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1 INTRODUCTION 
Atherosclerosis and clinical consequences of macrovascular disease, such as myocardial 

infarction and stroke, are the major cause of death in the Western world and are increasing in 
developing countries. Numerous complex and multifactorial risk factors have been 
documented. These include: genes, hypertension, diet, smoking, physical activity, 
hyperlipidemia, insulin resistance, and chronic hyperglycemia. Particularly type II diabetic 
patients display accelerated and more advanced atherosclerotic lesions and an increased 
incidence of cardiovascular and cerebrovascular disease. There is a large body of literature on 
the mechanisms of the development of atherosclerosis in chronic kidney disease (CKD). CKD 
is clearly a marker for increased cardiovascular events and mortality. This may, in part, reflect 
the increased prevalence of cardiovascular risk factors in this population. To describe the 
initial mechanism of the atherosclerotic process, three major concepts have been developed 
during the last decades. Ross and Glomseti in the ‘Response to injury’ hypothesis proposed 
endothelial denudation as initial step of atherosclerosis. As LDL can entry into arterial wall 
without endothelial injury let to the second theory - the ‘Response to retention’ hypothesis.  
On the basis of the observation that oxidatively modified but not native LDL lead to 
cholesterol accumulation in macrophages via the scavenger pathway has prompted the 
‘Oxidative modification’ hypothesisii proposed that oxidative modification of LDL leads to 
enhanced uptake of modified LDL and subsequent foam cell formation. Furthermore, the 
modified LDL supports the recruitment of circulating monocytes. Invading monocytes are 
cytotoxic to endothelial cells thus injuring’ the vessel wall. Together, the continuing process 
of lipid accumulation, foam cell formation of ROS, cytokines, growth factors, and proteolytic 
enzymes perpetuates the inflammatory cascade within the vessel wall and finally sets the 
iniiation of atherosclerotic changes. The earliest clinical determinant of arterial changes is 
endothelial dysfunction with impairement of nitric oxide production.  

Numerous data suggest the possible involvement of reactive oxygen species (ROS) and 
advanced glycoxidation end products (AGEs) as early initiating events occurring long before 
morphological changes are obvious. However, chronic action of stress factors and metabolic 
conditions, such as hyperglycemia, dyslipidemia may induce AGEs which via the receptor for 
AGE (RAGE) form a vicious cycle.  

There is increasing clinical and experimental evidence indicating that statins have 
beneficial effects in the course of progressive renal diseaseiii,iv,v. Pleiotropic effects could 
contribute to statin-induced nephroprotection. 
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2 AIM OF THE THESIS 
The aims of the Thesis were as follows: 

 

1. To identify and describe the new molecular mechanisms of atherogenesis on the 
experimental model of chronic inhibition of nitric oxide production. 

2. To describe and to verify the nephroprotective effect of HMG-CoA reductase 
inhibitors – statins on the experimental model of chronic inhibition of nitric oxide 
production. 

3. To evaluate the relationship between new markers of atherosclerosis and oxidative 
stress and the role of obesity in patients with chronic kidney disease grade I-V 
according to KDOQI guedelines and after kidney transplantation.    

4.  

3 METHODS AND PATIENTS 
 

Experimental Model 

Experiments were performed in male Wistar rats. The rats were randomized into three 
groups: the L -NAME group, the L -NAME + atorvastatin group and a control group. The 
treatments were maintained for 4 weeks. Three to four days before sacrifice,  24-hour urine 
was collected and  urinary creatinine. At the end of 4 week albumin and serum creatinine 
were measured. The kidneys were divided into cortical and medullary 

Portions Western blot analysis was done. Half of the left kidney was immersed in formalin 
for histological examination of collagen distribution. CAV1 determination was performed in 
crude membrane, whereas VEGF was determined in cytosolic samples. RhoA was determined 
both in membrane and cytosolic fractions. Immunohistochemistry was done to localize the 
VEGF and RhoA in the kdney.  

 

Clinical studies 

The group of patients under investigation included patients with chronic renal disease 
grade I – V according to KDOQI guedelines and patients after kidney transplantation within 
one year. The groups were devided also according their BMI as obese and non-obese patients. 
The control group included the persons enrolled on the voluntary basis. For the inclusion or 
exclusion of the patients into relevant group we applied appropriate criteria. All the 
participants were informed about the studies and signed informed consent with the study. All 
studies were approved by ethical committees. 

 

Statistical Evaluation of the Data 

Data from the studies were statistically processed with commercial software 
STATISTICA® for Windows. For the correlation of the groups Mann-Whitney U test and 
nonpair T test was used. For the relatonship between parameters Pearson and Spearmann 
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correlation coefficient was used and the program in the Microsoft Excell® for Windows 
enviroment was configured on the basis of linear regression theoryvi.   

  

4 PRINCIPAL RESULTS OF THE THESIS 

4.1 Experimental Study 
Renal Effects of HMG-CoA Reductase Inhibition in a Rat Model of Chronic 

Inhibition of Nitric Oxide Synthesis – Study I   

Blood pressure (BP), renal function (GFR), and albuminuria were determined in rats 
treated for 4 weeks with L -NAME, L -NAME + atorvastatin (ATO), and in untreated controls. 
In addition, renal cortical protein expression of caveolin 1 (CAV1), vascular endothelial 
growth factor (VEGF), and activity of RhoA were also determined.L -NAME administration 
resulted in sustained elevation of BP, decreased GFR, and in higher albuminuria as compared 
to control animals. Co-administration of ATO with L - NAME normalized albuminuria and 
prevented decreases in GFR in L -NAME rats without having an impact on pressor effects of 
L -NAME. CAV1 protein expression was similar in all groups of rats. In contrast, VEGF 
expression and RhoA activity was increased in L -NAME-treated animals, and normalized 
with co-administration of ATO. Treatment with ATO exerts early nephroprotective effects in 
the Nodeficient model of hypertension. These effects could be mediated by amelioration of 
VEGF expression and reduction of RhoA activity.  

 

4.2 Clinical Studies 
Asymmetric Dimethylarginine and Adiponectin after Renal Transplantation: Role of 

Obesity. – Study II 

In this prospective cohort study, we examined a total of 140 renal transplant recipients for 
a period of 12 months. Based on body mass index (BMI), the patients were divided into 
Group I (BMI >30 kg/m2 with 68 patients) and Group II (BMI <30 kg/m2  with 72 patients). 
We try to evaluate in obese renal transplant recipients the course of selected proinflammatory 
factors that are connected with atheroscleosis and could influence long-term outcomes of 
transplant patients. Twelve months after renal transplantation, significant differences were 
found between Group I versus Group II in plasma levels of asymmetric dimethylarginine 
(ADMA) (3.65 [SD 6 0.47 mmol/L] versus 2.01 [SD 6 0.36 mmol/L], P , .01), adiponectin 
(ADPN) (15.4 [SD 6 6.6 mg/mL] versus 22.3 [SD 6 8.2 mg/mL], P , .01), leptin (51.3 [SD 6 
11.2 ng/L] versus 21.3 [SD 6 9.2 ng/L], P , .01), soluble leptin receptor (24.6 [SD 6 8.4 
U/mL] versus 46.1 [SD 6 11.4 U/mL], P , .01), resistin (20.8 [SD 6 10.1 mg/mL] versus 14. 
[SD 6 6.4 mg/mL], P, .025), and triglycerides (3.9 [SD 6 1.6] versus mmol/L 2.8 [SD 6 1.6 
mmol/L], P , .01). There were significant correlations between ADMA and BMI (r 5 0.520; P 
, .001), and ADPN and BMI (r 5 –0.570, P , .001). The correlation between ADMA and inulin 
clearance (Cin) was weak (r 5 –0.185, P , .05). We conclude that obesity after renal 
transplantation is associated with increased ADMA and decreased ADPN in plasma, and this 
may represent a risk factor for renal transplant recipients.  
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The influence of kidney transplantation on advanced glycation products serum levels 
– Study III 

The precise method with inuline clearence was used to detect the relationship between 
AGEs in chronic kidney disease and after kidney transplantation. Serum AGEs were 
measured using fluoremitric assay in a two groups of patients: 95 patients with chronic kidney 
disease and with 80 patients after kidney transplantation. The control group consist of 20 
healthy persons. Serum AGEs were significantly increased both with patients with chronic 
kidney disease and after kidney trasplantation compared to controls. We found significant 
negative correlation between serum AGEs and inuline clearance in both patients groups. 
When comparing patients with the same renal function, we have found a higher AGEs level in 
the transpanted patients than in the group with chronic kidney disease. In conclusion we have 
found a significant negative correlation between serum AGEs and renal function in patients 
with chronic kidney disease and following kidney trasplantation. Serum AGEs do decrease 
after kidney transplantation, according to the graft function development, however they do not 
return to the pr-dialysis values.  

 

Soluble receptor for advanced glycation end products in obese patients with chronic 
renal disease – Study IV  

 Soluble receptor for Advance Glycation End Products (sRAGE) is a naturally occurring 
inhibitor of pathological effects mediated via RAGE. In the general population, protective 
sRAGE is decreased in patients with coronory artery disease, hypertension,or diabetes 
mellitus. However sRAGE levels are increased in patients with chronic kidney disease. We 
try to compare the levels of sRAGE and serum Advanced Glycation End Products (sAGES) in 
obese and non-obese patients with chronic kidney disease (CKD) and on hemodialysis (HD). 
Patients were devided into four groups: 54 obese CKD patients, 47 non-obese patients with 
CKD, 31 obese patients on HD, 36 non-obese patients on HD. sRAGE were etermined using 
ELISA kits and AGEs using flurimetric assay. Renal function was determined as inulin 
clearance (ml/s/1,73m2). The serum levels of sAGEs were significantly increased in obese and 
on-obese CKD patients (548 ± 246 and 580 ± 266, respectively, versus 313 ± 39 in controls,  
p < 0,001) and n HD patients ( 1170 ± 320 and 1198 ± 256,, espectively, versus 313 ±39 in 
controls, p < 0,001), compared with controls. The differences between the obese and non-
obese pationts were not significant. In contrast sRAGE levels, were also inreased comparing 
with controls (1390 ± 125) and were significantly lower in the obese pationts compared with 
the non obese, both with CKD (1646 ±270 verus 2814 ± 116, p < 0,05) and with HD ( 2783 ± 
290 versus 3773 ± 205, p < 0,05. Finally the significant inverse correlation was found 
between sRAGE and BMI (Body Mass Index) in patients with CKD (p < 0,001) and HD (p < 
0,01). In conclution, the protective effect of sRAGE in obese patients is smaller, and the 
decreased levels of sRAGE could be considered as the marker of increased cardiovascular risk 
in these patients.  
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5 DISCUSSION 
Experimentals study  

In the present study, L -NAME-treated Wistar rats developed hypertension, lower GFR, 
and increases in albuminuria as compared to vehicle-treated controls. These changes were 
associated with increases in renal cortical protein expression of VEGF as well as increased 
membrane translocation of RhoA. Unlike these molecules, renal expression of CAV1 did not 
change in response to L -NAME. Administration of atorvastatin with L -NAME did not 
influence elevations in blood pressure. However, ATO prevented decline in GFR, normalized 
albuminuria, and attenuated differences in VEGF expression and RhoA activation. Several 
previous studies have indicated that statins could lower blood pressure in models of 
hypertension and in hypertensive patientsvii,viii,ix. The lack of effects of atorvastatin on L -
NAME-induced hypertension, as observed in the present studies, corresponds to previous 
reports demonstrating the hypotensive effects of statins in a genetic model of hypertension, 
but not in L –NAMEtreated rat, and may suggest that intact NO-generating machinery 
necessary for statin-induced hypotensive actions. Despite the lack of effect on BP, 
atorvastatin prevented the rise in albuminuria and a decrease in GFR in L -NAME-treated rats. 
These effects correspond to previous clinical reports demonstrating beneficial effects of 
statins on proteinuria in hypertensive patientsx and on albuminuria in patients with type 2 
diabetesxi , independent of reduction in plasma LDL levels. Several protective pathways 
triggered by statins may be associated with reduced plasma membrane expression of caveolin 
– 1 (CAV-1) in endothelial and other cells and consequent increases in bioavailability of 
NOxii. However  we did not find any changes in CAV-1 expression. L -NAME has been 
shown to induce VEGF expression in rat coronary arteriesxiii. Therefore, the increase in VEGF 
in the renal cortex of L -NAME rats, as observed in the present studies, is not surprising. 
Atorvastatin normalized enhanced VEGF protein expression in L -NAME rats. In absence of 
detectable glomerular changes on light microscopy in L -NAME rats, VEGF, could be a 
mediator increased in albuminuria in this group. This interpretation is further supported by 
parallel normalization of albuminuria and VEGF. Kanda et al.xiv have provided strong 
evidence for the role of Rho/ROCK in the development of glomerulosclerosis in hypertensive 
rats with reduced renal mass. The effects of L -NAME on renal RhoA activation have not 
previously been studied. In the present studies, L -NAME treatment led to modest, but 
significant activation of RhoA in the kidney cortex, as assessed by enhanced membrane 
translocation of the protein. Furthermore, RhoA activation was not observed when L -NAME 
rats were also treated with atorvastatin, suggesting another protective mechanism of statins in 
this model of hypertension. It should be noted that we observed a relatively small increase in 
renal RhoA activation in L -NAME-treated animals, and there was no statistical difference in 
this parameter between the L -NAME and L -NAME + ATO rats. Immunohistochemical 
studies revealed glomerular VEGF and RhoA immunoreactivity predominantly in podocytes, 
in particular in L -NAME-treated rats. Considering the crucial role of this cell type in the 
development of proteinuria, these immunohistochemical findings correspond to statin-induced 
reduction of albuminuria in L -NAME-treated rats. 
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Clinical studies  

In the general population the obesity increases the risk of cardiovascular complications and 
the premature deathxv.  Obesity is involved in the development of microalbuminuria and the 
alteration of the renal function per se.  In our study we proved the albuminuria and systemic 
blood pressure were higher in obese pationts. Due to obesity the renal function was decreased 
after kidney transplantation measured by creatinine clearance and inuline clearance.  

The important factor in the progression of atherosclerosis is the endogenous inhibitor of 
nitric oxide synthesis – assymetric dymethylarginine. The increased serum concentration of 
ADMA was found in patients with chronic kidney diseasexvi. Until now, it is not clear, if 
increase concentration of ADMA depends on decrease of renal function or if the increase of 
ADMA is involved in the development of endothelial dysfunction and progression of 
atherosclerosis. We discover in the Study II the relationship between obesity and ADMA with 
increased serum concentrations of ADMA in obese patients compared to non-obese patients 
after kidney transplantation. After succesfull kidney transplantation, ADMA was decreased 
due to elimination by the kidney but still is higher than in general population.  

 Fat tissue is also the active source of the hormon production – adiponectin, leptin, 
inhibitor of plasminogen activatior and cytokines, as resistine, TNF, IL-6 and others. 
Adiponectin disposes of antiatherogenic and antiinflammatory effectsxvii. Obesity is 
characterised by decreased serum concentration of adiponectin partly due to oxidative stress. 
Chronic kidney disease is followed by increased concentration of adiponectin due to dicreased 
elimination of adiponectin. According to our study, the serum concentration of adiponectin 
was less in obese and higher in non-obese patients after kidney transplantation. The 
relationship between  adiponectin and renal function measured by inuline clearance was not 
found.  

Patients with chronic disease with or without significant markers of atherosclerosis are 
characterised by increased levels of advanced Glycation End Products (AGEs)xviii. According 
to our Study – II, we have found that the serum concentrations of AGEs correlate with the 
impairment of renal function measured by inuline clearance with the highest concentrations in 
patients on HD. After the succesfull kidney transplantation AGEs were decreased but they do 
not reach such consentrations compared with general population.  

 Naturally occuring inhibitor of AGEs was recognized as soluble receptor for Advance 
Glycation End Products (sRAGE). Falcone at al.xix discovered the low concentration of 
sRAGE in young patients predispose to increased risk of coronary artery disease.  Numerous 
studies detected the less concentration of sRAGE corespond to hypertension and dibetesxx. In 
our Study IV we found increased serum concentration of sRAGE and AGEs in patients with 
chronic disease. Those markers correlate with serum creatinine and inversly with decreased 
renal function measured by inuline clearance. The high sRAGE concentration can be 
explained by compensatory proinflammatory status of tissue injury and decreased renal 
elimination. We observed the less concentration of sRAGE in obese pationed compering to 
non-obese patients with CKD. The protective role against inflamatory and oxidative factors of 
sRAGE are decreased in many obese patients. After succesfull kidney transplantation 
according to improving renal function, sRAGE decreased.  



8 

 

  

6 CONCLUSION 
The experimental part of the dissertation focused on some molecular factors involved in 

the early stage of atherosclerosis. The model of chronic administration of nitric oxide 
inhibitor was developed. The detection of VEGF, CAV-1 and RhoA was analyzed. The statin 
administration was added to follow the mechanisms of those molecular factors in the rat 
kidney model. Treatment with statin prevented the early development of albuminuria and 
decrease in GFR without affecting systemic blood pressure. These functional changes were 
associated with amelioration of increased renal VEGF expression and RhoA activation. Our 
data suggest that there are beneficial effects of statins early in the course of the disease in this 
hypertensive model and identified some of possible molecular mediators of these actions.  

7 SUMMARY 
At present time, there is growing interest in the determination of new risc factors of the 

early stages of atherosclerosis. CKD share lot of similarity with atherosclerotic process. The 
dissertation thesis dealt with the significant of analysis of molecular factors involved in the 
atherosclerosis in renal alteration. 

The experimental part of the thesis covered the markers involved in nitric oxide deficiency 
model in rats. The analogue of arginine N-nitro- L -arginine-methyl ester ( L -NAME) was 
used. L -NAME administration resulted in sustained elevation of BP, decreased GFR, and in 
higher albuminuria compared to control animals. The administration of hypolipidemic drug –
atorvastatin to Wistar rats was studied. The statin used caused lower albuminuria and 
prevented decreases in GFR in L -NAME rats without having an impact on hypertension. 
CAV1 protein expression was similar in all groups of rats. In contrast, VEGF expression and 
RhoA activity was increased in L -NAME-treated animals, and normalized with co-
administration of atorvastatin.  

Clinical part of the thesis focused on the analysis of markers of oxidative stress in obese 
and non-obese patients with CKD and after kidney transplantation. The patients with CKD 
had elevated serum concentrations of AGEs, sRAGE and ADMA with the maximal 
concentrations of AGEs in the patients on hemodialysis. The successful kidney 
transplantation decreases the AGEs, sRAGE and ADMA concentrations but not to normal 
value according to general population. 

Patients with obesity exhibited lower concentrations of sRAGE in CKD as a protective 
factor for cardiovascular disease. Concentrations of ADMA were higher in obese patients 
after kidney transplantation, although, the adiponectine levels were decreased in obese 
patients after kidney transplantation.  

The results suggest the changes in the early process of atherosclerosis correspond to 
changes in CKD. Obesity could worse the atherosclerotic changes as well as the renal 
function.          
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