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OBJECTIVE — To compare the binding to cultured endothelial cells of mononuclear cells
isolated from healthy volunteers and patients with NIDDM.

RESEARCH DESIGN AND METHODS— Mononuclear cells were isolated from
healthy volunteers (n = 11) and patients with NIDDM (n = 14) and incubated with ECV 304
cells, a human umbilical endothelial cell-derived transformed cell line. Following a period of
incubation, the adherence of mononuclear cells to endothelial cells was determined.

RESULTS — Adherence of mononuclear cells from patients with NIDDM was significantly
greater (P < 0.05) than that of cells isolated from the healthy volunteers, and this difference per-
sisted when adjusted for age, sex, and degree of obesity. Mononuclear cell binding to ECV 304
cells correlated significantly with fasting plasma glucose (r = 0.52, P < 0.01), insulin (r = 0.51,
P < 0.01), triglyceride (r = 0.54, P < 0.01), and VLDL (r = 0.54, P < 0.01) and HDL cholesterol
(r = —0.45, P < 0.05) levels, but not with either total or LDL cholesterol levels or blood pressure.

CONCLUSIONS — Since the adherence of mononuclear cells to the endothelium repre-
sents the earliest step in atherogenesis, the observation that mononuclear cells from patients
with NIDDM bind more avidly to cultured endothelial cells may help explain why accelerated
atherosclerosis occurs in patients with NIDDM. The metabolic abnormality, or abnormalities,
present in patients with NIDDM that is responsible for the enhanced adhesiveness of mononu-
clear cells requires further examination.

Although there is widespread agree-
ment that coronary heart disease
(CHD) is the major cause of morbid-

ity and mortality in patients with NIDDM,
it is not totally clear why this is so. Patients
with NIDDM are known to have abnor-
malities of lipoprotein metabolism, and the
increased prevalence in these individuals of
high plasma triglyceride and low HDL cho-
lesterol concentrations (2), accompanied
by smaller and denser LDL particles (3),
has tended to focus interest on the link
between dyslipidemia and CHD. However,
the importance of changes in the interac-
tion between circulating blood elements

and the vessel wall in the initiation of the
atherogenic lesion has received a great deal
of recent attention. Indeed, the earliest
observable abnormality of the vessel wall in
animal models of atherosclerosis is enhanced
monocyte adherence to the endothelium
(4), mediated by alterations in the expres-
sion/activity of adhesion molecules and
chemotactic proteins.

In this context, two recent preliminary
observations from our research group are of
considerable interest. Specifically, we have
shown that mononuclear cells from dys-
lipidemic subjects adhere with increased
avidity to cultured endothelial cells (5) and
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that thoracic aorta isolated from diabetic
rats bind monocytes to an increased degree
(6). Based on these data and prior evidence
that metabolic perturbations can affect
mononuclear binding to endothelium (7,
8), the present study was initiated to com-
pare adherence to cultured endothelial cells
of mononuclear cells isolated from healthy
subjects and patients with NIDDM.

RESEARCH DESIGN AND
METHODS— The study was per-
formed in 25 volunteers: 14 sulfonylurea-
treated NIDDM patients and 11 healthy
subjects. It can be seen from the data in
Table 1 that the patients with NIDDM were
somewhat older, more obese as estimated
by BMI, and had higher values for systolic
blood pressure.

Blood was drawn after an overnight
fast for the measurement of glucose,
insulin, glycated hemoglobin, and lipid and
lipoprotein concentrations (9) and for the
isolation of mononuclear cells for adhe-
sion studies (10). The viability of the iso-
lated cells was assessed by trypan blue
exclusion, and mononuclear cells isolated
in this manner contain ~3—10% mono-
cytes, —45% T-lymphocytes, and —45% B-
lymphocytes.

Binding assays were performed with
ECV 304 cells, a human umbilical vein
endothelial cell-derived transformed cell
line (11). Endothelial cells were maintained
in M199 with 10% fetal calf serum, split
into 35-mm diameter wells on six-well
plates three days before the adhesion
assays, and confluency-confirmed before
the binding studies. The adhesion of
mononuclear cells to endothelial cells was
assessed using previously established
methods (12,13). Briefly, freshly isolated
human mononuclear cell suspensions (3 X
106/ml final concentration) were added to
the wells containing confluent endothelial
monolayers; the six-well plates were trans-
ferred to a rocking platform, where they
were rocked for 30 min at room tempera-
ture, turning the six-well plates 90° at 15
min. After 30 min, nonadherent cells were
removed and plates rocked for an addi-
tional 5 min with fresh binding buffer.
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Table 1—Clinical characteristics of control subjects and patients with NIDDM

n
Age (years)
Sex (M/F)
Known diabetes duration (years)
BM1 (kg/m2)
Smokes (yes/no)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Glucose (mg/dl)
Insulin (uU/ml)
Glycated hemoglobin (%)
Triglyceride (mg/dl)
Total cholesterol (mg/dl)
VLDL cholesterol (mg/dl)
HDL cholesterol (mg/dl)
LDL cholesterol (mg/dl)

Control subjects

11
50 ±3

6/5
—

24.5 ±0.9
1/10

118 ± 3
74 ±3
93 ±3

9 ± 1
—

96 ±14
202 ±9

19 ±3
52 ±2

131 ±7

NIDDM patients

14
61 ±2
10/4
6 ± 1

28.1 ±1.3
2/12

140 ±5
80 ± 3

198 ± 13
19 ±6
12 ±1

247 ± 34
207 ± 14

46 ±6
36 ±2

121 ± 10

P value

<0.001
NS
—

<0.05
NS

<0.005
NS

<0.001
NS
—

<0.005
NS

<0.001
<0.001

NS

Data are n or means ± SE. NS, not significant.

Binding buffer was then replaced with
Hank's balanced salt solution containing
2% gluteraldehyde to fix the remaining
cells. Adherent cells were quantified by
videomicroscopy, using a computer-aided
image analysis system (Image Analyst,
Automatix, Boston, MA).

In six individuals, three NIDDM
patients and three control subjects, addi-
tional experiments were performed to iden-
tify the subtypes of mononuclear cells
found in the bound populations (14,15).
After the nonadherent cells were washed
away, the remaining cells (bound mononu-
clear cells and endothelial cells) were
detached with EDTA (5 mmol/1) to form
single-cell suspensions, and 10% fetal calf
serum was added to ensure cell viability. To
quantify the relative proportion of different
cell types found in the mixed populations,
cell suspensions (2 X 105/ml) were incu-
bated for 25 min on ice with anti-human
monoclonal antibodies (mAbs) to specify
cell surface markers. Specifically, mAbs used
were FITC-anti-CD3 (Pharmagen; 1:100) to
identify T-lymphocytes and PE-anti-CD14
(Pharmagen, 1:100) to identify monocytes.
Cells were then washed of excess antibodies
and the mixed populations analyzed by
flow cytometry, using a highly modified
dual-laser FACSIV (Becton Dickinson, San
Jose, CA). Endothelial cells were electroni-
cally gated out by their size in comparison
to circulating mononuclear cells. The
remaining cells (not labeled by specific
mAbs and not gated out by size) were con-
sidered to be B-lymphocytes. Fluorescently

labeled beads were employed as calibrators
during cell counting to allow for the quan-
tification of the absolute number of cells.

Data are expressed as mean ± SE. Stu-
dent's nonpaired t test was used to compare
the two groups in terms of their demo-
graphic and metabolic covariates. Differ-
ences in mononuclear cell binding were
compared by one-way analysis of variance,
before and after adjusting for differences in
age, sex, and BMI. Finally, the relationship
between mononuclear cell binding and rel-
evant covariates was estimated by Pearson's
simple and partial correlation coefficients.
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p < 0.005

Controls NIDDM

RESULTS— In addition to fasting
hyperglycemia and elevated glycated
hemoglobin levels, the results in Table 1
show that patients with NIDDM also had
significantly higher fasting plasma insulin,
triglyercide, and VLDL cholesterol concen-
trations and lower HDL cholesterol con-
centrations. However, the two groups had
similar values for total fasting cholesterol
and LDL cholesterol concentrations.

The binding of isolated mononuclear
cells isolated from each group to cultured
endothelial cells is illustrated in Fig. 1. The
data in the left panel represent the actual
experimental results. The adherence of
mononuclear cells from patients with
NIDDM was significantly higher (P <
0.005) than that of cells isolated from the
control population. Since patients with
NIDDM were older and more obese, the
binding data were adjusted for differences
in age, sex, and BMI. If anything, the dif-
ference between the two groups was greater
after adjustment.

The data in Fig. 1 present the binding
of the entire population of mononuclear
cells. In a subset of the two experimental
groups (three control subjects and three
NIDDM patients), FACS analysis of the
bound cells was performed. There tended
to be an enrichment of monocytes in the
NIDDM group (NIDDM patients vs. con-
trol subjects, 15 vs. 18%), although this did
not reach statistical significance, possibly
due to the small size of the experimental
groups. However, an increase in monocyte
binding cannot entirely explain the increase

ADJUSTED

p < 0.005

Controls NIDDM

Figure 1—Comparison of the number of mononuclear cells isolated from the control subjects and
NIDDM patients adherent to cultured endothelial cells per high power field (HPF). Data in the left panel
present the actual values, and data in the right panel present the comparison between the two groups
adjusted for differences in age, sex, and BMI.
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Table 2—Correlation coefficients (r) between mononuclear cell binding and metabolic vari-
ables

Variable

Systolic blood pressure
Diastolic blood pressure
Fasting glucose
Fasting insulin
Triglyceride
Total cholesterol
VLDL cholesterol
LDL cholesterol
HDL cholesterol

r

0.35
0.26
0.52
0.44
0.54
0.33
0.54

-0.08
-0.45

Simple
P

NS
NS

<0.01
<0.05
<0.01

NS
<0.01

NS
<0.05

r

0.24
0.14
0.39
0.44

<0.46
0.32
0.46
0.25

<0.42

Partial
P

NS
NS

0.09
<0.05
<0.05

NS
<0.05

NS
0.07

NS, not significant.

in bound mononuclear cells. It is possible
that NIDDM induces a generalized activa-
tion of mononuclear cells, in which case
other determinants of adhesion and infil-
tration determine the preferential accumu-
lation of monocytes and T-lymphocytes in
vascular lesions.

The results in Table 1 indicate that there
were multiple metabolic differences
between the two groups of patients. To gain
insight into the association between these
changes and mononuclear cell binding,
simple correlation coefficients were calcu-
lated between metabolic variables and bind-
ing to endothelial cells. The results in Table
2 demonstrate that significant relationships
were seen in the entire population between
mononuclear cell binding and fasting
plasma glucose, insulin, triglyceride, and
VLDL and HDL cholesterol concentrations.
However, significant correlations were not
seen between binding and either total cho-
lesterol or LDL cholesterol concentrations
or blood pressure. Partial correlations were
also calculated for all these variables, adjust-
ing for differences in age, sex, and BMI.
These results are also shown in Table 2, and
although decreased in magnitude, the gen-
eral association between mononuclear cell
binding and metabolic variables remained.

CONCLUSIONS— Evidence has been
previously published showing increased
adherence to endothelium of mononuclear
cells isolated from nondiabetic subjects with
hypercholesterolemia, with and without
associated hypertriglyceridemia (5,7,8).
More recently, enhanced binding of mono-
cytes to endothelial cells has also been
demonstrated in patients with NIDDM who
were both hypercholesterolemic and hyper-
triglyceridemic, compared with control sub-

jects (16). In contrast to our results,
Hoogerbrugge et al. (16) found that the
degree of monocyte binding was related to
both plasma triglyceride and LDL choles-
terol concentrations but not glycemia. Our
results differ from their findings in that we
could discern a relationship between
mononuclear cell binding and plasma
triglyceride but not LDL cholesterol con-
centrations. We also found a relationship of
marginal statistical significance (r = 0.39, P
= 0.09) between the degree of binding and
the level of glycemia, even when the corre-
lation coefficient was corrected for differ-
ences in age, sex, and BMI. The difference
between our results and those of Hooger-
brugge et al. (16) regarding the effect of
glycemia on mononuclear cell binding may
be due to the fact that the vast majority of
their patients were insulin-treated. The dis-
parity with respect to LDL cholesterol con-
centrations could be explained by the fact
that our patients were not hypercholes-
terolemic. On the other hand, we believe
that these differences in detail between the
two studies are not as important at this
juncture as the fact that the results of both
show that mononuclear cells from patients
with NIDDM bind to endothelial cells with
enhanced avidity. Taken together, their
results and ours focus on the view that this
phenomenon may help explain the acceler-
ated atherogenesis seen in these patients.
Given the importance of mononuclear cell
binding to endothelium in the initiation of
atherogenesis and the uncertainty as to why
the risk of CHD is accentuated in patients
with NIDDM, we believe these observa-
tions to be potentially of great importance.
Consequently, we plan to initiate additional
studies aimed at defining the metabolic
abnormality (or abnormalities) in patients

with NIDDM that may account for this phe-
nomenon.
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