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ABSTRACT

Atherosclerosis is the main cause of cardiovasculisease (CVD) which is the major cause of monpidibd
mortality for diabetic patients. Endothelial dysétion, which occurs early in atherogenesis, is a&ged with
endothelial expression of the cell-surface adhesmmtecules such as ICAM-1 (intercellular adhesiarigoule-1).
A soluble form of ICAM-1 can be measured in ser@ur study is a prospective cross-sectional studychvh
included 65 participants aged 45-72 years and diglidhto three groups: type 2 diabetic atherosclierpatients
(n=24), type 2 diabetic non-atherosclerotic pateih=20) and control group (n=21). Levels of sICAMfasting
blood glucose (FBG), total cholesterol (TC), tricgyides(TG), LDL-C and HDL-C were measured. sICAMvEIS
were significantly higher in diabetic atherosclécopatients compared to diabetic patients (P<0.0@hy control
group (P<0.001) [470.94+15.24 ng/ml, 336.18+28.38/ml, 273.46+7.2 respectively]. SICAM-1 levels waiso
significantly higher in diabetic patients compartdcontrol group. Levels of SICAM-1 correlated pively and
significantly with FBG and BMI values in diabetitharosclerotic patients and diabetic patients welas the
correlation was not significant between sICAM-1elevand lipid parameters levels. Our results shoted type 2
diabetes and atherosclerosis induce significantéase in sICAM-1 levels as a marker of endothealiivation.
The coexistence of diabetes and atherosclerosisceslhigher levels of sSICAM-1.
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INTRODUCTION

Atherosclerosis is the dominant cause of cardiavasclisease (CVD)[1] which is the major cause ofloidity and
mortality for individuals with diabetes [2].In reteyears, numerous novel markers of atheroscleesgismethods
of its early diagnosis have been defined. The fatesearch is aimed at endothelium activity andnifef its
dysfunction[3].Current evidence suggests that em@l dysfunction occurs early in the process of
atherogenesis[4,5]. Endothelial dysfunction congaria specific state of endothelial activation [Spihis defined

by the endothelial expression of the cell-surfadéiesion molecules such as ICAM-1 (intercellular esibn
molecule-1) in response to proinflammatory cytokirseich as TNIe- and IL-6 [6].ICAM-1 is a transmembrane
glycoprotein that belongs to the immunoglobulin esi@mily [7]]t serves as a counter-receptor for the leukocyte
integrin, lymphocyte function-associated antigerALL). Interaction between ICAM-1, present on ehedal
cells, and LFA-1 facilitates leukocyte adhesion amigration across the endotheli[8iwhich is considered the first
phase of atherosclerosis [9]. ICAM-1 is preserdtimerosclerotic lesions and is involved in the pesgion of these
lesions [10].

A soluble form of ICAM-1 (sICAM-1) has been found plasm§l1].sICAM-1 generation can be explained by two
mechanisms: ICAM-1 shedding from the cell membraigeproteolytic cleavage and the presence of meggesen
RNA transcripts codingfor soluble ICAM-1 [8].sICAM-1levels are elevated in the serum of patiewith
cardiovascular disease and several studies havelated serum levels of sICAM-1 with the severifytlee disease
[11].
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Circulating levels of sSICAM-1 are elevated in diibgatients, and the increased lipoprotein oxatain diabetes
may be responsible for this increase which mighitidoute to the phenomenon of accelerated atheesignn
patients with diabetes mellitus [12].

The purpose of the study was to evaluate sICAMvélein type 2 diabetic patients with/without atbeaierosis and
determine the relation between sICAM-1 levels ail,Bjlucose, lipid parameters.

EXPERIMENTAL SECTION

This is a prospective cross-sectional study comdluett vascular surgery department and endocriné @it Al-
Assad University Hospital, Damascus University, @aous, Syria. Subjects were enrolled between Jude a
December 2014. All participants gave written infednconsent. Ethical approval was obtained fromettnécal
committee of Damascus University. The study inctb@® participant saged 45-72 years and divided thtee
groups: type 2 diabetic atherosclerotic patierdsg&tients: 16 males, 8 females), type 2 diabeticatherosclerotic
patients (20 patients: 14 males, 6 females) andraogroup (21 subjects: 14 males, 7 females).lsiolu criteria
were patients with diagnosed type 2 diabetes withtherosclerosis and patients with diagnosed 2ygbetes and
atherosclerosis. Exclusion criteria were thyroisodders, cancers, autoimmune diseases, using gidiooids. All
subjects underwent Doppler ultrasonography of cduanid lower limbs arteries to detect thicknesplagues in the
intima-media layers. Venous blood samples wereiddafrom subjects between 8-10 AM after fasting f@
hours, then centrifuged at 4000 rpm (1789xg) famifiutes at £ to isolate serum. Biochemical analysis was
performed at Children's Hospital of Damascus wittwio hours of sampling. SICAM-1 levels were meaduloy
sandwich ELISA method using a commercial kit (StedRChina).Glucose, total cholesterol, TG, LDL &L
were measured by enzymatic colorimetric methodguaim automatic analyzer (Hitachi 911, Japan) amanoercial
assay kits (Audit diagnostics, Ireland). Statidtargalysis was performed using SPSS 20.0 (IBM Id&A).All data
are expressed as mean + SD. Data was analyzed OsiagWay Analysis of variance (ANOVA) followed by
Bonferroni testing to compare the results betweemugs. Pearson correlation was used to study thelation
between studied parameters. p<0.05 was considigneificant.

RESULTS

Mean + SD values of SICAM-1 were: 470.94+15.24 rigbn diabetic atherosclerotic patients, 336.1838281g/ml
for diabetic patients and 273.46+7.2 ng/ml for cohgroup.

sICAM-1 levels were significantly higher in diabetatherosclerotic patients compared to diabetideptst
(P<0.001) and control group (P<0.001). sICAM-1 leweere also significantly higher in diabetic patecompared
to control group (P<0.001).

Table 1.subjects' characteristics and levels of stlied parameters

Mean SD | Minimum | Maximum
Age (years) 59.17 5.01 49 67
BMI (kg/m?) 27.97 1.89 25.39 31.74
FBG (mg/dl) 162.88| 6.61 148 175
Type 2 diabetic atherosclerotic patients (n=24 _Sl_lg ?rwg-}dl()ng/ml) ;’Iggg 34514213 41%53 432525
LDL-C (mg/dl) 147.63| 21.15 114 188
HDL-C (mg/dl) 30 9.05 16 50
TG (mg/dl) 180.67| 13.87 164 210
Age (years) 55.6 5.31 47 65
BMI (kg/m?) 26.41 1.24 24.22 28.68
FBG (mg/dl) 150.2 | 8.92 138 167
. . . _ sICAM-1 (ng/ml) | 336.18| 28.32 288.25 383.25
Type 2 diabetic patients (n=20) TC (mg/dl) 198.8 177 170 599
LDL-C (mg/dl) 128.86| 19.97 98 173.2
HDL-C (mg/dl) 3733 | 451 30 45
TG (mg/dl) 163.65| 31.93 105 229
Age (years) 57.95 6.48 45 68
BMI (kg/m?) 23.99 1.17 22.2 25.95
FBG (mg/dl) 85 6.75 75 97
Control group (n=21) sICAM-1 (ng/ml) | 273.46| 7.2 262.5 284.75
TC (mg/dl) 182.86| 15.37 152 205
LDL-C (mg/dl) 106.06| 18.6 66 135
HDL-C (mg/dl) 57.01 | 9.92 42 75.4
TG (mg/dl) 102.38| 26.11 60 150

P values for comparison of studied parameters betvggoups are shown in table 2.
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Mean, standard deviation (SD), minimum and maxinuatnes of age, BMI, fasting blood glucose (FBGYLAM-
1, total cholesterol (TC), triglyceride (TG), LDL-&hd HDL-C are shown in table 1.

Table 2. P values for comparison of studied paramets between groups.

Diabetic atherosclerotic versus diabetic| Diabetictherosclerotic versus control| Diabetic versus contd

BMI P<0.01 P<0.001 P<0.001
FBG P<0.001 P<0.001 P<0.001
SICAM-1 P<0.001 P<0.001 P<0.001
TC P=0.06 NS* P<0.001 P<0.05

LDL-C P<0.01 P<0.001 P<0.01

HDL-C P<0.05 P<0.001 P<0.001
TG P=0.07 NS* P<0.001 P<0.001

*Not significant at 0.05 level

Levels of BMI, fasting blood glucose and LDL-C wesggnificantly higher in diabetic atherosclerotiatignts
compared to diabetic patients whereas levels afl wholesterol and triglyceride were not signifiggrhigher in
diabetic atherosclerotic patients compared to dialpatients. Levels of HDL-C were significantlywer in diabetic
atherosclerotic patients compared to diabetic pttie

Levels of BMI, FBG, TC, LDL-C and TG were signifitly higher in diabetic atherosclerotic patientsnpared to
control group and in diabetic patients comparedaiatrol group whereas levels of HDL-C were siguifity lower
in diabetic atherosclerotic patients compared tutrod group and in diabetic patients compared tutrad group.

Levels of sICAM-1 correlated positively and sigoéntly with FBG and BMI values in diabetic athelesatic
patients [(r=0.88, p<0.001), (r=0.57, p<0.01) respely] and in diabetic patients [(r=0.95, p<0.p0{r=0.56,
p<0.05) respectively]whereas the correlation watssignificant between sICAM-1 levels and lipid paweters in
diabetic atherosclerotic patients and diabeticgpéti as shown in table 3.

Table 3.correlation between sICAM-1 levels and BMIFBG, lipid parameters in diabetic atherosclerotiogroup and diabetic group

FBG BMI TC LDL-C HDL-C TG
Diabetic atherosclerotic r=0.88 r=0.57 _ _ _ _ _ A A _ "
group sICAM-1 p<0.001 p<0.01 r=0.04 p=0.85* r=0.1 p=0.64*| r=-0.16 p=0.4 r=0.£420.59
. . ) r=0.95 r=0.56 _ _ " _ _ — - * =0 A= *
Diabetic group SICAM-1 p<0.001 p<0.05 r=0.12 p=0.62 r=0.14 p=0.561 r=-0.43 p=0.0¢4 r=9.4=0.42

*Not significant at 0.05 level
DISCUSSION

Atherosclerosis is a chronic immunoinflammatoryedise of large and medium sized arteries fuelledidigs
[13].endothelial dysfunction represents a key esardyp in the development of atherosclerosis amdssinvolved in
plague progression and the occurrence of atherosicleeomplications[5].Activated endothelium hasiaoreased
expression of adhesion molecules such as ICAM-1j&iwv participates in leukocyte adhesion and fatdis
leukocyte transendothelial migration[14].sICAM-1 assoluble form of ICAM-1 found in plasma[l1l].Inaed
levels of SICAM-1 have been linked to progressibatberosclerotic lesions in apoE -/- mice [15].

Our results showed that sSICAM-1 levels were sigaifitly higher in diabetic atherosclerotic patiecwsnpared to
control group (P<0.001) and diabetic patients (P&D), so the coexistence of diabetes and atherosi@enduces
higher levels of sICAM-1 as a marker for endotHetigsfunction and atherosclerosis. These findings ia
agreement with previous studies by Kawametaal[16] which found elevated sICAM-1 levels in dialzeti
atherosclerotic patients compared to diabetic petieRubio-Guerrat al. found a correlation between sICAM-1
levels and the degree of atherosclerosis in typ&Betic patients. [17] In Edinburgh Artery Stud§]1Tzoulaket
al. found an association between sICAM-1 levels andpperal atherosclerosis progression assessed bgnitie-
brachial index (ABI), but only 6% of participantsere diabetic. A study by Matsumogb al. [19]found higher
sICAM-1 levels in diabetic patients with microangathy not macroangiopathy; this difference mighthe to the
relatively small number of participants in our stughd due to the classification of diabetic pasento 3 groups:
microangiopathy (retinopathy), macroangiopathy anccomplication group in that study, but in ourdstwe did
not take microangiopathy in concern.

Previous studies have suggested that lipoproteidatign and protein glycation may contribute to thereased
monocyte binding to the diabetic vasculature. Thisricreasing evidence that acute and chronic fgyypeemia
induce activation of endothelial cells by upreguigtievels of adhesion molecules such as ICAM-1 &) insulin
inhibits the expression of ICAM-1 through stimudatiof nitric oxide and thereby suppresses monoagtesion to
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endothelial cells[20].The chronic hyperglycemialiabetic subjects leads to the development of azb@glycation
end products (AGEs). AGEs together with inflammatstimuli led to a higher expression of VCAM-1, IGAL,
and E-selectin on cultured human endothelial cElls[

Our study results showed that sICAM-1 levels wagnificantly higher in diabetic patients comparedcontrol
group (P<0.001). This result is in agreement witfeo studies[21-24].

SICAM-1 levels in our study correlated positivelyda significantly with FBG and BMI values in diabeti
atherosclerotic patients and in diabetic patieats] this agrees with other studies[25-27],wherbascbrrelation
was not significant between sICAM-1 levels anddiparameters which agrees with other studies[26,28]

CONCLUSION

Our results showed that type 2 diabetes and attlerosis induce significant increase in sICAM-1devas a
marker of endothelial activation. The coexistentdiabetes and atherosclerosis induces higherdesfes| CAM-1.
sICAM-1 levels correlated positively and signifitigrwith Fasting glucose levels and BMI values.
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