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ABSTRACT

Aim: Coronary heart disease is one of the most common causes of death
around the world. The pathological process of coronary heart disease like
atherosclerosis starts in childhood. During this period thrombosis constitutes
a high-risk factor. In this study, we investigated the effect of soluble CD40
ligand (sCD4O0L) and clotting activation on children and adolescents with
hypercholesterolemia.

Materials and Methods: Plasma levels of sCD40L, P-selectin, 8-hydroxy-
2-deoxyguanosine (8-0HdG), and prothrombin fragment 142 [(F) 1+2] were
determined in thirty-five hypercholesterolemic patients (20 girls and 15 boys;
age, median: 13 years) and forty healthy normocholesterolemic subjects (28
girls and 12 boys; age, median: 13 years).

Results: No significant differences were observed between the patient
group and controls in terms of age, high-density lipoprotein (HDL) cholesterol,
8-0HdG, F1+2 (p>0.05). However, there were significant differences between
the two groups with respect to total cholesterol, low-density lipoprotein (LDL)
cholesterol, very LDL cholesteral, triglycerides, sSCD40L and P-selectin (p<0.05),
which were higher in the patient group than the controls. A positive correlation
was observed between sCD40L and P-selectin (p<0.05) in accordance with
the Spearman correlation analysis. The correlation coefficients were 0.735 in
the patient group and 0.647 in the control group. But there was no significant

0z

Amag: Koroner kalp hastaligi tiim dtinyadaki 6lim nedenleri arasinda onemli
bir yere sahiptir. Ateroskleroz gibi koroner kalp hastaliginin patolojik siireci
cocukluk ¢agr dénemlerinde baslamakta olup tromboz bu siiregte Gnemli bir
risk faktértdir. Bu calismada hiperkolesteralemili cocuk ve adtlesanlarda
soluble-CD40 ligand (sCD40L) ile pihtilagmay: aktiflestiren faktorlerin etkisi
arastinimistir

Gereg ve Yontemler: Plazma sCD40L, P-selektin, 8-hidroksi-2-deoksiguanozin
(8-OHdG), protrombin fragmani 1+2 [(F) 1+2] diizeyleri, 35 hiperkolesterolemili
hasta (20 kiz ve 15 erkek; yas ortalamasi 13 yil) ile 40 saglikli kontrol (28 kiz,
12 erkek; yas ortalamasi 13 yil) grubunda degerlendirilmistir.

Bulgular: Her iki grup arasinda yas, yiiksek dansiteli lipoprotein (HDL)
kolesterol, 8-OHdG, F1+2 diizeyleri agisindan anlamli farklilik saptanmamistir
(p>0,05). Ancak toplam kolesterol, diistk dansiteli lipoprotein (LDL)
kolesterol, gok LDL kolesterol, trigliserit, SCD40L ve P-selektin degerleri
gruplar arasinda anlamli olarak farkli olup tim bu degerler hasta grupta daha
yiiksek olarak olgtilmiistiir (p<0,05). Spearman korelasyon analizine gdre,
sCD40L and P-selektin arasinda poxitif korelasyon saptanmistir (p<0,05).
Korelasyon katsayisi hasta grupta 0,735 ve kontrol grupta 0,647 olarak
olctlmusttir. sCD4OL ile toplam kolesterol, LDL-kolesterol, HDL-kolesterol,
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correlation between sCD40L and total cholesterol, LDL-cholesterol, HDL-
cholesteral, very LDL-cholesterol, triglycerides, 8-OHdG, F1+2 (p>0.05).
Conclusion: We believe that future prospective studies to determine the
increase in the level of sCD40L with a larger sample size of a pediatric
population with dyslipidemias may be more helpful in predicting the risk of
cardiovascular disease.

Keywords: Hypercholesterolemia, atherosclerosis, CD40 ligand

Introduction

Coronary heart disease (CHD) and atherosclerosis are the
common causes of death around the world. The pathological
process of CHD starts in childhood and its clinical effects are
generally seen in adult patients. There are a lot of risk factors
as underlying mechanisms of atherosclerosis, and one of these
factors is hypercholesterolemia. Epidemiologic and clinical
trials have provided clear evidence that cholesterol has a role
in the occurrence of cardiovascular disorders (1,2). This may
be related to enhanced thrombotic risk. Activated platelets
adhere to the intact endothelium and induce inflammatory
responses locally, which substantially contribute to the early
phase of atherosclerosis. It has been seen that patients with
hypercholesterolemia have increased urinary excretion of
11-dehydro-thromboxane B2 and elevated platelet response
(3). Another study (4) states that the tendency to prothrombotic
state is higher when the formation of monocyte tissue factor
(TF) is increased, and prothrombin fragment [(F) 1+2] (a marker
of thrombin generation in vivo) levels are elevated.

The expression of CD40 ligand (CD40L) is observed on
CD4+ T cells, activated platelets, and vascular system cells
(endothelial cells (ECs), smooth muscle cells (SMCs) and
macrophages) (5,6). The interaction between the CD40L that
is expressed on vascular cells, and soluble CD40L (sCD40L)
causes inflammatory and prothrombotic responses, resulting
in increased atherosclerotic progression (5,7). When CD40
and sCD40L are adhered, TF in SMCs, ECs, and macrophages
are over expressed. Thus TF can provide the convertion of
factor X to Xa on SMCs within the atherosclerotic plaque
(8-10). Previous studies demonstrated that oxidative stress
plays a major role in the monocyte expression of TF by
promoting nuclear factor-kappa-B activation (11). The plasma
level of P-selectin, an activation marker of platelets, can
reflect the earlier defects of platelets.

To explore the effect of clotting factors in pediatric CHD
pathogenesis, we investigated the behavior of sCD40L
and clotting activation in children and adolescents with
hypercholesterolemia.

Materials and Methods

Patients and Controls

Thirty-five hypercholesterolemic patients whose low-
density lipoprotein (LDL)-cholesterol levels were >155 mg/dL

cok LDL-kolesterol, trigliserit, 8-OHdG, F1+2 arasinda anlamli korelasyon
kurulamamistir (p>0,005).

Sonug: Daha genis dislipidemili gocuk popiilasyonunda  yapilacak
calismalarla sCD40L diizeyindeki artislarin kardiyovaskiler hastalik olusum
riskini belirlemede yardime! olabilecegini diistinmekteyiz.

Anahtar Kelimeler: Hiperkolesterolemi, aterosklerozis, CD40 ligand

(4 mmol/L) (20 girls and 15 boys; age, median: 13 vyears,
minimum: 4 years, maximum: 18 years) and who had a
history of familial hypercholesterolemia, and forty healthy
normocholesterolemic subjects (28 girls and 12 boys; age,
median: 13 years, minimum: 4 years, maximum: 18 years)
were asked to participate in this study. Physical examination
showed that none of the patients had any clinical evidence
of peripheral vascular or inflammatory diseases. Potential
patients with infection, tumor, diabetes, hypertension,
hypothyroidism, hypertriglyceridemia, liver or kidney disease
were excluded. Other exclusion criteria were, family history
of thrombosis, metabolic syndrome, and medication, which
might affect inflammatory and thrombotic markers.

The study was approved by the Gazi University Local
Ethics Committee (approval number: 015, 21 January 2008)
and all patients and their families provided written informed
consent.

Blood Samplings

Peripheral venous blood samples were obtained after a
12-hour fast. The lipid profile (3-quantification) was analyzed
on fresh samples. The subjects whose total cholesterol
and LDL-cholesterol were >95t% percentile according to
age and sex were accepted as hypercholesterolemic. Total
cholesterol and high-density lipoprotein (HDL) levels were
determined by colorimetric-spectrophotometric autoanalyzer
(Aeroset®, Abbott®, lllinois, USA) at 500 nm according to
the Trinder reaction. LDL levels were calculated according
to the Friedewald formula [Total cholesterol - (HDL + very
LDL [VLDLI)I. Blood samples were immediately centrifuged
at 2000 rpm for 20 min at 4 °C and the supernatant was
collected and stored at-80 ‘C until measurement. Plasma
levels of sCD40L, sP-selectin, 8-hydroxy-2-deoxyguanosine
(8-OHdG), F1+2 were determined using commercial ELISA
kits according to the manufacturers’ instructions (human
sCD40L ELISA, Bender Med, Austria; human sP-selectin
ELISA, Bender Med, Austria; 8-hydroxy-2 deoxyguanosine
ELISA, Northwest Life Science Specialties, LLC, USA,
prothrombin F1+2 ELISA, Dade Behring Inc., USA).

Statistical Analysis

Statistical analysis was performed with SPSS 11.5
software for Windows (SPSS Inc., Chicago, lllinois). All
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results are expressed as mean, standard deviation, median,
minimum and maximum. Kolmogorov-Smirnov test was used
to verify that the data were within normal distribution.

Mann-Whitney U test was used for the comparison of
the groups. The association of measurements with other
biochemical parameters was assessed by the Spearman
rank correlation test. A p value of <0.05 was considered
statistically significant.

Results

Age and laboratory parameters of the patient and control
groups are shown in Table |. No significant differences were
observed between the patient group and controls in terms of
age, HDL-cholesterol, 8-OHdG, F1+2 (p>0.05). On the other
hand, there were significant differences with respect to total
cholesterol, LDL cholesterol, VLDL cholesterol, triglycerides,
sCD40L and P-selectin (p<0.05). These values were higher
in the patients than the controls. Serum levels of cholesterol
and LDL-cholesterol were 308.7+142.4, 243.7+146.7 mg/
dL in subjects with hypercholesterolemia, and 154.2+17.3
and 86.8+17.5 in those with normocholesterolemia. These
differences between the two groups were significant
(p<0.001). Compared to subjects with hypercholesterolemia,
those with normocholesterolemia had higher values of
sCD40L, as 3.3+2.8 and 1.9+2.3, respectively (p=0.004).
In respect of P-selectin, the levels were 235.6+£73.5 in
hypercholesterolemic  subjects and 209.3+96.1 in
normocholesterolemic subjects (p=0.0049).

A positive correlation was observed between sCD40L and
P-selectin (p<0.05) (Spearman correlation analysis) (Figure 1).
Correlation coefficients were 0.735 in the patient group,
and 0.647 in the control group. But there was no significant
correlation between sCD40L and total cholesterol, LDL-
cholesterol, HDL-cholesterol, VLDL-cholesterol, triglycerides,
8-OHdG, F1+2 (p>0.05) (Table ).

Discussion

This study provides evidence that, increased sCD40L
and P-selectin levels, which are known as inflammatory
molecules, are involved in the onset and progression of
atherosclerotic disease in children with hypercholesterolemia.

Hypercholesterolemia, a risk factor for cardiovascular
disease, isassociated withinflammationand hypercoagulability.
Thrombophilia is a frequent occurrence in patients with
hypercholesterolemia, and can precipitate cardiovascular
events in this setting.

Thrombophilia is basically characterized by platelet
hyperactivation and up-regulation of TF with enhanced
thrombin generation (3,4). CD40L may represent an important
link between platelet activation and TF expression (5). It has
been reported in a study (12) that, considerable increase in
sCD40L would help the prediction of probable cardiovascular
events problems in healty women. Another study (13)
shows that, higher sCD40L would result in recurrent
cardiovascular morbidity and mortality because of acute
coronary syndromes. In patients with hypercholesterolemia,
CD40L is up-regulated on the platelet surface and (14) may
therefore represent an important stimulus for TF expression
and clotting activation. It has been shown that, there is a
significant correlation between sCD40L and prothrombin
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Figure 1. Correlations between CD40 and P-selection

Table I. Markers in patients with familial hypercholesterolemia as compared with unaffected controls
Parameters Hypercholesterolemic patients (n=35) Healthy subjects (n=40) p
X+8D Med | (Min-Max) X+SD Med | (Min-Max)
Age (year) 12,535 13.0 (4.0-18.0) 12.4+3.5 13.0 (4.0-18.0) 0.969
Total cholesterol (mg/dL) 308.7+142.4 252.0 | (220.4-704.8) 154.2+17.3 153.4 (118.0-188.0) <0.001
LDL-cholesterol (mg/dL) 243.7+146.7 175.0 | (160.0-657.0) 86.8+17.5 88.8 (50.0-122.6) <0.001
HDL-cholesterol (mg/dL) 46.5£10.3 475 (25.0-71.0) 51.2+10.5 50.5 (36.0-85.0) 0.130
VLDL-cholesterol (mg/dL) 20.7+8.5 19.8 (9.4-49.0) 17.8+13.2 133 (6.6-89.8) 0.013
Triglycerides (mg/dL) 103.0+42.0 95.0 (47.0-245.0) 80.5+32.9 66.5 (33.0-175.0) 0.009
CD40 3.3+2.8 2.3 (0.0-12.7) 1.9£2.5 13 (0.0-9.2) 0.004
P-selectin 235.6+73.5 2338 | (115.4-426.3) 209.3+96.1 188.0 (65.8-552.6) 0.049
8-0HdG 8176.0+36160.7 2077.5 | (1519.3-215992.0) 2058.4+212.3 2097.5 | (915.5-2287.5) 0.675
F1+2 719.6+304.6 643.6 | (286.4-1490.2) 838.5:377.4 7143 (422.6-2159.9) 0.181
SD: Standard deviation, Med: Median, Min: Minimum, Max: Maximum, LDL: Low-density lipoprotein, HDL: High-density lipoprotein, VLDL: Very low-density lipoprotein, 8-OHdG: 8-hydroxy-
2-deoxyguanosine, F: Fragment
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F1+2 (15). Because CD40L exerts a prothrombotic effect
through overexpression of TF it would be reasonable to
speculate that in hypercholesterolemia, clotting activation
occurs as a consequence of CD40L overexpression.

This current study aimed to measure the plasma
levels of sCD40L and other parameters in children with
hypercholesterolemia. Although there are numerous similar
studies of adults with hypercholesterolemia, measuring
sCD40L concentrations in children with hypercholesterolemia
is quite novel. According to our results, sCD40L was
significantly higher in hypercholesterolemic patients than the
normocholesterolemic control group in childhood. Of course it
is important to follow this parameter and the clinical condition
of all the subjects in the future for the possibility of coronary
syndrome. So we can speculate that this sCD40L parameter
can be an indicator to screen the CHD in childhood.

P-selectin is an adhesion molecule known to be involved
in the pathogenesis of athero-thrombosis. Being the primary
adhesion molecule in initiating cell activation and cell
adhesion to platelets, leucocytes and ECs, it's believed
that P-selectin may contribute to endothelial dysfunction,
atherosclerosis and thrombosis (16). One research showed
that, increased levels of soluble P-selectin with higher levels
of cholesterol in obese children, might indicate EC damage
and platelet activation (17). In our study, P-selectin level was
higher in the hypercholesterolemic patients. Additionally a
positive correlation between sCD40L and P-selectin was
found. As well as being mediators of inflammation and
having a significant effect on atherosclerosis, high levels
of P-selectin can be a risk factor for CHD. 8-OHdG is a
product of oxidative deoxyribonucleic acid (DNA) damage
following specific enzymatic cleavage after 8-hydroxylation
of the guanosine base. In recent years, 8-OHdG has been

Table Il. Correlations between CD40 and other parameters
Parameters Hypercholesterolemic | Healthy subjects
patients (n=35) (n=40)
Spearman | p Spearman rho | p
tho
Total cholesterol -0.015 0.932 0.237 0.142
(mg/dL)
LDL-cholesterol -0.096 0.584 0.120 0.461
(mg/dL)
HDL-cholesterol -0.184 0.290 -0.073 0.657
(mg/dL)
VLDL-cholesterol 0.126 0.472 0.267 0.096
(mg/dL)
Triglycerides (mg/dL) | 0.059 0.735 0.202 0.210
P-selectin 0.735 <0.001 0.647 <0.001
8-0HdG 0.119 0.495 0.021 0.898
F1+2 -0.086 0.624 0.098 0.546
rho: Correlation coefficients, LDL: Low-density lipoprotein, HDL: High-density
lipoprotein, VLDL: Very low-density lipoprotein, 8-OHdG: 8-hydroxy-2-deoxyguanosine,
F: Fragment

used widely in many studies not only as a biomarker for
the measurement of endogenous oxidative DNA damage
but also as a risk factor for many diseases including cancer
and some degenerative diseases (18). According to our
findings, there was no significant difference in the 8-OHdG
levels of the hypercholesterolemic children compared to
the control group. In a previous study, it was shown that
the level of 8-OHdG was lower in hypercholesterolemic and
normocholesterolemic children than in adults correspondingly
(19). This result can be explained by the fact that age is
associated with changes of mechanisms controlling oxidative
stress and platelet activation. Therefore, our result can be
related to the age of the participants. However, in that study
(19) there was a significant correlation between the sCD40
and 8-OHdG levels in both hypercholesterolemic children
and the adult group. In our study, we couldn’t find a positive
correlation between those parameters. We may explain
this result with the limited number of patients in the study
population.

F1+2, which comes from in vivo cleavage of prothrombin
by factor Xa, is considered to be useful for the diagnosis of
thrombosis (20). Increased F1+2 levels have been reported
in venous thromboembolism, inflammation, cancer, sepsis,
acute coronary syndromes, stroke, peripheral arterial disease,
atrial fibrillation, and during the postoperative period. In our
study, no relation was found in the F1+2 levels between the
patient and the control groups. This result may relate to the
differences of the coagulation characteristics in the pediatric
population, as variability of these parameters in pediatric
population are yet unknown.

In this study, we measured the levels of sCD40L in
hypercholesterolemic patients as higher than the healthy
control group, which is in accordance with the previous
studies (13-15,21). P-selectin levels were higher in the
hypercholesterolemic patients than the controls. The
expression of CD40 is observed on various cell types such as:
ECs, SMCs, macrophages and activated T lymphocytes. The
engagement of CD40 and sCD40L triggers atherosclerosis.
The expression of vascular cell adhesion molecule-1,
intercellular adhesion molecule-1, and P-selectin on ECs
facilitate the participation of monocytes and lymphocytes
in the injury. Like sCD40L, interleukin (IL)-1, IL-6, and tumor
necrosis factor-alpha may have a role in this process. The
production of reactive oxygen species are elevated with
regard to the CD40-sCD40L engagement, which induces
the inhibition of endothelial nitric oxide, causing endothelial
dysfunction and promoting atherogenesis (22,23). It is a
well-known fact that the degree of the plasma level of
cholesterol is directly related to the damage of vascular
ECs. This study showed an elevated level of sCD40L in
the hypercholesterolemic patients compared to the healthy
controls. It was also shown that there was a positive
correlation between the level of sCD40L and the level of
P-selectin. Therefore, we can speculate that if one of these
parameters is normal in range, the other facilitator factor
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might be decreased. Another important aspect of this study
is that the participitants were selected from childhood and
the adolescent period. To our knowledge, there are very few
studies in the literature that lead to the understanding of the
mechanism of premature atherogenesis among children.

Study Limitations

The sample size for the patient group was small.
Conclusion

In conclusion, future prospective studies with a larger
sample size might better detect the increased sCD40L
level in the setting of a pediatric population with familial
dyslipidemias, which may be more helpful in predicting the
risk of cardiovascular events.
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