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The aim of the investigation was to study the interaction of endothelium state and immune status variations in program hemodialysis (PHD)

patients against the background of atorvastatin therapy.

Materials and Methods. 54 patients included in the study were divided into two groups in a random manner. The main group patients

(n=28) received atorvastatin, 20 mg a day, for 30 days against the background of PHD, the main patients (n=26) had PHD alone. Endothelin level
(1-21) and Willebrand factor activity were determined by enzyme immunoassay, the content of active nitric oxide metabolites was estimated
spectrophotometrically. The immune status indices (CD3, CD4, CD8, CD16, CD19, CD56) were studied by monoparametric analysis using
monoclonal antibody technique. The content of interleukins (IL-6, IL-10, IL-18) and tumor necrosis factor-a. (TNF-c) were investigated using
enzyme immunoassay.

Results. PHD patients within the observation period (30 days) were found to have the following changes: high concentration of nitric oxide
and endothelin (1-21), reduced Willebrand factor activity; the decrease of relative number of T helpers and the increased number of cytotoxic
T lymphocytes, as well as the increased IL-10 level and reduced TNF-a. level in relation to the initial values. Atorvastatin administration for 30
days does not have any significant effect on endothelium condition, but reduces total lymphocyte count and immunoregulatory index, as well as

proinflammatory cytokine IL-6 level in PHD patients.

The main patients in the observation period were found to have the interaction of the changed values of endothelium state (nitric oxide
level) with the levels of IL-6 and IL-10, TNF-c, as well as Willebrand factor activity — with relative number of T helpers and immunoregulatory

index.

The patients with atorvastatin therapy were recorded to have nothing but the interaction of the Willebrand factor activity changes with IL-6

content.

Conclusion. Due to the necessity of long-term administration of statin preparations in program hemodialysis patients, it is recommended to
control the changes of endothelium state and immune status values in the course of the treatment.
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To date, the efficacy and safety of applying statins
in patients being on program hemodialysis (PHD) are
not well understood, although the relevance of reducing
cardiovascular mortality in these patients is enormous —
more than half of them die from cardiovascular pathology
[1].

One of the modern classes of drugs used in various
cardio-vascular pathologies is statins. Numerous studies of
statin therapy show high efficacy of this group of drugs for
the prevention and treatment of cardiovascular disease.

The main mechanism of action of statin drugs has
traditionally been associated with inhibition of the key enzyme

in cholesterol synthesis of 3-hydroxy-3-methylglutaryl-
coenzyme A reductase (HMG-CoA reductase) [2]. However,
this mechanism does not exhaust all the positive properties
of this group of drugs. Pleiotropic effects of statins that are
not related to their influence on the synthesis of cholesterol
(endothelium protection, antioxidant and anti-inflammatory
activity, the effect on hemostasis, etc.), in some cases,
come to the fore as the assessment and prediction of the
therapeutic effect of statins [3].

The mechanisms of anti-inflammatory action and the
protection of endothelium with statins mediated through
inhibition of HMG-CoA reductase, leading to the reduction
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of mevalonic acid — isoprenoid precursor (geranyl-
geranyl pyrophosphate and farnesyl pyrophosphate),
which determine the activation of Rho-protein initiating
transcription of NF-«xB. The latter takes part in the induction
of specific proinflammatory genes and in the initiation
of apoptosis mechanism. Rho-protein also inhibits the
synthesis of nitric oxide and also it is required for adhesion
of monocytes on the surface of endothelial cells [4]. Effect
of statins on endothelial function in patients PHD is not
practically investigated [5, 6].

In recent years, the role of inflammation (including its
immune component) in the pathogenesis of cardiovascular
diseases attracted the attention of many researchers. The
laboratory signs of active inflammatory reaction are found
to detect an untoward prognosis in healthy middle-aged and
elderly people, as well as the presence of cardiovascular
disease [7].

The effect of statins on the processes of inflammation and
immune reactivity in PHD patients is of particular interest.
Biocompatibility of dialysis systems, along with the loss of
antioxidant substances, contributes to the activation of the
peripheral blood mononuclear cells and the production of
a number of inflammatory mediators such as cytokines by
means of dialysis [8]. The high levels of interleukin-6 (IL-6),
interleukin-1p (IL-1pB) and tumor necrosis factor-a. (TNF-a) in
dialysis patients are proved to be associated with increased
risk of vascular events, mortality due to cardiovascular
cause and total mortality. The most important high-risk
marker is IL-6 [9].

Activation of mononuclear cells and neurotransmitter
systems of immune reactivity in patients undergoing PHD,
leads to significant changes in cellular component of immune
system that may affect all populations of lymphocytes.
However, information on the direction of these changes and
inconsistent, is largely based on the experimental data, or a
small number of research observations [10].

Thus, incomplete and contradictory data on the effect
of different statins on endothelial and immune status of
dialysis patients are the basis for research in this area.

The aim of the investigation was to study the
interaction of endothelium state and immune status
variations in program hemodialysis (PHD) patients against
the background of atorvastatin therapy.

Materials and Methods. The studies were performed
using a clinical basis of the branch “FESFARM NN” of LLC
“FESFARM” and laboratory facilities of the Nizhny Novgorod
Regional Clinical Diagnostic Center (Nizhny Novgorod,
Russia). The study included 54 patients.

Inclusion criteria were the following: a terminal chronic
renal failure, PHD is not less than 6 months, dyslipidemia,
age 35-70 years, hemoglobin level =100 g/L, the urea
reduction rate (URR) =65%, = dialysis dose 1.2.

Exclusion criteria were diabetes mellitus and rheumatoid
arthritis.

Using the method of simple randomization, patients
were divided into two groups: the patients in Group 1 (the
main group, n=28) received atorvastatin — Atoris (KRKA,
Slovenia), 20 mg once a day, for 30 days along with PHD.
The patients in comparison group 2 (n=26) were only on
PHD.
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The level of endothelin (1-21) and von Willebrand
factor activity was determined by the method of enzyme
immunoassay using photometer tablet “Efos 9305” (Russia).
Nitric oxide (NO) was evaluated by the total concentration
of its stable metabolites (nitrates and nitrites), measurement
was conducted using a spectrophotometer APEL PD 303
(Japan).

The evaluation of the immune status included certain
subpopulations of T and B lymphocytes and NK cells by
markers CD3, CD4, CD8, CD16, CD19, CD56 (using
multiparameter analysis with cytometry Beckman Coulter
(USA) using the method of the monoclonal antibodies).
Furthermore, immunoregulatory index (IRI), the ratio
of lymphocyte markers CD3+CD4 to CD3+CD8 were
calculated.

Contents of interleukin-6, -10, -1 beta (IL-6, IL-10, IL-1p),
tumor necrosis factor-o. (TNF-a) was studied using enzyme
immunoassay with ELISA photometer tablet “EFOS 9305”
(Russia).

Biochemical parameters were studied before treatment
(I examination) and 30 days (Il examination). The object of
the study was blood serum.

Statistical processing of the results was carried out
using the Statistical Package License STADIA 7.0/prof.
The level of significance of differences between the
two samples was assessed using parametric and non-
parametric criteria (for samples having a distribution,
which does not differ from the normal one — by means
of the Student and Fisher’s t test, for samples having a
distribution different from the normal one — by means
of the Wilcoxon and Van der Waerden). The research
results are also processed by the method of correlation
analysis (a method of non-parametric correlation, criteria
of Kendall and Spearman).

The results are presented in the form of M+m, where
M — arithmetic average, m — standard error of the
arithmetic average.

Results. After 30 days of therapy with atorvastatin an
increase of the NO concentration from baseline to 80.92%
(p<0.001) was recorded in the PHD patients, which at the
same time did not differ from the changes in the comparison
group (an increase in relation to the results of examination |
by 71.10%, p <0.05) (Table 1).

Following the therapy with the study drug improvement
of endothelium (1-21) as compared to baseline was also
revealed: the main group — 2.18 times (p<0.01), in the
control group — 2.24 times (p<0.001). Thus after 30 days
the decrease in activity relative to the starting Willebrand
factor resulting at 17% (p<0.01) was also observed. The
patients of the comparison group also showed a reduction
of that indicator relative to the initial value for 18% (p<0.01)
(See Table 1).

Along with the applying of atorvastatin in patients with
PHD relative number of B lymphocytes (CD19), and the
number of NK cells (CD16+CD56), both in the main and in
the control group, did not change in comparison with the
results of the examination | (Table 2). The relative number
of T lymphocytes (CD3) in the main group decreased
to 7.95% (p<0.05), whereas in the comparison group it
did not change from the baseline (p<0.05 between the
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Table 1
Dynamics of endothelial status (Mxm)

Groups of examined patients

Parameter Stage of research . .
main of comparison
Nitrous oxide content, pmol/L | examination 6.92+0.53 6.92+0.53
Il examination 12.52+1.48 11.84+2.36
p<0.001 p<0.05
Endothelin level (1-21), fmol/ml | examination 0.90+0.13 0.900.13
Il examination 1.96+0.46 2.02+0.36
p<0.01 p<0.001
Activity of von Willebrand factor, % | examination 161.60+6.07 161.60+6.07
Il examination 134.10+4.66 132.50+3.97
p<0.01 p<0.01

N ot e: p — level of statistical significance of difference in comparison with the results of examination I.

Table 2

Dynamics of indicators of cellular immunity (M+m)

Groups of examined patients

Parameter Stage of research . .
main of comparison
T lymphocytes (CD3), % | examination 76.75+1.32 76.75+1.32
Il examination 70.65+1.87 76.76+4.46
p;<0.05; p,<0.05

T helpers (CD3+CD4), % | examination 51.19+1.55 51.19+1.55
Il examination 42.05+2.98 44.66+4.98

p;<0.05 p,<0.05
Cytotoxic T lymphocytes | examination 23.27+1.50 23.27+1.50
(CD3+CDB), % Il examination 24.63+2.51 28.42+5.87

p<0.01 p;<0.01
B lymphocytes (CD19), % | examination 8.57+0.70 8.57+0.70
Il examination 9.70+1.98 6.78+1.18
NK cells (CD16+CD56), % | examination 12.81+1.15 12.81+1.15
Il examination 13.60+2.69 15.26+4.16
IRI (T helpers/cytotoxic | examination 2.36+0.18 2.36+0.18
T lymphocytes) Il examination 1.80£0.30 1.97+0.49

D,<0.05; p.<0.01

Note: p; — level of statistical significance of difference in comparison with the results of examination I;
p. — in comparison with the changes of similar indicators in the group of comparison.

index changes main group and the comparison one).
The relative number of T helper cells (CD3+CD4) also
decreased in the main group for 17.86% (p<0.05), in the
comparison group — for 12.76% (p<0.05) in comparison
with the data of examination I. In this case, the relative
number of cytotoxic T lymphocytes (CD3+CD8) along with
atorvastatin treatment did not change significantly, while
the comparison group showed an increase in this indicator
for 22.13% (p<0.01 compared to examination | and the
main group). Moreover, along with taking of atorvastatin,
a reduction of the IRI relative to the data of examination
| for 23.73% (p<0.05) was shown, whereas in the control
group the indicated score did not change (p<0.01 between
the changes in IRl in the main group and the group of
comparison) (See Table 2).

The dynamics of cytokines content in serum of the
patients studied category is characterized by a reduction

of IL-6 along with atorvastatin treatment 7.88% relative
to the baseline (p<0.05) with insignificant increase of the
indicator in the control group (Table 3). The level IL-10
increases almost to the same extent in the main group
(9.96 times; p<0.001) and in the comparison group (at
10.68 times; p<0.001), while the content of TNF-a in serum
on the contrary is reduced in both groups (for 77.03%;
p<0.001 and 68.90%; p <0.001, respectively) compared
with the results of study I|. The level of IL-1p changes only
slightly in both the main group and the comparison group
(See Table 3).

The correlation analysis showed that there is a direct
correlation between the changes of IL-6, and the activity of
von Willebrand factor (correlation coefficient 0.82; p<0.05)
in PHD patients during the atorvastatin therapy.

In the patients of the comparison group there was
registered positive correlation between changes in levels of
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Table 3
Dynamics of cytokine content (pg/ml; M+m)

f i tient
PaTaToteT Stage of Grou!lso examined pa |en.s
research main of comparison
IL-6 | examination 4.06+0.66 4.06+0.66
[l examination 3.74+0.21; 4.43+0.92
p<0.05
IL-10 | examination 0.28+0.13 0.28+0.13
[l examination 2.79+0.85; 2.99+0.67;
p<0.001 p<0.001
IL-1B8 | examination 1.22+0.20 1.22+0.20
[l examination 1.30+0.34 1.38+0.14
TNF-o | examination 5.53+0.65 5.53+0.65
[l examination 1.27+0.35; 1.72+0.42;
p<0.001 p<0.001
Note: p — level of statistical significance of difference in

comparison with the results of examination .

nitric oxide, on the one hand, and IL-6, and TNF-a, on the
other (Spearman correlation coefficients 0.81; p<0.01 and
0.51 Kendall; p <0.05, respectively). In addition, the inverse
correlation between the changes in the level of nitric oxide
and IL-10 (Spearman correlation coefficient —0.60, p <0.05)
and between the changes of Von Willelbrand factor activity,
on the one hand and relative the number of T helper cells
and IRI, on the other (Spearman correlation coefficients for
0.9, p <0.05) was revealed in the patients of the comparison
group.

Discussion. Comprehensive analysis of the results
indicates that patients undergoing PHD without the use
of atorvastatin during the observation period (30 days),
the following changes: increase of the content of nitric
oxide and endothelin (1-21), decreased activity of von
Willebrand factor, a reduction of the relative number
of T helper cells and increase the number of cytotoxic
T lymphocytes and increased levels of IL-10 and lower
levels of TNF-a. The drug atorvastatin when administered
for 30 days had no significant effect on the state of the
endothelium of patients on PHD. This is consistent with
the literature [11, 12] that demonstrates that hemodialysis
prevents endothelium protective effect of statins due to
low molecular weight uremic toxins poorly excreted by
means of dialysis (end products of accelerated glycolysis,
p-cresyl and indoxyl sulfate, asymmetric dimethylarginine,
and some others). At that, the total number of lymphocytes
and the immune regulatory index, and the level of the
proinflammatory cytokine IL-6 decrease. It should be
noted that the data on the effect of statins on the levels
of IL-6 are contradictory [13], and the effect of statins on
cellular component of immunity in patients on dialysis is
insufficiently studied [14].

In dialysis patients without atorvastatin administration
within 30 days of observation there was observed the
interaction of changes of such endothelial indicators as
nitric oxide level (the levels of IL-6 and IL-10, TNF-q, as well
as von Willebrand factor activity (the relative amount of T
helpers and IRI). In the course of therapy with atorvastatin
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in patients surveyed category recorded only changes the
relationship with von Willebrand factor activity of IL-6. This
indicates that atorvastatin restores the balance between
the studied parameters of endothelial and immune status
of PHD patients. A similar pattern of statin effects on the
correlation between the indices of endothelial and immune
status was observed in patients with coronary heart disease
[15].

Conclusion. In program hemodialysis patients, in the
selected observation period (30 days) there were indicated:
the increase of the content of nitric oxide and endothelin
(1-21), the decreased activity of von Willebrand factor; a
reduction in the relative number of T helper cells and an
increased number of cytotoxic T lymphocytes, as well as the
increased levels of IL-10 and decreased levels of TNF-a.
The state of the endothelium in patients on maintenance
hemodialysis drug atorvastatin when administered for 30
days has no significant effect. In this case, the background
of this drug reduced the total number of lymphocytes and
immunoregulatory index and the level of pro-inflammatory
cytokine IL-6, which, apparently, shows a tendency to
decrease the severity of the inflammation process.

In dialysis patients within 30 days of observation there
is a relationship of status indicators changes endothelium
as nitric oxide (the levels of IL-6 and IL-10, TNF-a), as well
as the von Willebrand factor activity (the relative amount
of T helper cells and the immune index). In the course of
therapy with atorvastatin in patients surveyed category
recorded only changes the relationship with von Willebrand
factor activity of IL-6.

With regard to necessity of long-term use of statins,
dynamic monitoring of indicators of endothelial and immune
status is recommended within the therapy.
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