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SUMMARY

From the broad spectrum of paediatric nephrology the author focused on the new 

aspects of the pathogenesis of two classical disorder vesicoureteric reflux (VUR) and chronic 

renal failure. Namely the genetic role of the renin-angiotensin system (RAS) in VUR and the 

balance of oxidative stress and antioxidant defence mechanism in the haemolysis of uremic 

patients. Thirdly, the study of a recently recognised disorder juvenile essential hypertension 

was selected for the topics of this thesis. The reason for that was that adult essential 

hypertension is the most frequent disease in the world and the juvenile variant could be a 

good model for the investigation of the pathomechanism without the influence of 

environmental factors like smoking, alcohol consumption, diabetes mellitus and severe 

hyperlipidemia.

In the first study the objective was to investigate if mutations of the RAS genes are 

involved in primary VUR and VUR associated renal scarring. The M235T polymorphism of 

the angiotensinogen (ATG) gene, the I/D polymorphism of the angiotensin converting 

enzyme (ACE) gene and the A1166C polymorphism of the angiotensin II type 1 receptor 

(ATI) gene were identified in 77 patients with primary VUR (aged 6.9±3.2 years, mean±SD) 

and 80 healthy controls (aged 33±7 years). 38 of the 77 VUR patients had low-grade VUR 

(grade I to III) and 39 had high-grade VUR (grade IV and V). Renal scarring was found in 43 

VUR patients, while 34 patients had normal kidneys on DMSA scan. The ACE gene 

polymorphism by polymerase chain reaction and the ATG and ATI gene polymorphisms by 

single step Light Cycler technology were determined. We found the significant over­

representation of the DD genotype in patients with renal scarring (44%) compared to normal 

controls (22.5%; P<0.05) and patients with no scar formation (21%; P<0.05). A significantly 

higher D and significantly lower I allele frequencies were presented in VUR patients with 

scarred kidneys (D allele: 0.64 and I allele: 0.36) as compared to controls (D allele: 0.53 and I 

allele: 0.47; P<0.05) and patients with unscarred kidneys (D allele: 0.4 and I allele: 0.6; 

P<0.05). No differences in the ATG and ATI genotype distributions and allele frequencies 

were observed in VUR patients compared to normal population. The DD genotype and D 

allele of ACE may be a genetic susceptibility factor contributing to scar formation in VUR. 

There is no linkage of genetic polymorphisms of ATG and ATI to VUR and VUR associated 

renal scarring.

In the second study thirty-five patients (mean age: 14.4±3.1 years, male/female 17/18) 

with juvenile essential hypertension (JEHT) 20 of them with >25 body mass index (BMI
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kg/m2 obese hypertension, ОНТ), 15 with <25 BMI (essential hypertension, EHT) and 35 age 

and sex matched controls (15 with >25 BMI [obese, O] and 20 with <25 BMI, C) were 

investigated to study the role of hypertension and obesity separately, and in combination on 

platelet aggregation, blood and plasma viscosity, lipid concentrations and lipid peroxidation 

as well as nitric oxide (NO) production. The plasma cholesterol was significantly higher in 

OHT and О groups as compared to C and trigliceride was higher in OHT also (p<0.05). In 

vitro platelet aggregation was significantly higher in OHT, EHT and О as compared to 

controls (p<0.001). A significant positive correlation was observed between the BMI values 

and the platelet aggregation (r=0.47, p<:0.05). NO level was significantly lower in EHT and 

OHT as compared to controls (p<0.01). A significant negative correlation was observed 

between the results of platelet aggregation and NO levels (r=-0.53 and -0.504 for EHT and 

OHT groups respectively). Plasma MDA was significantly high in OHT, and free thiols were 

low in OHT (pO.OOl) and EHT groups (p<0.01). Blood viscosity was higher in OHT 

(p<0.01), and plasma viscosity was higher in OHT (p<0.01) and О (p<0.05) as compared to 

controls. Conclusion: High platelet aggregability in OHT, EHT and O, increased blood and 

plasma viscosity and lipidperoxidation in OHT, decreased sulphydril and NO production, 

elevated concentration of plasma cholesterol and triglyceride in OHT carries a double risk for 

atherosclerosis and thrombosis in these young patients. In obese children an increased platelet 

aggregability and hyperlipidaemia together with a lower plasma NO level suggests a 

contributing role of obesity beside the hypertension to the promotion of vascular damage in 

essential hypertension of these patients.

In a previous paper we reported on an increased oxidative stress of the red blood cells 

in the first 4 weeks of the erythropoietin (rh EPO) therapy of uraemic children receiving 

chronic haemodialysis (HD), which causes haemolysis and a delay in the increase of 

haematocrit (Htc) and haemoglobin (Hb). In the present study the effect of vitamin E on the 

glutathione redox system, the Hb oxidation and the changes in Htc and Hb were investigated 

in the same patients (n=10, aged 15.2±2.8 years) undergoing rh EPO therapy. Vitamin E was 

introduced 2 weeks following the start of rh EPO treatment in a dose of 15 mg/kg/day orally 

(rh EPO + vitamin E). The results were compared with those obtained earlier in the same 

patients when they were treated with rh EPO alone in the same dosage. The Hb concentration 

was significantly higher than the initial level 2 weeks after the introduction of vitamin E. A 

significant rise in Hb level was observed only in the 8th week, when they were treated with rh 

EPO alone. Rh EPO + vitamin E resulted in a more rapid increase in the Htc too, which was 

significant in the 4th week (2 weeks after the start of vitamin E), as compared with the 5th
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week with rh EPO alone. The mean level of oxidized glutathione increased from 10.9±3.1 

nmol/g Hb (x±SD) to 26.7±5.7 nmol/g Hb 2 weeks after the start of rh EPO. But decreased 

significantly 1 week after vitamin E introduction, 10.1±4.9 nmol/gHb (p<0.001), and 

remained at this level subsequently. The reduced glutathione (GSE1) level displayed a smaller 

elevation (p<0.05), but was also decreased significantly 1 week after the introduction of 

vitamin E (p<0.05). Similar changes were observed in the percentages of carboxy Hb and met 

Hb (p<0.01). In conclusion the GSH oxidation and Hb metabolism are severely affected by 

oxidative stress in the early period of rH EPO therapy. Antioxidant treatment with vitamin E 

moderating the oxidative stress may increase the effect of rh EPO treatment.

1. INTRODUCTION

l.l.Mutations of the renin-angiotensin system genes and renal scarring in primary 

vesicoureteral reflux

Primary vesicoureteric reflux (VUR) is a common familial disorder, but its genetic 

background has not been clarified. Primary VUR appears to be a dominant disorder with 

incomplete penetrance and variable expression (15, 59). Previous studies have suggested a 

urinary tract malformation locus on chromosome 6p on the basis of a balanced translocation 

which was found in a patient with multicystic renal dysplasia and linkage of VUR families to 

HLA markers on 6p (26, 40, 50). VUR can be a part of a complex syndrome such as the renal- 

coloboma syndrome, which is caused by mutations of PAX2 on chromosome lOq (73). In the 

first genomwide search of VUR no significant linkage was found to the previously reported 

VUR candidate loci, including 6p and lOq. Whereas a 20 cM locus on the short arm of the 

chromosome 1 was identified as a possible locus of primary VUR with a number of candidate 

genes (20).

Reflux nephropathy (RN) is defined by the presence of renal scars in children with VUR. 

Renal scarring secondary to VUR, which is called RN, has been affected by genetic and 

environmental factors. It has been reported that adequate medical management of urinary tract 

infections (UTI) and follow-up of children with VUR could significantly reduce the incidence 

of nephropathy (18, 19). RN is an important cause of hypertension (2), and chronic renal 

failure (CRF) in children (46). RN accounts for up to 25 % of children and young adults with 

CRF. Shimada et al. (75) reported that most children who developed renal insufficiency due

<s '
c-й ^ I
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to RN have either two small kidneys or one small kidney and a contralateral large kidney with 

severe scars. Mackie and Stephens (49) proposed that renal dysplasia and/or hypoplasia 

related to abnormal development of the embryonic ureteral bud, was the basis for some 

pathology associated vesicoureteral reflux (VUR). Current knowledge indicates that the 

evolution of VUR is not equal in all patients, suggesting the influence of different factors 

including genetics (15). The RAS has been postulated to play an important role in the 

regulation of glomerular sclerotic processes (35) as well as in renal development (6). Thus, 

genes encoding components of the RAS have attracted much interest as risk factor of renal 

scarring. The insertion/deletion (I/D) polymorphism in the angiotensin-converting enzyme 

(ACE) gene is located on chromosome 17. Three possible genotypes are determined by the 

absence (deletion, D) or presence (insertion, I) of a 287-base pair DNA fragment at intron 16: 

DD, ID, II. The deletion allele is associated with higher ACE plasma levels (71). An 

association between I/D polymorphism of the angiotensin converting enzyme (ACE) and scar 

formation in different nephropathies (IgA nephropathy, diabetic nephropathy, autosomal 

dominant polycystic kidney disease, focal glomerulosclerosis and finally, reflux nephropathy) 

were reported. Generally the DD genotype of ACE was correlated with the development of 

the diseases or the decline of renal function in these pathological states [16, 38, 63, 67, 74]. 

Other gene polymorphisms of the RAS such as the M235T polymorphism of the 

angiotensinogen (ATG) gene or the A1166C polymorphism of the angiotensin II type 1 

receptor (ATI) gene are supposed to be involved in renal scar formation.

1.2.Platelet aggregation, blood viscosity and serum lipids in hypertensive and obese 

children

In human essential hypertension, endothelial dysfunction has been documented in 

peripheral and coronary macro- and microcirculation and in renal circulation. The mechanism 

appears to be the activation of an alternative pathway involving Cyclooxigenase, which 

reduces NO availability through production of oxidative stress. Reduced NO availability can 

increase the biological activity of endothelin-1 (ET-1). (81). Besides the endothelial damage 

platelet hyperactivity may also play a role in the vascular complications of essential 

hypertension (69). Nitric oxide not only causes vessel relaxation but also inhibits platelet 

aggregation, smooth muscle cell proliferation, monocyte adhesion, adhesion molecules
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expression, and ET-1 production which is a potent vasoconstrictor and has inotropic an 

mitogenic properties (80).

During hypertension very important alterations have been shown in rheological, mechanical 

and biochemical characteristics of erythrocytes and of blood flow. In hypertensive adults 

Cicco et al found a decrease in erythrocyte deformability, in erythrocyte aggregation time, an 

increase of shear rate to disaggregate erythrocytes and in fibrinogenaemia, a decrease in 

cellular oxygen delivery and tissue oxygenation and an impairment of microcirculation (11). 

These patterns were not related with the age of the patients but with the patient hypertension 

age. Carroll et al demonstrated that obesity and poor cardio respiratory fitness might be 

important in the development of haemorheological abnormalities associated with metabolic 

syndrome. Increased plasma viscosity is associated with the increased clustering of metabolic 

markers in middle-aged people (7).

Most of non-genetic predisposing factors for adult essential hypertension - like smoking, 

atherosclerosis, hyperlipidemia, diabetes, alcohol consumption - are absent in paediatric 

population. Therefore the pathogenetic role of platelets, nitric oxide, and endothelin can be 

more precisely investigated in adolescent hypertensive patients. Nevertheless the occurrence 

of obesity in the general and also in paediatric population has been extensively growing, and 

its role in juvenile essential hypertension (JEHT) has not been cleared yet.

In our previous study platelet aggregation and the thromboxane B2 (TxB2) level were 

significantly higher while the plasma total cholesterol, triglyceride and LDL cholesterol 

concentrations were normal in non-obese children with JEHT (4). Obesity and hypertension 

are double risks for cardiovascular morbidity in adults. Beside high blood pressure, platelet 

aggregation, blood and plasma viscosity, plasma lipid concentrations and endothelial nitric 

oxide (NO) production are frequently investigated factors in adult hypertension.

1.2.The effects of vitamin E on uraemic erythrocytes in the early period of 

erythropoietin treatment

Anaemia is a common feature of chronic renal failure (CRF), particularly with chronic 

haemodialysis (HD), and causes a significant morbidity. An erythropoietin (EPO) deficiency 

(21, 93) and hypoproliferative bone marrow are the principal factors of the anaemia (17, 54). 

A further important contributory phenomenon is the shortened red blood cell (RBC) survival, 

which may be due to circulating plasma factors accumulating during the uraemic state.
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Additionally, a growing body of evidence has accumulated indicating that a disturbance of the 

balance between oxidative stress and antioxidant defence mechanisms plays a major role in 

the pathomechanism of oxidative haemolysis of chronic uraemic patients undergoing chronic 

HD therapy. The plasma lipid peroxidation, malonyl dialdehyde (MDA) production and 

haemoglobin (Hb) oxidation are increased (42, 84), and the activities of antioxidant enzymes 

[superoxide dismutase (SOD), catalase (Cat) and glutathione peroxidase (Gpx)] are decreased 

(47, 84). The vitamin E concentration in the erythrocytes is low (24, 65, 82) and vitamin C is 

depleted during HD (14, 79). The increased MDA production results in changes in cation 

permeability (42) and a reduced deformability of the RBCs. During HD therapy the 

availability of free oxygen radicals (FOR) originating from activated neutrophils is increased 

(37, 48). The production of reduced glutathione (GSH), one of the main scavenging materials 

of FOR, is decreased. Furthermore, the activity of the RBC hexose monophosphate shunt, 

which is responsible for GSH regeneration from oxidized glutathione (GSSG), is depressed. 

All these factors make the free radical scavenging system ineffective.

In a previous paper we reported (86) on the early effect of rh EPO therapy on the 

changes in the glutathione redox system and Hb oxidation causing haemolysis in 10 children 

with CRF undergoing chronic HD. A rapid increase in the reticulocyte count was 

accompanied by a slower rise in total Hb concentration. The mean level of GSSG was 

increased from 13.2±5.3 nmol/g Hb to 56.7±15.8 nmol/g Hb 4 weeks after the start of rh EPO 

(pcO.OOl), followed by a fall to the basal value. The GSH levels showed a smaller though 

constant elevation during rh EPO therapy (pcO.OOl). Before rh EPO treatment, incubation of 

RBCs for 1 h with acetylphenylhydrazine induced a decrease in GSH concentration as 

compared with the controls (pcO.OOl), which became more pronounced in the first few weeks 

of rh EPO therapy (pcO.OOl). In addition, the levels of Hb derivatives (metHb and 

haemichrome) increased in the first 4 weeks of rh EPO treatment (pcO.OOl). Although there 

was no significant difference between the values before and during EPO treatment, the MDA 

levels were continuously higher and the SOD, Cat and Gpx activities were lower than in the 

control (pcO.OOl). These results were compatible with oxidative damage to the RBCs in the 

early period of rh EPO therapy in children with end-stage renal failure. The GSH-GSSG 

system as an important cellular defence mechanism of the RBCs appears to be severely 

affected.
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2. AIMS OF THE STUDY

The objectives of this study were to investigate

2.1. Mutations of the renin-angiotensin system genes and renal scarring in primary 

vesicoureteral reflux

2.1.1. Is there any role of ACE gene I/D polymorphism in the occurrence of VUR?

2.1.2. Is there any difference in the M235T polymorphism of the angiotensinogen (ATG) 

gene between VUR patients and controls?

2.1.3. Is there any contribution of A1166C polymorphism of the angiotensin II type I 

receptor (ATI) gene to the development of primary VUR?

2.1.4. Do these ACE, ATG and ATI gene mutations contribute to the progression of VUR 

associated renal scarring?

2.2. Platelet aggregation, blood viscosity and serum lipids in hypertensive and obese 

children

2.2.1. How obesity and hypertension can separately and in combination influence platelet 

aggregation, blood and plasma viscosity in children.

2.2.2. Are there any changes in plasma lipid levels in obese (O) and obese hypertensive 

(OHT) patients at this age?

2.2.3. How endothelial NO change in essential hypertension (EHT), О and OHT as 

compared with the controls.

2.3. The effects of vitamin E on uraemic erythrocytes in the early period of 

erythropoietin treatment

2.3.1. The aim of the present study was to investigate the effects of vitamin E on the 

glutathione redox system.

2.3.2. We studied the effect of vitamin E and erythropoietin combined therapy on the Hb 

oxidation and the changes in haematocrit (Htc) and Hb in the same patients.
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3. PATIENTS AND METHODS

3.1.Mutations of the renin-angiotensin system genes and renal scarring in primary 

vesicoureteral reflux

3.1.1. Patients

Seventy-seven children with primary VUR (33 males and 44 females) aged 6.9±3.2 

years (mean±SD) were studied. Underlying causes for secondary VUR (neurogenic bladder, 

subvesical obstruction, ectopic kidney and ureter orificium) were excluded. Laboratory tests 

(serum electrolytes, ureaN, creatinine, urinalysis and bacteriology) and diagnostic imagings, 

such as renal ultrasonography, voiding cystourethrography (VCUG) and nuclear scan with 

technetium-99m-dimercaptosuccinic acid (99mTc-DMSA) were carried out. VUR was 

diagnosed by VCUG and classified as grade I to V according to the International Reflux 

Classification [14]. Unilateral reflux was present in 30 (left 12, right 18) and bilateral in 47 

patients. VUR was maximally grade I in 2 (3%), grade II in 7 (9%), grade III in 29 (38%), 

grade IV in 30 (39%), and grade V in 9 (11%) patients. Patients were stratified into two 

groups according to the VCUG findings: 38 patients had low-grade or mild (grade I to III) and 

39 patients had high grade or severe (grade IV and V) VUR. Renal scarring was found in 43 

VUR patients (four of them had end stage renal disease) and 34 had normal kidneys on 99mTc- 

DMSA scan. "mTc-DMSA scan was considered abnormal when focal or generalized uptake 

defects were noticed. 70% (n=30) of the VUR patients with scarred kidneys had high-grade 

VUR, while in VUR patients with normal kidneys the low-grade VUR occurred more 

frequently (74%, n=25). It was evident that the renal scarring was more common in patients 

with severe VUR (77%) than in mild VUR (34%). Eighty healthy randomly selected blood 

donors from the Blood Bank of our University (41 males and 39 females, aged 33.117.0 

years) were also studied as controls to determine the population frequency of the gene 

polymorphisms. Informed consent was obtained from the subjects and/or their families. The 

University Ethical Research Committee approved the study.

Distribution of VUR patients according to the VCUG findings is presented in detail in

Table 1.
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Table 1 Distribution of patients with vesicoureteric reflux (VUR) according to the 

severity of VUR

VUR vithout VUR with 
Scarring 

n=43

Unilateral Bilateral 
VUR 
n=47

Maximum
Grade

VUR
Scaring
n=34

VUR
n=30n=77

10 122Mild VUR 
N=38

I
4 3257II

9201429 15III

25 131638 22
(74%) (30%)(49%) (73%) (34%)

2123 930 7IVSevere VUR

N=39 0 91 8V 9

31 9 3039 8
(26%) (70%)(51%) (27%) (66%)

3.1.2. Methods

3.1.2.1. Detection of ACE and ATI genotypes

Genomic DNA was isolated from peripheral blood leukocytes by a standard 

phenol/chloroform method. The I/D polymorphism in intron 16 of the ACE gene was 

determined according to the previously published method of Chiu et al. using polymerase 

chain reaction (PCR) (8). A forward primer (5’-CTGGAGACCACTCCCATCCTTTCT-3’), a 

reverse primer (5’- TCGAGACCATCCCGGCTAAAAC-3’), and an insertion-specific primer 

(5’-GAT GTGGCCATCACATTCGTCAGAT-3’) were used for the PCR. Amplification was 

carried out in a 25pi reaction mixture containing 250 ng genomic DNA, 2 mM MgCh, 50 mM 

KC1, 10 mM Tris-HCl (pH 9.0), 0.1% Triton X-100, 5% dimethylsulfoxide, 0.2 mM of each 

dNTP, 25 pmol of each primer and 0.25 U Taq DNA polymerase. The amplification was 

obtained after the following steps: 5 min initial denaturation at 94 °C, followed by 30 cycles 

of 1 min denaturation at 94 °C, 1 min annealing at 64 °C, 1 min extension at 72 °C, and then
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10 min final extension at 72 °C. The samples were visualized after electrophoresis on a 2% 

agarose gel with ethidium bromide staining. The DD genotypes were re-typed with the 

insertion specific primer and the consensus primer (forward) primer.

The M235T polymorphism in exon 2 of the ATG gene was detected by single step 

Light Cycler technology published by Malin et al. (52) that uses a rapid PCR amplification 

followed by analysis of the melting behaviour of fluorophore-labeled hybridization probes. As 

reaction buffer in the PCR, the Light Cycler DNA Master Hybridization Probes lOx buffer 

(Roche Molecular Biochemicals) with a final Mg2+ concentration of 4 mmol/L was used. PCR 

was performed in a reaction volume of 20 pi with 0.3 pmol/L of each primer (5’- 

CTCTATCTGGGAGCCTTG-3’ and 5’-GTTTGCCTTACCTTGGAA-3’) and 0.2 pmol/ L of 

the anchor and detection probes (). The detection probe (5’-CCCTGATGGGAGCCAGTG- 

was labelled at the 3’ end with fluorescein; the anchor probe (5’- 

GACAGCACCCTGGCTTTCAACAC-3 ’) was labelled with LightCycler Red 640 at its 5’ 

end and modified at the 3’ end by phosphorylation to block extension. The PCR was 

performed in a LightCycler instrument and included initial denaturation at 94 °C for 45s, 

followed by 50 cycles of denaturation (94 °C for 0s, with a temperature transition rate of 20 

°C/s), annealing (57 °C for 5s, 20 °C/s), and single extension (72 °C for 20s, 3 °C/s). After 

amplification, the melting curve was recorded by cooling the reaction mixture to 50 °C for 3 

min, and then by slowly raising the temperature to 85 °C at 0.2 °C/s. The fluorescence signal 

(F) was continuously monitored during the temperature ramp and then plotted against 

temperature (T) to obtain melting curves for the samples (F vs. T). The melting curves were 

subsequently converted to derivative melting curves [- (dF/dT) vs. Т]. The melting peak of 

samples homozygous for the M allele was at 63 °C, whereas in samples homozygous for the T 

allele, the melting peak was at 53 °C. The heterozygous samples contained both M and T 

alleles and produced both peaks.

3’)

3.1.2.2. Measurement of the Al 166C polymorphism of the ATI gene

Determination of the A1166C polymorphism of the ATI gene was also carried out 

with LightCycler technology according to the M235T polymorphism detection (described 

above) which was optimized for the analysis of Al 166C polymorphism by us. The same PCR 

reaction buffer with a final Mg2+ concentration of 3 mmol/L and 20 p.1 reaction volume with
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0.4 pmol/L of each primers (5’-ATCCACCAAGAAGCCT-3’ and 5’- 

AAAGTCGGTTCAGTCCA-3’) and 0.2 pmol/L of hybridization probes were used for the 

PCR. The detection probe (5’-AGGAGCAAGAGAACATTCCTCTGCA-3’) was labelled at 

the 3’ end with fluorescein and the anchor probe (5’- 

ACTTCACTACCAAATGAGCCTTAGC-3 ’) with LightCycler Red 640 at its 5’ end and 

modified at the 3 ’ end by phosphorylation. The amplification included an initial denaturation 

at 94 °C for 45s, followed by 50 cycles of denaturation at 94 °C for 5s, annealing at 57 °C for 

15s and single extension at 72 °C for 25s. After the PCR the melting curves were recorded by 

cooling the reaction mixture to 40 °C for 2 min and then by slowly raising the temperature to 

85 °C at 0.2 °C/s. Melting peaks of the AA and CC genotypes were 61 °C and 67 °C.

3.1.2.3. Statistics

SPSS 9.0 statistical software was used for all the analyses. Differences in frequency 

distribution of categorical variables were compared by chi-square test. P less than 0.05 was 

considered statistically significant. Data were expressed as mean±SD or percentage 

frequency.

3.2.Platelet aggregation, blood viscosity and serum lipids in hypertensive and obese 

children

3.2.1. Patients

Thirty-five patients (mean age: 14.4+3.1 years, male/female: 17/18) in whom an 

increased blood pressure was measured for the first time were included in the study. 

Simultaneously, 35 age and body mass-matched controls with normal blood pressure (mean 

age: 14.3±4.3 years, male/female: 16/19) were studied. Demographic data and the physical 

characteristics of the study population be seen in Table 2.
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Table 2 Demographic data and some characteristics of the study population related to 

their body mass index (means ± SD)

Hypertensive patientsControls

n = 35n = 35

>25<25>25BMI (kg/m2) <25

n = 20n =15n = 15n = 20

13.5±3.214.4±2.713.4±3.514.6±4.6Age (y)

Sex (M/F)

Body weight (kg) 

Height (m)

Heart rate (beats/min) 

Office SBP (mm Hg) 

Office DBP (mm Hg) 

24-h ambulatory SBP 

(mm Hg)

24-h ambulatory DBP 

(mm Hg)

Total haemoglobin 

(mmol/L)

Hematocrit

9/98/99/67/13

86±1154±1381±1151±8

1.66±0.151.65±0.181.62±0.121.60±0.18

81±1171±1675±1869±12

154.4+9.6***153.4+9.7***119.3+5.111.2±6.2

89.7+8.4***89.4+9.4***69.1+8.166.8±6.1

144.4+9.9143.6±8.2

79.4±9.480.6±6.1

9.8 ±0.7*9.9+0.8*9.3±0.79.2±0.9

0.42+0.03*0.39±0.030.33±0.02 0.41+0.03

Sedimentation rate 10.4+2.08.6+2.78.7+2.4 10.2+3.6

(mm/h) 

Platelet (G/L) 9.8 ±0.7*309.9+55.6 319.9+60.2312.0+34.3

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure. *** < 

0.001 vs controls.

The diagnosis of hypertension was defined as a blood pressure >the 95th percentile for 

age, gender and weight on three separate occasions at 20-min intervals at the time of 

enrolment (57). The diagnosis of JEHT was confirmed with a 24-h ambulatory blood pressure 

monitor (ABPM, Space Labs Models 90202) as above the 95th percentile of the age, height 

and sex-matched normal values (76).

,<%йУе*е
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In both hypertensive patient groups the endocrinological, cardiological, neurological, 

and renovascular origins were excluded. In the groups of EHT and OHT renal function and 

ultrasonography were normal. None of the patients were given nonsteroidal anti-inflammatory 

drugs, albumin or blood transfusion in the 2-week period prior to the study. The patients had 

not yet received any treatment for the control of hypertension. They were on a normal diet, 

with a similar caloric intake and physical activity as the controls. None of them were smokers, 

as controlled via the carbon monoxide haemoglobin concentrations. Blood samples were 

always collected at the same time of day (at 9 a.m.).

The body mass index (BMI, weight in kilograms divided by the square of the height in 

meters) was used as a measure of ponderosity (29, 55). Both the hypertensive and the control 

patients were grouped according to their BMI into normal (<25) and overweight (>25) 

subgroups. Some characteristic laboratory parameters are presented in Table 3.

Table 3 Plasma lipids and glucose concentrations related to the body mass index (means 

±SD)

Hypertensive patients 

n = 35

Controls

n = 35

BMI (kg/m2) >25<25 >25 <25

n = 20n = 20 n = 15 n= 15

Glucose (mmol/L) 4.13±0.3 3

Cholesterol (mmol/L) 3.87Ю.58 

Triglyceride (mmol/L) 1.OHO.32 

HDL (mmol/L)

LDL (mmol/L)

4.68±0.38*4.08±0.224.51±0.21

5.57Ю.57*5.26Ю.52* 3.92±0.54

0.93±0.401.7H0.59 2.0510.31*

1.18Ю.29 1.12±0.25 1.2Ü0.54 1.0510.23*

2.27Ю.26 2.6010.28 2.40Ю.32 2.6910.46

BMI, body mass index. * p < 0.05 vs BMI <25.

The study protocol was approved by the Ethics Committee of the University of Szeged. 

Written informed consent for the participation was obtained from all subjects.
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3.2.2. Methods

Measurement of platelet aggregation and viscosity 

Blood samples (9 ml) from a peripheral vein were collected in plastic tubes containing 1 ml 

3.8 % trisodium citrate, within 30 min of collection. Citrated blood was centrifuged at 500 g 

for 10 min. at room temperature, to obtain platelet-rich plasma (PRP). Platelet-poor plasma 

was obtained by centrifugation of PRP at 4000 g for 10 min. The PRP platelet count was 

adjusted to 300x105/pl.

Platelet aggregation was carried out with a laser rheoaggregometer (Servibio, 

Meudon, France (41), using collagen stimulation (Kollagén reagents, Hormon Chemie, 

Munich, FRG) at a final concentration of 2 pg/ml PRP. The slope and the amplitude of the 

platelet aggregation curves obtained with transmitted light and diffused light simultaneously 

were estimated by computer analysis. The result of platelet aggregation was expressed in 

aggregation units (AU=slope x amplitude of platelet aggregation curve).

Whole blood and plasma viscosity were carried out with 1.5 ml blood and 1.5 ml 

heparinized plasma at 37 °C in Hevimet-40 viscosimeter (Hemorex). The changes of blood 

flow velocity were measured in a 500 mm length and 0.6 mm internal diameter of capillary 

tube connected to a vertical glass tube, which was furnished with photoelectronic sensors. The 

velocity gradient was calculated from the blood flow velocity. The velocity gradient and the 

hydrostatic pressure of the blood column were used for the calculation of the shear stress. The 

blood viscosity was expressed as the ratio of the shear stress and the gradient velocity.

3.2.2.1. Biochemical methods

Nitric oxide end-products in plasma (NO^)

Nitrite and nitrate were determined simultaneously by an anion-exchange HPLC method (53). 

The Pharmacia LKB HPLC system was used with a Variable Wavelength Ultraviolet Detector 

(at 210 nm). The within-day (intra-assay) coefficient of variation (CV) for nitrate standards in 

pooled plasma ranged from 4.5% for 25 pmol/L to 2.5% for 50 pmol/L (n=10). The day-to- 

day (interassay) variability was 5.2% for 25 pmol/L and 3.5% for 50 pmol/L (n=20).

Plasma lipid peroxides as malondialdehyde (MDA) equivalents

Plasma lipid peroxides were quantified as MDA-thiobarbituric acid adducts by the HPLC

method (88), using a 3.9 x 300mm pBondapak C18 (10 pm) (Waters-Millipore Corp., 

Milford, MA) reverse-phase HPLC column and a Variable Wavelength Ultraviolet Detector
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(at 532 nm). The reproducibility of the results was evaluated by analyses of commercial 

quality-control serum. Replicate daily analyses yielded a CV of 12.1% at 1.19 pmol/L (n=l 8), 

while the intra-assay CVs were below 8% (n=10).

Plasma free thiol groups (SH)

SH groups were assayed with 5,5-dithiobis (2-nitrobenzoic acid) at 412 nm; a molar 

extinction coefficient of 13 600 was used (43). The values of both the inter- and the intraassay 

precision were similar to those reported by other the authors, with CVs of 8.9% and 6.7% in 

the presence of 300 pmol/L free thiol, as a GSH standard.

Plasma cholesterol and triglyceride measurements were carried out by standard

methods.

3.2.2.2. Statistical analysis

Clinical data on the patients are reported as means ± standard deviations (SD), while the 

results of biochemical analyses are shown in the Figures as means ± standard errors (SEM). 

Statistical analyses included both parametric (variance analysis, Tukey test and Student's t 

test) and non-parametric tests (Wilcoxon rank test, test) as appropriate. When the extent of 

variance between pairs of groups differed significantly (p < 0.05 in the F test), we used the 

Welch test (d probe) instead of the t test to compare the mean values. Correlations between 

parameters were characterized by calculation of the linear regression and correlation 

coefficients. The significance level for all tests was taken as a= 0.05.

3.3. The effects of vitamin E on uraemic erythrocytes in the early period of 

erythropoietin treatment

3.3.1. Patients

Ten patients (pts) with CRF (5 boys, 5 girls, age range 6-16 years, mean +SD, 14±3.1 years) 

and 10 age- and sex-matched controls were studied. The primary diagnoses were chronic 

glomerulonephritis 2, bilateral hydronephrosis 3, hypoplastic kidney 3, nephrocalcinosis 1 or 

tubulo-interstitial nephritis 1. The pts had been on 4 h bicarbonate HD 3 times a week for 1-5 

years. HD was performed with a cuprophan single-use dialyser. The blood flow was 200 

ml/min and the dialysate flow rate was 500 ml/min. During HD, heparin was used as an
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anticoagulant, with an initial dose of 500 IU, followed by continuous infusion at a rate of 

1000 IU/h.

Five pts were normotensive without antihypertensive therapy, while 5 pts had medically 

treated hypertension which was adequately controlled throughout the study period. The 

antihypertensive drugs for the treatment were captopril, propranolol and prazosine. The pts 

met the following criteria: a Hb level equal to or less than 50 g/1, stable HD, and 

administration of at least a 1-unit transfusion/month in the previous 6 months and not later 

than 2 weeks prior to the study. At the time of entry, none of the pts were receiving non­

steroidal anti-inflammatory drugs, immunosuppressive therapy or chemotherapy, and none 

had cancer, uncontrolled hypertension or a history of seizures. There was no evidence of iron, 

folic acid or vitamin В12 deficiency. No albumin or blood transfusions were given in the 2- 

week period prior to the investigation or during rh EPO therapy.

3.3.2. Methods

The study was approved by the University Research Ethical Committee.

Rh EPO for intravenous administration was provided by CILAG Pharma (Schaffhausen, 

Switzerland); 4000 units correspond to 33.6 ug rh EPO in a buffered sterile solution of 2.5 

mg/ml human serum albumin. The purity of the rh EPO preparation was 99%.

The study was divided into two periods.

First year: rh EPO therapy, rh EPO was given as a bolus injection in the venous blood 

line at the end of dialysis. In the first 12 weeks of the treatment, the dose of rh EPO was 

uniform in all 10 pts: weeks 1-4 50 units/kg, weeks 5-8 75 units/kg, weeks 9-12 100 units/kg 

three times a week. The dose of rh EPO was then individually modified to maintain a target 

Hct of 35%.

Results from this period of the study were published elsewhere (56, 85).

Second year: rh EPO + vitamin E therapy. Following one year of rh EPO therapy of 

these children (supported by CILAG Company), there was a 4 - week break in the rh EPO 

supply in consequence of a delay in the permission from the national insurance company for 

this treatment to be continued at government expense. During this period, the Hb level 

decreased below 5 mmol/1, and the Htc below 23 %. Rh EPO was then restarted in the same
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way in the same children as in the previous year. Vitamin E was introduced 2 weeks 

following the restart of rh EPO therapy, in a dose of 15 mg/kg/day orally.

3.3.2.1. Laboratory investigations

They were the same in the two study periods. The results in the first 7 weeks of the 

second year were compared with the data obtained corresponding in the earlier period when 

the same pts were treated with EPO alone in the same dosage.

After informed consent had been obtained, baseline studies were performed, including Hct, 

Hb, the ratio of reticulocytes to the RBC count, serum iron, iron binding capacity, transferrin 

(measured by an immune diffusion method) and ferritin (investigated by radioimmunoassay). 

The baseline investigations were monitored weekly during the study. Blood samples were 

always taken from the arterial blood line before the start of dialysis. Furthermore, blood 

samples were drawn into tubes containing EDTA and heparin for the following studies.

3.3.2.2. GSH and GSSG determinations.

The concentrations of GSH and GSSG in the whole blood haemolysates were 

measured by means of the highly sensitive method of Tietze (83). This assay responds to both 

GSH and GSSG, so GSSG was determined separately after the alkylation of GSH with N- 

ethylmaleimide (NEM) according to the method of Akerboom and Sies (1). GSSG was 

separated from NEM by gel filtration with Sephadex G-10 (Pharmacia, Uppsala, Sweden) 

(27). Both GSH and GSSG were related to the Hb contents of the haemolysates.

The percentage of carboxy Hb (COHb) and the metHb level were measured in 

heparinized blood samples with a Radiometer haemoximeter (Copenhagen, Denmark), and 

were expressed as percentages of the total Hb.

3.3.2.3. Statistical analyses

were performed with the paired t-test and the Spearman rank correlation test. The results for 

the groups are given as mean values plus or minus SD.
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4. RESULTS

4.1.Mutations of the renin-angiotensin system genes and renal scarring in primary 

vesicoureteral reflux

Genotype and allele frequencies for the three polymorphisms in the different patient groups 

and controls are listed in table 4, 5 and 6.

Among the 77 patients, ATG genotype distribution was as follows: MM 31%, MT 57%, and 

TT 12% (Table 4).

Table 4 Genotype and allele frequencies for the ATG M235T polymorphism in the 

whole group and different subgroups (mild, severe, with and without scarring) of VUR 

patients

Allele frequenciesGenotype, n (%)

TTT MMM MT

0.4024(31) 44(57) 9(12) 0.60VUR (n=77)

Mild VUR (n=38) 

Severe VUR (n=39)

10 (26) 22 (58) 6 (16)

14 (36) 22 (56) 3 (8)

0.450.55

0.64 0.36

VUR without scarring (n=34) 

VUR with scarring (n=43)

10 (29) 21 (62) 3 (9)

14 (33) 23 (53) 6 (14)

0.60 0.40

0.59 0.41

Controls (n=80) 25 (31) 43 (54) 12 (15) 0.58 0.42

In the whole group of VUR patients and also in the group of patients with severe VUR 

and no scarring and scarring the occurrence of the ID genotype was decreased compared to 

controls (in patients with severe VUR: 35.5%, without scarring: 38%, with scarring: 40% and 

controls: 60%; ,P<0.05). Moreover in patients without scarring the II genotype was 

significantly more frequent (41%) than in controls (17.5%; P<0.05). Or patients with scarring 

(16%; P<0.05) and the DD genotype was less frequent (21%) compared to the group of 

patients with scar formation (44%; P<0.05) (Fig. 1).
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Fig.l Genotype frequencies for the ACE I/D polymorphism in (a) mild (hatched bar) and 

severe (black bar) VUR and in (b) VUR without (hatched bar) and with (black bar) scarring 

compared to controls (white bar) scarring compared to controls (white bar). *p<0.05 vs VUR 

without scarring.

Similarly, the allele frequencies showed a significant difference as compared with the 

controls and patients with scarred kidneys (Table 5). In VUR patients with renal scarring 

there was a significant over-representation of the DD genotype and D allele compared to 

controls and patients with unscarred kidneys, while the II genotype and I allele occurred less 

frequently (Table 5).
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Table 5 Genotype and allele frequencies for the ACE I/D polymorphism in the whole 

group and different subgroups (mild, severe, with and without scarring) of VUR 

patients. * p<0.05 comparison with the controls; #p<0.05 comparison with the group of 

VUR patients without scarring

Allele frequenciesGenotype, n (%)

I DDDII ID

0.5421 (27) 30 (39)* 26 (34) 0.46VUR (n=77)

10(26) 16(42) 12 (32) 0.530.47Mild VUR (n=38)

14(35.5) 0.46 0.54Severe VUR (n=39) 11 (29) 14

(35.5)

VUR without scarring (n=34) 0.60* 0.40*14(41)* 13(38)* 7(21)

VUR with scarring (n=43) 7(16)# 17(40)* 19(44)*# 0.36*# 0.64*#

Controls (n=80) 14(17.5) 48(60) 18 (22.5) 0.47 0.53

The ATI genotype distribution was: AA 52%, AC 42%, and CC 0% (Table 6).
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Table 6 Genotype and allele frequencies for the ATI A1166C polymorphism in the 

whole group and different subgroups (mild, severe, with and without scarring) of VUR 

patients

Allele frequenciesGenotype, n (%)

CC cAA AC A

0.2440 (52) 37 (48) 0 0.76VUR (n=77)

Mild VUR (n=38) 0.2221 (55) 17(45) 0 0.78

0.26Severe VUR (n=39) 19 (49) 20(51) 0 0.74

VUR without scarring (n=34) 22(65) 12(35) 0 0.82 0.18

VUR with scarring (n=43) 18 (42) 25 (58) 0 0.71 0.29

Controls (n=80) 46 (57.5) 32 (40) 2 (2.5) 0.77 0.23

The genotype and allele frequencies of ATG and ATI polymorphisms were not 

different between the whole group of VUR patients and different subgroups of patients and 

controls (all R>0.05)
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4.2.Platelet aggregation, blood viscosity and serum lipids in hypertensive and obese 

children

Plasma lipid concentrations are demonstrated in table 3. The plasma cholesterol level was 

significantly high in OHT (p<0.05) and in normotensive obese children (p<0,05) as compared 

with the controls and EHT. Triglyceride concentration was also high in OHT group (p<0.05).

Figure 2 shows in vitro platelet aggregation induced by collagen in the groups of 

patients and controls. Hypertensive patients in both groups (EHT, OHT) and the normotensive 

obese children showed a significantly increased platelet aggregation as compared to the 

controls (pcO.OOl). The values of OHT patients were even higher than that of the 

normotensive obese children (p<0.05). A significant positive correlation was observed 

between the BMI values and the platelet aggregation (r=0.474, p<0.05). (Fig.2)

Aggregation 
Units x 1000

40 I

BMI S25 >26

ESI ■
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Ж
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patientsn= 20 1S

n= IS 20

Fig. 2 Platelet aggregation after collagen stimulation (Aggregation Units) in controls and 

hypertensive patients, related to their BMI (median, interquartile range). ***p<0.001 versus 

controls, *p<0.05, ###p<0.001 versus BMI<25
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The results of NOx studies are demonstrated in figure 3. NOx levels were significantly lower 

in patients with EHT and OHT as compared to controls (p<0.01). In the normotensive obese 

children we observed a non-significant decrease also. There were significant negative 

correlations between the results of platelet aggregation and NOx level (r=-0.530 and -0.504, 

p<0.01for EHT and OHT groups, respectively). (Fig. 3)

NOx BMI £26 >25

Ы H
pmol/L

80-
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£60- **

К40-

20-

O

Controls
n= 20 15

Hypertensive 
patients

n= 15 20

Fig.3 Concentrations of plasma NOx in controls and hypertensive patients, related to their 

BMI (median, interquartile range). **p<0.01 versus controls

The results of blood and plasma viscosity, plasma MDA and sulphydril measurements are 

summarized in table 7. Blood viscosity was significantly higher in OHT group as compared to 

normal controls (p<0.05) and normotensive obese group (p<0.05). The other patients’ groups 

did not differ from the controls and from each other. There was a significant simultaneous 

increase in the plasma viscosity and MDA concentration in the OHT patient group (r=0.59, 

p<0.05). The sulphhydril levels were significantly depleted both in EHT (p<0.01) and in 

children with OHT (p<0.001) (table 7)
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Table 7 Blood and plasma viscosity and concentrations of free thiols and 

malondialdehyd in controls and hypertensive patients, related to their body mass index 

(means ± SD)

Hypertensive patients 
n = 32

Controls 
n = 35

BMI (kg/m2) >25 <25 >25<25
n = 15 n = 20n = 15n = 20

Blood viscosity 
(mPAs)

Plasma viscosity 
(mPAs)

Free thiols 
(pmol/L)

Malondialdehid
(pmol/L)

2.67±0.20 3.0610.26**2.82±0.12 2.81±0.14

1.21±0.04 1.2710.05* 1.2610.06 1.2910.06*

181121***186125**215135 194124

0.4710.11 0.6910.11**0.4510.130.5310.11

BMI, body mass index. 
. *** p <0.001 vs BMI-matched controls; * p < 0.05; ***p <0 .001 vs BMI <25.* p <0.05;

The results of the plasma free SH analyses are demonstrated in Fig. 4. SH levels were 

significantly depleted in both groups of hypertensive patients, while a significant decrease 

was also measured in obese controls.
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Fig.4 Concentrations of plasma SH in controls and hypertensive patients, related to their BMI 

(median, interquartile range). ***p<0.001 versus BMI<25.

n— 20 TO
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Multivariate analysis revealed that the effect of age as a covariate was not significant. The 

actual independent effects of hypertension and BMI on the parameters are depicted in table 8. 

While the plasma NOx showed a significant association only with hypertension, plasma 

cholesterol was associated exclusively with BMI. On the other hand, significant interactions 

between the effects of hypertension and BMI are evident on platelet aggregation and plasma 

free SH levels.

Table 8 Results of multivariate analysis on the actual independent and interactive effects 

of hypertension and obesity on some variables (NS not significant).

Statistical probability (p) 

Platelet Plasma Plasma

Aggregation free thiols NOx

Plasma

cholesterol

Hypertension

BMI

Statistical interaction

NS<0.001 0.001 0.017

0.038<0.001 0.010 NS

NS NS0.038 0.003

4.3.The effects of vitamin E on uraemic erythrocytes in the early period of 

erythropoietin treatment

Iron status. At the beginning of the second year of rh EPO treatment, the serum ferritin 

concentration was 906+262 ug/1. Four weeks following the restart of rh EPO therapy, it had 

increased to 1657±324 ug/1. Normal values in our laboratory are less than 1000 ug/1. The 

serum iron was 11.9±2.4 uM, which increased to 19.8±3.1 uM (normal values in our 

laboratory 10-22 uM).

GSH-GSSG redox system. In the first year of rh EPO - monotherapy, a rapid increase 

was observed in the concentration of GSSG in the whole blood haemolysate during the first 4 

weeks (at onset 13.2±5.3 nmol/g Hb, 4th week 56.7±15.8 nmol/g Hb [p<0.001]); the level 

subsequently decreased. In the second year, GSSG increased from 10.9±3.1 nmol/g Hb to 

26.7±5.7 nmol/g Hb 2 weeks after the start of rh EPO, but decreased significantly 1 week 

after vitamin E introduction, 10.1 ±4.9 nmol/g Hb (p<0.001), and remained at this level 

subsequently (Fig. 5/a).
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Fig.5/a The changes of oxidized glutathione (GSSG) during rh EPO and rh EPO + vitamin E 

therapy.

The GSH level exhibited a smaller elevation (p<0.05), but it also decreased significantly 1 

week after the introduction of vitamin E (p<0.05) (Fig. 5/b).
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Fig.5/b. Reduced glutathione (GSH) concentrations during rh EPO and rh EPO + vitamin E 

treatment.

The GSSG/GSH ratio showed that vitamin E introduction prevented oxidation to GSSG 

oxidation as compared with rh EPO monotherapy. The difference in GSSG/GSH between the 

two treatment types was significant from week 3 (p<0.001) (Fig. 6/a).
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Fig.6/a The changes of GSSG/GSH ratio during rhEPO and rh EPO + vitamin E therapy.

The changes in COHb and metHb levels. The percentage changes in COHb were similar 

during the first 2 weeks in both the first and the second year, showing a rapidly increasing 

tendency. Nevertheless, following the introduction of vitamin E, the concentration of COHb 

decreased from 1.24+0.2% to 0.5±0,09% (pcO.001) and then remained at the same level (Fig. 

6/b). There was a positive correlation between the GSSG and COHb levels (r: 0.59, p<0.05). 

The changes in metHb were similar, and its level became significantly lower after the 4th 

week (p<0.01).
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Fig.6/b. COHb levels during rh EPO and rh EPO + vitamin E therapy.
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The Hb concentration was significantly higher 2 weeks after the introduction of vitamin E as 

compared with the initial level; whereas significance was observed only the 8th week when 

the pts were treated with rh EPO alone (pcO.OO) (Fig. 7/a).
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Fig.7/a. The improvement of blood Hb levels during rh EPO and rh EPO + vitamin E 

treatment.

Rh EPO + vitamin E resulted in a more rapid increase in Htc too, which was significant in the 

4th week (2 weeks after the start with vitamin E), whereas it was significant only in the 5th 

week for treatment with rh EPO alone (pcO.OOl) (Fig. 7/b).
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Fig. 7/b. The increase of haematocrit during rh EPO and rh EPO + vitamin E therapy.
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5. DISCUSSION

5.1.Mutations of the renin-angiotensin system genes and renal scarring in primary 

vesicoureteral reflux

The renin-angiotensin system (RAS) and All has been recognised to exert an 

important role in the renal organogenesis. AT2 receptor seems to be crucial for the normal 

development of the urinary tract. AT2 receptor gene null mutant mice display congenital 

anomalies of the kidney and urinary tract (58). Moreover, polymorphism of the AT2 receptor 

gene (A1332G) was found to associate urological malformations, such as primary obstructive 

megaureter and pelviureteric junction obstruction (34). The potential role of AT2 on 

chromosome X was also confirmed by Feather et al. in the first genomewide search of VUR

(20).

On the basis of previous studies the linkage between ATG, ACE or ATI gene 

polymorphisms and development of VUR is unlikely (20, 33, 34, 63). However, gene 

polymorphisms of the RAS, especially polymorphism of ACE gene may contribute to the 

development of renal scarring and nephropathy in VUR as has been previously demonstrated 

in other types of kidney diseases, such as IgA and diabetic nephropathy or polycystic kidney 

disease (16, 38, 67, 74, 91). ACE level has been found to vary from I/D polymorphism of 

ACE gene. It has been documented that the DD genotype of this polymorphism is associated 

with higher levels of plasma and tissue ACE activity (12, 71). This genetic increase in ACE 

activity may lead to greater All formation in cardiac and renal tissues, predisposing to 

cardiovascular and renal disorders, particularly glomerulopathies. In children with urological 

abnormalities the tubulointerstitial involvement is the major cause of progressive renal 

damage, in which the All also has a pathophysiological role (22). Theoretically, in patients 

with DD genotype, higher ACE activity and All formation in the kidney might facilitate 

extracellular matrix formation, glomerular sclerosis and interstitial fibrosis, leading to renal 

scarring. In contrast to ACE and ATG, the Al 166C polymorphism of ATI gene has not yet 

been linked to any biological phenotype, but in some studies a linkage between CC genotype 

and cardiovascular complications has been described (5, 62). Genotype an allele frequencies 

of ACE did not differ between patients with VUR and controls suggesting that the occurrence 

of the disease is not influenced by the I/D polymorphism of ACE gene. Similarly, the 

genotype distributions and allele frequencies of the ATG and ATI gene polymorphisms in the 

VUR patients were not different from the normal population. These observations correspond
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to the results of the previous genetic studies in urologic malformations (32, 33, 34, 35, 63). 

Furthermore, we found the significant over-representation of the DD genotype in patients 

with renal scarring compared to normal controls. A significantly higher D and significantly 

lower I allele frequencies were presented in VUR patients with scarred kidneys compared to 

controls and patients with unscarred kidneys. These findings suggest that the DD genotype 

and D allele of ACE predisposes to renal scarring in primary vesicoureteric reflux. Similar 

results were reported about the I/D polymorphism in reflux nephropathy by Ozen et al. (63) 

Horikawa et al (36) and Brock al. (6). The study of Ozen et al (63) produced evidence that the 

DD genotype of ACE may be a genetic susceptibility factor contributing to adverse renal 

prognosis in RN, namely scar formation. Nevertheless, they were unable to find any 

correlation with the presence of DD genotype and hypertension, decreased function, 

proteinuria, or the sex of the patient. DD genotypes correlated with the ACE levels. In studies 

of Hohenfellner et al. the DD genotype was more frequent in patients with congenital 

urological abnormalities and renal parenchymal damage. They also found that the DD 

genotype is a risk factor in patients’ initially normal kidneys that develop a renal lesion, 

especially if the underlying urological abnormality is primary VUR (32, 35).

Ohtomo et al (61) studied the I/D polymorphism of ACE gene in patients with primary 

VUR, and examined renal function by DMSA scan and DTPA (diethylenetriamine-penta- 

acetic acid) renogram. The incidence of unilateral small kidneys was high in DD patients (70 

%). Glomerular filtration rate obtained from DTPA renogram was 120.7±35.7 ml/min in II 

genotype, 111.7±33.3 in ID, and 88.0±18.0 in DD. The total quantitative DMSA tracer uptake 

of both kidneys was also low in patients with the D allele. This study shows that the D allele 

of ACE gene is closely related to small congenital kidneys with refluxing ureters in patient 

with primary VUR, and in accordance with previous reports, this allele is also related to the 

progression of reflux nephropathy.

The findings of Yim et al (89) indicate that a lower incidence of AT2 A-133G 

transition is seen in primary VUR patients, also the combination of АСЕ II genotype and AT2 

A-133G transition occurs infrequently in primary VUR.

It is very likely that ACE gene polymorphism has no specific role in the occurrence of VUR. 

In the study of Yoneda et al (90) ACE genotype frequencies are similar in index patients with 

VUR and their unaffected siblings, thus suggesting that the ACE gene is not involved in the 

development of familiar VUR.

The type of VUR and the presence of hypertension and proteinuria as clinical 

symptoms of RN are independent from ACE gene mutations. Pardo et al (64) found no
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association between ACE I/D polymorphism and presence of hypertension, proteinuria, grade 

of VUR, or unilateral/bilateral VUR.

As a consequence of these DD genotype is not specific for VUR; nevertheless it may have a 

role in the progression of parenchymal damage associated with upper urinary tract 

malformations.

The length of time of reflux and age at diagnosis of VUR can be major confounding 

factors influencing the risk of developing scarring. Patients who have had reflux for only a 

short period do not have a great risk for developing scarring unlike those who have a long 

duration of VUR. The mean age of our VUR patients was 2.9 years at the time of diagnosis 

and scars were detected then. Although no difference between patients and controls was 

observed, the ACE DD genotype was significantly more frequent in VUR patients with 

scarring as compared with the patients without scarring.

In summary, we conclude that the DD genotype and D allele of ACE may be a genetic 

susceptibility factor contributing to scar formation in VUR. There is no linkage of genetic 

polymorphisms of ATG and ATI to VUR and VUR associated renal scarring.

5.2.Platelet aggregation, blood viscosity and serum lipids in hypertensive and obese 

children

Although many of the side effects of childhood obesity do not become apparent for 

decades, even the young obese child can suffer severe morbidity. The metabolic consequences 

of obesity are already evident in young children. Hypertension (29, 44), hypercholesterolemia 

(45), and hyperinsulinism (9) all occur in young obese children, slowly leading to coronary 

artery disease and diabetes (78). Forty-year follow-up of overweight children reveals double 

the rate of cardiovascular disease and hypertension (56).

In our study we found significantly elevated daily systolic and diastolic blood pressure 

both in OHT and EHT groups as compared to the normotensive obese and non-obese controls. 

This means that juvenile essential hypertension can occur in children with normal BMI, but 

according to the literature it is more common in obese children.

There is strong evidence to suggest that blood cholesterol levels, specifically low 

density lipoprotein cholesterol (LDL-C) concentrations in children play an integral role in the 

development and progression of coronary hearth disease in later life (66, 77). Our OHT and О 

patients had significantly higher plasma cholesterol concentration as compared to the controls 

and EHT; this was associated with a significantly high triglyceride level in OHT and a non-
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significant increase in plasma LDL in OHT and in О groups. The persistent lipid 

abnormalities of children with OHT combining with lipidperoxidation may contribute to the 

slowly progressing endothelial damage.

Nitric oxide, a potent regulator of vascular tone, is produced in endothelial cells by 

nitric oxide synthase (NOS), which converts L-arginine to L-citrulline and NO. Continuous 

production of NO in peripheral vessels has been shown to modulate vascular resistance and 

blood pressure (68). Long-term inhibition of NO synthesis caused coronary microvascular 

remodelling and cardiac hypertrophy in WKY rats (60). The study of Hayakawa et al 

demonstrated that hypercholesterolemia and oxidized lipids may reduce NO bioactivity 

without affecting endothelial NOS activity (28). In our study we found a significantly lower 

level of plasma NO (NOx) in both hypertensive groups (EHT, OHT). In group О a non­

significant decrease was found in the plasma NOx level. The findings of Higashi et al. suggest 

that obesity and hypertension are independently involved in abnormal endothelium-dependent 

vasodilatation by attenuated nitric oxide production (31). The reduced plasma NOx level 

might have a role in the pathogenesis of hypertension in EHT and OHT patients.

A significantly elevated in vitro platelet aggregability was demonstrated in both 

hypertensive groups (EHT and OHT) and in the normotensive obese group. The results of 

OHT patients were significantly elevated as compared to О children. This may suggest that 

obesity and hypertension independently carries a risk for increased platelet aggregability, 

which may be doubled in simultaneous occurrence. Increased platelet aggregation releases 

thromboxane A2, serotonin, ADP and other mediators causing local vasoconstriction and 

further increase in platelet aggregation. Blood viscosity was also increased in OHT children 

as compared to controls and normotensive obese children. This was associated with higher 

Htc level. Apart from the higher RBC number a decreased deformability and an increased 

shear stress could be responsible for the increased blood viscosity. Cicco and his co-worker 

demonstrated a decrease in erythrocyte deformability, an increase of erythrocyte aggregation 

and shear rate to disaggregate erythrocytes and a hyperfibrinogenaemia (10). The functional 

damage of RBC can be explained by the oxidative stress affecting these hypertensive patients 

continuously, particularly OHT. The significantly higher MDA level in the plasma of OHT 

patients is originating from their RBCs. The lower free thiol concentration corresponds to a 

decreased antioxidant capacity. Increased platelet aggregation, blood viscosity and Htc level 

may promote thrombotic complications, supported by platelet derived vasoconstrictors. In 

both obese groups a higher plasma viscosity was measured than in the controls. The elevated 

sedimentation rate in these children may be the consequence of higher plasma fibrinogen


























