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Hypercholesterolemia, not metabolic syndrome, related to adhesion of
monocytes to cultured endothelium in nondiabetic subjects
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Abstract

The interaction of leukocytes and endothelium plays an important role in the development of atherosclerosis. Previous studies found that
adhesion of leukocytes to endothelium is greater in subjects with hypercholesterolemia. It is not clear if metabolic syndrome, a contributing
risk factor of cardiovascular disease, is related to this adhesion. Therefore, we conducted a study, in which 48 nondiabetic subjects were
enrolled, to determine the relationship between leukocyte adhesion and the components of metabolic syndrome. After a 12-hour overnight
fast, subjects’ fasting blood was obtained for measurement of lipoprotein concentrations and glucose and insulin levels. Results of the
number of monocyte adhesion to human umbilical vein endothelial cells were divided into high monocyte adhesion group and low monocyte
adhesion group (n = 24 in each group). Plasma concentrations of total cholesterol (245 + 5 vs 229 + 4 mg/dL, P = .021) and low-density
lipoprotein cholesterol (LDL-C) (162 + 4 vs 146 + 3 mg/dL, P = .003) were both higher in the high monocyte adhesion group than in the
low monocyte adhesion group. Monocyte adhesion was significantly correlated to plasma concentrations of LDL-C (» = 0.407, P = .002)
but not to the total cholesterol (» = 0.202, P = .085). However, there was no difference in monocyte adhesion to endothelium between
subjects with or without metabolic syndrome, based on the modified criteria from the Adult Treatment Panel III of the National Cholesterol
Education Program. Insulin resistance index, presented as homeostasis model assessment insulin resistance, and glucose or insulin responses
to oral glucose tolerance test were similar between groups. Our study demonstrated that monocyte adhesion to endothelium has a stronger
relationship with the plasma concentration LDL-C than with characteristics of metabolic syndrome.
© 2005 Elsevier Inc. All rights reserved.

1. Introduction of inflammation and destruction of endothelial functions [3].
A previous study indicated that early hypercholesterolemia
in cholesterol-fed rabbits can enhance leukocyte-endotheli-
um interaction [4]. One of the most important processes is
the activation of monocytes, including the up-regulation of
adhesion molecules [5,6].

Diabetes is associated with inflammation and is a well-
known risk factor of coronary heart disease [7-9]. Increased
adhesion of leukocytes to endothelium has been reported in
diabetic subjects [10,11]. Emerging evidence indicates that
metabolic syndrome is not only associated with inflamma-
—— ) ) ) tion but also important in atherosclerosis and coronary heart
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The endothelium is a layer of cells spreading over the
inner vascular surface with the function of preventing
thrombogenesis. However, endothelial cells are continuously
exposed to all components of blood in circulation. Some
conditions, such as hypercholesterolemia and inflammation,
will induce endothelial disorder and predispose individuals
to atherosclerosis [1,2]. Leukocyte adhesion to the internal
surface of vessels plays an important role in the development
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molecules in healthy subjects [15,16]. However, the relative
contribution of cholesterol and metabolic syndrome in
enhancing interaction between monocytes and cultured
endothelium is still unclear. We, therefore, conducted a
study to determine the relationship between leukocyte
adhesion and the components of metabolic syndrome in a
group of nondiabetic patients with hypercholesterolemia.

2. Methods
2.1. Patients and methods

This study was conducted in the Division of Endocrinol-
ogy and Metabolism of Taichung Veterans General Hospital,
Taiwan. Subjects with low-density lipoprotein cholesterol
(LDL-C) between 130 and 210 mg/dL were enrolled. The ex-
clusion criteria were (1) being younger than 20 or older than
75 years old, (2) plasma triglycerides more than 400 mg/dL,
(3) a history of drug or alcohol abuse, (4) impaired hepatic
function (the values of liver function tests more than the upper
limit of normal range), (5) diabetic patients, (6) secondary
hypercholesterolemia due to hypothyroidism or the nephritic
syndrome, (7) current treatment with 3-hydroxy-3-methyl-
glutaryl coenzyme A reductase inhibitors or fibric acid
derivatives, and (8) current use of immunosuppressive drugs.
This study was approved by a local institutional review
board, and all participants gave written consent.

All blood samples were drawn after overnight fasting.
The definitions of the 5 components of the metabolic
syndrome, including waist circumference, blood pressure
(BP), the fasting plasma concentrations of high-density
lipoprotein cholesterol (HDL-C), triglycerides, and glucose,
were accessed based on the Third Report of the National
Cholesterol Education Program (NCEP) [17], except for a
modified criteria of waist with circumference of more than
90 cm in men and more than 80 cm in women to categorize
the presence of central obesity [18]. The 75-g oral glucose
tolerance test (OGTT) was performed for excluding
diabetes. We also collected the plasma concentrations of
glucose and insulin at 0, 30, 60, 90, and 120 minutes during
OGTT. Fasting plasma concentrations of glucose and insulin
were used for a quantitative evaluation of insulin resistance
according to the homeostasis model assessment, which was
described by Matthews et al [19]. The homeostasis model
assessment insulin resistance (HOMA IR) index = (fasting
insulin [ulU/mL] X fasting glucose [mmol/L])/22.5. All
data of glucose and insulin during OGTT were used for
calculating the area under the curve for glucose (Glu-AUC)
and the area under the curve for insulin (Ins-AUC). Glucose
levels were measured enzymatically using the glucose
oxidase—peroxidase method using commercial kits (WAKO,
Tokyo, Japan). Plasma total cholesterol and triglyceride
concentrations were assayed by enzymatic analysis using
commercial kits (WAKO) [20,21]. The HDL-C level was
determined in the supernatant of plasma after magnesium
chloride—phosphotungstic precipitation of apolipoprotein

B-—containing lipoproteins [22]. Low-density lipoprotein
cholesterol level was calculated according to the method
of Friedewald et al [23].

We collected the additional fasting blood samples of the
subjects about 10 mL into the tube with 0.1 mol/L sodium
citrate, and purified the mononuclear cells by Ficoll-
Hypaque (density 1.077; Biochrom AG, Berlin, Germany)
gradient centrifugation (900g, 30 minutes). Primary human
umbilical vein endothelial cells had been prepared in 24-well
plates, and about 5 x 10° mononuclear cells were added to
attach for 30 minutes at 37°C. Afterwards, nonadherent cells
were removed by washing twice, and the remaining cells
were detached from plates by treatment with trypsin-EDTA.
The cell suspensions were washed and labeled with CD45-
conjugated phycoerythrin for 30 minutes. After further
washing, the cell suspensions were assayed by flow
cytometry (FACScan; Becton Dickinson, Mountain View,
Calif). With this method, it is easy to discriminate
fluorochrome-labeled monocytes from endothelial cells.
Computer analysis was performed using Lysis Il software
(Becton Dickinson) [24].

All descriptive data were presented as mean + SEM.
Statistical analyses were conducted by a nonparametric
Mann-Whitney U test to compare the components of
metabolic syndrome, the numbers of monocyte adhesions,
HOMA IR, Glu-AUC, and Ins-AUC. The XZ test was used
to assess the differences based on sex and patients with
metabolic syndrome in the 2 groups. The relationship
between monocyte adhesion and cholesterol was determined
by Spearman correlation. Statistical analysis was performed
using a Macintosh computer with StatView IV software
(Abacus Concepts, Berkeley, Calif).

3. Results

A total of 48 subjects completed all of the assessments in
the study. For analysis of the relationship between monocyte

Table 1
Clinical characteristics of the study subjects

High monocyte Low monocyte P

adhesion adhesion

n 24 24

Sex (M/F) 16:8 15:9 763
Age (y) 58 £2 56 £ 2 457
Total cholesterol (mg/dL) 245 £ 5 229 + 4 021%*
LDL-C (mg/dL) 162 + 4 146 + 3 .003*
Waist (cm) 888 + 1.4 90.0 £ 2.0 .620
Waist-hip ratio 0.88 + 0.01 0.89 + 0.01 293
Body mass index (kg/m?) 25.8 £ 0.6 26.0 £ 0.7 789
Systolic BP (mm Hg) 118 + 3 117 £ 4 1.000
Diastolic BP (mm Hg) 70 £ 2 70 + 2 790
HDL-C (mg/dL) 50 £2 52+3 .828
Triglyceride (mg/dL) 164 + 17 162 + 18 .861
Fasting glucose (mg/dL) 94 +2 94 + 2 .893
Metabolic syndromes (persons) 7 6 745

M indicates male; F, female.
* P < .05.
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Fig. 1. (A) Correlation between monocyte adhesion and plasma concen-
trations of LDL-C (r = 0.407, P = .002). (B) Correlation between monocyte
adhesion and plasma concentrations of total cholesterol ( = 0.202, P = .085).

adhesion and metabolic syndrome, these patients were
divided into 2 equal-number subgroups by median of
monocyte count that adhered to endothelium. A significant-
ly larger number of monocytes adhered to endothelium in
the high monocyte adhesion group than in the low monocyte
adhesion group (3523 £ 322 vs 1031 £ 101 cells,
respectively; P < .001). There were no significant differ-
ences based on sex and age between groups (Table 1).

Table 2
The relationship between cell counts of monocyte adhesion (cells) and the
presence of each metabolic syndrome component

Yes No P
1821 + 241 2815 + 436 .063

Waist circumference
Men >90 cm
Women >80 cm

Triglycerides > 150 mg/dL 2195 + 469 2326 £+ 283 443

HDL-C 1937 + 293 2402 + 320 .719
Men <40 mg/dL
Women <50 mg/dL

BP >130/>85 mm Hg 1925 + 283 2452 + 341 .585

Fasting glucose > 110 mg/dL 3550 £ 1696 2160 + 225 .654
Metabolic syndrome (=3 components) 1875 + 228 2426 + 320 .523

Table 3
The insulin resistance index of the study subjects

High monocyte ~ Low monocyte P

adhesion adhesion
HOMA IR 2.0+ 02 2.1 +03 984
([uIU/mL] - [mmol/L])
Glu-AUC (mmol/L per hour) 17.7 £ 0.7 17.1 £ 0.9 .682

Ins-AUC (pmol/L per h) 1082.8 + 121.0 785.6 + 111.1  .098

Fasting plasma concentrations of total cholesterol were
significantly higher in subjects of the high monocyte
adhesion group than in those of the low monocyte adhesion
group (245 + 5 vs 229 + 4 mg/dL, respectively; P = .021).
Fasting plasma concentrations of LDL-C were also higher in
the high monocyte adhesion group (162 + 4 vs 146 +
3 mg/dL, P = .003) (Table 1). The monocyte adhesion counts
showed a significant correlation to the plasma concentrations
of LDL-C (» = 0.407, P = .002) but not to the total
cholesterol (» = 0.202, P = .085) (Fig. 1).

There was no significant difference in any of the
5 components of the metabolic syndrome, including the
waist circumference (P = .620), BP (systolic BP, P = 1.000;
diastolic BP, P = .790), the fasting plasma concentrations of
HDL-C (P = .828), triglycerides (P = .861), and glucose
(P = .893) between groups (Table 1). In addition, there was
no significant difference in the number of subjects with
metabolic syndrome, defined as the presence of 3 or more
modified criteria of metabolic syndrome by the Adult
Treatment Panel III of the NCEP, between groups
(P = .745). Furthermore, we analyzed the difference in the
number of monocyte adhesions between the subjects with or
without the presence of each criterion of metabolic syndrome,
and there was no statistically significant difference (Table 2).

The insulin resistance, estimated by HOMA IR, was
relatively comparable between the high and low monocyte
adhesion groups (2.0 = 0.2 vs 2.1 £ 0.3 [pIlU/mL] -
[mmol/L], respectively; P = .984). There were no signif-
icant differences in Glu-AUC (17.7 £ 0.7 vs 17.1 £ 0.9
mmol/L per hour, P = .682) and Ins-AUC (1082.8 £+ 121.0
vs 785.6 = 111.1 pmol/L per hour, P = .098) during OGTT
between these 2 groups (Table 3).

4. Discussion

Endothelial dysfunction is considered as one of the
important causes of cardiovascular disease. The impairment
of endothelial function is related to a high concentration of
cholesterol, particularly LDL-C [25,26]. The change in
endothelium of abnormal lipoprotein can occur before the
development of atheroma, and the effect is not restricted to
the site of atheroma [1]. In our study, higher plasma
concentrations of total cholesterol and LDL-C were found in
subjects with greater adhesion of monocytes to cultured
endothelium. The adhesion of leukocytes to endothelium
has been observed in the process of endothelial dysfunction
and atherosclerosis [26]. The exact mechanism of mono-
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cyte-endothelial interaction is unclear, but it may be
involved in the effect of oxidation of lipoprotein, up-
regulation of angiotensin II on monocytes, and the
presentation of adhesion molecules [16,27-32].

Metabolic syndrome is also thought to increase the risk
for cardiovascular disease [33-35]. However, its association
with the increased adhesion of monocytes and endothelium
remains unknown. In this study, we were unable to
demonstrate the relationship between adhesion of mono-
cytes to cultured endothelium and metabolic syndrome,
either with individual components or metabolic syndrome as
a whole. This indicated that monocyte adhesion to cultured
endothelium is regulated mainly by the influence of
hypercholesterolemia.

Hyperglycemia per se may influence the binding of
monocytes to endothelium, and the expression of adhesion
molecules may be more frequent in the effect of diabetes
than in hyperlipidemia [36]. Therefore, we excluded the
subjects with diabetes. Thomas et al [37] demonstrated that
endothelial dysfunction is related to the level of plasma
glucose in the healthy population. In their study, however,
LDL-C and total cholesterol were higher in the high-glucose
group. In our study, the interaction of monocytes with
endothelium was not related to the plasma glucose
concentration or the Glu-AUC.

In accordance with our finding, Chen et al [16]
demonstrated that monocyte adhesion is not related to body
mass index, triglyceride, or HDL-C. However, they did find
that monocyte adhesion was associated with insulin
resistance, not LDL-C concentration. These discrepancies
may be explained by differences in populations and the
relatively low cholesterol levels in their study population.
Our findings seem to suggest that LDL-C is a greater
determinant than insulin resistance and any component of
metabolic syndrome in regulating interaction between
monocytes and endothelium. We compared the number of
subjects with metabolic syndrome (presence of 3 or more
risk factors as defined by the criteria of the NCEP of the
Adult Treatment Panel III) in both groups, but no difference
was found (P = .523).

According to the NCEP, the primary goal of therapy for
hypercholesterolemia is controlling LDL-C. It is probably
more important than dealing with metabolic syndrome [17].
In view of the interaction of monocytes and endothelium,
our findings support this recommendation.

In conclusion, monocyte adhesion to cultured endotheli-
um is related to the plasma concentration LDL-C rather
than the presence of metabolic syndrome or its individ-
ual components.

Acknowledgment

This study was supported by grants from the National
Science Council, Taipei, Taiwan, ROC (NSC 93-2314-
B075A-002), and Taichung Veterans General Hospital,
Taichung, Taiwan, ROC (TCVGH-NCHU91P103).

References

[1] Dart AM, Chin-Dusting JP. Lipids and the endothelium. Cardiovasc
Res 1999;43:308-22.

[2] Ross R. Atherosclerosis—an inflammatory disease. N Engl J Med
1999;340:115-26.

[3] Landmesser U, Hornig B, Drexler H. Endothelial function: a critical
determinant in atherosclerosis? Circulation 2004;109:1127 -1133.

[4] Scalia R, Appel III JZ, Lefer AM. Leukocyte-endothelium interaction
during the early stages of hypercholesterolemia in the rabbit: role of
P-selectin, ICAM-1, and VCAM-1. Arterioscler Thromb Vasc Biol
1998;18:1093 - 100.

[5] Turk JR, Carroll JA, Laughlin MH, et al. C-reactive protein correlates
with macrophage accumulation in coronary arteries of hypercholes-
terolemic pigs. J Appl Physiol 2003;95:130-1301.

[6] Pawluczyk 1Z, Harris KP. Cholesterol feeding activates macrophages
to upregulate rat mesangial cell fibronectin production. Nephrol Dial
Transplant 2000;15:116-61.

[7] Kannel WB, McGee DL. Diabetes and cardiovascular disease. The
Framingham study. JAMA 1979;241:2035-8.

[8] Ford ES. Body mass index, diabetes, and C-reactive protein among
US adults. Diabetes Care 1999;22:1971-7.

[9] Pradhan AD, Manson JE, Rifai N, et al. C-reactive protein, interleukin
6, and risk of developing type 2 diabetes mellitus. JAMA 2001;
286:327-34.

[10] Kim JA, Berliner JA, Natarajan RD, et al. Evidence that glucose
increases monocyte binding to human aortic endothelial cells.
Diabetes 1994;43:1103-7.

[11] Kunt T, Forst T, Fruh B, et al. Binding of monocytes from
normolipidemic hyperglycemic patients with type I diabetes to
endothelial cells is increased in vitro. Exp Clin Endocrinol Diabetes
1999;107:252-6.

[12] Rutter MK, Meigs JB, Sullivan LM, et al. C-reactive protein, the
metabolic syndrome, and prediction of cardiovascular events in the
Framingham Offspring Study. Circulation 2004;110:380-5.

[13] Yudkin JS, Juhan-Vague I, Hawe E, et al. Low-grade inflammation
may play a role in the etiology of the metabolic syndrome in patients
with coronary heart disease: the HIFMECH study. Metabolism 2004;
53:852-7.

[14] Bonora E, Kiechl S, Willeit J, et al. Carotid atherosclerosis and
coronary heart disease in the metabolic syndrome: prospective data
from the Bruneck study. Diabetes Care 2003;26:1251-7.

[15] Chen NG, Holmes M, Reaven GM. Relationship between insulin
resistance, soluble adhesion molecules, and mononuclear cell binding
in healthy volunteers. J Clin Endocrinol Metab 1999;84:3485-9.

[16] Chen NG, Abbasi F, Lamendola C, et al. Mononuclear cell adhesion to
cultured endothelium is enhanced by hypertension and insulin
resistance in healthy nondiabetic volunteers. Circulation 1999;31:
940-3.

[17] Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults. Executive Summary of the Third
Report of the National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (Adult Treatment Panel III). JAMA
2001;285:2486-97.

[18] Tan CE, Ma S, Wai D, et al. Can we apply the National Cholesterol
Education Program Adult Treatment Panel definition of the metabolic
syndrome to Asians? Diabetes Care 2004;27:1182-6.

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

[20] Allain CC, Poon LS, Chan CS, et al. Enzymatic determination of total
serum cholesterol. Clin Chem 1974;20:470-5.

[21] Wahiefeld AW. Triglyceride: determination after enzymatic hydroly-
sis. In: Bergmyer HU, editor. Method of enzymatic analysis. New
York (NY): Academic Press; 1974. p. 1831-5.



L-T. Lee et al. / Metabolism Clinical and Experimental 54 (2005) 1467—1471 1471

[22] Brisk PS, Albers JJ. Precipitation methods for quantification of
lipoprotein. In: Albers JJ, Segrest JP, editors. Methods in enzymology,
vol. 129. London (UK): Academic Press; 1986. p. 78-100.

[23] Friedewald WT, Levy RI, Fredrickson DS. Estimation of the
concentration of low-density lipoprotein cholesterol in plasma without
use of the preparative ultracentrifuge. Clin Chem 1972;18:499-502.

[24] Korlipara LV, Leon MP, Rix DA, et al. Development of a flow
cytometric assay to quantify lymphocyte adhesion to cytokine-
stimulated human endothelial and biliary epithelial cells. J Immunol
Methods 1996;191:121-30.

[25] Stokes KY, Cooper D, Tailor A, et al. Hypercholesterolemia promotes
inflammation and microvascular dysfunction: role of nitric oxide and
superoxide. Free Radic Biol Med 2002;33:1026-36.

[26] Fan J, Watanabe T. Inflammatory reactions in the pathogenesis of
atherosclerosis. J Atheroscler Thromb 2003;10:63-71.

[27] Faggiotto A, Ross R, Harker L. Studies of hypercholesterolemia in the
nonhuman primate. I. Changes that lead to fatty streak formation.
Arteriosclerosis 1984;4:323-40.

[28] Leitinger N, Oguogho A, Rodrigues M, et al. The effect of NO/EDRF
and monocytes/macrophages on LDL-oxidation. J Physiol Pharmacol
1995;46:385-408.

[29] Diet F, Pratt RE, Berry GJ, et al. Increased accumulation of tissue
ACE in human atherosclerotic coronary artery disease. Circulation
1996;94:2756-67.

[30] Niebauer J, Tsao PS, Lin PS, et al. Cholesterol-induced upregulation
of angiotensin II and its effects on monocyte-endothelial interaction
and superoxide production. Vasc Med 2001;6:133-8.

[31] Huo Y, Ley K. Adhesion molecules and atherogenesis. Acta Physiol
Scand 2001;173:35-43.

[32] Ramos CL, Huo Y, Jung U, et al. Direct demonstration of P-selectin—
and VCAM-1-dependent mononuclear cell rolling in early athero-
sclerotic lesions of apolipoprotein E—deficient mice. Circ Res 1999;
84:1237-344.

[33] Olijhoek JK, van der Graaf Y, Banga JD, et al. The metabolic
syndrome is associated with advanced vascular damage in patients
with coronary heart disease, stroke, peripheral arterial disease or
abdominal aortic aneurysm. Eur Heart J 2004;25:342 - 8.

[34] Hsueh WA, Lyon CJ, Quinones MJ. Insulin resistance and the
endothelium. Am J Med 2004;117:109-17.

[35] Malik S, Wong ND, Franklin SS, et al. Impact of the metabolic
syndrome on mortality from coronary heart disease, cardiovascular
disease, and all causes in United States adults. Circulation 2004;
110:1245-50.

[36] Richardson M, Hadcock SJ, DeReske M, et al. Increased expression in
vivo of VCAM-1 and E-selectin by the aortic endothelium of
normolipemic and hyperlipemic diabetic rabbits. Arterioscler Thromb
1994;14:760-9.

[37] Thomas GN, Chook P, Qiao M, et al. Deleterious impact of “high
normal” glucose levels and other metabolic syndrome components on
arterial endothelial function and intima-media thickness in apparently
healthy Chinese subjects: the CATHAY study. Arterioscler Thromb
Vasc Biol 2004;24:739-43.



	Hypercholesterolemia, not metabolic syndrome, related to adhesion of monocytes to cultured endothelium in nondiabetic subjects
	Introduction
	Methods
	Patients and methods

	Results
	Discussion
	Acknowledgment
	References


