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SUMMARY

Introduction Chronic peritoneal dialysis (PD) up-regulates vascular endothelial growth factor (VEGF)
synthesis and VEGF is found in drained dialysate (dd).

Objective Aims of this prospective study were to evaluate serum (s) and ddVEGF concentration during
the first six months of PD, relationships between these concentrations and demographic and biochemical
parameters, presence of diabetes, peritonitis, and the use of medications.

Methods The study included 20 patients, with the mean age of 62.9+12.69, 11 of whom were affected
by diabetes mellitus. Fasting venous blood samples were taken at the beginning and after six months
of PD, in tri-potassium ethylenediaminetetraacetic acid (K,EDTA) vacutainer.

Results After six months of PD, sVEGF concentrations increased significantly, without significant change
in ddVEGF. Concentrations of sVEGF at the beginning of chronic PD treatment directly significantly cor-
related with serum fibrinogen, and after six months with fibrinogen and glycemia. In patients receiving
erythropoiesis-stimulating agent (ESA), levels of sVEGF and ddVEGF were lower at baseline, while after
six months of PD ddVEGF increased. In patients not receiving ESA, sVEGF increased more prominently,
while ddVEGF decreased. The changes were not statistically significant. Patients receiving angiotensin-
converting-enzyme inhibitor (ACEi) had sVEGF and ddVEGF levels insignificantly lower than those not
using ACEi, however sVEGF significantly increased during six months of PD. After six months of PD,
ddVEGF was significantly higher compared to those not using ACEi. Treatment with statins did not sig-
nificantly influence levels of sVEGF and ddVEGF during the follow-up. Concentrations of sVEGF were
continually lower than those of ddVEGF and increased more, while concentrations of ddVEGF were
higher in patients using statins.

Conclusion Serum and drained dialysate concentrations of VEGF in PD patients were connected with
poorer metabolic profile, while the role of inflammation and treatment agents should be studied further.
Keywords: peritoneal dialysis; VEGF; statins; erythropoietin stimulating agents; angiotensin converting

enzyme inhibitors

INTRODUCTION

Chronic uremic inflammation, peritoneal ex-
posure to high glucose and glucose degrada-
tion products and high lactate concentration in
conventional peritoneal dialysis (PD) solutions
increases intracellular lactate concentration,
inhibits nicotinamide adenine dinucleotide
(NAD") regeneration and increases NADH/
NAD" ratio. This state mimics intracellular
hypoxia, which induces synthesis of vascular
endothelial growth factor (VEGF), a powerful
angiogenic factor [1, 2]. VEGF plays the key
role in peritoneal hyperpermeability, while
monoclonal anti-VEGF antibodies decrease
neoangiogenesis [3].

Patients on PD are treated with erythro-
poiesis-stimulating agents (ESA), inhibitors of
angiotensin-converting enzyme (ACEi) and
statins which might modulate the PD treat-
ment quality.

OBJECTIVE

The aims of this study were to evaluate serum
(s) and drained dialysate (dd) VEGF concen-
tration during the first six months of chronic
PD treatment, to assess relationships between
these concentrations and demographic char-
acteristics of patients, standard biochemical
parameters, presence of diabetes mellitus or
peritonitis episodes, and use of certain thera-
peutic agents.

Table 1. Demographic data and diabetes mellitus in
patients on chronic peritoneal dialysis treatment

Parameter Number %

Male 11 55.0
Gender

Female 9 45.0
Age (years) <65 13 65.0
gely >65 7 35.0
Diabetes No 9 45.0
mellitus Yes 1 55.0
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METHODS

This prospective study included 20 incident patients (11
men, nine women) affected by end-stage renal failure of
different leading diseases during the first six months of
chronic PD treatment. The mean age of our patients was
62.9+12.69 years. Eleven of the patients were affected by
diabetes mellitus (Table 1). The patients used at least eight
liters of conventional lactate-buffered acidic (pH 5.5) PD
fluid daily, with glucose concentration of 1.25-2.76%. PD
was performed as continuous treatment with four to five
two-liter dwells with lowest glucose concentration, with a
sporadic use of higher glucose concentration bags, and the
mean daily glucose load was 120.84+20.43 g/day. PD fluid
was produced by Baxter Medical Product, USA. Patients
were free of clinical and laboratory signs of peritonitis and/
or other infections within four weeks prior to the examina-
tions. At the beginning and after six months of PD treat-
ment, after overnight fasting, venous blood samples were
taken in tri-potassium ethylenediaminetetraacetic acid
(K,EDTA) vacutainer tubes to determine the complete
blood count (CBC) and in biochemistry vacutainer vials
to assess serum levels of glucose, urea, creatinine, albumin,
cholesterol, iron, ferritin, fibrinogen and C-reactive pro-
tein (CRP). The blood samples were centrifuged at 3,000
rotations per minute for 10 minutes. CBC was determined
with the Beckman Coulter® HmX Hematology Analyzer.
Hemoglobin was determined using cyanmethemoglobin
method. Biochemical analyzer ARCHITECT ¢i8200, Ab-
bott Diagnostics, Wiesbaden, Germany, was used to deter-
mine concentrations of biochemical parameters in serum.

VEGF

Sandwich enzyme-linked immunoadsorbent assay (ELI-
SA) kits Quantikine® Human VEGE R&D Systems, USA &
Canada, were used to determine concentrations of sVEGF
and ddVEGE The human VEGF kit is a quantitative sand-
wich enzyme immune assay. A monoclonal antibody spe-
cific for VEGF is pre-coated onto a microplate. Standards
and samples, including standards of known human VEGF
content, control specimens, and unknown, are pipetted
into these wells, and any VEGF present is bound by the
immobilized (capture) antibody. After washing away any
unbound substances, an enzyme-linked polyclonal anti-
body specific for VEGF is added to the wells. Following
a wash to remove any unbound antibody enzyme reagent
a substrate solution is added to the wells and color devel-
ops in proportion to the concentration of VEGF bound in
the initial step. The color development is stopped and its
intensity is measured. In our study, intra- and inter-essay
coefficient of variation was 2.6% and 9.8%. Lower limit of
detectability was 3.5 pg/mL.

Blood and dialysate samples taken after an eight-hour
overnight dialysis dwell to determine concentrations of
VEGF were immediately stored at -70°C, before the es-
timation.

Some of the patients were on chronic treatment with
ESA, angiotensin-converting enzyme inhibitors (ACEi)
and/or statins. Data concerning the use of previously re-
ported therapeutic agents and data about peritonitis oc-
currence were collected in our out-patient clinic and/or
from medical history.

Statistical analysis

Statistical analysis of the data was performed with SPSS
Statistics software package, version 20.0. Data with non-
normal distribution were expressed as mean values +
median, while other data were expressed as means + SD.
Differences between groups were analyzed with Student’s
t-test, x* test and Mann-Whitney test. The Pearson prod-
uct-moment correlation coefficient and Spearman’s rank
correlation coefficient were used to analyze correlations.
Concentrations of sVEGF and ddVEGF were analyzed
with non-parametric tests due to non-normal distribution
(CV>30%). Statistically significant difference was p-value
less than 0.05.

The Ethical Committee of the School of Medicine, Uni-
versity of Belgrade, approved this study and the patients
gave informed consent for participation.

Table 2. Biochemical parameters at the beginning (0) and after six
months (6) of peritoneal dialysis

Serum concentration Mean SD Median itz
F-test

Urea 0 18.94 5.47 18.10 7=0.632
(mmol/L) 6 18.99 6.11 1845 | p=0.819
Glycemia 0 6.25 2.38 5.20 7=0.316
(mmol/L) 6 6.09 248 525 | p=1.000
Creatinine 0 66125 | 177.65 | 610.00 | 7=0316
(umol/L) 6 698.85 | 24330 | 642.00 | p=1.000
Albumin 0 31.30 5.20 32.00 F=0.159
(g/L) 6 32.00 5.87 3400 | p=0.692
Fibrinogen 0 5.50 1.41 5.65 F=0.556
(9/L) 6 5.16 1.50 495 | p=0.460
C-reactive 0 6.30 6.04 4.10 7=0.474
protein (IU/L) 6 6.64 5.63 7.00 | p=0.978
Iron 0 10.77 5.00 10.00 | 7=0.632
(umol/L) 6 1030 3.68 1045 | p=0.819
Ferritin 0 24823 | 22340 | 20150 | 7-0632
(mmol/L) 6 | 29509 | 25300 | 186.50 | pP=0.819
Hemoglobin 0 99.15 14.52 96.50 | F=0.876
(/L) 6 10295 | 1090 | 104.50 | p=0.355
Transferrin 0 30.50 14.09 28.00 | 7=0.632
saturation (%) | 6 26.50 7.72 28.00 | p=0.819
Cholesterol 0 5.58 1.71 5.90 7=0.474
(mmol/L) 6 5.97 2.07 560 | p=0.978
Triglyceride 0 1.86 0.95 1.41 7=0.949
(mmol/L) 6 2.10 1.00 1.80 | p=0.329
Total proteins | 0 63.20 7.33 63.50 | F=0.022
(9/L) 6 62.85 7.65 62.00 | p=0.883

SD - standard deviation
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RESULTS

During the follow-up, biochemical parameters corre-
sponded to adequate dialysis according to Kidney Disease
Outcomes Quality Initiative guideline recommendations
for PD treatment [4]. CBC and iron stores were satisfacto-
ry. After six months of PD, serum fibrinogen, total protein,
iron, and transferrin saturation insignificantly declined,
while mean serum urea, creatinine, albumin, cholesterol,

Table 3. Concentrations of serum (s) and drained dialysate (dd) vascu-
lar endothelial growth factor (VEGF) related to gender, age and diabe-
tes mellitus (DM) at the beginning of peritoneal dialysis

Variable N Mean SD p
sVEGF Male 11 166.57 112.10

0.486
(pg/mL) Female 9 128.25 125.43
ddVEGF Male 11 37.52 46.36

0.933
(pg/mL) Female 9 39.57 57.96
SVEGF <65 years 13 119.96 113.29

0.132
(pg/mL) >65 years 7 203.86 110.12
ddVEGF <65 years 13 35.82 43.59

0.790
(pg/mL) >65 years 7 4331 64.98
SVEGF DM no 9 178.48 115.36

0.325
(pg/mL) DM yes 11 125.47 117.66
ddVEGF DM no 9 37.15 57.58

0.923
(pg/mL) DM yes 11 39.49 46.73

N - number of patients

Table 4. Correlation of concentrations of serum (s) and drained dialy-
sate (dd) vascular endothelial growth factor (VEGF) and biochemical
parameters at the beginning of peritoneal dialysis treatment

CRP, ferritin and hemoglobin insignificantly increased
(Table 2).

The patients’ gender and age and diabetes mellitus did
not influence sVEGF and ddVEGF at the beginning of
chronic PD treatment, as shown in Tables 1 and 3.

After six months of PD, sVEGF concentration increased
significantly from 149.33+116.71 pg/mL to 239.36+102.23
pg/mL, p=0.012, while ddVEGEF levels showed no signifi-
cant change (43.55+51.15 vs. 38.44+50.47 pg/mL).

At baseline sVEGF levels significantly correlated with
fibrinogen, and after the six-month follow-up they corre-
lated with glycemia. At the beginning and after six months
of PD no other significant correlation of sVEGF and inves-
tigated biochemical parameters was found. Concentrations
of ddVEGF showed no significant correlation with any of
the investigated parameters at baseline; after the six-month
follow-up a significant correlation was found with serum
cholesterol (Table 3).

Concentrations of sVEGF and ddVEGF were lower in
patients receiving statins at the beginning (Table 4) and af-
ter six months of PD than in patients who were not receiv-
ing statin therapy (Table 5). During the first six months
of PD treatment, sVEGF and ddVEGF concentrations
slightly increased in all patients.

At baseline, the levels of sVEGF and ddVEGEF in pa-
tients receiving ESA were lower than those in patients not

Table 5. Correlation of concentrations of serum (s) and drained dialy-
sate (dd) vascular endothelial growth factor (VEGF) and biochemical
parameters after six months of peritoneal dialysis

Parameters at SVEGF ddVEGF Parameters after SVEGF ddVEGF

the beginning R p R P six months R p R P
Cholesterol -0.046 0.849 -0.038 0.874 Cholesterol 0.012 0.960 0.586 0.007*
Triglyceride 0.259 0.270 0.100 0.675 Triglyceride 0.015 0.949 0.156 0.511
Urea 0.042 0.861 -0.181 0.445 Urea 0.268 0.254 0.191 0.420
Glycemia -0.029 0.905 0.120 0.615 Glycemia 0.569 0.009* 0.280 0.232
Total proteins -0.092 0.699 -0.211 0.372 Total proteins -0.092 0.699 -0.211 0.372
Albumin -0.101 0.671 -0.037 0.878 Albumin -0.101 0.671 -0.037 0.878
Fibrinogen 0.566 0.009* 0.159 0.503 Fibrinogen 0.566 0.009* 0.159 0.503
C-reactive protein 0.403 0.078 0.046 0.849 C-reactive protein 0.403 0.078 0.046 0.849

* — statistically significant

Table 6. Concentrations of vascular endothelial growth factor (VEGF)
in serum (s) and drained dialysate (dd) at the baseline of peritoneal
dialysis treatment

* — statistically significant

Table 7. Concentrations of vascular endothelial growth factor (VEGF)
in serum (s) and drained dialysate (dd) after six months of peritoneal
dialysis treatment

Drugs at the baseline N Mean SD p Drugs after six months N Mean SD p
SsVEGF No 8 166.27 | 115.30 sVEGF No 8 262.13 | 71.06
0.607 0.385
Esa (pg/mlL) Yes 12 | 138.03 | 121.33 ESA (pg/mL) Yes 12 | 224.19 | 119.21
ddVEGF No 8 42.56 61.21 ddVEGF No 8 2659 | 19.05
0.790 0.166
(pg/mL) Yes 12 3569 | 44.66 (pg/mL) Yes 12 54.85 | 62.76
SVEGE No 2 266.29 | 141.44 SVEGF No 2 272.94 | 107.11
0.408 0.709
ACEI (pg/mL) Yes 18 | 136.33 | 110.72 ACEi (pg/mL) Yes 18 | 235.63 | 104.21
| |
ddVEGF No 2 93.35 | 109.96 ddVEGF No 2 15.60 0
0.576 0.024*
(pg/mL) Yes 18 3234 | 41.73 (pg/mL) Yes 18 46.65 | 53.12
SsVEGF No 14 157.33 | 108.50 SVEGF No 14 239.54 | 75.01
0.304 0.993
. (pg/mL) Yes 6 130.65 | 143.20 ) (pg/mL) Yes 6 238.96 | 158.39
Statins Statins
ddVEGF No 14 37.12 46.54 ddVEGF No 14 4112 | 4193
0.867 0.827
(pg/mL) Yes 6 4152 | 63.48 (pg/mL) Yes 6 4921 | 7291

ESA - erythropoietin-stimulating agents; ACEi - inhibitors of angiotensin-
converting enzyme

* — statistically significant
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receiving it (Table 6). After six months of PD treatment,
ddVEGF was higher and sVEGF was lower in patients
receiving ESA than in patients not receiving it (Table 7).
After six months of PD treatment sVEGF increased both
in patients on and in those not on ESA. After six months
of PD treatment ddVEGF increased in patients receiving
ESA, while it decreased in those not receiving ESA. The
changes were not statistically significant (Tables 6 and 7).

Patients using ACEi had lower sVEGF levels at the be-
ginning and after six months of PD than those not receiv-
ing ACEi (Tables 6 and 7). Patients who received ACEi had
lower ddVEGF at the beginning of PD and higher after six
months of PD, compared to those not using ACEi (Tables 6
and 7). During the first six months of PD sVEGF increased
in all patients, while concentrations of ddVEGF rose in
those treated with ACEi, and it decreased in patients not
using ACEi.

DISCUSSION

Vasopermeabile and powerful angiogenic VEGF is a gly-
coprotein with high affinity for endothelial cells. Ischemia,
hypo- and hyperglycemia, cytokines and hormones up-
regulate VEGF in different cell types and tissues [5]. The
VEGEF is present on mesothelial cells of peritoneal layer
in humans [6], and these cells produce VEGF in vitro [7].
During chronic PD treatment VEGF is up-regulated in
peritoneal layer and it is found in drained dialysate [8].

Serum VEGF levels

Concentrations of sVEGF in our patients were similar
to those found in other studies [8, 9, 10]. At the begin-
ning of PD treatment they were 149.33+116.71 pg/mL,
and after six months of PD they rose up significantly to
239.36+102.23 pg/mL [11].

Key role of VEGF in the development of microvascular
hyperpermeability and neoangiogenesis of peritoneal layer
on chronic PD has been proved [12]. Neoangiogenesis is
responsible for enlargement of effective peritoneal mem-
brane vascular surface and consequently for increase of
small molecular solute transport rates [13].

Concentrations of sVEGF at the beginning of PD di-
rectly and statistically significantly correlated with fibrino-
gen serum levels, suggesting contribution of inflammatory
state to higher VEGF levels, but after six months of PD
the correlation was not found (Table 3). Other investiga-
tors found direct correlations between sVEGF levels and
chronic inflammatory state defined with plasma concen-
trations of interleukin-1 (IL-1), CRP and fibrinogen [13].

Concentrations of sVEGF at the beginning of perito-
neal dialysis were not affected by gender, age and diabetes
mellitus (Table 3).

After six months of PD, sVEGF concentrations cor-
related directly with glycemia (Table 3), suggesting that
higher VEGF concentrations are present in patients with

poor metabolic conditions. This is in agreement with other
investigators findings that hyperglycemia up-regulates
VEGEF [6].

Drained dialysate VEGF levels

Referent ranges for ddVEGF concentration during chronic
PD are not established. Trace VEGF quantity is present
in dialysate, it is partly filtered from systemic circulation
and partly synthesized locally in peritoneal layer tissue
[7]. Studies have confirmed higher ddVEGEF levels than
expected if VEGF was only filtered from plasma. It has
been suggested that local production contributes to its
dialysate level [14]. It is possible that local VEGF produc-
tion is more substantial than assumed, since two types
of receptors with high affinity for VEGF [7] are present
in the peritoneal membrane and because neovasculariza-
tion eliminates VEGF from dialysate [14]. In our study,
levels of ddVEGF fell slightly during the first six months
of PD treatment (43.55+51.15 vs. 38.44+50.47 pg/ml). As
in our group, a wide range of ddVEGEF levels is reported
in literature [9, 14].

Concentration of ddVEGF after six months of PD treat-
ment correlated with cholesterol (Table 4) suggesting that
patients with poorer metabolic characteristics had higher
VEGEF concentration.

Concentrations of ddVEGF at the beginning of perito-
neal dialysis were not affected by gender, age and diabetes
mellitus (Table 3).

Influence of ESA treatment on serum and
drained dialysate VEGF levels

In our study, treatment with ESA did not significantly in-
fluence levels of sVEGF and ddVEGF (Tables 6 and 7).

Our findings are not in agreement with other investi-
gators, reporting significantly higher sVEGF concentra-
tions in patients on ESA compared to those not using ESA
(375+220 pg/ml vs. 251+75 pg/mL) [15]. A recent study
also found a positive correlation between ESA therapy
and plasma concentrations of VEGF and angiogenin - the
VEGF mediator of neoangiogenesis, proving that eryth-
ropoietin (EPO) dose may affect plasma VEGF levels in
chronic hemodialysis patients [16].

There are no data on the relationship between ddVEGF
levels and EPO therapy in human pathology, but in a rat
experimental model of chlorhexidine-induced fibrosis the
beneficial effect of high intra-peritoneal EPO doses was
demonstrated [17].

EPO enhances proliferation of endothelial cells in vi-
tro. In bovine aorta culture EPO and VEGF synergistically
promote erythropoiesis and endothelial cells proliferation
[18], and EPO is a co-mitogen of VEGE Molecules of EPO
and VEGF are similar, hypoxia induces expression of their
genes and they both express action on target cells through
tyrosine kinase receptors [19].
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Influence of ACEi treatment on serum and
drained dialysate VEGF levels

In our study, patients receiving ACEi at baseline had
sVEGF and ddVEGEF levels insignificantly lower than
those not using ACEi (Table 6). After six months of PD
patients using ACEi had significant sVEGF increase
(p=0.007), and ddVEGF was insignificantly higher com-
pared to those not using ACEi (Table 7).

There are no sufficient literature data about the rela-
tionship between ACEi therapy and sVEGF and ddVEGF
concentrations. Our findings are partly in agreement with
experimental and clinical findings that during long term PD
treatment ACE:i act as protectors of the peritoneal layer and
have positive influence on dialysis quality [20]. Experimen-
tal data have proved that ACEi protect peritoneal membrane
from hyperosmolar glucose-based PD solutions [21] blocking
angiotensin II, which stimulates synthesis of inflammatory
cytokines and thus promotes angiogenesis and fibrosis [22].

An in vitro study demonstrated that incubation of hu-
man mesothelial cells, the major source of intraperitoneal
VEGF, with captopril led to concentration-dependent
decrease of VEGF synthesis, suggesting that inhibition
of angiotensin II in the peritoneal membrane could be
a therapeutic option for membrane preservation during
long-term PD treatment [21].

In human pathophysiology, one of the potential mecha-
nisms of peritoneal membrane damage is the presence of
local renin-angiotensin-aldosterone system (RAAS) by
which angiotensin II from injured peritoneal mesothelial
cells activates VEGF and other cytokines’ expression and
enhances epithelial-to-mesenchymal transition, which
leads to fibrosis and neoangiogenesis in submesothelial
tissue [22]. Recent data seem to demonstrate the benefit
of RAAS blockade on preservation of functional charac-
teristics of peritoneal membrane on long-term PD [23, 24].

Studies in humans proved that chronic PD patients using
ACEi and/or blockers of angiotensin receptors (ARB) had
lower small molecules peritoneal transport rate [23] and
higher urea and creatinine clearances compared to group
using placebo [24]. In our study lower rise of ddVEGF
levels in patients using ACEi compared to rise of sVEGF
levels during the first six months of PD could implicate
some protective effect of ACEi therapy on peritoneal layer.

REFERENCES

1. Rippe B. Peritoneal angiogenesis in response to dialysis fluid. In:
Peritoneal dialysis - from basic concepts to clinical excellence.
Contrib Nephrol. 2009; 163:60-6.

2. Choi HY, Kim DK, Lee TH, Moon SJ, Han SH, Lee JE, et al. The clinical
usefulness of peritoneal dialysis fluids with neutral pH and low
glucose degradation product concentration: an open randomized
prospective trial. Perit Dial Int. 2008; 28:174-82.

3. DeVriese AS, Tilton RG, Stephan CC, Lamiere NH. Vascular
endothelial growth factor is essential for hyperglycemia-induced
structural and functional alterations of the peritoneal membrane. J
Am Soc Nephrol. 2001; 12(8):1734-41.

4. Clinical Practice Guidelines for Peritoneal Adequacy, Update 2006.
AJKD. 2006; 48(Suppl 1):51-322.

5. Neufeld G, Cohen T, Gengrinovitch S, Poltorak Z. Vascular endothelial
growth factor (VEGF) and its receptors. FASEB J. 1999; 13:9-22.6.

Influence of statins treatment on serum and
drained dialysate VEGF levels

Treatment with statins did not significantly influence lev-
els of sVEGF and ddVEGF during the follow up (Tables 6
and 7). In our study, sVEGF concentrations were continu-
ally lower and increased more, while concentrations of
ddVEGF were higher in patients using statins. The inhibi-
tors of 3-hydroxy-3-methylglutaryl-CoA reductase, the
so-called statins, are effective in controlling hypercholes-
terolemia and they have antioxidant, anti-inflammatory,
immunomodulatory, antiatherosclerotic, renoprotective
and antithrombotic effects [25]. Different statins signifi-
cantly reduce VEGF synthesis in human smooth muscle
cells and in microvascular endothelial cells, although in
the same doses statins up-regulate the VEGF synthesis in
macrovascular human endothelial cells [26]. It has been
found that statins reduce risk of all-cause mortality in pa-
tients on chronic PD treatment and have theoretically ben-
eficial effects on peritoneal membrane remodeling during
long-term PD treatment [27]. There are no data about the
influence of statin therapy on serum and effluent VEGF
concentrations in patients on chronic PD treatment. In
an experimental rat model of PD, addition of atorvastatin
to drinking water resulted in significant preservation of
membrane function and significantly lower effluent VEGF
concentrations [28].

Limitation of the study

The limitation of our study was the small size of our study
sample and relatively short observation period.

CONCLUSION

Concentrations of VEGF in serum and drained dialysate
in patients on chronic PD treatment were influenced with
worsening of metabolic profile. More patients and a longer
follow-up are advisory to assess other factors influencing
the serum and drained dialysate VEGF concentrations
and to find agents reducing concentrations of VEGF in
PD patients.

6. Dvorak HF, Brown LF, Detmar M, Dvorak AM. Vascular permeability
factor/vascular endothelial growth factor, microvascular
hyperpermeability and angiogenesis. Am J Pathol. 1995; 146:1029-39.

7. HaH, Cha MK, Choi HN, Lee HB. Effects of peritoneal dialysis
solutions on the secretion of growth factors and extracellular
matrix proteins by human peritoneal mesothelial cells. Perit Dial
Int. 2002; 22:171-7.

8. VanEsch S, Zweers MM, Jansen MAM, de Waart DR, van Manen JG,
Krediet RT. Determinants of peritoneal solute transport rates in
newly started nondiabetic peritoneal dialysis patients. Perit Dial Int.
2004, 24:554-61.

9. Filho-Pecoits R, Araujo MRT, Lindholm B, Stenvinkel P, Abensur H,
Romao JE, et al. Plasma and dialysate IL-6 and VEGF concentrations
are associated with high peritoneal solute transport rate. Nephrol
Dial Transplant. 2002; 17:1480-6.



Srp Arh Celok Lek. 2015 Sep-Oct;143(9-10):578-583

10.

1.

12.

13.

14.

15.

16.

17.

18.

n

Szeto CC, Chow KM, Poon P, Szeto CYK, Wong TYH, Li PKT. Genetic
polymorphism of VEGF: impact on longitudinal change of
peritoneal transport and survival of peritoneal dialysis patients.
Kidney Int. 2004; 65:1947-55.

Jovanovi¢ N, Bozinovski-Zuni¢ S, Krsti¢ S, Obrenovi¢ R, Trbojevi¢-
Stankovic J, Stojimirovic B. Vascular endothelial growth factor in
peritoneal dialysis patients. Clin Lab. 2014; 60(10):1695-701.
Tanaka Z, Katoh S, Hori S, Miura M, Zamashita H. Vascular
endothelial growth factor in diabetic retinopathy. Lancet. 1997;
349:1520.

Stompor T, Zdzienicka A, Motyka M, Dembinska-Kiec A, Davies SJ,
Sulowicy W. Selected growth factors in peritoneal dialysis: their
relationship to markers of inflammation, dialysis adequacy, residual
renal function and peritoneal membrane transport. Perit Dial Int.
2002; 22:670-6.

Selgas R, del Peso G, Bajo MA, Molina S, Cirugeda A, Sanchez-
Tomero JA, et al. Vascular endothelial growth factor levels in
peritoneal dialysis effluent. J Nephrol. 2001; 14: 270-4.

Del Peso G, Selgas R, Dajo MA, Fernandez de Castro M, Aguilera A,
Cirugeda A, et al. Serum level of vascular endothelial growth factor
is influenced by erythropoietin treatment in peritoneal dialysis
patients. Adv Perit Dial. 2000; 16:85-9.

Eleftheriadis T, Antoniadi G, Liakopoulos V, Pissas G, Galaktidou

G, Stefanidis . Plasma vascular endothelial growth factor and
angiogenin are positively related to erythropoietin dose in
hemodialysis patients. Adv Med Sci. 2013; 58:143-9.

Mondello S, Mazzon E, Di Paola R, Crisafulli C, Italiano D, Buemi

M, et al. Erythropoietin suppresses peritoneal fibrosis in rat
experimental model. Eur Journal Pharmacol. 2009; 604:138-49.
Alvarez Arroyo MV, Castilla MA, Gonzélez Pacheco FR, Tan D, Riesco
A, Casado S, et al. Role of vascular endothelial growth factor on
erythropoietin-related endothelial cell proliferation. J Am Soc
Nephrol. 1998; 9:1998-2004.

19. Goldberg MA, Schneider TJ. Similarities between the oxygen-
sensing mechanisms regulating the expression of vascular
endothelial growth factor and erythropoietin. J Biol Chem. 1994;
269:4355-9.

20. Marchesi C, Paradis P, Schiffrin EL. Role of renin-angiotensin
system in vascular inflammation. Trens Pharmacol Sci. 2008;
29:367-84.

21. Sauter M, Cohen CD, Wornle M, Mussack T, Ladurner R, Sitter T. ACE
inhibitor and AT1-receptor blocker attenuate the production of
VEGF in mesothelial cells. Perit Dial Int. 2007; 27:167-72.

22. Wontanatawatot W, Eiam-Ong S, Leelahavanichkul A, Kanjanabuch
T: An update on RAAS blockade and peritoneal membrane
preservation: the ace of art. J Med Assoc Thai. 2011; 94(Suppl
4):5175-83.

23. Kolesnyk I, Noordzij M, Dekker FW, Boeschoten EW, Krediet RT. A

positive effect of All inhibitors on peritoneal membrane function in

long-term PD patients. Nephrol Dial Transplant. 2009; 24:272-7.

Suzuki H, Kanno Y, Sugahara S, Okada H, Nakamoto H. Effects of an

All receptor blocker, valsartan, on residual renal function in patients

on CAPD. Am J Kidney Dis. 2004; 43:1056-64.

25. D'Amico G. Statins and renal disease: from primary prevention to
renal replacement therapy. J Am Soc Nephrol. 2006; 17(4 Suppl
2):5148-52.

26. Frick M, Dulak J, Cisowski J, Jozkowicz A, Zwick R, Alber H, et
al. Statins differentially regulate vascular endothelial growth
factor synthesis in endothelial and vascular smooth muscle cells.
Atherosclerosis. 2003; 170(2):229-36.

27. Heimburger O. Statins and lipid-lowering strategies in PD. Contrib
Nephrol. 2012; 178:106-10.

28. Duman S, Sen S, Sozmen EY, Oreopoulos DG. Atorvastatin improves
peritoneal sclerosis induced by hypertonic PD solutions in rats. Int J
Artif Organs. 2005; 28(2):170-6.

24.

BacKkynapHu eHA0TeNHM GAKTOP pacTa y Cepymy U Anjanusaty y npBux

LIeCT MeceLy NepUTOHEYMCKe Aujanuse

burbaHa Crojumnposuh'? Hatawa JosaHouh', JacHa Tpbojesuh-CraHkoBuh?3, CnobopaH Kpctuh4,

[JejaH Hewnh?3, CHexaHa MyHuh-BoxnHOBCKN?S

'KnuHwika 3a Hepponorujy, KnuHuuku Lentap Cpbuje, beorpag, Cpbuja;
*YHueep3uTet y beorpagy, MeguunHcku pakyntert, beorpag, Cpbuja;

30penetbe xemoaujanuse, KnuHnuko-6onHudki ueHtap,Jp Aparuwa Muwosuh’, beorpag, Cpbuja;
AHCTUTYT 3a ArrectnHe 6onectu, KnuHuukn uentap Cpbuje, beorpag, Cpbuja;

SYHCTUTYT 33 MeguumMHCKy dusnonorujy, YHneepautet y beorpagy, MeguunHcku dakyntert, beorpag, Cpbuja;
/HCTUTYT 3a NaTonoLwKy pusuonorujy, YHmBep3utet y beorpapy MeauuuHckmn dakyntet, beorpag, Cpbuja

KPATAK CAAPXKA)J

YBop XpoHunyHa neputoHeymcka aujanusa (M4) crumynuwe
CTBapatbe BacKynapHor eHpoTenHor gaktopa pacta (VEGF).
Linms paga Linm oBe npocnekTriBHe cTyamje 61o je fa ce ogpe-
Ae KoHueHTpaumje VEGF y cepymy (s) n n3nueeHom anjanmsaty
(dd) y npBux wect meceuy npumeHe M v npoueHn 0gHOC 13-
mehy 0BUX KOHLEHTpaLuja n gemorpadCckux oanmka, bmoxe-
MMjCKMX NapameTapa, KoMopbuanTeTa, NojaBa NePUTOHUTICA
1 NPUMEHE MojeanHNX NeKoBa Kog bonecHrka Ha M.
Mertope paga VctpaxunBatbeMm je obyxaheHo 20 6onecHnka
npoceyHe cTapocTn og 62,9+12,69 roanHa, of Kojux je 11 nma-
no avjabetec. KoHueHTpauuje VEGF n 6rioxemMmujckux napameTa-
pa ogpehrBaHe Cy y y30pLMa BEHCKE KPBM Y3€THM HaTaluTe
Ha NOYeTKY 1 Nocne WeCT Meceum ieyerba nprmeHom M.
Pesyntatm KoHueHTpauuja VEGF y cepymy (sVEGF) 6una je cTa-
TUCTUYKM 3HaYajHO BMLLA NoCse WecT Meceum npumene M/, fok
Ce KOHLUeHTpauuja y Anjannsaty Huje 3HavajHoO npomeHuna. Ha
noyvetky MNJ sVEGF je 6na CTaTUCTUYKM 3HaYajHO NMoBe3aHa C
HMBOOM GUOPUHOreHa y cepymy, a mocsie LWecT MeceLy ca Hu-
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BOOM GpubpUHoreHa y cepymy u rnukemujom. Kog 6onecHrka
Koju Cy npumanu ctumynatope eputponoese (ESA) KOHLeHTpa-
umja ddVEGF je nopacna nocne wect meceuy npumene M, Aok
Ce Kofl OHVX Koju HUCy npumanu ESA Hneo ddVEGF cmarsmo. Ha-
CynpoT ToMe, KoHLeHTpauuja sVEGF ce noehana TOKOM Lwect
meceum npumene N[ kog 6onecHrKa Koju HUCY fobujann ESA.
Hueow sVEGF n ddVEGF 6unu cy 6e3HauajHO HuKu Kog 6one-
CHWKa Koju cy y3umanu ACE-MHXMbuUTope Hero Kop OHUX Koju UX
Hucy Kopuctunu. Kog 6onecHrika Koju cy yaumanu ACE-uHxu-
6rTope 3abenexeH je 3HayajaH MopacT KoHueHTpaumje sVEGF
1 ddVEGF. MprmeHa CTaTUHa HUWje 3HauajHo yTuLana Ha H1Boe
OBVIX Mapametapa.

3akmyuak KoHueHTpauuja VEGF y cepymy u gujanusaty Kog
6onecHuKa Ha N[ je noBe3aHa ¢ IOWMjUM MeTabOANYKIM NPO-
dunom, pok he ynora nndnamauuje v Tepanuje 6uT1 npeamet
Hawwmx 6yayhux nctpaxmeara.

KrbyuHe peun: neputoHeymcka avjanusa; VEGF; ctatmHu; epu-
TpONoeTUH-cTUMynnwyhn GakTopu; NHXMOUTOPYU aHFMOTEH-
3UH-KOHBepTYjyher eH3umMa
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