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Summary  The adhesion of leucocytes to the endothe- 
lium, an early step in atherogenesis, is mediated by 
cell adhesion molecules. In this study we evaluated 
the concentration of soluble adhesion molecules in 
patients with insulin-dependent (IDDM) and non-in- 
sulin-dependent diabetes mellitus (NIDDM) and 
studied its relation to glycaemic control. Soluble ad- 
hesion molecules E-selectin, intercellular adhesion 
molecule-1 (ICAM-1) and vascular adhesion mole- 
cule-1 (VCAM-1) were measured in 31 diabetic pati- 
ents (18 with IDDM and 13 with NIDDM), 20 hyper- 
lipoproteinaemic patients (10 with type I Ia  and 10 
with type IIb) and 20 healthy subjects. Increased E- 
selectin concentrations were found in the patients 
with IDDM and NIDDM and in the hyper- 
lipoproteinaemic patients when compared to the con- 
trol subjects (p < 0.01 for all the groups). ICAM-1 
was found to be elevated only in the patients with 

NIDDM (p <0.01). No significant differences in 
VCAM-1 concentration were found in the different 
groups of subjects. The concentration of plasma E-se- 
lectin was positively correlated with the glycated hae- 
moglobin (r = 0.54, p < 0.01) in patients with IDDM 
and NIDDM. In the same patients E-selectin was 
not related to the concentrations of plasma lipids in 
spite of the fact that it was found to be elevated in hy- 
perlipoproteinaemic subjects. The results though pre- 
liminary suggest that in diabetic patients the concen- 
tration of soluble adhesion molecules and especially 
of E-selectin may be related to metabolic control. 
[Diabetologia (1995) 38: 1122-1124] 
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A large body of evidence shows that leucocytes are in- 
volved in the pathogenesis of atherosclerosis [1]. The 
earliest morphological evidence of the disease is the 
attachment of monocytes to the intact endothelium, 
that is followed by subendothelial accumulation of 
macrophages, which become lipid-laden foam cells 
[2]. This enhanced recruitment of monocytes to endot- 
helium is likely to be due to the appearance at the cell 
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surface of adhesion molecules, which include E-selec- 
tin (a specific product of endothelial cells), intercellu- 
lar adhesion molecule-1 (ICAM-1) and vascular cell 
adhesion molecule-1 (VCAM-1) (both the product of 
endothelial cells and other cells). E-selectin is of par- 
ticular interest because, in contrast to other adhesion 
molecules, it is expressed only on activated endothe- 
lium [3]. The demonstration of soluble E-selectin in 
the blood would therefore be taken as evidence of en- 
dothelial activation. Recent  studies have reported in- 
creased levels of E-selectin in patients with hyperten- 
sion [4] and diabetes mellitus [5]. In the latter paper, 
however, the type of diabetes and the possible rela- 
tion to glycaemic control were not mentioned. 

In this study we evaluated the concentrations of the 
soluble adhesion molecules and particularly of E-se- 
lectin in patients with insulin-dependent (IDDM) 
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Table 1. Anthropometric characteristics and serum concentrations of adhesion molecules in the subjects studied 
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Subjects IDDM NIDDM Type II a Type IIb Control subjects 
n 18 13 10 10 20 

Age (years) 36 + 12 46 _+ 8 57 +_ 12 59 + 9 42 + 11 
Sex (male/female) 9/9 9/4 5/5 5/5 10/i0 
BMI (kg/m 2) 23 + 2 27 + 4 24 _+ 3 29 + 5 23 + 4 
Ch (mmol/1) 4.91 + 0.46 5.01 • 0.98 7.88 + 1.94 a 7.34 + 0.62 a 4.57 + 0.83 
Tg (mmol/1) 0.91 + 0.38 1.40 + 0.39 0.90 _+ 0.36 2.82 +_ 0.82 ~ 0.89 + 0.37 
LDL Ch (mmol/1) 3.18 + 0.49 3.44 + 0.81 5.79 + 2.04 ~ 4.78 + 0.52 a 2.74 + 0.62 
HDL Ch (mmol/1) 1.61 + 0.21 1.21 • 0.21 b 1.29 + 0.23b 1.16 + 0.26 b 1.58 + 0.26 
Hb Alc (%) 7.3 + 1.1 7.0 _+ 1.2 - - - 
E-selectin (~g/l) 44.4 • 15.4 ~ 50.4 • 27.1 c 41.1 + 10.9 c 40.2 + 10.1 ~ 33.1 + 7.8 
ICAM-1 (bg/1) 280.5 • 125.7 302.3 • 99.9 c 225.4 + 66.2 197.1 • 61.4 229.4 _+ 51.5 
VCAM-1 (~g]l) 542.6 + 158.2 551.4 _+ 203.4 411.7 _+ 113.5 436.9 • 85.9 501.8 + 98.5 

Data are mean + SD 
a Significantly different from control subjects, IDDM and NIDDM patients p < 0.01; b significantly different from control subjects 
and IDDM patients p < 0.01; c significantly higher than control subjects p < 0.01 

a n d  n o n - i n s u l i n - d e p e n d e n t  d i abe t e s  ( N I D D M )  a n d  
s tud ied  its r e l a t i o n  to  g l y c a e m i c  con t ro l .  

Subjects and methods 

We studied 31 diabetic patients, 20 patients with familial hy- 
perlipoproteinaemia and 20 control subjects. The diabetic pa- 
tient group comprised 18 IDDM patients (9 men and 9 wo- 
men) aged (mean + SD) 36 _+ 12 years, with a body mass index 
(BMI) of 23 _+ 2 kg/m 2, and 13 N1DDM patients (9 men and 
4 women) aged 46 _+ 8 years, with a BMI of 27 + 4 kg/m< All 
these subjects had plasma cholesterol less than 6.20 retool/1 
and triglycerides less than 2.26 mmol/1 and were in poor gly- 
caemic control (glycated haemoglobin 7.3 + 1.1 and 
7.0 + 1.2 %, respectively for IDDM and NIDDM patients). 

To evaluate the possible effects of plasma lipids on the solu- 
ble adhesion molecules, 10 type I I a  (5 men and 5 women) aged 
57 + 12 years with a BMI of 24 + 3 kg/m 2 and 10 type I Ib  dys- 
lipidaemic patients (5 men and 5 women), aged 59 + 9 years 
with a BMI of 29 + 5 kg/m 2 were studied. Mean total choles- 
terol was 7.88 + 1.94 mmol/1 for type I Ia  and 
7.34 +0.62 mmol/1 for type I Ib  dyslipidaemic patients. The 
control subjects (10 men and 10 women), aged 42 + 11 years 
with a BMI of 23 + 4 kg/m 2 were members of the hospital staff. 

All the patients with IDDM and I with NIDDM were trea- 
ted by insulin; the remaining 12 patients with NIDDM were 
treated with oral hypoglycaemic agents. All the hyper- 
lipoproteinaemic subjects were consuming a lipid-lowering 
diet and 4 of these were submitted to a hypolipidaemic treat- 
ment. Three patients with IDDM, two with hyperlipoproteina- 
emia and four control subjects were habitual smokers. In all 
the subjects renal impairment, liver diseases, malignancies 
and pathological processes known to increase adhesion mole- 
cules were excluded. Venous blood was collected at 
08.00 hours, after 12 h of fasting, using vacutainer tubes and 
maintained at room temperature for a minimum of i h. Serum 
was extracted following 10-rain centrifugation in a bench cen- 
trifuge at 2500 rev/min and was stored at -20 ~ until assayed. 
Levels of soluble E-select• ICAM-1 and VCAM-1 were esti- 
mated using the soluble E-select• ICAM-1, VCAM-1 ELI- 
SA KITS (British Bio-technology Products Ltd, Abingdon- 
Oxon, UK). Plasma glucose was measured by the glucose oxi- 
dase method on a Beckman glucose analyzer (Beckman, In- 
struments Inc., Palo Alto, CA, USA). Glycated haemoglobin 
in plasma was measured by using a minicolumn chromato- 

graphic procedure [6]. Cholesterol and triglycerides in plasma 
and lipoprotein fractions were determined by Technicon auto- 
analyzer II (Technicon, Instruments Corp., Tarrytown, NY, 
USA) methodology. Lipoprotein fractions were isolated by se- 
quential ultracentrifugation in NaBr solutions. 

Statistical analysis 

Values are expressed as mean + SD. Statistical differences be- 
tween groups were tested using the Mann-Whitney U-test, af- 
ter the Kruskal-Wallis test had been applied (Statview 512 on 
an Apple Macintosh). 

Results and discussion 

Table  I shows  t he  m e a n  va lues  o f  the  a n t h r o p o m e t r i c  
character is t ics ,  to ta l  cho les te ro l ,  t r ig lycer ides ,  l ipo-  
p r o t e i n  l ipids in the  I D D M ,  N I D D M ,  d y s l i p i d a e m i c  
( type  I I a  a n d  I I b )  pa t i en t s  a n d  in the  c o n t r o l  sub-  
jects. Tab le  1 a lso  shows  t he  va lues  o f  g l y c a t e d  h a e -  
m o g l o b i n  in the  I D D M  and  N I D D M  pat ients .  To ta l  
cho l e s t e ro l  a n d  L D L  cho l e s t e ro l  was  s ign i f ican t ly  
h i g h e r  in the  t y p e  I I  a and  I I b  dys l i p idaemic  pa t i en t s  
t h a n  in t he  c o n t r o l  subjec ts  (p < 0.01). To ta l  t r ig lycer-  
ides  w e r e  s igni f icant ly  h ighe r  on ly  in t he  t y p e  I I  b pa -  
t ients  (p < 0.01). L ip id  c o n c e n t r a t i o n s  in t he  I D D M  
a n d  N I D D M  pa t i en t s  w e r e  s imi lar  t o  t h o s e  f o u n d  in 
t he  c o n t r o l  subjects .  

Tab le  1 also shows  the  m e a n  va lues  o f  s e r u m  con-  
c e n t r a t i o n s  o f  E-select•  I C A M - 1  a n d  V C A M - 1  in 
the  I D D M ,  N I D D M ,  dys l i p idaemic  pa t i en t s  a n d  in 
the  c o n t r o l  subjects .  E - s e l e c t i n  c o n c e n t r a t i o n s  w e r e  
s igni f icant ly  h i g h e r  in the  d i abe t i c  ( b o t h  I D D M  a n d  
N I D D M )  a n d  h y p e r l i p o p r o t e i n a e m i c  pa t i en t s  t h a n  
in t he  c o n t r o l  subjec ts  (p <0 .01 ) .  T h e  va lues  o f  
I C A M - 1 ,  o n  the  con t ra ry ,  w e r e  s igni f icant ly  h i g h e r  
o n l y  in the  N I D D M  pa t i en t s  * h e n  c o m p a r e d  to  the  
c o n t r o l  subjec ts  (p < 0.01). N o  s igni f icant  d i f f e r ences  
in V C A M  c o n c e n t r a t i o n s  w e r e  f o u n d  in the  d i f f e ren t  
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Glycated haemogfobin (%) 
Fig.l. Relationship between glycated haemoglobin (%) and 
concentrations of serum E-selectin (Fg/1) in the diabetic pa- 
tients (y = 9.4543 + 5.0967 x; r = 0.54,p < 0.01) 

groups of subjects. E-selectin concentrations were 
significantly correlated with glycated haemoglobin 
in both I D D M  and N I D D M  patients (respectively, 
r = 0.51, p < 0.01 and r = 0.59, p < 0.01) and in all the 
diabetic patients (r = 0.54, p < 0.01) (Fig. 1). E-selec- 
tin concentrations, on the contrary, were never corre- 
lated with the lipid levels in the two groups or in the 
whole group of diabetic or dyslipidaemic patients. 

On the basis of the present results, assessing the 
physiological significance, if any, of an increased 
amount of soluble adhesion molecules in diabetes is 
difficult. It is worth noting, however, that the expres- 
sion of E-selectin in endothelial cells is induced at 
the transcriptional level by interleukin-l~ and tu- 
mour  necrosis factor-a [7]. Although soluble E-selec- 
tin is released after being expressed in vitro [8], until 
now it has not been known whether it is also a mar- 
ker  of cell activation in vivo. Therefore, we can only 
suggest that the increased levels of E-selectin found 
in our patients may be the expression of endothe- 
lium activation. It must be pointed out, however, 
that in diabetes the extended interaction of aldoses 
with proteins can lead (after a slow, complex series 
of chemical rearrangements) to the formation of irre- 
versible advanced glycosylation end products 
(AGEs)  of proteins [9] and the rate of this accumula- 
tion is proportional to the time-integrated blood glu- 
cose level over long periods of time [9]. A G E s  have 
recently been demonstrated to induce, in a distinct 
t ime course, the expression of different adhesion 
molecules, especially of E-selectin, on the endothe- 
lial cells [9]. Since it has been proposed that the 
A G E  accumulation might be prevented if the reac- 
tive intermediates of early glycosylation products 
are blocked [9], it is likely that the amount  of early 
glycosylation products, for example glycated haemo- 
globin, may be, at least in part, related to the A G E  
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formation and consequently to endothelial cell acti- 
vation. In this study glycated haemoglobin was posi- 
tively correlated with the serum E-selectin concentra- 
tion, suggesting that the metabolic control of the dia- 
betic patients may somehow affect the endothelial 
cell activity. Further prospective studies in larger 
groups of patients are needed to support this hypoth- 
esis. 

In this study E-selectin concentration was not re- 
lated to plasma lipids in I D D M  and N I D D M  pati- 
ents in spite of the fact that E-selectin was found to 
be elevated in hyperlipoproteinaemic patients. It 
should be noted, however, that the plasma lipid con- 
centration found in our diabetic patients was similar 
to that found in the control subjects. In agreement 
with the demonstration of an enhanced adhesion of 
monocytes in animals with high cholesterol levels 
[10], this suggests that only a consistent increase in 
plasma lipids and in cholesterol in particular may rep- 
resent a stimulus for endothelial cells. The lack of cor- 
relation be tween E-selectin concentrations and plas- 
ma cholesterol even in dyslipidaemic patients, how- 
ever, does not help to explain this connection. 
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