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ABSTRACT: The progressive loss of kidney function is associated with an inflammatory state and functional defects of the
innate and adaptive immune system. The combined effects of increased activation and immune dysfunction could explain the
susceptibility of patients in End Stage Renal Disease (ESRD) to viral and bacterial infections, their weak responses to
vaccination and increased risk of malignant tumors and cardiovascular disease.
It is important to underline that these immune complications mainly affect patients on dialysis. The mechanisms of these
immunological disturbances observed in ESRD patients are still unclear.
Early identification of chronic kidney disease allows implementing interventions to slow the progression to ESRD. Therefore,
measures aimed at attenuating immune abnormalities in ESRD should be a main research area as this could lead to increased
survival and better quality of life in HD patients.
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1

INTRODUCTION

End stage renal disease (ESRD) is simultaneously associated with immune activation, marked by systemic inflammation,
and immune deficiency [1-4].
Systemic inflammation contributes to atherosclerosis, anemia, amyloid arthropathy, β2-microglobulin and cardiovascular
disease, the major cause of morbidity and mortality in ESRD, accounting for 50% of death in this patient population [1-5].
Immunodeficiency contributes to the high prevalence, increased incidence and severity of infections among hemodialysis
patients. In addition, immunodepression explains also among these patients, their anergy in delayed hypersensitivity
reactions, their poor response to vaccines against the influenza virus and especially hepatitis B virus (HBV), and finally the
abnormal frequency of autoimmune diseases and tumors [5-6].
Several hypotheses have been put forward to elucidate the causes of such an immune system dysregulation in dialysis
patients [7]. Understanding the mechanisms behind the immune dysfunction in ESRD generates a perspective to improve
lifestyle and reduce mortality in this group of patients.

2
2.1

COMPONENTS OF THE INNATE IMMUNITY
COMPLEMENT

The complement system is a primary contributor to the innate immune system of the host, clearing the body of foreign
cells and organisms through direct lysis or by recruiting leukocytes that promote phagocytosis [8]. In addition to uraemia,
membrane bioincompatibility and endotoxin leaks through backfiltration lead to complement and leukocyte activation in
hemodialysis (HD) [5].
The dialysis membranes composed of cuprophane are well known to activate complement [9, 10]. Biocompatible and
synthetic membranes induce less complement activation in vivo [11-13]. Complement activation by these synthetic
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membranes involve their properties of plasma protein adsorption [14-16], and follows the alternative and classical pathway
[17-18]. The major contribution of biomaterial-induced complement activation could be attributed to the alternative
pathway [19]. Also, it has been suggested that lectin pathway may contribute in haemodialysis to complement activation
[15].
Complement activation commence immediately after the onset of treatment. This activation is greatest 15 to 20 minutes
after the initiation of dialysis and could inhibit its function [10, 20-21]. The alternative pathway was markedly suppressed,
and suppression lasted for 4 hours or longer [24]. Complement activation returns to pre dialysis values by the end of the
hemodialysis [20]. Accurate measurement of the suppression of complement activation is very difficult and the mechanisms
by which membranes suppress different pathways are not clear [21].
Complement-targeted intervention is needed during the dialysis procedure [19-20]. The development of complement
therapeutic targeting specific proteins and pathways as means to control the unwelcomed inflammatory responses and
consequent pathologies in hemodialysis patients shows high promise, compared to other types of drugs, or to the selection
and manufacture of dialysis filters with improved biocompatibility, and may result in urgently desired novel treatment
options for patients suffering from ESRD [19-20].
Restoring complement activity to full capacity between sessions of dialysis reduces concerns of long-term
immunosuppression [20].
2.2

POLYMORPHONUCLEAR LEUKOCYTES (PMNS)

PMNs are the first line of defense against invading microbes and important players in inflammation. They have many
intracellular granules that contain bactericidal proteins. PMNs are short-lived in blood [22-24]. The neutrophil is a critical
effector cell in both innate and humoral immunity. However, the capacity for bacterial killing carries with it an implicit
capacity for host tissue destruction, as observed in inflammatory and autoimmune disease; accordingly, neutrophil function
must be tightly regulated [22, 25].
Patients with ESRD exhibit basal upregulation of Toll-like receptor (TLR-4, TLR-2) and integrin expressions, increased
reactive oxygen species (ROS) production and marked degranulation reflecting their spontaneous activation [25-27]. These
abnormalities contribute to the prevailing systemic oxidative stress, inflammation and tissue damage in this population [1].
Defects in phagocytosis and bactericidal activity are reported from the pre-end-stage chronic renal failure stage; these
abnormalities are intensified by hemodialysis. The first weeks of dialysis are characterized by a fall in PMNs functional
capacity, as well as by an acute and a chronic decrease in circulating PMNs number [24, 26-28]. Most likely as a result of
exposure to dialyzer membrane, cytoskeletal stresses from the roller pump, and influx of impurities from the dialysate
compartment [28-31].
In fact, phagocytic capacity of PMNs of patients on dialysis cellulose acetate or polysulfone is significantly lower than that
of patients without dialysis treatment or on peritoneal dialysis [24, 32]. Decreased phagocytic function affect phagocytosis
complement dependent as well as dependent immunoglobulin receptor (FcyR) [33-34]. Certain uremic toxins are
apoptogenic and can accelerate neutrophil apoptosis [35-37]. Chronic hemodialysis also plays a role. Neutrophils from
hemodialysis patients have a greater cytoplasmic expression of pro-apoptotic protein (p53) [38]. In contrast, the low-level
detection of Bcl2 was found in PMNs from HD patients [39].
Migration is an essential anti-infection property of PMNs. It is necessary for a rapid mobilization of these cells to the
inflammatory site. Several uremic toxins have the ability to inhibit neutrophil migration in response to classical
chemoattractants, thereby reducing the number of effector cells to the inflammatory site and therefore bacterial clearance
[40-43].
Bearing in mind that the antimicrobial efficiency of human neutrophils depends not only on the generation of oxygen,
free radicals and other reactive oxygen species (ROS), but also on the release of enzymatic or antimicrobial protein content in
the granules [44-45]. Indeed, improper stimulation of degranulation by uremic proteins or adjuvant therapies during
hemodialysis sessions leads to a relative lack of bactericidal enzyme of PMNs [26-27, 46-48].
Studies investigating the production of reactive oxygen (ROS) in HD patients have produced conflicting results [25, 44].
Decreased [40-41, 49-50], unchanged [44], or increased levels of ROS production, reported by numerous published studies
[26-27, 36-37, 51-52]. Some studies report a partial correction of PMNs function following hemodialysis. This result argues
for the existence of one or more factors uremic modulators of PMNs activity [53-55].
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Despite the progression of new technologies of renal replacement therapy, it is almost impossible to completely remove
the uremic toxins retained by impaired renal function, which cause disturbances of several functions of PMNs [3]. Deranged
functions of PMNs contribute to the increased risk of bacterial infections and represent a main cause for the enhanced risk of
morbidity and mortality among chronic kidney disease (CKD) patients [25].
2.3

NATURAL KILLER (NK)

Natural killer (NK) cells provide a first line of immune defense towards infections and tumors, NK cells are also thought to
play a role in autoimmune diseases and transplant rejection [56-57]. Additionally, NK cells are not a homogeneous
population. Two distinct populations of human NK cells can be identified based upon their cell surface density of CD56 [58].
In contrast to adaptive response, NK activation provides an immediate immune response to pathogen-induced changes
tumors [56-57]. Through their activating and inhibitory receptors, NK cells sense cellular target ligands that modulate their
potential to kill target cells [57].
There is comparatively little information regarding the role of NK cells in CKD, and the studies in the current literature
report conflicting results [56]. Of the previous studies examining NK cell function and renal failure, some report increases in
NK cell numbers [59-61], or decreases in numbers and cytotoxic activity [56-57, 62-66] or no change [67-68]. Whereas, the
recent studies are for that NK cells counts were statistically significate lower in HD compared to healthy individuals [57, 66]. It
is possible that this change may be related to improvements in modern dialysis technique and efficiency, water purity, and
membranes. Analysis revealed that the type of hemodialysis membrane was the variable with the greatest effect on the
cytotoxic activity of NK cells, followed by age [60].
Indeed, a decrease in the cytotoxic activity of the NK cells compared with controls has been found in patients on
haemodialysis, in particular those dialysed with cuprophan membranes [60]. The cuprophan membranes were also found to
induce a higher degree of NK cell activation, measured as the number of CD16+/HLA-DR+ cells [60, 66]. Patients on chronic
haemodialysis have a decreased NK cell activity as indicated by decreased expression of the δ-chain on NK cells, an early
marker of NK cell activation [69], and decreased expression of the pivotal activating receptor NKG2D [70]. This decrease
might be caused directly by ROS or indirectly by upregulation of the NKG2D ligand [71]. Recently, it has been demonstrated
that expression of the activation markers CD69 and NKp44 was increased on NK cells from patients with ESRD [70].
There was a correlation between NK cytotoxicity and phosphate [72]. This is an interesting finding in light of the
increasing evidence supporting a role for phosphate in cardiovascular disease and increased mortality [73], not only in the
ESRD population [74-75], but also in populations without CKD [76], and the emerging evidence for the role of NK cells in
atherosclerosis. Furthermore, the treatment with calcitriol increases the circulating level and the cytotoxic activity of NK cells
in dialysis patients [77].
In spite of this knowledge, information on NK cells in hemodialysis patients is still scanty and the results obtained are
inconclusive [60]. The high incidence of cardiovascular disease in this patient population with more evidence of the
contributing role of the immune system, in particular NK cells, to atherosclerosis stresses, show the need for further studies
to evaluate the role they have to play in CKD patients and their link with vascular calcification.
2.4

MONOCYTES

Monocytes play a key role in host defense against microbial infections. They engulf microbes, infected cells, and tissue
debris directly or via intermediary proteins such as antibodies or complement components. Monocytes/Macrophages
participate in healing of the damaged tissues, development of local and systemic inflammation and oxidative stress via
production of cytokines and ROS, release of growth factors, metalloproteinases, and tissue factor [1].
Patients with ESRD typically have an increased number of circulating proinflammatory monocytes compared with healthy
controls [70]. These preactivated monocytes with increased expression of integrin and TLRs (TLR2 and TLR4) express high
levels of TNFα, IL-6 and IFNγ upon stimulation [26-27, 69-70, 78]. The over produce of proinflammatory cytokines such IL-12
is associated with reduced efficacy of the vaccination response in these patients [79]. Il-12 shifts the globally reduced
activation of T helper cells towards the Th1 function. This causes further deterioration of the antibody response to
vaccination antigens [78].
The reason for monocytes preactivation is not absolutely known, but frequent infections, degree of uraemia, systemic
inflammation, endotoxins in dialysis solution and contact with the dialysis membrane could all be involved in this situation [12, 69-70, 78]. The possibility exists that activation of monocytes by the dialyzer might result in upregulation of TLR4 [70].
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However, decreased phagocytic activity has been documented [24, 80-82], after the hemodialysis session by cellulose
acetate membrane [3].
Interestingly, downregulation of proinflammatory response might be influenced by the production of the antiinflammatory cytokine, IL-10 [78, 82]. Reduced production of IL-10 in a subset of patients with ESRD might prevent adequate
downregulation of harmful excessive proinflammatory cytokine responses in these patients, resulting in increased
inflammation [83-84].
MCP-1 (monocyte chemoattractant proteinand), a potent monocyte attractant, exerts its effects through binding to Gprotein-coupled receptors on the surface of leukocytes targeted for activation and migration. The role of MCP-1 and its
receptor CC chemokine receptor 2 (CCR2) in monocyte recruitment during infection or under other inflammatory conditions
is well known [85].
Numerous studies suggest that 1,25-(OH)2D3 has an anti-inflammatory effect. Vitamin D3 may play an important role in
the prevention or treatment for induced inflammation in monocytes or macrophages by down-regulation of LPS-induced
MCP-1 [85].
It should be noted that in uremic patients, monocytes undergo accelerated apoptosis in vitro compared to control
subjects [86-88]. This apoptosis through activation of caspase 3 [87], seems to be closely related to the severity of uraemia
and type of dialysis therapy [88]. Several studies have shown that cultured monocyte cells from patients with CKD are less
able to stimulate T cells than those from healthy controls, independent of the maturation stimulus used [80]. Monocytes and
monocyte-derived dendritic cells have been shown to display decreased endocytosis and impaired maturation when cultured
in uremic serum [27] or when obtained from ESRD patients [26, 70]. Thus, Ruiz et al. [34] showed that the internalization of
opsonized particles by monocytes, via their receptors for the Fc fragment of IgG, is reduced in hemodialysis patients,
suggesting that their ability to present antigen is also altered [2].
Finally, this finding might be related to the decreased expression of the pivotal costimulatory molecule, CD86 (B7-2), in
response to a uraemic environment [70, 78, 89-90]. Indeed, previous studies indicated that a lack of CD86 expression on
antigen presenting cells was an important factor in uraemia-associated T-cell dysfunction [70, 78, 90].
3

COMPONENTS OF THE ADAPTIVE IMMUNITY

In addition to profoundly affecting the structure and function of the innate immune system, ESRD adversely impacts the
agents of adaptive immunity [1].
3.1

LYMPHOCYTES T CELLS (LT)

T cells represent a major component of adaptive immune system and play a central part in cell mediated immunity [1]. In
the initial stages of adaptive immune response, exposure to antigen leads to clonal expansion and differentiation of antigenspecific naive T cells, resulting in generation of the memory T cells and effector T cells [91]. At the conclusion of an immune
response, effector T-cell populations contract and only a small number of the given memory T cells are maintained [91-92].
Effector T cells perform their effector function via secretion of cytokines and destruction of target cells [93].
The increased rate of infections, together with an impaired response to vaccination and a common failure of tuberculin
skin test to diagnose latent tuberculosis indicate that the adaptive immunity is weakened in the ESRD population [93-94].
Indeed, ESRD induce a state of immunodeficiency that involves T cell–mediated responses [89, 95-97]. CD4+/CD8+ ratio and
+
+
+
the numbers of the naive and CM CD4 and CD8 T cells were significantly reduced, whereas the numbers of EM CD4 and
+
CD8 T cells were unchanged [93-94, 98-99].
The mechanism responsible for the selective reductions of the naive and CM T cells in the peripheral blood of ESRD
patients is not known. The reduction of the given T-cell subpopulations in peripheral blood, combined with a reduced
lifespan, may be due either to increased apoptosis or accelerated activation and differentiation of T cells into EM T cell
subsets [95-97, 100]. The latter is plausible as dialysis-dependent patients are commonly subject to repetitive exposure to
microbial products and other antigenic stimulations that may lead to accelerated turn over and exhaustion of the naive and
CM T cells [92-93].
Increased T cell activation associated with immunodeficiency suggests that activated T cells may be driven to apoptosis
[95]. Several observations suggest that the reduction in the numbers of naive and CM T cells in ESRD patients may be due to
+
heightened susceptibility of the activated T cells (CD69 T cells) to apoptosis [95-97] via death receptor Fas (CD95) and its
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+

ligand FAS L (CD95L) is found [96]. It should be noted that CD45RO memory cells, which include CM cells, are especially
susceptible to apoptotic cell death [97].
+

+

The magnitude of the naive and central memory CD4 and CD8 T cell depletion is directly related to severity of azotemia,
oxidative stress, secondary hyperparathyroidism and iron overload [93]. A significant part of immune alterations in the
course of ESRD could probably be attributed to the presence of protein energy wasting (PEW) [101].
Th1 lymphocytes are more prone to apoptosis than Th2 cells in HD patients [97, 102], these patients still present with
significantly elevated Th1 levels [94] leading to an increased Th1/Th2 ratio [5]. A possible explanation for the increase in the
Th1/Th2 ratio in HD patients could lie in increased production of IL-12, a monokine that acts on T lymphocytes by increasing
INFγ production and decreasing IL-4 production, therefore promoting their differentiation into Th1 type [103-104].
It is now acknowledged that altered T lymphocyte function, found in ESRD, can be attributed to impaired function of APCs
[78, 94], because T-cell activation by APCs is dependent to a great extent on TLRs. Indeed, decreased TLR4 expression in ESRD
patients has been associated with decreases antigen presentation capabilities of dendritic cells and macrophages by
alterations in costimulatory molecules (CD80, CD86) [104-105].
+

+

+

Increased apoptosis and marked reduction of the Treg cells (CD4 CD25 FoxP3 T cells) in ESRD dialysis patients was
demonstrated, leading to impaired regulation by Treg [106]. Given the critical role of Treg cells in mitigating inflammation,
nTreg cell deficiency and dysfunction in ESRD population must contribute to the prevailing systemic inflammation and its
cardiovascular and numerous other complications.
3.2

LYMPHOCYTES B CELLS (LB)

B cells contribute to the immune system by producing antigen-specific antibodies [1]. Similar to T cells, progressive loss of
renal function is associated with a gradual decline in circulating numbers of B cells, eventually leading to marked B-cell
lymphopenia in patients with ESRD [100, 107-109]. Although all of the known B-cell subsets are affected, this decline is most
evident in the naive and memory B cell compartments [70, 110].
Indeed, depletion of several B cell subtypes in adult patients with ESRD was demonstrated. The observed B cell
lymphopenia was accompanied by elevated levels of IL-7 or BAFF (also known as tumor necrosis factor ligand superfamily
member 13B), which are the key B cell differentiation and survival factors. Thus, down regulation of BAAF receptor in uremic
environment may interfere with the maturation and differentiation of B cells [109]. An alternative mechanism can account
for B cell lymphopenia; the uremic milieu may increase susceptibility of B cells to apoptosis in ESRD patients [94]. Effectively,
it is reported an increased apoptosis of B cells associated with decreased expression of the anti-apoptotic molecule Bcl-2 in
ESRD patients [111].
Analysis of T lymphocyte intracellular cytokines revealed that differentiation to Th1 lymphocytes dominates in HD
patients [103]. Suppression of the Th2 lymphocyte differentiation pathway impairs B lymphocyte function and decreases
antibody production against protein antigens [109, 112]. Serum concentrations of immunoglobulins are generally low in
patients with ESRD but within the normal range [113]. However, it has been documented that Ig levels, serum IgG isotypes,
and both IgM and IgA production are normal in dialysis patients [94]. Even more a change of IgG subclasses was reported,
with elevated levels of IgG3 prior to immunisation [114].
The reasons for these conflicting results in studies of immunoglobulins in uraemia are unclear, but may result from
defective production of antibodies of individual subclasses in response to certain types of antigen but not others [114].
Indeed, the serological response to strong antigenic stimuli such as CMV is not affected in ESRD patients [115]. However, the
response to pneumococcal vaccines (T-cell-independent vaccines) is reduced in these patients compared with that of healthy
controls [70, 114]. In addition, IgG anti-pneumococcal responses were predominantly of the IgG2 and to lesser extent IgG1
subclasses, while the IgG response against tetanus toxin was largely IgG1 with smaller amounts of IgG4 and IgG3. More, the
post-immunization serum levels of IgG1 and IgM antibody against both antigens were significantly reduced in the uremic
patients compared with controls [114].
This would be in keeping with decreasing antibody responses to hepatitis B vaccines in HD patients compared with
healthy subjects. Only 50-75% of adult ESRD patients develop protective antibodies against the hepatitis B virus surface
antigen after vaccination [110]. Note that, the injection of GM-CSF improves the immunization response in IRC subjects [116,
117]. This is not the case of injections of interleukin-2 or interferon γ [118, 119]. However, GM-CSF activates the APCs.
Dysfunction of antigen presentation could be causing the deficiency of humoral immunity in hemodialysis patients.
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4

CONCLUSION

Disturbances of immunity system in ESRD patients are many and diverse. They involve both the innate and the adaptive
systems, generating a complex and still not fully understood immune dysfunction.
The main causes of death in patients with chronic kidney disease are cardiovascular and infectious diseases, both being
pathologic processes closely linked to immune function. Therefore, measures aimed at attenuating immune abnormalities in
ESRD should be a main research area as this could lead to increased survival and better quality of life in HD patients.
We recommend launching a national mass screening program for CKD. This targeted screening is recommended in
populations at risk, namely diabetes and / or hypertension, which account for nearly 50% of incidents dialysis.
In perspective, we plan to conduct a study on the immune system perturbations in CKD Moroccans patients during
hemodialysis, with introducing of immune function markers.

REFERENCES
[1]
[2]
[3]

[4]
[5]
[6]
[7]
[8]

[9]
[10]
[11]
[12]
[13]
[14]

[15]
[16]
[17]
[18]

Nosratola D. Vaziri, Madeleine V Pahl, Albert Crum, and Keith Norris. Effect of uremia on structure and function of
immune system. J Ren Nutr. January 2012; 22(1): 149-156.
Descamps-Latscha B and Jungers P. Dysrégulation immunitaire dans l’insuffisance rénale chronique. Encycl Méd Chir.
Néphrologie, 18-060-A-10, 2003, 9 p.
Aline Borsato Hauser, Andréa E. M. Stinghen, Sawako Kato, Sérgio Bucharles, Carlos Aita, Yukio Yuzawa, and Roberto
Pecoits–Filho. Characteristics and causes of immune dysfunction related to uremia and dialysis. Perit Dial Int. 2008; 28
(S3): S183-S187.
Foley RN, Parfrey PS, Sarnak MJ: Clinical epidemiology of cardiovascular disease in chronic renal disease. Am J Kidney
Dis. 32 [Suppl 3]: 1998; S112-S119.
Sawako K, Michal C, Hirokazu H, Roberto PF, Seiichi M, Yukio Y, Anders T, Peter S, and Bengt L. Aspects of Immune
Dysfunction in End-stage Renal Disease. Clin J Am Soc Nephrol. 3: 2008; 1526-1533.
Sarnak MJ, Jaber BL: Mortality caused by sepsis in patients with end-stage renal disease compared with the general
population. Kidney Int. 58: 2000; 1758-1764.
Descamps-Latscha B, Jungers P and Witko-Sarsat V. Immune System Dysregulation in Uremia. Blood Purif 2002; 20:
481-484.
Kristina N. Ekdahl, John D. Lambris, Hans Elwing, Daniel Ricklin, Per H. Nilsson, Yuji Teramura, Ian A. Nicholls, Bo
Nilsson. Innate immunity activation on biomaterial surfaces: A mechanistic model and coping strategies. Advanced
Drug Delivery Reviews. 63 (2011) 1042-1050.
Hakim RM, Breillatt J, Lazarus JM, and Port FK. Complement activation and hypersensitivity reactions to dialysis
membranes. N Engl J Med 1984; 311:878-882.
Lhotta K, Wurzner R, Kroneneberg F et al. Rapid activation of the complement system by cuprophane depends on
complement component C4. Kidney Int, 1998; 53: 1044-1051.
Kreusser W, Reiermann S, Vogelbusch G, Bartual J and Lohoff ES. Effect of different synthetic membranes on
laboratory parameters and survival in chronic haemodialysis patients. NDT Plus (2010) 3 [Suppl 1]: i12–i19.
Opatrny K Jr. Clinical importance of biocompatibility and its effect on haemodialysis treatment. Nephrol Dial
Transplant (2003) 18 [Suppl 5]: v41–v44.
Girndt M, Heisel O, Köhler H. Influence of dialysis with polyamide vs haemophan haemodialysers on monokines and
complement activation during a 4-month long term study. Nephrol Dial Transplant, 1999; 14: 676-682.
Urbani A, Sirolli V, Lupisella S, Mortera SL, Pavone B, Pieroni L, Amoroso L, Di Vito R, Bucci S, Bernardini S, Sacchetta P,
Bonomini M. Proteomic investigations on the effect of different membrane materials on blood protein adsorption
during haemodialysis. Blood Transfus. 2012 May; 10 (Suppl 2): s101-s112.
Mares J, Thongboonkerd V, Tuma Z, et al. Specific adsorption of some complement activation proteins to polysulfone
dialysis membranes during hemodialysis. Kidney Int. 2009; 76: 404-13.
Neveceral P, Markert M, Wauters JP. Role of protein adsorption on haemodialysis-induced complement activation and
neutrophil defects. Nephrol Dial Transplant. 1995; 10 (3): 372-6.
Bowry SK, Rintelen TH. Synthetically modified cellulose (SMC): a cellulosic hemodialysis membrane with minimized
complement activation. ASAIO J, 1998; 44: M 579-M 583.
Maillet F, Kazatchkine MD. Specific antibodies enhance alternative complement pathway activation by cuprophane.
Nephrol Dial Transpl, 1991; 6: 193-197.

ISSN : 2028-9324

Vol. 18 No. 3, Nov. 2016

716

L. ELMOUMOU and H. FELLAH

[19]
[20]
[21]
[22]
[23]
[24]

[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]

[38]
[39]
[40]
[41]

[42]
[43]
[44]
[45]
[46]

Daniel Ricklin and John D. Lambris. Compstatin: A Complement Inhibitor on its Way to Clinical Application. Adv Exp
Med Biol. Volume 632, 2008, pp 262-281
Robert A. DeAngelis, Edimara S. Reis, Daniel Ricklin, John D. Lambris. Targeted complement inhibition as a promising
strategy for preventing inﬂammatory complications in hemodialysis. Immunobiology 217 (2012) 1097–1105.
Ohi H, Tamano M, Sudo S. Cellulose membrane suppress complement activation in patients after hemodialysis. Am J
Kidney Dis, 2001; 38: 384-389.
Burg ND, Pillinger MH. The neutrophil: function and regulation in innate and humoral immunity. Clin Immunol, 2001 ;
99 : 7-17.
Witko-Sarsat V, Rieu P, Descamps-Latscha B et al. Neutrophils: molecules, functions and patho-physiological aspects.
Lab Invest, 2000 ; 80 : 617-653
Muniz-Junqueira MI, Braga Lopes CB, Magalhaes CA et al. Acute and chronic influcence of hemodialysis according to
the membrane used on phagocyte function of neutrophils and monocytes and pro-inflammatory cytokines production
in chronic renal failure patients. Life Sci, 2005 ; 77 : 3141-3155
Gerald Cohen and Walter H. Hörl. Immune Dysfunction in Uremia- An Update. Toxins 2012, 4, 962-990
Yoon JW, Pahl MV, Vaziri ND. Spontaneous leukocyte activation and oxygen-free radical generation in end-stage renal
disease. Kidney Int. 2007;71:167-172
Gollapudi P, Yoon JW, Gollapudi S, Pahl MV, Vaziri ND. Leukocyte toll-like receptor expression in end-stage kidney
disease. Am J Nephrol. 2010;31:247-254
Vanholder R, Van Biesen W, Ringoir S. Contributing factors to the inhibition of phagocytosis in hemodialyzed patients.
Kidney Int, 1993 ; 44 : 208-214
Schauer S, Stein G, Suss J et al. Phagocytosis activity of polymorphonuclear cells of normal persons and dialysis
patients is influenced by different dialysis membranes. Nephrol Dial Transplant, 1991 ; 6 Suppl 3 : 35-40
Vanholder R, Dell’aquila R, Jacobs V et al. Depressed phagocytosis in hemodialyzed patients: in vivo and in vitro
mechanisms. Nephron, 1993; 63: 409-415.
Sanda I. Deficiency. J Am Soc Nephrol. 1998 Apr; 9 (4): 655-63.
Ksiazek A, Koziol M. Phagocytic function of neutrophils during dialysis in relation to some immunological findings.
Nephrol Dial Transplant, 1991; 6 Suppl 3: 31-34.
Vanholder R, Ringoir S, Dhondt A et al. Phagocytosis in uremic and hemodialysis patients: a prospective and cross
sectional study. Kidney Int, 1991; 39: 320-327.
Pedro Ruiz, Francisco Gomez and Alan D. Schreiber. Impaired function of macrophage Fcγ receptors in end-stage renal
disease. N Engl J Med 1990; 322: 717-22.
Jaber BL, Perianayagam MC, Balakrishnan VS et al. Mechanisms of neutrophil apoptosis in uremia and relevance of the
Fas (APO-1, CD95)/Fas ligand system. J Leukoc Biol, 2001 ; 69 : 1006-1012
Ward RA, Mcleish KR. Methylglyoxal: a stimulus to neutrophil oxygen radical production in chronic renal failure ?
Nephrol Dial Transplant, 2004; 19: 1702-1707.
Cruz EFD, Cendoroglo M, Manfredi S R, Canziani ME, Quinto BMR, Grabulosa CC, Souza NKG, Peres AT, Carvalho Jr
JTGD, Batista MC and Dalboni MA. Effect of Indoxyl Sulfate on Oxidative Stress, Apoptosis, and Monocyte
Chemoattractant Protein-1 in Leukocytes. ISRN Oxidative Medicine. Vol. 2014. doi:10.1155/2014/412389.
Majewska E, Baj Z, Sulowska Z et al. Effects of uraemia and haemodialysis on neutrophil apoptosis and expression of
apoptosis-related proteins. Nephrol Dial Transplant, 2003; 18: 2582-2588.
Perianayagam Mc, Balakrishnan Vs, Guo D et al. Quantification of Bax and Bcl2 in polymorphonuclear leukocytes from
haemodialysis patients: relation to hydrogen peroxide. Eur J Clin Invest, 2003; 33: 905-911.
Ottonello L, Gnerre P, Bertolotto M and al. Leptin as a uremic toxin interferes with neutrophil chemotaxis. J Am Soc
Nephrol, 2004; 15: 2366-2372.
Cohen G, Haag-Weber M, Mai B and al. Effect of immunoglobulin light chains from hemodialysis and continuous
ambulatory peritoneal dialysis patients on polymorphonuclear leukocyte functions. J Am Soc Nephrol, 1995; 6: 15921599.
Cohen G, Rudnicki M, Horl Wh. Isolation of modified ubiquitin as a neutrophil chemotaxis inhibitor from uremic
patients. J Am Soc Nephrol, 1998; 9: 451-456.
Pindjakova, J. and Griffin, M. D. Defective neutrophil rolling and transmigration in acute uremia. Kidney Int. (2011) 80,
447–450.
Anding K, Gross P, Rost JM, Allgaier D, Jacobs E. The influence of uraemia and haemodialysis on neutrophil
phagocytosis and antimicrobial killing. Nephrol Dial Transplant (2003) 18: 2067–2073.
Segal Aw. How neutrophils kill microbes. Annu Rev Immunol, 2005; 23: 197-223.
Horl Wh, Riegel W, Schollmeyer P et al. Different complement and granulocyte activation in patients dialyzed with
PMMA dialyzers. Clin Nephrol, 1986; 25: 304-307.

ISSN : 2028-9324

Vol. 18 No. 3, Nov. 2016

717

The effect of end-stage renal disease on innate and adaptive immunity

[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]
[55]
[56]
[57]
[58]
[59]
[60]
[61]
[62]
[63]
[64]
[65]
[66]
[67]
[68]
[69]
[70]
[71]
[72]

[73]
[74]

Leitienne P, Fouque D, Rigal D et al. Heparins and blood polymorphonuclear stimulation in haemodialysis: an
expansion of the biocompatibility concept. Nephrol Dial Transplant, 2000; 15: 1631-1637.
Deicher R, Ziai F, Cohen G et al. High-dose parenteral iron sucrose depresses neutrophil intracellular killing capacity.
Kidney Int, 2003; 64: 728-736.
Patruta Si, Edlinger R, Sunder-Plassmann G et al. Neutrophil impairment associated with iron therapy in hemodialysis
patients with functional iron deficiency. J Am Soc Nephrol, 1998; 9: 655-663.
Sharma A, Tripathi AK, Kalra OP et al. Impaired function of neutrophils in uraemic patients. Natl Med J India, 2000; 13:
121-124.
Ward RA, Mcleish KR. Polymorphonuclear leukocyte oxidative burst is enhanced in patients with chronic renal
insufficiency. J Am Soc Nephrol, 1995; 5: 1697-1702.
Paul JL, Roch-Arveiller M, Man NK et al. Influence of uremia on polymorphonuclear leukocytes oxidative metabolism in
end-stage renal disease and dialyzed patients. Nephron, 1991; 57: 428-432.
Porter CJ, Burden RP, Morgan AG et al. Impaired polymorphonuclear neutrophil function in end-stage renal failure and
its correction by continuous ambulatory peritoneal dialysis. Nephron, 1995; 71: 133-137.
Mahajan S, Kalra OP, Asit KT et al. Phagocytic polymorphonuclear function in patients with progressive uremia and the
effect of acute hemodialysis. Ren Fail, 2005; 27: 357-360.
Collison KS, Parhar RS, Saleh SS and al. RAGE-mediated neutrophil dysfunction is evoked by advanced glycation end
products (AGEs). J Leukoc Biol, 2002; 71: 433-444.
Bouts AH, Schroder CH, Monnens LA et al. Characteristics of peripheral and peritoneal white blood cells in children
with chronic renal failure, dialyzed or not. Perit Dial Int, 2000; 20: 748-756.
Vacher-Coponat H, et al. Natural killer cell alterations correlate with loss of renal function and dialysis duration in
uraemic patients. Nephrol Dial Transplant, 2008. 23(4): p. 1406-14.
Cooper M.A, Fehniger T.A, and Caligiuri M.A. The biology of human natural killer-cell subsets. Trends Immunol, 2001.
22(11): p. 633-40.
Griveas, I, et al. Comparative analysis of immunophenotypic abnormalities in cellular immunity of uremic patients
undergoing either hemodialysis or continuous ambulatory peritoneal dialysis. Ren Fail, 2005. 27(3): p. 279-82.
Gascon A, et al. Antigen phenotype and cytotoxic activity of natural killer cells in hemodialysis patients. Am J Kidney
Dis, 1996. 27(3): p. 373-9.
Nishimoto A. and Matsumoto Y. Increase of peripheral natural killer T cells in hemodialysis patients. Clin Nephrol,
2001. 55(2): p. 121-6.
Cala S, Mazuran R, and Kordic D. Negative effect of uraemia and cuprophane haemodialysis on natural killer cells.
Nephrol Dial Transplant, 1990. 5(6): p. 437-40.
Asaka M, et al. Depressed natural killer cell activity in uremia. Evidence for immunosuppressive factor in uremic sera.
Nephron, 1988. 49 (4): p. 291-95.
Zaoui P. and Hakim R.M. Natural killer-cell function in hemodialysis patients: effect of the dialysis membrane. Kidney
Int, 1993. 43 (6): p. 1298-1305.
Liszka M, et al. Natural killer cell count in hemodialysis patients. Pol Arch Med Wewn, 1998. 100 (1): p. 9-18.
Peraldi MN, Berrou J, Métivier F, Toubert A. Natural killer cell dysfunction in uremia: the role of oxidative stress and
the effects of dialysis. Blood Purif. 2013; 35 Suppl 2: 14-9.
Deenitchina S.S., et al., Cellular immunity in hemodialysis patients: a quantitative analysis of immune cell subsets by
flow cytometry. Am J Nephrol, 1995. 15 (1): p. 57-65.
Charpentier B. et al. Depressed polymorphonuclear leukocyte functions associated with normal cytotoxic functions of
T and natural killer cells during chronic hemodialysis. Clin. Nephrol.1983, 19 (6): 288-294.
+
Eleftheriadis T. et al., Chronic inflammation and CD16 natural killer cell zeta-chain downregulation in hemodialysis
patients. Blood Purif, 2008. 26 (4): p. 317-321.
Betjes MG. Immune cell dysfunction and inflammation in end-stage renal disease. Nat. Rev. Nephrol. 2013 May; 9 (5):
255-265.
Peraldi M.N. et al. Oxidative stress mediates a reduced expression of the activating receptor NKG2D in NK cells from
end-stage renal disease patients. J. Immunol. 182 (2009), 1696–1705.
Lagadari M, Lehmann K, Ziemer M, Truta-Feles K, Berod L, Idzko M, Barz D, Kamradt T, Maghazachi AA, Norgauer J.
Sphingosine-1-phosphate inhibits the cytotoxic activity of NK cells via Gs protein-mediated signalling. Int J Oncol. 2009
Jan;34(1):287-94.
Kestenbaum B., et al. Serum phosphate levels and mortality risk among people with chronic kidney disease. J Am Soc
Nephrol, 2005. 16 (2): p. 520-8.
Block G.A., et al., Association of serum phosphorus and calcium x phosphate product with mortality risk in chronic
hemodialysis patients: a national study. Am J Kidney Dis, 1998. 31(4): p. 607-617.

ISSN : 2028-9324

Vol. 18 No. 3, Nov. 2016

718

L. ELMOUMOU and H. FELLAH

[75]

Cozzolino M, Dusso A.S, and Slatopolsky E. Role of calcium-phosphate product and bone-associated proteins on
vascular calcification in renal failure. J Am Soc Nephrol, 2001. 12 (11): p. 2511-2516.
[76] Dhingra R, et al. Relations of serum phosphorus and calcium levels to the incidence of cardiovascular disease in the
community. Arch Intern Med, 2007. 167 (9): p. 879-885.
[77] Huraib S, Tanimu D, Abu-Romeh S et al. Effect of intravenous alfa calcidol on lymphocyte phenotyping in hemodialysis
patients. Am J Kidney Dis, 1998; 32: 1036-1040.
[78] Girndt M, Sester U, Sester M, Kaul H, Köhler H. Impaired cellular immune function in patients with end-stage renal
failure. Nephrol Dial Transplant, 1999; 14: 2807-2810.
[79] Girndt, M. et al. Production of interleukin-6, tumor necrosis factor α and interleukin-10 in vitro correlates with the
clinical immune defect in chronic hemodialysis patients. Kidney Int. (1995) 47, 559-565.
[80] Lim W.H, Kireta S, Leedham E, Russ G.R. and Coates P.T. Uremia impairs monocyte and monocyte-derived dendritic
cell function in hemodialysis patients. Kidney Int. (2007) 72, 1138-1148.
[81] Urbanitz D, Sieberth HG. Impaired phagocytic activity of human monocytes in respect to reduced antibacterial
resistance in uremia. Clin Nephrol, 1975; 4: 13-17.
[82] Girndt M. et al. Anti-inflammatory interleukin-10 genotype protects dialysis patients from cardiovascular events.
Kidney Int. (2002) 62, 949-955.
[83] Girndt M, Sester U, Kaul H, and Kohler H. Production of proinflammatory and regulatory monokines in hemodialysis
patients shown at a single-cell level. J. Am. Soc. Nephrol. (1998) 9, 1689-1696.
[84] Stenvinkel P. et al. IL-10, IL-6, and TNF-α: central factors in the altered cytokine network of uremia—the good, the
bad, and the ugly. Kidney Int. (2005) 67, 1216-1233.
[85] Wang YC, Hsieh CC, Kuo HF, Tsai MK, Yang SN, Kuo CH, Lee MS and Hung CH. Effect of Vitamin D3 on Monocyte
Chemoattractant Protein 1 Production in Monocytes and Macrophages. Acta Cardiol Sin 2014; 30: 144-150.
[86] Cendoroglo M, Jaber BL, Balakrishnan VS et al. Neutrophil apoptosis and dysfunction in uremia. J Am Soc Nephrol,
1999; 10: 93-100
[87] Carracedo J, Remirez R, Soriano S et al. Caspase-3-dependent pathway mediates apoptosis of human monoculear cells
induced by cellulosic haemodialysis membranes. Nephrol Dial Transplant, 2002; 17: 1971-1977.
[88] Malo A.M, Carracedo J, Ramirez R, Beno A.R.T, Soriano S, Rodriguez M, and Aljama P. Effect of Uremia and Dialysis
Modality on Mononuclear Cell Apoptosis. J Am Soc Nephrol (2000) 11: 936-942.
[89] Girndt M, Sester M, Sester U, Kaul H, Köhler H. Molecular aspects of T-and B-cell function in uremia. Kidney
International, Vol. 59, Suppl. 78 (2001), pp. S206-S211.
[90] Girndt M, Sester M, Sester U, Kaul H, Köhler H. Defective expression of B7-2 (CD86) on monocytes of dialysis patients
correlates to the uremia-associated immune defect. Kidney International, Vol. 59, (2001), pp. 1382-1389.
[91] Sallusto F, Lenig D, Forster R et al. Two subsets of memory T lymphocytes with distinct homing potentials and effector
functions. Nature 1999; 401: 708-712.
[92] Gupta S, Bi R, Su K et al. Characterization of naive, memory and effector CD8+ T cells: effect of age. Exp Gerontol 2004;
39: 545-550.
[93] Yoon J, Gollapudi S, Pahl M, Vaziri N. Naïve and Central Memory T-cell lymphopenia in end-stage renal disease. Kidney
Int. 2006; 70: 371-376.
[94] Eleftheriadis T, Antoniadi G, Liakopoulos V, Kartsios C, and Stefanidis I. Disturbances of Acquired Immunity in
Hemodialysis Patients. Seminars in Dialysis. Vol 20, No 5 (2007). pp. 440-451.
[95] Meier P, Dayer E, Blanc E, Wauters JP. Early T cell activation correlates with expression of apoptosis markers in
patients with end-stage renal disease. J Am Soc Nephrol 2002; 13: 204-212.
[96] Matsumoto Y, Shinzato T, Amano I, et al. Relationship between susceptibility to apoptosis and Fas expression in
peripheral blood T cells from uremic patients: a possible mechanism for lymphopenia in chronic renal failure. Biochem
Biophys Res Commun. 1995; 215: 98-105.
[97] Moser B, Roth G, Brunner M et al. Aberrant T cell activation and heightened apoptotic turnover in end-stage renal
failure patients: a comparative evaluation between non-dialysis, haemodialysis, and peritoneal dialysis. Biochem
Biophys Res Commun 2003; 308: 581-585.
[98] Bender BS, Curtis JL, Nagel JE, Chrest FJ, Kraus ES, Briefel GR et al. Analysis of immune status of hemodialyzed adults:
association with prior transfusions. Kidney Int 1984; 26: 436-443.
[99] Morra L, Ponassi GA, Gurreri G, Moccia F, Mela GS, Bessone G. T lymphocyte subsets in chronic uremic patients
treated with maintenance hemodialysis. Biomed Pharmacother 1990; 44: 53-6.
[100] Musiał K, Zwolińska D. Immune system in chronic renal failure patients. Adv. Clin. Exp. Med. 2003, 12, 2, 231-236.
[101] Fouque D, Kalantar-Zadeh K, Kopple J, Cano N, Chauveau P, Cuppari L, Franch H, Guarnieri G, Ikizler TA, Kaysen G,
Lindholm B, Massy Z, Mitch W, Pineda E, Stenvinkel P, Trevinho-Becerra A, Wanner C. A proposed nomenclature and
diagnostic criteria for protein-energy wasting in acute and chronic kidney disease. Kidney Int 73: 2008; 391-398.
ISSN : 2028-9324

Vol. 18 No. 3, Nov. 2016

719

The effect of end-stage renal disease on innate and adaptive immunity

[102] Alvarez-Lara MA, Carracedo J, Ramirez R et al. The imbalance in the ratio of Th1 and Th2 helper lymphocytes in
uraemia is mediated by an increased apoptosis of Th1 subset. Nephrol Dial Transplant 2004; 19: 3084-3090.
[103] Sester U, Sester M, Hauk M, Kaul H, Kohler H, Girndt M. T-cell activation follows Th1 rather than Th2 pattern in
haemodialysis patients. Nephrol Dial Transplant. 2000; 15: 1217-1223.
[104] Amore A and Coppo R. Immunological basis of inﬂammation in dialysis. Nephrol Dial Transplant (2002) 17 [Suppl 8]:
16-24.
[105] Kuroki Y, Tsuchida K, Go I, Aoyama M, Naganuma T, Takemoto Y, Nakatani T. A study of innate immunity in patients
with end-stage renal disease: special reference to toll-like receptor-2 and -4 expression in peripheral blood monocytes
of hemodialysis patients. Int J Mol Med 19 (2007): 783-790.
+
bright+
+
[106] Hendrikx TK, van Gurp EA, Mol WM, et al. End-stage renal failure and regulatory activities of CD4 CD25
FoxP3 Tcells. Nephrol Dial Transplant. 2009; 24:1969-1978.
[107] Descamps-Latscha B. and Chatenoud L. T cells and B cells in chronic renal failure. Semin. Nephrol. 16 (1996), 183-191.
[108] Litjens N.H, Van Druningen C.J. and Betjes M.G. Progressive loss of renal function is associated with activation and
depletion of naive T lymphocytes. Clin. Immunol. 118 (2006), 83-91.
[109] Pahl MV, Gollapudi S, Sepassi L, Gollapudi P, Elahimehr R, Vaziri ND. Effect of end-stage renal disease on Blymphocyte subpopulations, IL-7, BAFF and BAFF receptor expression. Nephrol Dial Transplant. 2010; 25: 205-212.
[110] Kim KW, Chung B.Ha, Jeon E.J, Kim B.M, Choi B.S, Park C.W, Kim Y.S, Cho S.G, La Cho M. and Yang C.W. B cellassociated immune profiles in patients with end-stage renal disease (ESRD). Experimental and molecular medicine,
Vol. 44, N° 8, August 2012, 465-472.
[111] Fernandez-Fresnedo G, Ramos MA, Gonzalez-Pardo MC, de Francisco AL, Lopez-Hoyos M, Arias M. B lymphopenia in
uremia is related to an accelerated in vitro apoptosis and dysregulation of Bcl-2. Nephrol Dial Transplant 15 (2000):
502-510.
[112] Smogorzewski M, Massry SG. Defects in B-cell function and metabolism in uremia: role of parathyroid hormone.
Kidney Int 2001; 78: S186-S189.
[113] Bouts A.H. et al. Immunoglobulins in chronic renal failure of childhood: effects of dialysis modalities. Kidney Int. 58
(2000), 629-637.
[114] Beaman M, Michael J, MacLennan IC, Adu D. T-cell-independent and T-cell-dependent antibody responses in patients
with chronic renal failure. Nephrol Dial Transplant. 1989; 4: 216-221.
[115] Betjes M.G, Litjens N.H. and Zietse R. Seropositivity for cytomegalovirus in patients with end-stage renal disease is
strongly associated with atherosclerotic disease. Nephrol. Dial. Transplant. 22 (2007), 3298-3303.
[116] Hess G, Kreiter F, Kosters W et al. The effect of granulocyte-macrophage colony-stimulating factor (GM-CSF) on
hepatitis B vaccination in haemodialysis patients. J Viral Hepat; 1996; 3: 149-153.
[117] Singh NP, Mandal SK, Thakur A et al. Efficacy of GM-CSF as an adjuvant to hepatitis B vaccination in patients with
chronic renal failure - results of a prospective, randomized trial. Ren Fail, 2003; 25: 255-266.
[118] Jungers P, Devillier P, Salomon H. Randomized placebo-controlled trial of recombinant interleukin-2 in chronic
uraemic patients who are not responders to hepatitis B vaccine. Lancet, 1994; 344: 856-857.
[119] Quiroga JA, Castillo I, Rorres JC. Recombinant γ-interferon as adjuvant to hepatitis B vaccine in hemodialysis patients.
Hepatology, 1990; 12: 661-663.

ISSN : 2028-9324

Vol. 18 No. 3, Nov. 2016

720

