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Abstract

The main causes of death in hemodialysis patients (HD) are cardiovascular
diseases (CVD) and infections both of which are linked to impaired immune function. In
patients with end stage renal disease, immunodeficiency and immune activation co-exist.
Changes in the immune system are complex, but to some extent result from malnutrition
or insufficiency in essential vitamins or trace elements. Based on the link between high
mortality, immune system dysregulation, vitamins and trace elements insufficiency, it

emphasizes the potential role of nutritional counseling and supplementation.

Introduction

Immune function dysregulation and malnutrition in hemodialysis patients (HD)
are factors that contribute to the high prevalence of cardiovascular disease (CVD) and
infections, which are the major cause of death in this group of patients. A better
understanding of the complex mechanisms and correlations existing between immune
dysfunction and nutritional status may contribute to the engagement of nutritional
supplementation, which may modulate some immune functions.

Immune system alteration in chronic kidney disease (CKD) involves innate and
adaptive systems [1]. On the one hand patients undergo immune activation, which leads
to atherosclerosis, anorexia, insulin resistance and an increase of muscle metabolism. On
the other hand CKD is related to immune suppression, which leads to an increase in
infections and poorer response to vaccination [2]. It is thought that the major causes of
immune deficiency are uremic toxins, whereas chronic inflammation arises due to dialysis
procedure itself. However, despite extensive studies, the precise causes of immune
dysregulation in end stage renal disease (ESRD) patients are not known [2].

Abnormalities in leukocyte function are presented in table 1.



Table 1. Leukocyte abnormalities observed in ESRD patients

Cells Suppression Activation
Monocytes | - downregulation of opsonin receptors | - increased level of neopterin
- poor antigen presentation - increased expression of CD14
- poor antibody response to vaccines - imbalance between CD14/CD16
- impaired chemotaxis, adhesion, subsets
migration, phagocytosis and bactericidal | - overexpression of adhesion molecules
activities - increased production of cytokines and
cytokine inhibitors
Neutrophils | - downregulation of opsonin receptors - increased generation of radical
- impaired chemotaxis, adhesion, oxygen species (ROS) and
migration, phagocytosis and bactericidal | chiorinated oxidants via NADPH
activities oxidase and myeloperoxidase
- increased liberation of proteases
- upregulation of TLR-4 expression
with increased level of IL-6 and
TNF-a. [3]
Dendritic - downregulation of TLR-2 and - increased LPS
cells TLR-4 expression on cell surface (lipopolysaccharide) stimulated
and disturbances in their proportion | production of TNF-a [5]
lead to higher susceptibility to
bacterial infection [4];
- impaired maturation and
decreased endocytosis [5]
Natural - lower NK cells (CD3-,CD16+)
Killer count in peripheral blood [6]
T - anergy and poor delayed-type - increased IL-2 R expression and
Lymphocyt | hypersensitivity release
es - defective cytotoxic effect towards - increased early activation markers
intracellular pathogens and viruses - increased rate of apoptosis
- defective proliferation - increased apoptosis and reduction in
- defective production of IL-2 and IFN-y | regulatory T-cells
- imbalance between Th1/Th2 cytokines (CD4+/CD25+bright+FoxP3+) [3]
- poor antibody responses to vaccines
- decreased of Invariant natural Killer T
(INKT) [7]
- decreased percentage of NKL T-cell
(natural killer-like T-cell) and zeta-
chain expression (responsible for
signaling pathway in cells) in HD
[8]
B - defective production of opsonins (IgG | - increased incidence of autoantibodies
Lymphocyt | and IgM) - increased CD23 expression and
es - poor antibody response to vaccines release
- enhanced apoptosis [9]

Descamps-Latscha, Jungers P., Witko-Sarsat V., Immune System Dysregulation in Uremia: Role
of Oxidative Stress, Blood Purification, 2002, 20, str. 481-484 [2] in modification

Innate immune system

The innate immune system is evolutionary older than adaptive immune system,

and it is the immediate and universal mechanism of host defence against pathogens [1].




Although it does not create long-lasting immunological memory of antigens it is capable
of eliminating infections. Innate immunity cells recognise pathogen with pattern
recognition receptors [10]. Among others, one of the most important are Toll-like
receptors (TLR); disturbances in their expression and activity may lead to an increased
susceptibility to infection and to the development of systemic inflammation [11].

Studies have shown that monocyte and monocyte-derived dendritic cells in ESRD
patients and in uremic milieu are characterised by decreased endocytosis and diminished
maturation [1]. It has also been reported that non-dialysed patients with ESRD have an
increased level of the CD14+CD16+ monocyte subset, which is linked to an increase in
production of inflammatory cytokines, radical oxygen species and up-regulation of TLR-
2 and TLR-4 expression, which predisposes to a higher risk of inflammation [3].
Furthermore, an increase of CD14+CD16+ monocytes is linked to a greater risk of a
cardiovascular event [12]. However, some findings suggest that in ESRD patients there
is a reduction in TL-4 expression, due to the chronic impact of endotoxin and reduction
of TLR-2 expression on circulating monocytes [13]. Lorenzen et al. found that there is
no link between CD14+/TLR-4+ monocytes and cardiovascular events and
cardiovascular death in HD patients [11].

The impaired function of macrophages may have an effect on uremic toxins, e.g.
phenylacetic acid, an inhibitor of inducible nitric oxide synthase (iNOS), which plays a
crucial role in synthesis of nitric oxide - an important mediator of macrophages cytotoxity
[14].

ESRD patients exhibit an impairment of neutrophil functions. Dialysis procedures
with bio-incompatibility materials lead to polymorphonuclear neutrophils (PMN)
activation [15]. On the other hand their bactericidal capabilities are 20% weaker than
those from healthy subjects. To some extent dialysis improves this capability, but after
dialysis antimicrobial capability remains 10% weaker than in healthy controls. It has also
been shown that there is no difference in the percentage of neutrophils producing ROS
and capable of phagocytosis, between ESRD patients and healthy controls, which is
contradictory to many other studies. The underlying cause of alternations in PMN is not
well understood, but it is suspected that they might be influenced by anemia, malnutrition
and zinc insufficiency [16]. Apoptosis of neutrophils in ESRD patients remains
controversial. Some authors indicate that there is accelerated apoptosis of neutrophils in
dialysis patients due to uremic retention solutes. Neutrophils with delayed apoptosis are

prone to undergo necrosis, leading to the release of cytotoxic metabolites and pro-
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inflammatory substances. Other studies have shown activation of apoptosis stimulated by
proapoptotic agents, such as advanced glycation end products (AGE), TNF-a and
oxidized LDL [1].

Other impairments of the innate immune system include depletion of dendritic
cells from ESRD patients, especially in the plasmacytoid subset, what is exacerbated by
hemodialysis [5]. Studies conducted to identify NK (natural Killer) alternations and
dysfunction in HD patients led to conflicting reports. Vacher-Coponat et.al. showed that
NK cells in HD patients are decreased rather than have impaired function [9]. Uremia
affects also mast-cells by inducing their proliferation and increasing their density [17],
which is favorable for atherogenesis.

Adaptive immune system

The role of the adaptive immune system is to create a memory of immunological
response. The highly-specialized cells involved in this process are lymphocytes B and T
[10].

Many authors have noted a variety of disorders in acquired immunity. In dialysis
patients there is a decrease in lymphocyte count and a reduction in the CD4/CD8 ratio
due to apoptosis, impairment of activation and differentation of T cells into effector
memory T cells. These impairments are related to oxidative stress, inflammation and iron
overload [3]. Increased apoptosis of lymphocytes may also be an effect of bio-
incompatibility and permeability of the dialysis membrane [18].

The characteristic impairment of T cell activation in dialysis patients is an increase
in Th1 cell level while Th2 cell levels remain normal, which correlates with a higher
percentage of monocytes capable of secreting IL-12 [2], an important component of
atherosclerosis development [19]. Decreased activation of T helper lymphocytes in ESRD
patients is caused by alterations in antigen presenting cells. Responsible for this is a
reduction of CD86 expression on monocytes, which is an important stimulator for T
helper cell activation [20]. Uremic milieu also decreases the number of TCR/CD3
receptors, which take part in antigen recognition and T cell activation [1].

Alterations in humoral immunity in ESRD are not as considerable as
abnormalities in the cellular response. Adults and children with ESRD exhibit B
lymphopenia. ESRD children, especially dialyzed, have shown to have diminished levels
of CD27+ memory B cells, which may cause a decrease in production of IgM and IgD

and can increase the risk of infection. Uremic milieu might be a cause for lymphopenia,



because it increases the susceptibility of B cells to apoptosis and may lead to the resistance

of transitional B cells to differentiation and survivals signals [3].

Inflammation and oxidative stress

Among dialysis patients about 35-65% develop chronic inflammation [21]. Chronic
inflammation triggers development of CVD, which is the most common cause of death
in this group of patients. Chronic inflammation affects blood lipids, vascular endothelium
and plasma proteins in a manner that contributes to vascular damage [22]. Understanding
the mechanisms leading to it and treatment methods may reduce mortality levels in this
group of patients.

Biomarkers of inflammation are elevated levels of acute phase proteins (CRP,
amyloid, fibrinogen and ceruloplasmin). The increase of synthesis of proinflammatory
cytokines: IL-1 (IL-1pB), IL-6 and TNF-a has a stimulatory effect on higher production of
proinflammatory proteins [21]. In addition acute phase proteins include also adhesion
molecules: VCAM-1 and I-CAM-1, the expression of which can be induced by CRP.
Specifically, IL-6 activates the endothelium, stimulates release of adhesion molecules,
causes increase of platelet adhesion, stimulates hyperplasia of smooth muscle cells and
intensifies thrombotic processes. TNF-a. is a mediator of endothelial activation and is
involved in vascular cell calcification [21]. In addition, IL-6 and TNF-a inhibit the
production of lipoprotein lipase in adipocytes, leading to increased lipolysis and
dyslipidemia. Cytokines can also cause anemia, which is an important factor in
accelerating the development of atherosclerosis [23].

Whereas the level of some acute-phase proteins is elevated, the level of some
important proteins as albumin, prealbumin, transferrin, IGF-I and retinol binding protein
is low, serving as a marker of malnutrition [8]. With regards to the loss of structural
proteins connected to maintenance inflammation, there is an elevated risk of development
of systemic inflammatory response syndrome (SIRS) and compensatory anti-
inflammatory response syndrome (CARS).

Inflammation in ESRD patients may be caused by uremia, decreased clearance of
cytokines, underlying disease, bacterial and viral infections and coexisting diseases such
as lung disease, heart failure and fluid overload [23]. One of the reasons for development
of inflammation is the presence of oxidative stress [21, 8]. Increased production of
reactive oxygen species is also one of the main causes of endothelial dysfunction. Uremia

Is characterized by an accumulation of proteins with changed structure and function due
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to oxidation, glycation and carbonylation. Increased levels of lipid and protein oxidation
markers in HD patients correlates positively with CRP levels [8] and may affect the
development of inflammation and atherosclerosis, as shown in Table 2.

Table 2. Altered structure proteins and their impact on the immune system

Process Product | Effect on the immune system

Glycation | AGE - in vitro modulate PMNL chemotaxis and accelerate apoptotic
cell death, what may lead to diminished immune function [24];
- activation of macrophages, oxidative stress, angiogenesis and
cell proliferation [24].

Oxidation | AOPPs | - in vitro ability to activate the respiratory burst in monocytes
(advanced | and increase production of TNF [2];
oxidation | _ actjvate induction and apoptosis of macrophages stronger than

protein
products) ox-LDL [2].

Oxidation | ox-LDL | - toxic effect on endothelium, increase migration and adhesion
of monocytes to endothelial cells, increase peroxidation of
lipoproteins [25];

- stimulate VCAM-1 expression [19];

- reduction and apoptosis of regulatory lymphocytes
CD4'CD25" [3].

Of particular importance in ESRD patients is the impairment of high-density
lipoprotein (HDL), level of which decreases with the progress of renal failure [22]. HDL
is involved in the metabolism of lipoproteins rich in triglycerides, has antioxidant
properties and inhibits the cytokine-induced platelet adhesion to endothelial cells and
oxidation of LDL [26]. HDL level decreased due to an increase in serum of amyloid
synthesis during inflammation and a reduction in the level of Apo Al (the main protein
part of the HDL). SAA replacing Apo Al in HDL, impaires antioxidant capability and
may cause the opposite proinflammatory effect of HDL [22].

Production of nitric oxide (NO) in patients with CKD is diminished. The reason for
this impairment may be increased level of ROS, decreased level of tetrahydrobiopterin
(BH4), increased level of NO synthase inhibitors as ADMA (asymmetric
dimethylarginine) or decreased level of L-arginine [8]. Various studies show conflicting
results on the level of L-arginine in plasma in CKD patients [27]. A normal level of NO
has a positive effect on the smooth muscle of vessels, inhibitnig their proliferation and
has anti-inflammatory properties. Diminished NO production enhance the risk of
atherosclerosis and hypertension [19].

Immune function disregulation caused by malnutrition



For many years several authors raised the issue of the impact of malnutrition on the
immune system dysfunction. Along with a reduction in BMI and decreased level of
albumin, the risk of death from a cardiovascular event increased [22]. Additionaly, Lie et
al. have shown an inverse relationship between cholesterol level and total mortality ratio
and a U-shaped relationship with mortality from cardiovascular disease in the presence
of both malnutrition and inflammation [8].

In dialysis patients, protein-calorie malnutrition is accompanied by a decrease in
circulating lymphocytes and impairment of their function. Malnourished patients also
have decreased levels of IgA, 1gG and IgM [1]. Sayalioglu et al. showed that level of
albumin, cholesterol and triglycerides in patients undergoing hemodialysis, correlates
positively with the total number of lymphocytes of each subpopulation [28].

At the same time, the deficiency in certain vitamins and minerals can contribute to the
immune system dysregulation, shown in Table 3.

Table 3. Immune system dysregulation resulting from deficiency of vitamins and
minerals

Vitamins and | Immune system dysregulation

minerals

| Vitamin D - low level of IL-10, high level of sIL-R2 [29].

lZinc - impaired proliferation and function of T lymphocytes, monocytes, NK
cells and other immunocompetent cells, impaired production of
cytokines: IL-2, IL-6, TNF-a, INF-y [30];
- stimulation of apoptosis in cultured cells [30];
- | activity of superoxide dismutase [31].

[Iron - impaired lymphocytes proliferation [32).

| Selenium - impairment of glutathion peroxidase activity (GPx) in plasma, red
blood cells and peripheral blood neutrophils [33];
- | glutathione peroxidase [31].

Characteristic of dialysis patients are lower levels of selenium and zinc and a higher level
of copper than in healthy controls. Guo et al. observed a significant relationship between
the number of CD3 and zinc, selenium and iron as well as between CD4 and zinc and
selenium [32].

Malnutrition may also lead to development of oxidative stress. CKD patients with
malnutrition before dialysis have an increased biochemical signs of oxidative stress
compared with patients with normal nutritional status [21]. Oxidative stress might be an
effect of important components insufficiency, which are involved in the mechanism of
defence against ROS: transferrin, albumin, vitamin C, vitamin E in cell membranes of

erythrocytes and neutrophils and deficiency of selenium and reduced glutathione [34].



Results of various studies in the field of immune system dysfunction in CKD

patients indicate a variety of disorders that cause both immunodeficiency and chronic

inflammation. Furthermore, the research results are contradictory to each other,

highlighting the need for further research in this field. The existing link between

malnutrition and immune system dysregulation, suggests that immunonutrition might

improve the immunological status in this group of patients.
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