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Abstract. Vascular endothelial growth factor is an 

important mediator in maintaining normal kidney 

functions. In addition, several lines of evidence show 

that up-regulation of this mediator in glomeruli may 

be associated with or may directly cause renal dys-

function. We tried to assess the influence of the -2578 

C/A and -1154 G/A polymorphisms in the regulatory 

region of the vascular endothelial growth factor gene 

upon progression of three primary chronic glomeru-

lonephritides (minimal change disease/focal and seg-

mental glomerulosclerosis, membranous nephropa-

thy, immunoglobulin A nephropathy). We studied a 

cohort of 213 patients compared to 311 unrelated 

healthy controls. Analysis of the C/A polymorphism 

of vascular endothelial growth factor revealed an in-

creased prevalence of CC genotype in the minimal 

change disease/focal and segmental glomerulosclero-

sis group in comparison with the other groups. A bal-

anced distribution of G and A alleles among the re-

spective types of chronic glomerulonephritides was 

shown in the analysis of -1154 G/A polymorphism. 

Finally, we have not proved any significant influence 

of the polymorphisms at positions -2578 C/A and 

-1154 G/A of the vascular endothelial growth factor 

gene promoter on the progression of chronic glomer-

ulonephritides even though our study suggests a neg-

ative effect of CC genotype of -2578 C/A polymor-

phism on the clinical course of minimal change 

disease/focal segmental glomerulosclerosis.

Introduction

Chronic glomerulonephritides (GN) form an impor-
tant group of kidney diseases, in which the dominant 
glomerular lesion is characterized by the participation 
of various immunopathological mechanisms and vari-
ous proportions of inflammatory and non-inflammatory 
processes. The spectrum of primary chronic GN ranges 
from nosological entities such as minimal change dis-
ease (MCD), focal and segmental glomerulosclerosis 
(FSGS) and membranous nephropathy (MGN), histo-
logically characterized by a low degree of inflammatory 
and proliferative changes and clinically by proteinuria 
attaining nephrotic range on the one hand, to immu-
noglobulin A nephropathy (IgAN) and other GN charac-
terized histologically by notable inflammatory and pro-
liferative changes and clinically by nephritic syndrome 
on the other hand. In the pathogenesis of GN a complex 
interplay between immunological and non-immunologi-
cal factors, histological changes and clinical signs is ob-
served, not only in the initial process of the development 
of GN but also during the stepwise decrease of glomeru-
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lar filtration rate (GFR) and progression to end-stage 
renal failure (ESRF) (Johnson et al., 2007).

Vascular endothelial growth factor (VEGF) is an im-
portant signalling protein involved in vasculogenesis and 
angiogenesis. It exerts mitogenic activity mainly towards 
vascular endothelial cells, although it induces effects on 
a number of other cell types (e.g. stimulation of mono-
cyte/macrophage migration). The biological effect of 
VEGF translates through interaction with two receptors, 
vascular endothelial growth factor receptor 1 and 2 
(VEGFR1/2). Normal function of VEGF is to create 
new blood vessels during embryonic development, new 
blood vessels after injury, and new vessels (collateral cir-
culation) to bypass blocked vessels. When over-ex-
pressed or dysregulated, VEGF can contribute to disease 
pathogenesis. 

The role of VEGF in renal disease and particularly in 
GN has been studied in a variety of experimental mod-
els and clinical studies and is incompletely understood. 
VEGF is an important mediator in maintaining normal 
kidney structure and functions (Kitamoto et al., 2002; 
Moeller, 2010). In addition, several lines of evidence 
show that up-regulation of VEGF in glomeruli may be 
associated with or may directly cause renal dysfunction 
such as in diabetic nephropathy. In a seminal study by 
Liu the increased expression of VEGF in glomeruli was 
found to directly cause glomerular hypertrophy in asso-
ciation with proteinuria, suggesting that VEGF exerts 

multiple effects on the glomerular pathophysiologic 
processes (Liu et al., 2007). Furthermore, increased re-
nal tubular VEGF production in a novel transgenic 
mouse system has been shown to lead to fibrosis, cyst 
formation and glomerular disease. In this study, system-
ic VEGF interfered with the cross-talk between podo-
cytes and the endocapillary compartment (Hakroush et 
al., 2009). In another study, participation of VEGF in 
glomerular capillary regeneration, crucial in the healing 
of GN, has been demonstrated. An analysis of glomeru-
lar VEGF mRNA and protein expression has document-
ed a temporarily increased glomerular VEGF gene and 
protein expression during the healing of Habu Snake 
Venom model of murine mesangioproliferative GN, 
evoking the idea of a potential role of VEGF in the re-
pair of mesangiolytic glomerular damage (Haas et al., 
2006). In the rat models of passive Heymann nephritis 
and puromycin nephrosis, serial changes in glomerular 
capillary loop gene expression were used to uncover 
mechanisms contributing to primary GN. The results of 
the study supported the view that an early and persistent 
change in mostly steroid-resistant glomerular gene ex-
pression, including VEGF gene expression, is the hall-
mark of severe and progressive GN (Clement et al., 
2007). In a clinical study focused on serum and urinary 
VEGF levels and VEGF mRNA expression in periph-
eral blood mononuclear cells in different GN, no differ-
ence was found in comparison to healthy controls, but a 
decrease in VEGF mRNA expression occurred in GN 
patients undergoing remission (Paydas et al., 2007). 

The broad term VEGF covers a number of proteins 
from two families that result from alternate splicing of 
mRNA from a single, 8-exon, VEGF gene. VEGF pro-
duction can be induced in cells that are not receiving 
enough oxygen but also by other factors, e.g. oestrogens, 
growth factors and cytokines. The promoter regions of 
the VEGF gene, 5’ and 3’ untranslated regions (UTR), 
are highly polymorphic and their genetic polymorphisms 
are supposed to influence VEGF levels, as reported in 
diabetic nephropathy, acute allograft rejection and some 
other conditions. The selection of VEGF polymorphisms 
at the positions -2578 (A/C) and -1154 (A/G) of the 
VEGF promoter in our study was based on their pre-
sumed effect on the serum levels of VEGF, as supported 
by previous studies, and also on their allele frequencies 
and pair-wise linkage disequilibrium coefficients. 
Recently, it has been suggested that CC genotype of the 
VEGF promoter at -2578 position might be associated 
with an increased risk of renal insufficiency progression 
in patients with IgA nephropathy (Chow et al., 2006). 
The aim of our study was to investigate the influence of 
VEGF polymorphisms at positions -2578 C/A and -1154 
G/A of the VEGF gene promoter on the progression of 
selected chronic GN. 

Material and Methods

Patients

The study was performed during the period 2006-
2009. After the approval of the Ethical Committee, ne-
phrologists from 22 dialysis centres and one transplan-
tation centre in our country were asked for their 
co-operation. Written informed consent was obtained 
from all included subjects. A total of 213 patients with 
chronic GN (126 males, 87 females, mean age at the 
time of diagnosis 46.7 ± 17.1 years) entered the study. 
All patients were diagnosed with one of the following 
types of primary chronic GN: MCD/FSGS, MGN and 
IgAN, confirmed by renal biopsy. These GN were se-
lected as representants of the most common primary 
chronic GN in adulthood, characterized by distinct path-
ologic and clinical features. At the time of diagnosis 
(which is equal to the time of the renal biopsy) and at the 
end of the follow-up period clinical data on arterial hy-
pertension, serum creatinine (S-creatinine), GFR, pro-
teinuria and serum albumin (S-albumin) were collected. 
Estimated GFR was assessed with the use of modifica-
tion of diet in renal disease formula (MDRD formula) 
(Levey et al., 2006). Clinical characteristics of patients 
with chronic GN are summarized in Table 1. Genetically 
unrelated healthy Czech individuals were analysed as a 
control group (N = 311, 153 males, 158 females, mean 
age 44.6 ± 9.2 years).

Methods
Isolation of genomic DNA was accomplished by a 

salting-out procedure from peripheral-blood lympho-
cytes. Polymerase chain reaction (PCR) was performed 
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using the following primers: 1) -2578 C/A polymor-
phism – forward primer 5’-CATGATCCCAAGCTG-
AAAGGCATG-3’ and reverse primer 5’-GATGCT-
CCTGCTCTGATCC – 3’, 2) -1154 G/A polymorphism 
- forward primer 5’-TTTCCCAGCATGTGTGTTGT-3’ 
and reverse primer 5’-ATTTTTGTTTGTTCTCCAC-
CGA-3’. PCR conditions were applied as follows: ini-
tial denaturation at 94 °C for 5 min, followed by 35 cy-
cles of denaturation 94 °C, annealing 56 °C and extension 
72 °C. The separation of PCR products was performed 
in 2% agarose gel with ethidium bromide and visualiza-
tion under ultraviolet light. An 18-base insertion at the 
-2549 position is associated with the presence of the A 
allele of the -2578 A/C polymorphism. A shorter allele 
(without insertion) is described in the presence of the C 
allele. The -1154 G/A VEGF genotyping was established 
after sequencing of PCR samples in an automatic ABI 
PRISM 310 sequencer.

Statistical analysis
For each polymorphism, allele frequencies were cal-

culated from the genotype. The Hardy-Weinberg equi-
librium was tested in the control group by the Pearson 
χ2-test. The χ 2-test was used to compare the distribution 
of genotypes among different GN groups and among 
different GN groups and controls. The age of end-stage 

renal disease, in regard to the different genotypes, was 
compared by the analysis of variance (ANOVA test). 
Multiple comparisons using the Bonferroni method 
were applied. Two-sample t-test for comparison of two 
groups in submodels and paired t-test for testing changes 
during the follow-up period were used. The logarithmic 
transformation was applied to non-Gaussian distributed 
variables. The value P < 0.05 was considered as statisti-
cally significant. 

Results

Of the overall number of 213 patients with chronic 
GN, the patients with IgAN were the most prevalent 
(Table 1). Although males were most frequent in IgAN 
and MGN subgroups and females prevailed in the MCD/
FSGS subgroup, the sexual inequality did not reach sta-
tistical significance. The patients with MGN were older 
than patients with MCD/FSGS and IgAN. The mean 
follow-up period reached nearly two years and did not 
differ between diagnoses. Arterial hypertension at the 
time of diagnosis was present in 69.9 % of patients, the 
prevalence in MGN being statistically lower than in 
MCD/FSGS and IgAN. The renal function of the whole 
group of patients with chronic GN at the time of diagno-
sis was slightly decreased below normal range, as docu-

VEGF Polymorphisms in Chronic Glomerulonephritides

Table 1. Clinical characteristics of patients with chronic GN

Chronic GN  MCD/FSGS MGN IgAN All GN
 Mean ± SD Mean ± SD  Mean ± SD Mean ± SD

N 56 44 113 213

Sex (males + females) 23m + 33f 28m + 16f 75m + 38f 126m + 87f
 n.s.

Age at the time of diagnosis (years) 45.7 ± 20.5 56.8 ±13.9 43.2 ± 14.8 46.7 ± 17.1
 MGN:MCD/FSGS, IgAN P < 0.001

Follow-up period (months) 23.7 ± 32.8 31.4 ± 14.9 18.5 ± 28.6 23.9 ± 28.7
 n.s.

Arterial hypertension at the time of diagnosis  38/56 (67.9 %) 24/44 (54.5 %) 87/113 (77 %) 149/213 (69.9 %)
 MGN: MCD/FSGS, IgAN P < 0.01

S-creatinine
1
 (μmol/l) 128.4 ± 131.9 85.2 ± 28.2 169.1 ± 125.3 141.1 ± 118.7

 MGN: MCD/FSGS, IgAN P < 0.001

GFR
1
 (ml/s/1.73 m2) 1.50 ± 0.95 1.87 ± 0.91 1.10 ± 0.61 1.37 ± 0.95

 IgAN: MCD/FSGS, MGN P < 0.001

proteinuria
1
 (g/24 h) 5.7 ± 4.7 5.2 ± 4.5 2.4 ± 2.4 3.9 ± 3.9

IgAN: MCD/FSGS, MGN P < 0.001

S-albumin
1
 (g/l) 27.4 ± 9.9 24.8 ± 6.9 36.3 ± 6.7 31.6 ± 9.2

 IgAN: MCD/FSGS, MGN P < 0.001

S-creatinine
2
 (μmol/l) 126.9 ± 108.5 102.3 ± 51.3 181.7 ± 147.7 151.1 ± 127.7

 IgAN: MCD/FSGS, MGN P < 0.001

GFR
2
 (ml/s1.73 m2) 1.41 ± 0.85 1.53 ± 0.76 1.15 ± 0.67 1.30 ± 0.75

 IgAN: MGN P < 0.01, IgAN: MCD/FSGS: n.s.

Proteinuria
2
 (g/24 h) 1.77 ± 2.85 1.77 ± 2.86 1.18 ± 1.80 1.46 ± 2.20

 n.s.

S-albumin
2
 (g/l) 39.6 ± 6.5 35.5 ± 6.8 42.6 ± 4:9 40.37 ± 6.39

 IgAN: MCD/FSGS, MGN P < 0.001

S-creatinine
1 
(serum creatinine), GFR

1
, proteinuria

1
, S-albumin

1 
(serum albumin) – at the time of diagnosis

S-creatinine
2
, GFR

2
, proteinuria

2
, S-albumin

2
 – at the end of the follow-up period
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mented by both increased mean S-creatinine and de-
creased GFR. Within this group the patients with MGN 
had the best preserved renal functions and patients with 
IgAN had the most severe alteration of renal functions. 
Proteinuria at the time of diagnosis reached the neph-
rotic range in the whole group of patients with chronic 
GN (mean proteinuria 3.9 ± 3.9 g/24 h), being more 
marked in patients with MCD/FSGS and MGN than in 
patients with IgAN. Correspondingly, decreased levels 
of S-albumin were found in the whole group of patients 
with chronic GN, with less pronounced decrease in pa-
tients with IgAN in comparison with MCD/FSGS and 
MGN. Mean S-creatinine levels (151.1 ± 127.7 µmol/l) 
and mean GFR (1.3 ± 0.75 ml/s) at the end of the fol-
low-up period were still decreased and did not change 
significantly in comparison with the initial findings in 
the whole group of patients with chronic GN. Within 
this whole group, the most decreased renal function was 
found in patients with IgAN. Mean proteinuria (1.46 ± 
2.2 g/24 h) at the end of follow-up period was below 
nephrotic ranges in the whole group of patients with 
chronic GN and was significantly lower than at the start 
of the follow-up period (P < 0.001). The differences be-
tween the respective types of GN were not significant. 
S-albumin levels at the end of the follow-up period were 
within normal range (mean S-albumin in the whole 
group 40.37 ± 6.39 g/l). 

The analysis of the C/A polymorphism of VEGF re-
vealed an increased prevalence of CC genotype in the 
MCD/FSGS group in comparison with MGN and IgAN 
groups (Table 2). Analysis of the -1154 G/A polymor-
phism of VEGF in patients with chronic GN displayed a 
balanced distribution of G and A alleles between the re-
spective types of chronic GN (Table 3). Correlation be-
tween the -2578 C/A polymorphism of VEGF and clini-
cal and laboratory data at the start of the follow-up in 
MCD/FSGS showed a significant difference in mean 

GFR at the time of diagnosis between CC homozygotes 
vs. AA + AC alleles (recessive model) in favour of pa-
tients with the A allele (1.24 ± 0.64 ml/s versus 1.7 ± 1.1 
ml/s, P < 0.05). A borderline difference between GG ho-
mozygotes vs. AA + AG alleles (recessive model) in S-
creatinine at the time of diagnosis (150 ± 170.5 ml/s 
versus 102.4 ± 46.8 µmol/l, P = 0.07) was observed 
when analogical correlation between the -1154 G/A 
poly morphism of VEGF and clinical and laboratory data 
in MCD/FSGS was performed. Other data (arterial hy-
pertension, proteinuria, S-albumin, GFR and S-creati-
nine at the end of follow-up) were not significantly dif-
ferent.

Discussion

In this study, we analysed a possible effect of two 
VEGF polymorphisms in the promoter of VEGF gene 
on the clinical outcome of three chronic GN. We found 
a higher frequency of CC genotype in the group of pa-
tients with MCD/FSGS in comparison with MGN and 
IgAN. Moreover, in patients with MCD/FSGS, a higher 
GFR at the time of diagnosis was observed in patients 
with AA + AC genotypes in comparison with CC ho-
mozygotes. This finding suggests a negative effect of 
CC genotype of the -2578 C/A polymorphism of the 
promoter of VEGF gene on the clinical course of MCD/
FSGS because GFR at the time of diagnosis is consid-
ered an important prognostic factor in MCD/FSGS. 
Apart from this result we have not proved any signifi-
cant role of both VEGF polymorphisms on the clinical 
course of chronic GN when GN were analysed as one 
group and also when the three GN were analysed sepa-
rately. As far as the diagnosis of IgAN is concerned we 
did not confirm the association between the CC geno-
type of the VEGF promoter at -2578 position and the 
progression of IgAN (Chow et al., 2006). This discord-
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Table 2. Distribution of the -2578 C/A polymorphism of VEGF in patients with chronic GN

 AA AC CC allele A allele C

MCD/FSGS (N = 56) 11 (19.6 %) 21 (37.5 %) 24 (42.9 %) (38.35 %) (61.65 %)
MGN (N = 44) 14 (31.8 %) 20 (45.5 %) 10 (22.7 %) (54.5 %) (45.5 %)
IgAN (N = 113) 21 (18.6 %) 62 (54.9 %) 30 (26.5 %) (46.05 %) (53.95 %)
All GN (213) 46 (21.6 %) 103 (48.4 %) 64 (30 %) (45.8 %) (54.2 %)
Control group (N = 311) 62 (20 %)  177 (57 %)  72 (23 %)  (48.5 %) (51.5 %)

CC genotype
MCD/FSGS: MGN, IgAN P < 0.05
MCD/FSGS: Control P < 0.01
Other comparisons n.s. (P > 0.05)

Table 3. Distribution of the -1154 G/A polymorphism of VEGF in patients with chronic GN

 AA AG GG allele A allele G

MCD/FSGS (N = 55) 4 (7.3 %) 20 (36.4 %) 31 (56.3 %) (25.5 %) (74.5 %)
MGN (N = 44) 8 (18.2 %) 20 (45.4 %) 16 (36.4 %) (40.9 %) (59.1 %)
IgAN (N = 111) 14 (12.6 %) 45 (40.5 %) 52 (46.9 %) (32.85 %) (67.15 %)
All GN (210) 26 (12.4 %) 85 (40.5 %) 99 (47.1 %) (32.65 %) (67.35 %)
Control group (N = 311) 72 (23 %) 127 (41 %) 112 (36 %) (43.5 %) (56.5 %)

All comparisons n.s. (P > 0.05)
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ant result could be explained by differences in the size 
of population samples and differences in the methodol-
ogy used to assess the clinical significance of the VEGF 
polymorphism. Clearly, genetic association studies con-
ducted so far, including our study, failed to establish an 
evincible link between VEGF polymorphisms at posi-
tions -2578 (A/C) and -1154 (A/G) of the VEGF pro-
moter and the clinical course of selected chronic GN. 

High production of VEGF has been observed both in 
-2578 C/C homozygote and in -1154 G/G homozygote 
patients (Shahbazi et al., 2002). In our previous study on 
VEGF polymorphisms in autosomal-dominant poly-
cystic kidney disease (ADPKD) we observed only non-
significantly increased levels of VEGF, coupled with 
extremely high variance of serum VEGF levels in 
ADPKD patients identified as CC homozygotes of the 
-2578 C/A polymorphism (Reiterová et al., 2008). High 
variance of serum production of VEGF by stimulated 
peripheral blood mononuclear cells and variation of 
VEGF in tissues could be the reason of conflicting re-
sults. It is necessary to emphasize that our knowledge of 
the role of VEGF in the development of GN and pro-
gression of chronic nephropathies is far from being sat-
isfactory. If some studies underscore the association of 
selected VEGF polymorphisms with the susceptibility 
to development of primary GN (Choi et al., 2010), im-
pairment of glomerular functions (Liu et al., 2007) or 
frank progression of CKD to ESRF (Summers et al., 
2005), other studies highlight the essential effect of 
VEGF in the capillary repair of glomeruli in prolifera-
tive GN (Masuda et al., 2010). In one clinical study the 
decreased renal expression of VEGF was associated 
with worse prognosis of patients with lupus nephritis 
(Avihingsanon et al., 2009). In another study a decreased 
urinary expression of VEGF was observed in patients 
with severe forms of MGN (Honkanen et al., 2000). To 
what degree these findings apply to FSGS remains 
largely unknown. Down-regulation of VEGF in the 
glomeruli in patients with FSGS was reported by some 
authors (Futrakul et al., 2005; Bennett et al., 2007). On 
the other hand, circulating VEGF was associated with 
proteinuria in children with idopathic nephrotic syn-
drome (Cheong et al., 2001).

In conclusion, we have not confirmed any significant 
influence of VEGF polymorphisms at positions -2578 
C/A and -1154 G/A of the VEGF gene promoter on the 
progression of chronic GN, although our study suggests 
a negative effect of the CC genotype of the -2578 C/A 
polymorphism of the promoter of the VEGF gene on the 
clinical course of MCD/FSGS.

References

Avihingsanon, Y., Benjachat, T., Tassanarong, A., Sodsai, P., 
Kittikovit, V., Hirankarn, N. (2009) Decreased renal ex-
pression of vascular endothelial growth factor in lupus ne-
phritis is associated with worse prognosis. Kidney Int. 75, 
1340-1348.

Bennett, M. R., Czech, K. A., Arend, L. J., Witte, D. P., 
Devarajan, P., Potter, S. S. (2007) Laser capture microdis-
section-microarray analysis of focal segmental glomerulo-
sclerosis glomeruli. Nephron Exp. Nephrol. 107, 30-40. 

Cheong, H. I., Lee, J. H., Hahn, H., Park, H. W., Ha, I. S., 
Choi, Y. (2001) Circulating VEGF and TGF-β1 in children 
with idiopathic nephrotic syndrome. J. Nephrol. 14, 263-
269.

Choi, H. J., Cho, J. H., Kim, J. C., Seo, H. J., Hyun, S. H., 
Kim, G. H., Choi, J. Y., Ryu, H. M., Cho, J. H., Park, S. 
H., Kim, Y. L., Han, S., Kim, C. D. (2010) Interleukin-18, 
transforming growth factor-β, and vascular endothelial 
growth factor gene polymorphisms and susceptibility to 
primary glomerulonephritis. Tissue Antigens 76, 289-296.

Chow, K. M., Szeto, C. C., Lai, F. M., Poon, P., Wong, T. Y., Li, 
P. K. (2006) Genetic polymorphism of vascular endothelial 
growth factor: impact on progression of IgA nephropathy. 
Ren. Fail. 28, 15-20.

Clement, L. C., Liu, G., Perez-Torres, I., Kanswar, Y. S., Avila-
Casado, C., Chugh, S. S. (2007) Early changes in gene ex-
pression that influence the course of primary glomerular 
disease. Kidney Int. 72, 337-347.

Futrakul, N., Butthep, P., Futrakul, P. (2005) Biomarkers of 
endothelial injury in focal segmental glomerulosclerotic 
nephrosis. Ren. Fail. 27, 393-395.

Haas, C. S., Câmpean, V., Kuhlmann, A., Dimmler, A., 
Reulbach, U., Forster, C., Aigner, T., Acker, T., Plate, K., 
Amann, K. (2006) Analysis of glomerular VEGF mRNA 
and protein expression in murine mesangioproliferative 
glomerulonephritis. Virchows Arch. 450, 81-92.

Hakroush, S., Moeller, M. J., Theilig, F., Kaissling, B., 
Sijmonsma, T. P., Jugold, M., Akeson, A. L., Traykova-
Brauch, M., Hosser, H., Hähnel, B., Gröne, H. J., Koesters, 
R., Kriz, W. (2009) Effects of increased renal tubular vas-
cular endothelial growth factor (VEGF) on fibrosis, cyst 
formation, and glomerular disease. Am. J. Pathol. 175, 
1883-1895.

Honkanen, E. O., Teppo, A. M., Grönhagen-Riska C. (2000) 
Decreased urinary excretion of vascular endothelial growth 
factor in idiopathic membranous glomerulonephritis. 
Kidney Int. 57, 2343-2349.

Johnson, R. J., Floege, J., Rennke. H. G. (2007) Introduction 
to glomerular disease: pathogenesis and classification. 
In: Comprehensive Clinical Nephrology, eds. Feehaly, 
J., Floege, J., Johnson, R. J., pp. 181-192, Mosby Inc., 
Maryland Heights, MO. 

Kitamoto, Y., Tokunaga, H., Miyamoto, K. Tomita, K. (2002) 
VEGF is an essential molecule for glomerular structuring. 
Nephrol. Dial. Transplant. 17, 25-27.

Levey, A. S., Coresh, J., Greene, T., Stevens, L. A., Zhang, 
Y. L., Hendriksen, S., Kusek, J. W., Van Lente, F. (2006) 
Chronic Kidney Disease Epidemiology Collaboration. 
Using standardized serum creatinine values in the modifi-
cation of diet in renal disease study equation for estimating 
glomerular filtration rate. Ann. Intern. Med. 145, 247-254. 

Liu, E., Morimoto, M., Kitajima, S., Koike, T., Yu, Y., Shiiki, 
H., Nagata, M., Watanabe, T., Fan, J. (2007) Increased ex-
pression of vascular endothelial growth factor in kidney 
leads to progressive impairment of glomerular functions. 
J. Am. Soc. Nephrol. 18, 2094-2104.

VEGF Polymorphisms in Chronic Glomerulonephritides



150 Vol. 57

Masuda, Y., Shimizu, A., Kataoka, M., Arai, T., Ishikawa, A., 
Du, X., Saito, S. K., Aki, K., Nagasaka, S., Mii, A., Fujita, 
E., Fukuda, Y. (2010) Inhibition of capillary repair in pro-
liferative glomerulonephritis results in persistent glomeru-
lar inflammation with glomerular sclerosis. Lab. Invest. 90, 
1468-1481.

Moeller, M. J. (2010) Novel insights into the glomerular struc-
ture. Dtsch. Med. Wochenschr. 135, 1232-1236.

Paydas, S., Balal, M., Tanriverdi, K., Sertdemir, Y., Baslamisli, 
F. (2007) The relationship between the VEGF levels and 
VEGF mRNA expression and clinical course in different 
glomerulonephritis. Ren. Fail. 29, 779-784.

Reiterová, J., Obeidová, H., Leníček, M., Štekrová, J., Merta, 
M., Maixnerová, D., Vítek, L., Viklický, O., Tesař, V. 

(2008) Influence of VEGF polymorphism on progression 
of autosomal dominant polycystic kidney disease. Kidney 
Blood Press. Res. 31, 398-403.

Shahbazi, M., Fryer, A. A., Pravica, V., Brogan, I. J., Ramsay, 
H. M., Hutchinson, I. V., Harden, P. N. (2002) Vascular en-
dothelial growth factor gene polymorphisms are associated 
with acute renal allograft rejection. J. Am. Soc. Nephrol. 
13, 260-264.

Summers, A. M., Coupes, B. M., Brennan, M. F., Ralph, S. 
A., Short, C. D., Brenchley, P. E. C. (2005) VEGF -460 
genotype plays an important role in progression to chron-
ic kidney disease stage 5. Nephrol. Dial. Transplant. 20, 
2427-2432.

H. Šafránková et al.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.16667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.16667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.08333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE <FEFF004b006f006d007000610074006900620069006c006900740061002000500044004600200031002e0034002c0020006f0062007200e1007a006b007900200033003000300020006400700069002c0020007000ed0073006d006f00200076006c006f017e0065006e00e100200070006f0064006d006e006f017e0069006e0061002c00200063006f006c006f00720020006d0061006e006100670065006d0065006e00740020004f00460046002c0020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


