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Abstract: Cardiovascular disease represents the most
common cause for the excess of morbidity and mortality
found in end-stage renal disease (ESRD) and has
prompted the exploration of multiple approaches to
improve outcomes in these patients. Cardiovascular risk
factors such as increased oxidative stress (OxSt) and
inflammation are found in ESRD patients. A vitamin
E-coated dialyzer using polysulfone membranes has been
suggested to have positive effects on these factors. This
l-year study evaluated in 25 ESRD patients under
chronic dialysis, the effects of a vitamin E-coated mem-
brane (VitabranE ViE) “ex vivo” on mononuclear cells,
OxSt, and inflammation-related biochemical and molecu-
lar biology markers using a molecular biology approach.
p22Phex heme oxygenase (HO)-1, plasminogen activator
inhibitor (PAI)-1 protein level, and phosphorylated extra-
cellular signal-regulated kinase (pERK)1/2 status were
evaluated at the beginning of the study, after 6 months
and after 12 months by Western blot analysis and oxidized
low-density lipoprotein (OxLDL) plasma level by
enzyme-linked immunosorbent assay, alongside vascular
remodeling assessment as measured by carotid intima-
media thickness (IMT) in a subgroup of nine randomly
selected patients. p22P**, PAI-1, OxLDL, and pERK all
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decreased with VitabranE use, while HO-1 increased.
Carotid IMT did not increase. Treatment with VitabranE
significantly decreases the expression of proteins and
markers relevant to OxSt and inflammation tightly
associated with cardiovascular disease, and it appears
highly likely that VitabranE use will provide a
benefit in terms of cardiovascular protection. Key
Words: Hemodialysis—Oxidative stress—Inflammation—
Cardiovascular remodeling.

Cardiovascular disease represents the most
common cause for the excess of morbidity and mor-
tality found in end-stage renal disease (ESRD)
patients (1). Cardiovascular risk factors such as
increased oxidative stress (OxSt), inflammation, and
endothelial dysfunction are known “nontraditional”
risk factors present in ESRD patients. These patients
have, in fact, increased levels of inflammation-related
proteins, such as interleukin-6 (IL-6) and C-reactive
protein (CRP), as well as OxSt-related proteins, such
as NAD(P)H oxidase, which lead to reduced nitric
oxide availability and endothelial dysfunction (2,3).
The inflammatory state present in these patients has a
multifactorial origin and also arises directly from
dialysis as well as from other nondialysis-related
factors (4,5). Mortality rate of ESRD patients on
dialysis remains unacceptably high and has prompted
the exploration of multiple approaches to improve
outcomes (6).

One of these approaches has been the introduction
of vitamin E-coated dialyzers in an effort to reduce
OxSt (7), lipid peroxidation (8,9), and leukocyte acti-
vation (10) as well as scavenge oxygen free radicals.
Recently, a vitamin E-coated dialyzer using polysul-
fone membranes coated with vitamin E has been
introduced (VitabranE ViE, Asahi Kasei Kuraray
Medical Co., Tokyo, Japan). In this study, the poten-
tial beneficial effects associated with this new
dialyzer membrane have been evaluated using a
molecular biology approach “ex vivo” on mono-
nuclear cells of uremic patients switched from a stan-
dard bicarbonate dialysis using a polysulfone dialyzer
to a l-year treatment with a vitamin E-coated
polysulfone membrane (VitabranE ViE).

This study examined the levels of proteins relevant
to OxSt, such as p22P"*%; subunits of NADPH oxidase,
essential for the production of superoxide anions
(11,12); plasminogen activator inhibitor (PAI)-1, an
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established OxSt-related profibrotic factor (13); and
heme oxygenase (HO)-1, the inducible isoform of HO
that protects against OxSt (14). We also assessed the
state of phosphorylation of extracellular signal-
regulated kinases (ERKs), OxSt effector protein
for cardiovascular remodeling (15), and a plasma
marker of OxSt, oxidized low-density lipoproteins
(OxLDLs), considered as crucial in the development
of chronic inflammation of the artery wall linked to
atherosclerosis (16). In a subgroup of nine unselected
patients, in addition to biochemical and molecular
markers, vascular remodeling was measured at the
beginning and at the end of the study via the evalua-
tion of carotid intima-media thickness (IMT).

PATIENTS AND METHODS

Twenty-five patients, aged between 42 and 64 years,
17 males and 8 females from different dialysis centers
(Padova, Mestre, Monselice, and Treviso) undergoing
chronic dialysis treatment with 210-240 min, three
times a week bicarbonate dialysis for at least 1 year
(range 1-5 years), were recruited into a 1-year inter-
ventional study. ESRD patients treated with low-flux
bicarbonate dialysis with ultrapure dialysate using
a 1.8 m? polysulfone dialyzer, were switched to 12
months of treatment using VitabranE ViE (Asahi
Kasei Kuraray Medical Co.). Vascular access was
through the arteriovenous fistula for all the study
participants. The etiology of ESRD for the patients
was as follows: chronic glomerulonephritis (7
patients), nephroangiosclerosis (17 patients), and
undiagnosed (1 patient). Patients were selected based
on the following criteria: relatively young age;
nonsmokers; lack of comorbidity such as diabetes,
chronic obstructive pulmonary diseases, heart failure,
and cancer; and lack of hospitalization in the last
6 months.

Blood samples for molecular biology and bio-
chemical determinations were collected at the
beginning of the study (baseline), at 6 and 12
months. The patients were also checked at baseline,
at 6 months and at the end of the study for bio-
chemical markers of inflammation such as elevated
CRP, 02-globulins, monocytes, and lymphocytes as
well as for clinical evidence of infectious or inflam-
matory disease. This was done in particular to mini-
mize the possibility, although not proven, that a
different quantitative protein expression between
mononuclear cell subtypes due, for example, to a
fluctuation of the number of the different mono-
nuclear cell subtypes, could influence the protein
expression of the OxSt-related proteins considered
in our study.
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The patients’ blood pressure ranged from 134/84
to 154/92 mm Hg, and antihypertensive treatment
included calcium channel blockers, angiotensin
converting enzyme inhibitors, and o-blockers. All
patients were under erythropoietin (EPO) treatment
at the average dose of 8000 U/week at the beginning
of the study ranging from 4000 to 16 000 U. During
the study, the patients’ EPO dose was adjusted to
maintain stable hemoglobin levels between 11 and
13 g/dL. Vitamin D, PO, binders, and calcium supple-
ments were also present in the therapeutic regimen
for some patients. In particular, three patients were
under sevelamer HCI (3200-4000 mg/day), five under
calcium carbonate (2500-3000 mg/day), and two
under lanthanum carbonate (2250 mg/day). None of
the patients were under lipid-lowering treatment; all
patients were treated with supplements of folic acid
(10 mg) after dialysis session with no variation
throughout the duration of the study. There was no
significant difference in terms of Kt/V values
throughout the study (mean Kt/V ratio at the begin-
ning of the study was 1.42 = 0.08; at 6 months:
1.47 = 0.07; at 12 months: 1.40 = 0.08). The study
protocol was approved by our institutional authori-
ties, and informed consent was obtained from all the
study participants.

MOLECULAR BIOLOGY ASSAYS

Preparation of mononuclear cells

Peripheral blood mononuclear cells were isolated
by Ficoll-Paque PLUS gradient (Amersham Bio-
sciences, Uppsala, Sweden) from 35 mL of ethylene-
diaminetetraacetic acid (EDTA) anticoagulated
blood.

Western blot

p22riex HO-1, and PAI-1 protein expression were
assessed using Western blot analysis, as previously
reported (17,18). In brief, total protein extracts were
obtained by cell lysis with an ice-cold buffer (Tris-
HCI20 mM, NaCl 150 mM, EDTA 5.0 mM, Niaproof
1.5%,Naz;VO, 1.0 mM, sodium dodecyl sulfate 0.1%)
added with protease inhibitors (complete protease
inhibitor cocktail, Roche Diagnostics, Mannheim,
Germany). Protein concentration was evaluated by
bichinconinic acid assay (BCA protein assay, Pierce,
Rockford, 1L, USA). Proteins were separated by
sodium dodecyl sulfate—polyacrylamide gel electro-
phoresis, transferred onto nitrocellulose membranes
(Hybond ECL, Amersham Biosciences), and blocked
overnight with no-fat milk (5% in Tween-PBS).
Membranes were probed with primary polyclonal
antibody (Santa Cruz Biotechnologies, Santa Cruz,
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CA, USA) and then horse radish peroxidase (HRP)
conjugated secondary antibodies (Amersham Bio-
sciences) were added, and immunoreactive proteins
were visualized with chemiluminescence using Super-
Signal WestPico Chemiluminescent Substrate
(Pierce). Protein expression on Western blots was
quantified using a PC-based densitometric semiquan-
titative analysis using NIH image software (Research
Services Branch, National Institutes of Health,
Bethesda, MD, USA), as previously reported (17,18),
and were normalized to GADPH, a housekeeping
gene.

Analysis of ERK1/2 phosphorylation

ERK1/2 phosphorylation was performed using
Western blot analysis.

Total protein extract was obtained by lysis of
mononuclear cells as previously reported (17,18).
Total protein extract was obtained, electrophoresed,
and blotted as previously described (19,20). The
membranes were incubated overnight with
antiphospho-ERK1/2 (Cell Signaling, Danvers, MA,
USA) and anti-GAPDH (Chemicon International,
Temecula, CA, USA). Specific secondary antibodies
were HRP-conjugated (Amersham Biosciences), and
immunoreactive proteins were visualized with chemi-
luminescence using SuperSignal WestPico Chemilu-
minescent Substrate (Pierce).

ERK1/2 phosphorylation was quantified using a
densitometric semiquantitative analysis using NIH
image software. The ratios between phospho-ERK1/2
and GAPDH were used as indexes of ERK1/2
activation.

OxLDL measurement

Blood OxLDL levels were determined using a
commercially available enzyme-linked immunosor-
bent assay-based kit (Immundiagnostik AG, Ben-
sheim, Germany). Intra-assay and inter-assay
variations of the assay were 5 and 8%, respectively.

Carotid artery IMT determination

Carotid ultrasound examinations were performed
using the Aspen Advanced Ultrasound System
(Acuson, Malvern, PA, USA) equipped with a linear
probe (7-10 MHz). The procedure was carried out
according to the Mannheim IMT consensus (21). All
subjects were examined in the same room in dim
light, lying comfortably in a supine position. The right
and left carotid arteries of each subject were exam-
ined by the same sonographer. Once an optimal lon-
gitudinal image was obtained, it was stored on 1/2-
inch super VHS videotape. Images were analyzed
using a high-resolution video recorder, coupled with

a mouse-driven image analysis system. IMT, defined
as the distance between the lumen-intima and the
media—adventitia interfaces, was measured at end
diastole in the far wall of the right and left sides of the
common carotid artery, the bulb, and the internal
carotid artery (22). IMT measurements were
expressed as cumulative mean of mean IMT
recorded in each vascular segment. To rule out poten-
tial interference of arterial enlargement with IMT
measurements, the intraluminal diameter of common
carotid artery 1 cm proximal to the dilatation of the
bulb was measured at end diastole in lateral
projection.

Statistical analysis

Data were evaluated on a Power Macintosh G5
computer (Apple Computer, Cupertino, CA, USA)
using the Statview II statistical package (BrainPower,
Inc., Calabasas, CA, USA). Data are expressed as
mean = SD and analyzed using analysis of variance.
Values at a 5% level or less (P < 0.05) were consid-
ered significant.

RESULTS

Two patients enrolled in the study dropped out due
to the development of bacterial pneumonitis and vas-
cular access thrombosis, respectively.

CRP and o2-globulin levels did not show any sig-
nificant difference at 6 and 12 months compared with
baseline (CRP: baseline 3.5 = 1.7 mg/L, 6 months
3.8*+19, 12 months 3.6 =18, P=not signifi-
cant [ns]; o2-globulin: baseline 9.3 = 0.8%, 6 months
9.1 = 0.6, 12 months 9.2 * 0.7, P = ns).

Monocytes and lymphocytes number also did not
change throughout the study (monocytes: baseline
6.8 = 2.0%, 6 months 6.8 = 2.5, 12 months 6.6 * 2.3,
P =ns; lymphocytes: baseline 22.0 = 5.6%, 6 months
21.6 = 6.0,12 months 21.2 = 6.0, P =ns ). None of the
study participants had clinical evidence of infectious
or inflammatory disease throughout the study. There
was no need for significant variations in the patients’
EPO dose throughout the study, and hemoglobin
levels of our patients remained stable ranging
between 11 and 13 g/dL throughout the study.

Figure 1 shows the responses of OxSt-related pro-
teins p22°P"°* (panel A) and HO-1 (panel B) to dialysis
treatment with the vitamin E-coated membrane.

Treatment with the vitamin E-coated membrane
significantly reduced p22°P"* levels (baseline: 1.4 +
0.27, 6 months 0.86 = 0.57, and 12 months 0.75 =
0.65, P=0.038), while HO-1 increased (baseline:
0.35 = 0.28, 6 months 0.57 = 0.3, and 12 months
0.94 = 0.65, P =0.023).
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Figure 2 shows the responses of vitamin E-coated
membrane treatment on PAI-1 (panel A) and
OxLDL (panel B) protein expression.

PAI-1 protein expression (baseline: 1.54 * (0.55,
6 months 1.14 = 0.46, and 12 months 0.81 = 0.30,
P =0.004) and OxLDL level (baseline: 373.7 = 101.3,
6 months 250.7 = 95.0, 12 months 222.1 *+ 45.2 ng/
mL, P =0.04) were significantly reduced by the dialy-
sis treatment using vitamin E-coated membrane.

Figure 3 shows the responses in terms of OxSt-
and inflammation-related signaling via ERK of
dialysis treatment using the vitamin E-coated mem-
brane.

Dialysis treatment with the vitamin E-coated
membrane significantly reduced phosphorylated
extracellular  signal-regulated kinase (pERK)/
GADPH ratio (baseline: 4.6 =0.98, 6 months
3.72 = 0.75, 12 months 2.72 * 1.03, P = 0.031).

Evaluation of IMT in the subgroup of randomly
selected patients showed, although not reaching sta-
tistical significance, a trend toward the reduction, as
an effect of treatment with the vitamin E-coated
membrane between baseline and 12-month time
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FIG. 3. Densitometric analysis of the ratio of pPERK to GAPDH in
mononuclear cells of patients treated for 1 year with vitamin
E-coated dialyzer. The top of the figure shows a representative
pERK1/2 Western blots.
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periods (1.32 = 0.56 mm vs. 1.26 £ 0.52 mm, respec-
tively; P =0.064, ns).

DISCUSSION

In recent years, the quality and technology
employed in dialysis have undoubtedly improved
regarding the biocompatibility of materials used
and the ability to remove uremic toxins (17,18,23).
Walker and collaborators (24) showed that switching
from a cellulose acetate membrane to a polysulfone
membrane reduces the level of protein oxidation.
Another recent development is the use of vitamin E
as a coating for membrane dialyzers. Vitamin E has
antioxidant activity against free radicals and sup-
presses platelet adhesion and aggregation. The use
of vitamin E as a surface layer thereby provides
increased antioxidant properties to these dialysis
filters as previously demonstrated by studies with
vitamin E originally coated on acetate membrane
that have reported reduction of OxSt (7), lipid per-
oxidation (8,9), and leukocyte activation (10).

VitabranE ViE combines the antioxidant and anti-
thrombotic activities of o-tocopherol with the bio-
compatibility of polysulfone membranes, which have
excellent properties for clearance and permeability
(25).

This study examined the levels of proteins relevant
to OxSt such as p22°"* PAI-1, and HO-1, and
assessed the state of phosphorylation of ERK, an
OxSt-induced effector protein for cardiovascular
remodeling, and a plasma marker of OxSt, the level
of OxLDL, considered as crucial in the development
of chronic inflammation of the artery wall. In addi-
tion to biochemical and molecular markers, vascular
remodeling was measured in a subgroup of patients
by determining carotid IMT using ultrasound at the
beginning and at the end of the study.

The p22°Pt is a 22-kDa subunit of cytochrome b558
of the NADH/NADPH oxidase present both in leu-
kocytes and in the vascular wall that functions as an
integral subunit of the final electron transport from
NAD(P)H to heme and molecular oxygen in gener-
ating O (11). In hemodialyzed (HD) patients treated
with VitabranE, the reduction of p22P"* protein level
not only suggests reduced OxSt, but also, given its
presence in leukocytes, an inhibition of leukocyte
activation, a very known cause of OxSt in ESRD. As
a consequence, this reduction of p22P"** protein level
therefore suggests an inhibition of OxSt-mediated
signaling mechanisms known as responsible for vas-
cular remodeling and atherogenesis induced by
ESRD (2,16,26).

While originally studied as part of the regulation
of fibrinolysis, PAI-1 is now widely recognized as

part of the OxSt-related response (13). Reactive
oxygen species (ROS) induces PAI-1 gene expres-
sion, and this can be blocked by antioxidants and
ROS-scavenging enzymes (13). The ROS-mediated
signaling pathway leading to PAI-1 induction
involves MAPK/PKB (13), RhoA/Rho kinase (27),
and at least three transcription factors such as
NF-kB, AP-1, and SP1 (13). Moreover, PAI-1 pro-
duction has been linked to inflammatory cytokines
such as interleukin-1 and tumor necrosis factor-o,
which promote vascular inflammation and athero-
sclerosis (28). In addition, OxLDL, the first step of
the atherogenetic process, has been shown to induce
PAI-1 expression (29). Therefore, in our patients
treated with VitabranE, the reduction of PAI-1
protein levels suggests reduced OxSt and reduced
atherothrombogenesis. The results showing that
VitabranE-treated patients had lower levels of
OxLDL, another indicator of OxSt and cardiovas-
cular risk factor (30), further strengthen the argu-
ment that VitabranE reduces OxSt in these HD
patients. The concomitant reductions seen in both
PAI-1 and OxLDL, both keys for the induction of
atherosclerotic cardiovascular disease, upon Vita-
branE treatment, provide strong evidence for its
beneficial effect on OxSt and cardiovascular risk.
HO-1 acts on heme, producing CO and biliverdin
(14), which is further metabolized to bilirubin, a
potent antioxidant itself (31). There are three differ-
ent isoforms of HO: HO-1, HO-2, and HO-3. HO-1
has a very low basal expression, but it increases
rapidly upon OxSt, while HO-2 and the recently iden-
tified isoenzyme HO-3 are constitutively expressed.
HO-1-mediated production of the vasodilator CO
may contribute to the regulation of vascular tone and
thereby blood pressure and endothelial function (14).
Finally, HO-1 has been shown to have long-term anti-
inflammatory and antiproliferative effect (32). There-
fore, the increase in HO-1 noted upon VitabranE
treatment further strengthens the evidence for its
beneficial effect on OxSt and cardiovascular risk.
The intracellular signaling mediated by ERK is
closely linked to OxSt. It represents an important
effector for the processes that ultimately lead to
the cardiovascular remodeling and atherosclerosis.
ERK1/2, a member of the MAPK family, elicits
a hypertrophic response via phosphorylation of
nuclear targets (e.g., c-myc, c-jun, and ATF-2),
leading to transcriptional reprogramming and the
altered gene expression associated with hypertrophy
(33). The intracellular signaling through members of
the superfamily of MAPK including ERK has been
strongly linked to cardiovascular hypertrophic
response (33). ERK has also been linked to the
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induction of PAI-1 mediated by ROS (33).The reduc-
tion in the level of phosphorylation of ERK, as dem-
onstrated in patients treated with VitabranE, further
underlines the pleiotropic nature of the beneficial
effect of this particular dialysis filter on OxSt and
inflammation.

The carotid IMT is used as an indicator of ath-
erosclerosis and coronary atherosclerosis in general
in patients on dialysis. It has been shown that
carotid IMT is an independent predictor of cardio-
vascular death in dialysis patients, suggesting that
the average thickness measurement of carotid IMT
may be useful for predicting the mortality of long-
term dialysis (34-36). In addition, a 0.1-mm increase
in IMT was shown to predict a 24% higher risk for
cardiovascular death in dialysis patients (33), and
Ekart and coworkers (36) showed that during a
424 = 19.5 month follow-up of 99 nondiabetic
hemodialysis patients, 33.3% died, most of them
from cardiovascular causes, and the IMT values of
the common carotid arteries were significantly
higher in patients who died than in those who sur-
vived. Kaplan-Meier survival analysis of these
patients showed that those in the first tertile of IMT
had significantly better survival than HD patients in
the third tertile of IMT.

Our study found in a subgroup of randomly
selected patients that treatment with VitabranE after
1 year showed a trend, although not statistically sig-
nificant, toward reduction of carotid IMT from
baseline. Nevertheless, the lack in our study of the
evaluation of IMT in a control group of dialysis
patients treated with standard polysulfone mem-
brane does not directly allow the conclusion that the
trend toward the reduction of or at least the lack of
IMT increase we found upon VitabranE treatment is
indeed an improvement. However, the lack of IMT
increase after 1 year of treatment with VitabranE
could at least be considered as positive as it would be
expected in consideration of the reductions in the
markers of OxSt and inflammation-related proteins
observed in our study. Relevant with this issue is, in
particular, the reduced pERK, which is an important
OxSt-related effector for the induction of prolifera-
tive processes leading to cardiovascular remodeling
and atherosclerosis.

CONCLUSION

Taken together the results of this study strongly
indicate that treatment with VitabranE significantly
decreases the expression of proteins and markers rel-
evant to OxSt and inflammation, which are tightly
associated with cardiovascular disease. In dialysis
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patients, therefore, a benefit in terms of cardiovas-
cular protection upon treatment with VitabranE
appears highly likely.
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