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ABSTRACT

Renal failure because of chronic kidney disease (CKD) leads to increased accumulation of
uremic toxins due to decreased glomerular filtration rates. This in turn has a bearing on other
metabolic functions in the body. Hemodialysis in end stage renal disease helps in elimination
of toxic metabolites but long-term dialysis and the underlying chronic inflammation could
affect immune cell activity, one of the main factors contributing to CKD associated
complications and mortality. In this review, we tried to compile the important immune cell
types and their different parameters that are altered in hemodialysis patients and the
downstream impact of such alterations.
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INTRODUCTION

Chronic kidney disease is a severe health condition contributing to decreased quality of life
and a heavy economic burden!. Though asymptomatic in the initial stages, several
complications develop as it progresses to end-stage renal disease (ESRD). ESRD is
characterized by irreversible compromise in glomerular filtration, which results in the
accumulation of uremic toxins that have profound deteriorating effects on the body.

Uremic toxins are very heterogenous, and more than 100 have been identified. They have
been classified into three categories based on their physicochemical properties; free water-
soluble low molecular weight solutes, protein-bound solutes, and middle molecules 2.
Removing these toxins from the body is the chief concern of the clinician, and with the lack
of availability of suitable donors for transplants, dialysis remains the only option for many
individuals suffering from ESRD.

Hemodialysis (HD) is the most common form of dialysis that helps remove uremic toxins.
HD apparatus consists of a dialyzer, dialysis solution (dialysate), tubing to transport blood
and dialysate, and a machine to power and monitor the procedure. Dialyzers are commonly
made of polyurethane shell within which hollow fibres are suspended in a dialysate. Vascular
access is created, through which blood flows out of the body into the dialyzer, where waste
products and excess water are removed. The purified blood is returned to the body.

Though dialysis helps in reducing the accumulating toxins and metabolites, the repeated
contact of circulating immune cells with dialysis instruments, the constant general low-grade
uremic milieu, decreased plasma bicarbonate levels before dialysis, and other factors result in
a state of immune activation and chronic inflammation in these individuals. Increased
oxidative stress is a hallmark of such immune activation, and oxidative stress predicts

survival in HD patients *

. It leads to increased levels of oxidized lipids and advanced
oxidation protein products (AOPPs), which are pro-inflammatory. While these responses can
help combat infections and harmful stimuli, they can also become deleterious if uncontrolled.
Antioxidant responses gradually diminish with advancing renal failure *.

Uremic conditions result in compromised intestinal barrier integrity and early onset protein
energy malnutrition, which results in generalized malnutrition- inflammation complex
syndrome °. All these can give rise to auto antigens against the kidneys °. The kidney
dependent metabolic and hormonal functions are also affected due to reduced production of
vitamin D, renin, and erythropoietin, which in turn have a bearing on the functioning of
immune cells. ’. In addition, dysfunctional apoptosis of cells during renal failure causes
defective immune responses . Put together, these changes in immune cells add to the pre-

existing complications of ESRD and are thought to increase morbidity and mortality.
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Mortality is due to the compounded effect of risk factors like older age group, co-morbid
conditions resulting in dialysis-associated complications, and a progressive decline of the
immune system. It is well known that mortality in ESRD is mainly due to cardiovascular
diseases CVD followed by infections ®'°. Though the usual risk factors of CVD like
hypertension, diabetes mellitus, and dyslipidemia are present in CKD patients, the not-so-
usual risk factors like malnutrition, volume overload, anemia, and oxidative stress associated
with CKD accelerate CVD progression in CKD . Hypercytokinemia is strongly associated
with CVD and poor outcome in ESRD. Mortality due to sepsis was observed to be about 100
to 300 times more likely in individuals on hemodialysis than the general population °*°.
Similarly, CKD mortality due to sepsis was higher than any other chronic medical condition
12 Ppatients with eGFR levels as low as 30mL/min/1.73m2 and below but not started on
dialysis have increased risk of blood stream infections and sepsis **. One reason for increased
number of infections could be the decreased phagocytic ability of immune cells **. This
review focuses on the changes that immune cells undergo in patients on hemodialysis.
Immune parameters deregulated in hemodialysis

Cytokines

The roles of TNFa and IL-6 have been extensively studied in CKD patients including those
undergoing dialysis. The levels of TNFa and IL6 are increased in pre-dialysis uremic
patients when compared to healthy subjects *°. Both cytokines are pro inflammatory, and the
resulting renal inflammation is likely to lead to a pro-fibrotic state in ESRD . They also
alter the phenotype of vascular smooth muscle cells and promote vascular calcification *’
through various metabolic and coagulant mechanisms *® thus accelerating atherogenesis *°. In
addition to these cytokines, the accumulation of others, such as ILIP, also adds to the
systemic low-grade inflammation. They are incriminated in acute symptoms like fever and
hypotension during dialysis. This hypotension could cause a compromise in tissue perfusion
leading to organ complications. Gut hypoperfusion can lead to systemic endotoxemia, which
contributes to the beginning of chronic inflammation in dialysis %.

Apoptosis and release of cell free DNA in dialysis patients has been shown to trigger the

2L IL10 is an anti-

release of pro-inflammatory cytokines (IL-6) from monocytes
inflammatory cytokine, and defective IL10 synthesis seen in endotoxin stimulated peripheral
blood mononuclear cells (PBMCs) of HD patients is suggestive of a deficient feedback
inhibition of proinflammatory cytokines, which could add to the chronic inflammatory state
22 |L18, another proinflammatory cytokine, has been shown to be increased in HD %. The
overall increase in cytokines is responsible for changes in many downstream effects tipping

the balance usually maintained in the body.
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Other factors that add to the deteriorating situation are erythropoeitin resistance ** leading to
anemia, an increase in migration inhibitory factor (MIF) that activates macrophages to release
pro inflammatory cytokines, and increase in NFkB signalling 2°. Cytokine levels are affected
by more than one parameter, such as residual renal function, type of dialyzer used, variable
ultrafiltration rates, existing co-morbid conditions, and patient’s current medications *°. A
study conducted on a cohort of dialysis patients to arrive at immunological variables
associated with survival and mortality over a 3-year mean follow-up period revealed that
increased IL-2, IL-4, IL-5, and IL-12 improved survival, while an increase in IL-1, TNF-q,
IL-6, and IL-13 levels were associated with higher relative mortality risk 2°. Since these
cytokines are intricately connected, mere associations should not be taken in isolation when
assessing the overall status of the individual. Instead, these results should be interpreted with
caution, and the rise or fall of upstream or downstream cytokines must be considered.
Neutrophils and NK cells

The etiology of infections that cause mortality in dialysis patients is commonly bacterial 2’.
The barrier mechanisms in place and the action of innate immune cells can usually combat
common bacteria. But they may be compromised in individuals with CKD, including
individuals undergoing dialysis. In fact, in dialysis, the acute phase immune responses are
commonly due to bio-incompatible membranes and contamination of dialysate fluid *2°. On
encountering the dialysis equipment, neutrophils can set off the first inflammatory response
in the uremic setting through spontaneous activation, ROS production and NET formation .
A concomitant apoptosis is set up to combat the excess inflammatory response. The balance
between this spontaneous activation and apoptosis could become erratic, complicating the
immune response to infections **2. Neutrophil activation is also dependent on intracellular
Ca2+ concentration, and increasing concentrations of intracellular Ca2+ in HD patients is
responsible for decreased reactivity of neutrophils upon stimulation .

One form of cell death in neutrophils is by forming neutrophil extracellular traps (NETS).
NETosis releases DNA histone complexes, and when cell-free DNA levels were compared
pre and post dialysis; they were found to be elevated in the latter. These results also
correlated with increased apoptosis markers . Thus, the level of cell-free DNA has been
established as an independent predictor of all-cause mortality in HD patients. One of the most
common co morbid conditions contributing to chronic renal failure is diabetes mellitus, and
elevated glucose levels can trigger NETosis. Additionally, reactive oxygen species (ROS) can
be induced by advanced glycation end products (AGEs) in DM, increasing NETosis. Over a
period of time, immune exhaustion takes over, leading to premature aging and tissue

degeneration 8. Neutrophils in HD are marked by decreased chemotactic, phagocytic and
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bactericidal capacity in dialysis patients 3%

and this decrease in functional ability likely
results in increased infections.

In a study investigating the effect of dialysis modality and membrane type on NK cells and
neutrophils which are representative of innate immunity, it was observed that NK cell
numbers and neutrophil phagocytic ability decreased irrespective of the modality or
membrane type ¥’. Also, many studies have shown that NK cell cytotoxicity decreased in HD
patients. In vitro studies that used the uremic serum on NK cells from healthy donors showed
decreased NK cell cytotoxicity *. Uremia is marked by a state of constant oxidative stress
and inflammation. This down regulates the signalling mechanism when receptor ligands are
engaged on the surface of the cells *. This decrease in the numbers and functional ability of
NK cells in uremia could lead to an increased propensity for viral infections *°.

Dendritic cells, Monocytes, and Macrophages

Dendritic cells are the major antigen presenting cells linking innate and adaptive immunity.
The differentiation of monocytes to dendritic cells (DCs) is impaired in HD patients. In vitro
experiments to evaluate the function of DCs derived from monocytes have suggested that
these cells in uremic sera showed decreased endocytosis and maturation. At the same time,
there was an increase in apoptotic and necrotic mechanisms **. Grindt et al. showed that
HLA DR expression on monocytes did not differ between HD patients and controls (patients
with chronic renal failure but not on dialysis). Still, there is a marked decrease in the
expression of CD86 in the monocytes of patients on dialysis. While HLA DR represents the
first signal in T cell activation, CD86 represents the co-stimulatory signal. Thus, a decrease in
the up regulation of co stimulatory molecules was observed, leading to a compromise in the
quality of T cell response *.

The alterations in co stimulatory molecules during the immune response that result in
decreased antigen presentation are thought to be due to a decrease in TLR expression in
uremia “%. TLR expression is seen to have been decreased in predialysis conditions; repeated
exposure to endotoxins in HD is believed to reduce TLR expression. In such patients, a
decrease in TLR 4 during LPS challenge is associated with decreased levels of TNFa, IL1p,
IL6 and IL8 ***°. Decreased TLR expression may lead to an increased propensity for
infection.

IL12 is a pro-inflammatory cytokine predominantly produced by monocytes and DCs,
stimulating the production of IFNy by T cells. Higher levels of IL12 and IFNy were observed
in patients on HD. Under normal conditions, contact with any membrane results in cell
activation where there is increased expression of adhesion molecules which results in initial
cell proliferation and subsequent exhaustion and apoptosis. It is speculated that there exists a
pre activated state of monocytes in dialysis patients owing to the presence of high levels of
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IL1p, IL6, IL12 and TNFa in them™®. To support this suggestion, there are in vitro studies
that showed spontaneous apoptosis on contact with dialysis membranes *'without having to
go through classical immune activation, exhaustion, and apoptosis. In dialysis, there are both
apoptotic and anti apoptotic phenomena at play. For example, some of the uremic retention
solutes like Ig light chains delay apoptosis, but apoptotic factors like AGEs counter this,
oxidized LDL and TNFa *°. The evidence for this is also seen in studies that show an
increase in transcript levels of apoptotic and anti-apoptotic genes in dialysis patients. °*.
Another school of thought attributes it to the dialysis membranes, which, irrespective of their
biocompatibility, can activate complement, and initiate the recruitment of cells of acute
inflammation. This is supported by studies on apoptotic markers like cell free DNA, annexin
V expression, etc., which have not yielded consistent results in patients on HD *% Thus, a
consensus could not be reached if it is dialysis per se or the uremic state that is responsible
for apoptosis.

The uremic environment up regulates macrophage scavenger receptors (CD36) to help fight
pathogens and, in the process, clean up oxidized LDL. This could lead to the formation of
foam cells, the initial step in atherogenesis, which results in accelerated subsequent mortality
>3 In CAPD subjects, the phenomenon of peritoneal fibrosis could be determined to an extent
by the type of dialysate used. It has been shown that high glucose concentration of dialysate
solution polarized macrophages to M2 phenotype, which may contribute to PD related
fibrosis **. Monocytes and macrophages from PD patients showed an overall hyporeactivity
to stimulation and decreased cytokine secretion (IL 1B and TNFa) compared to their HD
counterparts >°.

T and B lymphocytes

There is an intricate crosstalk between innate and adaptive immunity. A constant state of
uremia may dampen and compromise this phenomenon 8. CD4+ helper cells can differentiate
into multiple functional states defined by the cytokines produced. IL 12, which is produced in
response to antigen stimulation by APCs of the innate arm, helps in the differentiation of
naive T cells into Thl cells. The Thl/ Th2 ratio is higher in HD patients, which could be due
to increased levels of pro inflammatory IL12 which triggers the production of IFNy by T cells
and suppressing 1L4 *°. Also, the balance between Thl and Th2 responses determines the
development and progression of atherosclerosis °’. The net proliferation of T cells in uremic
patients is balanced by the rate of apoptosis which could eventually move toward reduced
numbers of T cells **. However, it has also been shown that HD restores T cell proliferation
and co-stimulatory molecule expression in uremic patients, showcasing why dialysis is

essential in these patients.
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A three-year follow-up study on parameters indicating survival in HD patients showed that
improved T cell number and function are associated with improved survival %.
B lymphocyte numbers could decrease in HD due to the down regulation of B cell activating
factor (BAFF) or increased apoptosis *°. However, antibody production is more or less
maintained constant in dialysis patients *.
Eleftheraides et al. mention that the role of acquired immunity in ESRD is best understood in
the context of response to vaccines, viral, mycobacterial infections, and delayed type
hypersensitivity. In vaccines with protein antigens, the antibody response was much lesser
when compared to those with polysaccharide antigens %*. This highlights the role of T cells in
aiding B cells to mount antibody response wherein protein antigen presentation is a T
dependent phenomenon, and polysaccharides can do it without the help of T cells. The
relative risk of acquiring active TB in HD patients is high **®. Since T lymphocyte
interaction with macrophages is responsible for the pathogenesis, a defect in T cell responses
is thought to be the reason. Besides, in any delayed type hypersensitivity reactions like the
tuberculin skin test in HD patients, the positivity is much lower than the predicted value %,
SUMMARY AND FUTURE DIRECTIONS
Our goal was to provide a concise summary of studies that relate to how specific immune
components directly change in ESRD, specifically in individuals undergoing dialysis. From
these studies, it is evident that various immune cells and cytokines are considerably altered in
ESRD patients undergoing dialysis. However, the literature is inconsistent on the precise
dynamical and functional changes among immune cells over the course of dialysis, and hence
further research is required. Specifically, studies incorporating analysis of cells both pre- and
post-dialysis will help in arriving at meaningful conclusions. In addition, changes to immune
cells in the occurrence of infections in patients undergoing dialysis need to be studied in
prospective studies where results can be compared to pre dialytic stage taking into
consideration the existing co-morbid conditions. Similarly, the mechanics of dialysis
procedure involving the various physical components, like the material used in tubing,
dialyzer membrane, the flux changes and their bearing on immune cells is another aspect
where manipulations can be made towards better outcomes in dialysis patients.
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