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1 | INTRODUCTION

With the increase in the life expectancy of the general popu-
lation, chronic kidney disease (CKD) has become one of the
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Abstract

The key role of oxidative stress (OxSt) and inflammation for the induction of cardiovas-
cular disease, the leading cause of excess morbidity/mortality in chronic kidney disease
and dialysis patients, is known and both the activations of NADPH oxidase and RhoA/
Rho kinase (ROCK) pathway are pivotal for their effects. While specific hemodialysis
procedures, such as hemodiafiltration with on-line reinfusion of ultrafiltrate and/or the
use of vitamin E-coated dialyzers, are beneficial for OxSt and inflammation, studies
in peritoneal dialysis (PD) are instead scarce and results seem not favorable. In nine
patients under PD OxSt in terms of mononuclear cell protein level of p22P"* (Western
blot), subunit of NADPH oxidase, essential for the generation of OxSt, and MYPT-1
phosphorylation state (Western blot), a marker of ROCK activity, have been measured
at the beginning and after 3 and 6 months of PD. Blood levels of interleukin 6 (IL-
6), ferritin, and albumin have been considered for evaluating the inflammatory state.
p2oPhox
both at baseline vs healthy subjects (P = .02, P < .0001, P = .004, respectively) and vs
baseline after 3 and 6 months of peritoneal dialysis (P = .007, P < .001, P = .004, re-
spectively). Albumin was lower after 6 months of PD (P = .0014). IL-6 was increased

protein expression, MYPT-1-phosphorylation, and ferritin level were increased

at baseline vs reference values and remained unchanged at 3 and 6 months. OxSt and
inflammation increase during PD confirming via molecular biology approach a report
at biochemical level. To improve OxSt state in PD, a multitarget approach is necessary.
It might include the use of more physiologic pH, low glucose degradation products,
low lactate and iso-osmolar PD solutions, patients’ strict glycemic control, optimal

volume management, and antioxidant administration, such as N-acetylcysteine.
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most common diseases' and a leading cause of mortality.” In
patients with CKD and in particular in those with end-stage
renal disease (ESRD), cardiovascular disease (CV) is the lead-
ing cause of morbidity and mortz:11ity.3’5 These patients have
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traditional cardiovascular risk factors (hypertension, left ven-
tricular hypertrophy, type II diabetes mellitus, and dyslipid-
emia), to which are added nontraditional risk factors such as
oxidative stress, chronic inflammation, and endothelial dys-
function, which are further amplified with renal replacement
therapy (RRT).>® All this predisposes patients to CV compli-
cations, such as accelerated atherogenesis, CV disease, vascu-
lar calcifications, and anemia.>” In these patients the reduction
of these potentially modifiable risk factors is therefore crucial.

CKD and dialysis patients are exposed to increased oxi-
dative stress due to activation of NADPH oxidase and to the
activation of the RhoA/Rho kinase (ROCK) pathway. Both
of them are deeply involved in the oxidative stress-mediated
cardiovascular risk/disease while inhibition of RhoA/ROCK
signaling provides cardiovascular protection.5’8’9

Numerous studies have considered the role of oxidative
stress and ROCK signaling and the beneficial effects of
their reduction in patients undergoing chronic hemodialysis,
in particular using specific hemodialysis procedures, such
as hemodiafiltration with on-line reinfusion of ultrafiltrate
(HER),'*!" or using vitamin E-coated dialyzers.lz’13

Studies in peritoneal dialysis patients are scarce and have
instead shown an increase in oxidative stress following the
start of peritoneal dialysis.14

Although a role for this increased oxidative stress with peri-
toneal dialysis has been generically attributed to the formation
of glycosylation end products (AGEs) and other prooxidant
molecules derived by glucose or lactate presents in the dialysis
fluid,'* studies with the use of other solutions are lacking. In
addition, a more accurate determination of oxidative stress, for
example using a molecular biology approach to the evaluation
of specific and determinant markers of oxidative stress and CV
remodeling is also lacking in patients under peritoneal dialysis.

The aim of this study was therefore to evaluate, using a
molecular biology approach, the oxidative stress and inflam-
matory state in ESRD patient at the beginning and after the
first 3 and 6 months from the start of peritoneal dialysis via
the evaluation p22P™ protein expression, subunit of NADPH
oxidase, essential for the translocation of electron on the mo-
lecular oxygen to form superoxide anion">'® and the phos-
phorylation state of myosin-phosphatase target protein-1
(MYPT-1), marker of Rho kinase (ROCK) activity, which is
deeply involved in oxidative stress generation.™'”

The determination of interleukin-6 (IL-6), ferritin, and
albumin, has also been considered in order to evaluate the
patients’ inflammatory state.

2 | PATIENTS AND METHODS
2.1 | Patients
Nine male patients with ESRD, followed at the

Nephrology, Dialysis and Transplantation Unit, at Padua
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University-Hospital, age range 39-71 years, were enrolled to
be studied at baseline (before the start of peritoneal dialysis)
and at 3 and 6 months from the start of peritoneal dialysis
(CAPD for 7 patients and APD for 2). Each patient was treated
with low glucose concentration solutions (Fresenius Balance
1.5%, using lactate (35 mmol/L) as a buffer and all patient
had residual diuresis at the baseline of 2194 + 555.9 mL/day.

Patients were selected on the basis of the following criteria:
nonsmokers, lack of co-morbidity such as diabetes, chronic
obstructive pulmonary diseases, cerebrovascular disease, heart
failure, cancer, lack of severe infections such as peritonitis or
infections of the peritoneal catheter exit site, lack of hospital-
ization in the last 6 months and functioning peritoneal catheter.

Three patients had benign prostatic hypertrophy, all pa-
tients were hypertensives with patients’ blood pressure rang-
ing from 130/84 to 155/90 mm Hg under antihypertensive
treatment, which included calcium channel blockers, ACE
inhibitors, and a-blockers. All patients were under epoetin
treatment at the beginning of the study ranging from 6000 to
10 000 Ul/week. Vitamin D was also present in the therapeu-
tic regimen for some patients. None of the patients was under
lipid lowering treatment.

The etiology of ESRD for the patients was as follows:
chronic glomerulonephritis (four patients) and nephroangio-
sclerosis (five patients).

A group of nine male healthy normotensive subjects, age
range 35-64 years from the staff of Nephrology, Dialysis and
Transplantation Unit, at Padua University-Hospital were used
as control group. All the subjects of the control group were
nonsmokers and their blood pressure ranged from 130/70 to
135/85 mm Hg with no antihypertensive medications.

Blood samples for molecular biology analyses have been
collected from patients and healthy subjects at the beginning
of the study and from patients after 3 and 6 months from the
beginning of peritoneal dialysis. Blood levels of IL-6, ferri-
tin, and albumin have been considered for the evaluation of
the inflammatory state.

The study analyses were performed “ex vivo” on plasma
and mononuclear cells obtained from a patients’ blood sam-
ple included between those for routine analyses and all the
study participants gave their informed written consent to be
included in the study. The study conforms the standards of
the Declaration of Helsinki.

2.2 | Methods

IL-6, ferritin, and albumin were assayed at the Padova
Hospital Central Laboratory. IL-6 concentrations were de-
termined using a fully automated chemiluminescence assay
(Medical Systems, Genova, Italy), Ferritin was measured
using a fully automated electrochemiluminescence immu-
noassay (ECLIA) (Roche Diagnostics GmbH, Mannheim,
Germany) and albumin was measured using a fully automated
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immunoturbidimetric assay (Roche Diagnostics GmbH,
Mannheim, Germany).

PD patients’ residual diuresis was considered as an index
of renal residual function in addition to the evaluation of stan-
dard indexes including eGFR.

2.3 | Molecular biology assays
23.1 | p22P"* protein expression and
MYPT-1 phosphorylation state

Peripheral blood mononuclear cells (PBMCs) from 20 mL
of ethylenediamine-tetraacetic acid (EDTA) anticoagu-
lated blood were isolated by Lympholyte-H (Cedarlane,
Burlington, Canada). MYPT-1 phosphorylation and protein
expression of p22 ' were assessed by Western blot anal-
ysis as previously reported.qu17 In brief, total protein ex-
tract was obtained by lysis of mononuclear cells with lysis
buffer (Tris HCI 20 mmol/L, NaCl 150 mmol/L, EDTA
5.0 mmol/L, Niaproof 1.5%, Na;VO, 1.0 mmol/L, SDS 0.1%,
PMSF 0.5 mmol/L) added with Proteases Inhibitor Cocktail
(Roche Molecular Biochemicals, Mannheim, Germany) and
Phosphatase Inhibitor Cocktail I (Sigma-Aldrich, St Louis,
Missouri, USA). Protein concentration was evaluated by
bicinchoninic acid assay (BCA ProteinAssay; Pierce). The
proteins were separated by SDS-PAGE in Tris pH 8.3.
Protein transfer on nitrocellulose membranes was performed
using Hoefer TE 22 Mini Tank Transfer Unit (Amersham
Pharmacia Biotech, Uppsala, Sweden) with the use of the
following transfer buffer: 39 mmol/L glycine, 48 mmol/L
Tris base, 0.037% SDS (electrophoresis grade), and 20%
methanol. The membranes were incubated overnight with a
primary polyclonal antibody for the detection of a specific
protein: anti-p22phox (Santa Cruz Biotechnologies, Santa
Cruz, CA, USA), antiphospho-MYPT (Cell Signaling tech-
nology, Danvers, Massachusetts, USA), and anti-MYPT
(Cell Signaling technology, Danvers, Massachusetts,
USA). HRP-conjugated secondary antibodies were used
(Amersham Pharmacia, Uppsala, Sweden) and immuno-
reactive proteins were visualized with chemiluminescence
using SuperSignal WestPico Chemiluminescent Substrate
(Pierce). MYPT-1 phosphorylation was evaluated using a
densitometric semiquantitative analysis using NIH image
software. The ratio between phospho-MYPT-1 and MYPT-1
was used as an index of MYPT-1 phosphorylation.

2.4 | Statistical analysis

Statistical analysis was performed on a MacBookPro com-
puter using GraphPad Prism 5 software (GraphPad Software

Inc, La Jolla, California, USA). Data were expressed as
mean =+ standard error. ANOVA was used to compare the
quantitative variables between groups, and the Student's 7 test
for paired data. Values of 5% or less (P < .05) were consid-
ered significant.

3 | RESULTS

As expected, patients’ residual diuresis progressively de-
creased from the start of PD compared with the residual diu-
resis at 3 and 6 months (baseline: 2194 + 555.9 mL/day vs
3 months: 1980 + 421.9 vs 6 months 1944 + 480), which,
however, was not statistically significant (ANOVA: 0.14, P:
n.s.).

The molecular biology evaluation of markers of oxidative
stress in our patients showed, as also expected, a significantly
higher protein expression of p22P"* at baseline (before the
start of peritoneal dialysis) compared with healthy subjects:
0.72 + 0.05 densitometric units (d.u.) vs 0.47 + 0.08, P = .02
and significantly increases at 6 months from the start of peri-
toneal dialysis: 1.28 + 0.12, P < .0001, ANOVA P < .0001,
(Figure 1, panel A).

p22P"% protein expression was also significantly in-
creased in peritoneal dialysis patients at 6 months compared
with both baseline and 3 months (P = .003 and P = .001,
respectively) ANOVA P < .0001, (Figure 1, panel A).

MYPT-1 phosphorylation was also significantly in-
creased in patients at baseline compared with healthy sub-
jects: 1.03 + 0.07 d.u. vs 0.52 + 0.06, P < .0001 and also
significantly increases compared to healthy subjects at 3
(1.02 £+ 0.04, P =.0001) and 6 months from the start of peri-
toneal dialysis (1.57 + 0.16, P = .0001), ANOVA P < .0001
(Figure 1).

MYPT-1 phosphorylation also significantly increased in
peritoneal dialysis patients at 6 months compared with both
baseline and 3 months (P = .007 and P = .005, respectively),
ANOVA P < .0001.

As shown in Figure 2, ferritin (panel A) was significantly
increased (ANOVA P = .002) both at 3 (173.6 = 11.5 pg/L)
and 6 months (189.0 + 20.3 pg/L) from the start of perito-
neal dialysis compared with baseline (101.4 + 15.3 pg/L),
P = .002 and P = .004, respectively, while albumin level
(panel B) reduced (ANOVA P = .007) from baseline
(43.38 + 0.10 g/L) to 3 months (40.00 + 0.159 g/L, P = ns
vs baseline) to 6 months (36.46 + 1.43 g/L, P = .0014 vs
baseline) (Figure 2).

IL-6 level was higher in patients at baseline
(7.5 + 1.4 ng/L) compared with reference levels (0-5.9 ng/L).
IL-6 level remained unchanged in patients on peritoneal dial-
ysis at 3 months (IL-6:6.7 + 0.94 ng/L) and at 6 month (IL-
6:7.1 + 0.9 ng/L), (ANOVA: P = .87, n.s.).
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Densitometric analysis of p22ph"X to GAPDH ratio (panel A) and phospho-MYPT-1 to MYPT ratio (panel B) in mononuclear

cells of healthy subjects (C) and peritoneal dialysis patients at baseline (before the start of peritoneal dialysis), at 3 and 6 months from the start of
peritoneal dialysis. The top part of each panel shows representative p22"h°x (panel A) and phospho-MYPT-1 (panel B) Western blot products from
one healthy subject and one peritoneal dialysis patient. *P < .005 vs 3 mon; **P = .003 vs 3m; TP < .007 vs baseline; **P < .001 vs baseline;
AAp < 0001 vs Control; AAAp < 001 vs Control; PZP < .0001 vs Control; *P = .02 vs Control; ¥*P < .0001 vs Control
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FIGURE 2 Plasma levels of ferritin (panel A) and albumin (panel B) in peritoneal dialysis patients at baseline, at 3 and 6 months from the
start of peritoneal dialysis.*P = .002 vs baseline; *P = .004 vs baseline (panel A); *P = .0014 vs baseline (panel B)

4 | DISCUSSION
While it is known that the use of RRT procedures, in particu-
lar with HFR and vitamin E-coated dialyzers have particular
efficacy in the reduction of oxidative stress and its long-term
Cv complications,lo’13 the few studies performed in peri-
toneal dialysis have instead provided not favorable results
showing even an increase in markers of oxidative stress."*
The results of our study confirm that oxidative stress status
in term of p22P" protein level and ROCK activity in terms
of MYPT-1 phosphorylation state are increased in ESRD
patients at baseline compared to healthy subjects.'®!*!7 In

addition, using a molecular biology approach, the results of
this study have shown that oxidative stress further increases
after 3 and 6 months from the start of peritoneal dialysis,
agreeing with earlier findings provided through biochemical
analyses.14

Regarding the inflammatory status of the patients in our
study, IL-6 already elevated in the predialysis phase of the
patients, did not show significant changes after the start of
peritoneal dialysis, while, albumin decreased and ferritin pro-
gressively increased.

It has been shown that peritoneal albumin and protein

losses do not predict outcome in peritoneal dialysis patients. 18
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However, although an average of 4 grams of albumin/day is
known to be lost with PD, this amount would be generally
much higher and would lead to a significant loss of albumin
if, for example, a leaky peritoneal membrane was present.
This latter event may be determined by specific causes such
as, in particular, infections or a state of high transporters
which may be induced by an increased peritoneal membrane
permeability. Additional cause may be represented by the
presence of an inflammatory state.

We have not measured albumin concentration in the
peritoneal fluid of our patients, however, both the absence
of infections and their status of low-medium transporters,
established by the peritoneal equilibration test (PET), make
unlikely the chance of a leaky peritoneal membrane for al-
bumin, which may result in case of high transporter status.
The increased level of IL-6 and ferritin in addition to the
increased oxidative stress markers we have found in our
PD patients, instead, clearly indicates the presence of an
inflammatory state, which may be able to induce the re-
duction of albumin level shown by our patients at 6 months
from the start of PD.

A possible causative role for oxidative stress in peri-
toneal dialysis has been given to the glucose and lactate
present in the dialysis fluids and to the accumulation in the
dialysate of glucose degradation products, which would be
able to induce in peritoneal cells AGEs, other prooxidants
and proinflammatory substances,'* which in the medium-
long term may induce structural and functional damage
of the peritoneal membrane. The consequent chronic ac-
cumulation of prooxidant agents within the peritoneum
may promote the induction of profibrotic factors that may
cause peritoneal fibrosis with consequent loss and failure
of ultrafiltration."

Improving oxidative stress in these patients is therefore
crucial and needs a multitarget strategy.

Residual renal function is known to be closely associated
with the survival of patients with ESRD and it should be pre-
served in particular in patients on peritoneal dialysis. In fact,
although the cause and effect are unclear, maintenance of re-
sidual renal function in patients on peritoneal dialysis is asso-
ciated with decreased oxidative status of lipids and proteins,
while elevated oxidative stress is predictive of deterioration
of residual renal function.”

Dietary salt and water restriction and the use of diuretics
might require less use of hypertonic solutions and, in fact,
studies suggest that the use of fluids with low glucose degra-
dation products (GDPs)*! can protect from peritoneal fibro-
sis and neo—angiogenesis.22 In addition, more biocompatible
dialysis solutions have been developed,21’22 with a pH closer
to physiologic, low content of GDPs and AGEs and bicar-
bonate as a buffer. However, the high osmolarity of solutions
remains a crucial problem that contributes to the increase in

oxidative stress. Fluid bags containing icodextrin, a glucose
polymer, are iso-osmolar and have a reduced concentration of
GDPs. In vitro studies have shown that compared to conven-
tional solutions, those containing icodextrin have beneficial
effects on oxidative stress and inflammation, due to a reduced
osmolarity.23

Due to this higher biocompatibility, it has been, in fact,
proposed that icodextrin can protect the integrity of the peri-
toneal membrane and reduce oxidative stress, as well as be
associated with better control of lipid, glucose, and blood
pressure, although this still remains to be confirmed.”

Finally, in patients on peritoneal dialysis, oral administra-
tion of N-acetylcysteine, a known antioxidant, has also been
considered based on its effect of suppression of oxidative
stress and AGEs formation, inhibition of local and systemic
inflammation, support of residual renal function and diuresis
and prevention of dysfunction and sclerosis of the peritoneal
membrane,'* although these beneficial effects also need to be
confirmed with specific studies.

In conclusion, oxidative stress in peritoneal dialysis pa-
tients is significantly further increased compared to the al-
ready activated oxidative state of their predialysis phase,
which may lead to important clinical consequences due to
intra-peritoneal and systemic oxidative stress.”’ It is still un-
certain whether the use of more biocompatible dialysis solu-
tions and various systemic therapies can improve oxidative
stress in patients on peritoneal dialysis, however the first
evidence from studies in this field is encouraging. Further
studies are necessary and should be focused in particular on
the identification of solutions capable of reducing the oxi-
dative stress induced by peritoneal dialysis. Based on this
working hypothesis, studies in our laboratory are ongoing
aimed to evaluate with a molecular biology approach in pa-
tients in peritoneal dialysis, the effect of more biocompatible
solutions on oxidative stress status in terms of expression and
phosphorylation of proteins strictly related to oxidative stress
and its signaling.
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