory systems may contribute to reduction in cardiovascular risk. Therefore, the present review will discuss the potential immunomodulatory potencies of
aspirin, cyclooxygenase-2 (COX-2) inhibitors, 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (statins), and angiotensin-converting enzyme
(ACE) inhibitors as established pharmacotherapy in
patients with coronary artery disease.

munity. First, components of the innate immunity
(phagocytic leukocytes, activated complement, and
proinflammatory cytokines) are rapidly mobilized.
Later on, adaptive immunity (involving T cells, antibody formation, and immunoregulatory cytokines)
modulates disease activity and progression. Immune
processes can further influence the balance between
cell proliferation and apoptosis, between synthetic and
degradative processes (ie, matrix metalloproteases and
their tissue inhibitors), and between prothrombotic
and antithrombotic processes. Risk factors such as
lipoproteins and their oxidized products modulate aspects of immune response, whereas risk factors such
as hypertension and cigarette smoking modulate vasFrom the Department of Cardiology and Angiology, Medizinische
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