© 2011 ILEX PUBLISHING HOUSE, Bucharest, Roumania

RIDNMD, 18(4):293-302

http://www.jrdiabet.ro

0, $
1967

THE RELATIONSHIP BETWEEN sE-Selectin CONCENTRATIONS,

MICROALBUMINURIA AND INSULIN-SENSITIVITY IN TYPE 2
DIABETES PATIENTS

Elena Violeta Bicanu %, Virginia Borza o ITonescu-Tirgoviste !

' N Paulescu” National Institute of Diabetes, Nutrition and Metabolic Diseases,

Bucharest, Romania
? Institute of Atomic Physics, Magurele, Bucharest, Romania

received.  August 08, 2011

available online:

Abstract

The aim of the study was to examine the effects of poor metabolic control on vascular
endothelium, expressed by increased soluble E-selectin  concentration,
microalbuminuria and their relationship with insulin sensitivity in type 2 diabetes.
We studied 42 patients with type 2 diabetes and 36 subjects without diabetes. The
patients with type 2 diabetes were divided in two study subgroup: group A
(HbA1c<8%) and group B (HbAlc> 8%). Patients with type 2 diabetes had both
significantly high levels of sE-selectin and AER compared with control subjects
(p<0.001). A poor metabolic control, expressed by a difference in HbAlc of 1.4%
(mean value) between group A and group B, resulted in a significant increase of sE-
selectin (p<0.001), suggesting endothelial damage. In patients with type 2 diabetes,
poor metabolic control influences sE-selectin and microalbuminuria. We found a
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positive correlation between these two markers of endothelial dysfunction.

Key words: sE-selectin,

dysfunction.

Introduction

E-selectin is an adhesion molecule that
helps leukocytes roll on vascular endothelium
and attach to the endothelium, serving as a
marker of inflammation and atherosclerosis
(processes promoted by the traditional risk
factors and by dysglycemia/hyperglycemia, as
well) [1].

Endothelial dysfunction is associated with
factors such as:

cardiovascular  risk

microalbuminuria,

insulin ~ sensitivity, endothelial
hypercholesterolemia, hypertension, diabetes,
smoking, inflammation and decreased insulin
sensitivity.
Hyperglycemia  promotes  leukocyte
adhesion to endothelial cells through up
regulation of cell-surface expression of
E-selectin, intercellular adhesion molecule
(ICAM-1), and wvascular cell
molecule (VCAM-1) [2].
endothelial

(advanced glycation end product/ bovine

adhesion
Stimulation of

cells with glycated albumin

< 5-7 Ion Movila Street, Bucharest, District 2, Postal Code 11420
corresponding author e-mail: drelena_bac@yahoo.com



serum albumin) also increases expression of
these adhesion molecules [2, 3], which can be
detected in soluble [4] forms (sE-selectin,
sICAM-1, and sVCAM-1) in the circulation
[5, 6]. In patients with type 2 diabetes,
concentrations of serum sE-selectin, which is
expressed exclusively by endothelial cells,
have been increased in most [4, 7, 8] but not
all [9, 10] comparisons. A positive correlation
with glycemic control was reported in two
studies [9, 11]. These cross-sectional data
suggest that sE-selectin may be a more
sensitive indicator of hyperglycemia induced
endothelial activation in vivo than sVCAM-1
or sICAM-1, although the expression of all
three is regulated by glucose in vitro [12].
Leena Ryysy et al. demonstrated on 81
patients with type 2 diabetes that improvement
of glycemic control by 1 year of insulin
therapy leads to a sustained decrease in sE-
Selectin concentrations [13]. Other studies
show that the decrease in sE-selectin level is
independent of the pharmacological agent
used to lower glucose concentrations.
Moreover, the results of the same study
suggest that the concentration of sE-selectin,
but not of sSVCAM-1, is sensitive to changes
in glycemic control [13, 14].

Decreased insulin sensitivity leads to
endothelial
mechanisms: indirectly, in association with

dysfunction through several
major cardiovascular risk factors (hyper-
glycemia, dyslipidemia, and hypertension) and
directly, through its action on the vascular
wall [15]. Insulin, in addition to metabolic
actions, has a direct vasodilator effect by
stimulating endothelial NO synthesis [16, 17].
When insulin sensitivity is decreased, the
ability of insulin to stimulate NO synthesis is

diminished [16].
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Assessment of endothelial function plays
an important role in identifying the actions of
both cardiovascular risk factors and various
therapeutic interventions on vascular wall. In
practice, endothelial
assessed by determination of endothelium-

clinical function s
dependent vasodilatation in both coronary

circulation and peripheral arteries and
measurement of urine albumin excretion.
Increased urine albumin excretion is
associated with most cardiovascular risk
factors, hyperglycemia, hypertension, renal
dysfunction, dyslipidemia, hyperhomocys-
teinemia, increased protein intake, smoking,
markers.

and presence of acute phase

Otherwise, diabetes and hypertension are the

major risk factors for development of
microalbuminuria [18].
Epidemiological data show that the

prevalence of microalbuminuria is 30% in
diabetic adults and 10-15% in non-diabetic
adults [19]. Microalbuminuria, a result of
increased renal endothelium permeability, is a
marker of systemic endothelial dysfunction as
well [19].

ADA defines microalbuminuria as the
presence of albumin excretion rate in the
range of 30-299 mg in a 24 h urine collection
or as an albumin-to-creatinine ratio in the
range of 30-299 mg/g measured in a random
spot urine collection [20]. According to the
2011 ADA recommendations this has been
shown to be the earliest stage of diabetic
nephropathy in type 1 diabetes and a marker
for development of nephropathy in type 2
diabetes [20]. Microalbuminuria is also a well-
established marker of increased cardiovascular
risk [19].

The aim of the study was to examine the
effects of poor metabolic control on vascular
endothelium, expressed by increased soluble
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E-selectin concentration, albumin excretion
their
sensitivity in type 2 diabetes.

rate and relationship with insulin

Patients and methods

Our study included 76 subjects: 42
patients with type 2 diabetes (20 men and 22
women) and 36 subjects without diabetes (20
men and 16 women). Diabetic patients were
recruited from the outpatient department of
‘N.C.Paulescu’ National Institute of Diabetes,
Nutrition and Metabolic Diseases, Bucharest,
Romania and subjects from control group
healthy The
characteristics of the subjects of these two

were volunteers. clinical
groups are given in Table 1.

To establish to what extent poor metabolic
control affects the serum level of E-selectin
and for a better assessment of its correlation
with insulin sensitivity (HOMA 1IR) and
with type 2
diabetes were divided in two study subgroups:

microalbuminuria, patients
group A: 21 patients, 10 men and 11 women,
with type 2 diabetes and HbA1c< 8% (6.5% to
7,9%, mean HbAlc 7.23% +0.12); group B:
21 patients, 10 men and 11 women, with type
2 diabetes and HbA1c>8% (8% to 9.6%, mean
HbAlc 8.63%+0.11).

The inclusion criteria in the group with
type 2 diabetes were: positive diagnosis of
type 2 diabetes, age 40-70 years, BMI
<35kg/m2, fasting blood glucose level
>7mmol/l (>126mg/dl), HbAlc > 6,5%,
duration of diabetes >3 years, previous oral
anti diabetic therapy or nutrition therapy. Type
2 diabetes was defined according to the
criteria of American Diabetes Association
[20].

Exclusion criteria included the following:
urinary infection, congestive heart failure,
myocardial infarction, or stroke in the past 6
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months; epilepsy or other severe disease; liver
disease, serum creatinine concentration
>120pmol/l  (1.36mg/dl), or

minuria; proliferative retinopathy or severe

macroalbu-

maculopathy; previous insulin therapy for >2
weeks; excessive alcohol consumption (>20
g/day); and night
described.

Other condition who is associated with

work as previously

high level of E-selectin such as discoid lupus
erythematosus [21], localized sclerodermia
[22] palmar and plantar pustulosis [23] and
malignancies such as those in metastatic breast
carcinoma [24], was exclusion criteria for this
study.

All patients gave written informed consent
to participate in the study, which was
approved by the local ethical committee from
NIDNMD “NC Paulescu Institute”.

Percent body fat (%) was measured using
a bioelectrical impedance analyzer (Omron BF
500). We performed anthropometric measu-
rements: weight, height, BMI (Body Mass
Index). The (BMI) was calculated as weight in
kilograms divided by height in square meter
[25].

Microalbuminuria was determined by
measuring the albumin excretion rate from
three non consecutive first morning urine
samples. Normal albumin excretion rate was
<30mg/g creatinine and microalbuminuria was
defined as AER in the range of 30 and 299
mg/g creatinine [20]. The ACR (albumin to
creatinine ratio) was calculated as follows:
urinary albumin concentration (mg/liter)/
urinary creatinine concentration (mg/dl). The
mean value of each patient’s three ACRs was
used to indicate the level of albumin excretion
[20]. Results were transformed logarithmically
because the AER followed a log-normal

distribution.
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Laboratory assay: The blood samples
were obtained after 12 hours of overnight
fasting. Morning urine sample was collected
in a container for analysis of creatinine and
microalbuminuria. Fasting blood glucose,
glicosylated hemoglobin (reference range 4.0-
6.0%), total

lipoprotein, triglyceridemia, serum creatinine,

cholesterol, high density
urea and uric acid were measured using
standard techniques. To estimate low-density
lipoprotein  (LDL) used
Fridewald formula as follows: LDL-
cholesterol=Total cholesterol-HDL choleste-
rol-triglycerides/5. Serum levels of specific

cholesterol we

insulin and proinsulin were measured by Elisa
(DRG Inc) on a TECAN
analyzer. Serum sE-selectin was measured by
ELISA kit Human E-selectin-Milipore-MN.
Homeostasis model assessment of insulin
resistance (HOMA-IR) was calculated as the
product of fasting plasma insulin value (micro

international,

units per ml) and fasting plasma glucose value
(mg per deciliter) divided by 405. Statistical
analysis:

Data were analyzed using the SPSS
package for Windows version 16 and Excels
2003. As a first step analysis, comparisons
between patients and controls were performed
using the unpaired

Student’s t test. Patient’s characteristics
are given as mean values £SD and data
skewed distributed were expressed as median
(interquartile range). Pearson’s correlation
was calculated to measure the relationship
between variables. All p-values < 0.05 were

considered statistically significant.

Results

Clinical and biochemical variables of
diabetic patients and control group were given
in table 1.

In table 2 is given the relationship
between diabetic patients (with HbAlc <8%
and respectively >8%) vs. control for E-
selectin, albumin excretion rate, HOMA-IR,
plasma specific insulin and plasma proinsulin.

Table 1. Clinical and biochemical characteristics of the diabetic patients and controls.

Diabetic patients Controls p value
N=42 N=36 ns
sex M/F=20/22 M/F=20/16 ns
smokers 30.95% 2% p<0.001
Duration of diabetes
(years) 6.33+0.47 — —
BMI (Kg/m2) 28.18+0.60 23.1245. p<0.005
SBP (mmHg) 126+3.61 118.4+2.3 p<0.05
DBP (mmHg) 74+0.9 70.17+1. p<0.001
Blood glucose (mg/dl) 160+4.01 84.53+0.08 p<0.001
HbAlc (%) 7.93£0.13 4.94£1.4 p<0.001
Cholesterol (mg/dl) 201.98+5.78 178.8+0.09 p<0.05
Triglyceride (mg/dl) 117.7£12.68 119.33+1.1 ns
Uric acid (mg/dl) 6.10£0.24 4.21£1.5 p<0.05
Creatinine (mg/dl) 0.77+0.02 0.60+0.02 p<0.001
Urea(mg/dl) 34+1.3 30.9+1.3 Ns
Albumin-to-creatinine 21.942.48 5.36:0.41 p<0.001
ratio (mg/g)
Plasma insulin (pu/ml) 13.21£1.10 7.19+6. p<0.05
HOMA-IR (arbitrary 5.27+0.49 1.26+0.08 p<0.001
units)
296 Romanian Journal of Diabetes Nutrition & Metabolic Diseases / Vol. 18 /no. 4/2011




Plasma proinsulin 39.56+3.09 11.87+0.69 p<0.001
(pmol/ml)
E-selectin (ng/ml) 11.6+0.53 7.45+0.6 p<0.001

Data in table are presented as mean+SD; N=number; BMI=body mass index, HbA1c=Glycated hemoglobin,

SBP and DBP=systolic and diastolic blood pressure; HOMA-IR=homeostasis model assessment of insulin

resistance

Table 2. Markers of endothelial dysfunction, insulin sensitivity and pancreatic secretion.

Patients with T2DM Patients Statistical significance for
HbA1c<8 HbA1c>8 without Diff Diff Diff
T2DM group A/B | group A/C group B/C
GROUP A GROUP B CONTROL
GROUP p=value p=value p=value

E-selectin-Both
groups (ng/ml) 11.61+/0.53 7.484+0.59
E-selectin
(ng/ml) 9.67+0.61% 13.57+£0.66** | 7.48+0.59 <0.001 0.014 <0.001
Albumin-to-
creatinin 15.53+£2.65%* | 28.34+3.77** | 5.37+0.42 0.008 0.001 <0.001
ratio(mg/g)
HOMA-IR
(arbitrary units) 4.54+0.64** | 6.01+£0.74** | 1.27+0.08 0.139 <0.001 0.001
Plasma
insulin(uU/ml) 12.33+1.7* 14.1+1.62** | 7.19+0.7 0.454 0.012 0.001
Plasma
Proinsulin(pmol/ml | 34.41+4.46%* | 44.72+4.09** | 11.87+1.7 0.096 <0.001 <0.001
Proinsulin/Insulin
ratio 3.28+0.45 3.89+0.53* 2.22+0.59 0.381 0.152 0.041

* - p value< 0.05 -statistically significant
** _p value< 0,001 — highly statistically significant

56%
higher in patients with type 2 diabetes
(11.61£0.53ng/ml) than in control subjects
(7.48+0.59ng/ml), p<0.001 (Table 2). There
was no gender difference

Serum levels of E-selectin were

in sE-selectin
concentration between women with type 2
diabetes (11.77+ 0.63ng/ml) and men
(11.43+0.89). We also found, in keeping with
data by Bannan et al [12], that normal women
had lower levels than normal men and that this
difference was abolished by type 2 diabetes.
The gender difference in normal subjects may
be explained by estrogen, because estradiol
decreases sE-selectin level. In group B of
patients we found a mean level of E-selectin
significantly increased compared with the
control  group  (13.57+0.66ng/ml  vs.
7.48+0.59ng/ml, p value <0.001). In group A
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of patients we found a mean level of sE-
selectin increased compared with control
group (9.67+£0.61ng/ml vs. 7.48+0.59ng/ml, p
value<0.05) (Figure 1).

A poor metabolic control, namely a
difference of 1.4% in terms of HbAlc mean
level: 7.23 +£0.12% (group A) and 8.63 +
0.11% (group B), was associated with a
significant increase in E-selectin serum level
in group B (13.57+0.56ng/ml) versus group A
(9.67£0.61ng/ml), p value <0.001.

A statistical significant difference in
albumin-to-creatinine ratio was found both

between group B and control group
(28.34+£3.67mg/g  vs. 5.37+0.42mg/g, p
value<0.001) and between group A
(15.53£2.65 mg/g) and control group

(5.37+0.42 mg/g, p value<0.001) (Figure 2).
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We also observed a significant difference in
the mean level of albumin-to-creatinine ratio

between group B (28.34+3.67mg/g) and group
A (15.53+2.67mg/g), p value<0.05 (Figure 2).

(concentration ng/ml)
20

* p =0.05 vs control
** p = 0.001 vs control

slt selectin mean value

Sl

B Group A
I EGroup B
1 0O Control
Group A* Group B** Control

Figure 1. sE-Selectin mean value recorded in the three study groups:
group A — with type 2 diabetes with HbAlc < 8% and group B with HbAlc > 8%

Albumin/Creatinin Ratio

0,0

pwvalie Lot A'LotB < 0,03
40,0
30,01
0,01
10,0 -

pvalie Lot A'Lotctrl < 0.001
pvalue Lot B Lotetrl < 0.001

Group A — DZII
HbAlc =38

Group B— DZII
HhAlc =8

Control-Group

Figure 2. Box plot graph ACR

Regarding the B cell function (serum level
of specific insulin and proinsulin), we found

the following results: in group B plasma

insulin ~ was  14.1£152  pU/ml  vs.
7.1940.7uU/ml  in  control  group, p
value<0.001, while in group A was

12.33£1.7puU/ml 7.19£0.7 pU/ml
control group, p value <0.05. The higher value

VErsus

of specific plasma insulin in diabetic patients
vs controls is explained by the higher blood
glucose value in diabetic patients vs controls
(see table 1). Plasma level of proinsulin was
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also significantly increased in both groups:
group B vs. control group (44.72+0.9pmol/ml,
11.87+1.7pmol/ml,
value<0.001) and in group A vs. control group
(34.41+4.46pmol/ml, 11.87+1.7pmol/ml,
respectively, p value<0.001). This increase

respectively, p

might reflect a decrease in f cell function.
Overall, HOMA IR (group A + group B)
was positively correlated with both albumin-
to-creatinine ratio (r=0.475, p=0.001) and
serum level of E-selectin (r=0.307, p<0.05)
(Table 3). Our data show a strong positive
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correlation between serum level of E-selectin
and urine albumin-to-creatinine ratio (r=0.591;
p value<0.001) (Figure 3). We also found that
serum level of E-selectin was positively
correlated with systolic blood pressure
(r=0.394; p=0.01), total cholesterol, LDL-

cholesterol and BMI. This study showed a
ACR and
systolic blood pressure (r=0.380; p<0.05);
ACR and HBAlc¢ (r=0.561; p<0.001); ACR
and HOMA IR (r=475; p=0.001); ACR and
plasma insulin (r=0.332; p<0.05) (Table 3).

positive correlation between:

Table 3. Person’s correlation between sSE selectin concentration, ACR and selected variables

DIABETIC PATIENTS(GROUP A+B) sEselectin ACR(Albumin-to-creatnine ratio)
r p r p

sE- Selectin 1 0.0591(*%*) 0.000
Albumin-to-creatinine ratio 0.059(**) 0 1

age 0.113 0.475 —0.248 0.114
BMI 0.008 0.960 0.273 0.081
Duratio of diabetes(years) —0.009 0.953 -0.119 0.453
SBP 0.394(**) 1 0.010 0.380(*) 0.013
DBP 0.024 0.880 0.286 0.066
Cholesterol 0.177 0.261 0.053 0.739
Triglycerides 0.088 0.577 0.101 0.524
HDL —0.005 0.973 0.126 0.427
LDL 0.143 0.368 0.024 0.879
Blood glucose 0.520(**) | 0.000 0.558(**) 0.000
HbAlc 0.601(**) | 0.000 0.561(**) 0.000
Plasma insulin 0.211 0.181 0.332(*) 0.032
Plasma proinsulin 0.461(**) 0.002 0.172 0.277
HOMA-IR 0.307(%) 0.048 0.475(**) 0.001

** Correlation is significant at the 0.01 level (2-tailed).

* Correlation is significant at the 0.05 level (2-tailed).

aEn

ST TR NS M — _Mesar regrass e

Senum level of sE-=al ectina

Figure 3. Correlation between sE-selectin and ACR (r=0.591, p<0.001)
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Discussions

Several abnormalities contribute to the
relationship between endothelial dysfunction
and insulin sensitivity, such as synthesis of
species  (super
inflammation, cytokine synthesis (e.g., TNF

reactive  oxygen oxide),
o), and activation of renin angiotensin system
and increased concentration of endothelin.

In this study, early markers of endothelial
dysfunction (serum level of E-selectin and
microalbuminuria, respectively) are increased
in patients with type 2 diabetes, even in
patients in group A. Moreover, poor metabolic
control, expressed by a HbAlc increase of
1.4% (the difference between group A and
group B), resulted in a significant increase in
that
improve metabolic may offer benefits in early

E-selectin serum level, suggesting
endothelial dysfunction. As other studies have
[12],

glycemic control was

shown sustained improvement in
associated with a
significant decrease in E-selectin serum level.
Other studies showed that this association is
independent of the pharmacological agent
used (oral antidiabetic drugs or insulin) [14,
26].

Regarding the mechanisms linking
hyperglycemia and sE-selectin concentration,
that

increased oxidative stress is involved [2, 27].

it seems possible glucose-induced
Glycosylated hemoglobin concentration are
total

antioxidant trapping capacity in patients with

associated with  reduced plasma
type 2 diabetes [28], a finding consistent with
that

increases

the  concept clinically  relevant

hyperglycemia oxidative stress.
Because treatment of hyperglycemia has
reduced sESelectin levels in three studies [8,

13, 29], glycemic control could be considered
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a better tool than antioxidants to lower
sE-selectin concentration in type 2 diabetes.

No data presently exist regarding the
predictive value of sE selectin concentration
for future vascular events in patients with type
2 diabetes, and no data exist to demonstrate
that
beneficial change in vascular function.

The endothelial
dysfunction markers associated with the

lowering of se-Selectin reflects a

identification of

development of nephropathy and cardio-
vascular disease in patients with type 2
diabetes has considerable clinical implica-
tions.

Current management strategies are
increasingly focusing on preventive measures
following early detection of markers of
endothelial dysfunctions. Early detection of
endothelial dysfunction markers allows the
control of beneficial therapeutic intervention
on endothelial damage by improving
metabolic control.

Determination of serum E-selectin, an
early biomarker of endothelial dysfunction,
allows assessing the benefits of improved

metabolic control on endothelial function.

Conclusion

In patients with type 2 diabetes, poor
metabolic control influences serum level of
In this
study we found a positive correlation between
both of endothelial
dysfunction.

sE-selectin and microalbuminuria.

these two markers
The level of sE selectin seems to be an
early biomarker of endothelial dysfunction,
suggesting the urgent need for improvements
in the metabolic control in order to prevent the
end stage diabetic complications.
ADA=American Diabetes
ACR=albumin-to-creatinine

Abreviation:
Association;
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ratio; AER=albumin excretion rate;
BMI=body mass index; HOMA-
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