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Immune Response as a Mechanism of the Initiation 
and Progression of Chronic Kidney Disease: From the 
Inflammation to Immunosenescence
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Mohammad Mirzakhani,4 Mousa Mohammadnia-Afrouzi,1,2,3 
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Chronic kidney disease (CKD) is a common disease in the world 
that has adverse outcomes. Immune system and its components 
have important role in the initiation, progression and complications 
of this disease by systemic inflammation. Regarding the role of 
kidneys in the body’s natural homeostasis and its relationship 
with other organs, CKD causes impairments in other organs. 
Patients with chronic renal failure have variety of complications, 
such as cardiovascular disease, anemia, bone disorders, immune 
dysfunction and etc., together which culminate in the morbidity 
and mortality of these patients. Immune dysfunction is one of the 
most important and serious complications in CKD patients. These 
patients often suffer from immune suppression and are susceptible 
to some infections. In this review, we describe some major findings 
of interactions between the kidney and immune system in CKD.
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INTRODUCTION
Kidney diseases are commonly classified as 

either chronic or acute. Acute kidney injury (AKI) 
is resulted usually from interactions between 
trauma, bacterial infection, sepsis, or ischemia 
reperfusion injury that can convert to chronic renal 
disease. Acute kidney injury increases the risk 
of end-stage renal disease development. Chronic 
kidney disease (CKD) is usually caused by diabetic 
complications, hypertension, metabolic syndrome, 
and autoimmune disorders.1 Approximately 
10%–15% of populations suffer from CKD in 
different countries.2 Chronic kidney disease also 
defined by persistence of renal damage for more 
than three months.3 CKD classified into five stage 

according to estimated glomerular filtration rate 
(eGFR): more than 90 mL/min per 1.73 m² (stage 
1: Kidney damage with normal GFR), 60–89 mL/
min per 1.73 m² (stage 2: mild), 30–59 mL/min per 
1.73 m² (stage 3: moderate), 15–29 mL/min per 
1.73 m² (stage 4: severe), and less than 15 mL/min 
per 1.73 m² (stage 5: renal failure).4 This disease 
eventually leads to a reduction in the volume of 
urine, renal failure and accumulation of toxins. 
The patients with renal failure or end-stage renal 
disease (ESRD) are required dialysis or kidney 
transplantation. CKD patients usually initiate 
dialysis in stage 5 CKD.5

CKD is manifested by several complications,6 
including cardiovascular disease, hypertension, 
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acute kidney injury, anemia (which is non-responsive 
to treatment), bone disorders, depression, frailty 
and immunodeficiency (leading to susceptibility 
to infections and inefficient response to vaccines).7 
Immune system dysfunction is one of the serious 
complications of CKD. On the other hand, the 
immune system has a central role in the initiation 
and progression of this disease by promoting and 
persistence of systemic inflammation.1 Previous 
studies have emphasized understanding the 
important involvement mechanisms, especially with 
respect to immune system, in CKD. In this review 
article, we aimed to go through the implications of 
an immune system in the initiation, perpetuation, 
and complications of CKD.

INNATE IMMUNE RESPONSE IN CKD
Innate immunity is the first line of defense 

against infections and is activated rapidly before 
the adaptive immune responses. Innate immunity 
is characterized by responses against specific 
pathogen-associated molecular patterns (PAMPs) 
for example LPS and damage associated molecular 
patterns (DAMPs) like high-mobility group box 
1 (HMGB1) and ATP.8 In CKD, renal necrotic or 
apoptotic cells release DAMPs and chemotactic 
factors into the extracellular space, where they 
are recognized by pattern recognition receptors 
(PRRs) like Toll like receptor (TLRs) and NOD 
like receptor on innate immune cells, which 
causes production of inflammatory mediators 
and recruit further immune cells, leading to renal 
immunopathogenesis.9 Immune cells also are 
important for the repair of renal tissue damages 
and regulate the restoring process.10 The key 
components of innate immunity involved in the 
development of renal disease are TLRs, dendritic 
cells (DCs), polymorphonuclear (PMN) leukocytes, 
monocytes, macrophages, natural killer (NK) cells 
and the complement system.1

The tubular epithelial cells and endothelial 
cells of the kidney, by expressing TLR1 to TLR6 
and NOD-like receptors (NLRs), can recognize 
DAMPs within the kidney microenvironment, 
and therefore promote innate immune responses 
and subsequent renal inflammation.11 TLRs and 
related signaling adaptor proteins like Myeloid 
differentiation primary response 88 (MyD88), 
nuclear factor (NF)-κB play key roles in the severity 
of CKD and inflammatory responses by induction 

of IL-1β and Il-18.12-15

Several  immune cel ls  are  present  in  the 
kidneys, including DCs, macrophages and a few 
lymphocytes.16 Kidney DCs are existed in the 
tubular epithelium and the peritubular capillaries 
and have the main role in the regulation of the 
function of T cells, B cells and NK cells, defense 
against microbial agents, homeostasis, local injury 
and inflammation.17 DCs are also involved in 
establishing immune tolerance to self-antigens. 
Renal DCs capture the low-molecular-mass 
proteins like food antigens and hormones, which 
are reabsorbed and degraded by tubular epithelial 
cells. Then, these antigens are transferred into renal 
lymph nodes to be cross-presented to CD8+ T cells, 
eventuating in the expression of programmed cell 
death 1 ligand 1 (PDL1), which cause apoptosis of 
these T cells.18,19 In renal damage, DCs are recruited 
rapidly and accelerate tissue injury by increasing 
the in cable of phagocytosis and producing pro-
inflammatory cytokines and chemokines, leading 
to infiltration of further immune cell, such as 
neutrophils. Actually, DCs can play main roles 
in impairment of immune cells balance, which 
relate to increasing of cardiovascular risk in CKD 
patients.20-22 Another study demonstrated that 
renal DCs induce apoptosis and the generation 
of alloantigens within 24-hour following acute 
kidney injury by releasing TNF-α. This cytokine 
cause enhances leukocyte extravasation by binding 
to native renal endothelial cells and upregulating 
adhesion molecules.23

Neutrophils are first cell types that migrate to 
the renal interstitium within less than few hours 
after injury.23 Increased number of circulating 
PMNs has been related to decreased renal function 
in CKD patients.24 A study reported that PMNs 
in hemodialysis patients upregulated expression 
of TLR-4, TLR-2, CD11b, and CD18, increased 
production of reactive oxygen species (ROS) 
that cause prevailing systemic oxidative stress, 
inflammation and tissue damage in these patients.25

The oxidative stress promotes the generation 
of TLR ligands, which can induce monocytes, 
particularly CD14++CD16+ (pro-inflammatory 
subtype)  and CD14 +CD16 ++ (non-c lass ica l 
subtype), to be released from bone marrow.17,26 
In CKD, monocytes upregulate the expression 
of TLR-2, TLR-4, and cell surface integrin that 
leads to increased production of cytokines and 
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ROS.25 Kidney injury can active the renal sentinel 
immune cells (known as mononuclear phagocyte 
cells). Following activation, they differentiate 
to inflammatory phenotype characterized by 
marked expression of the surface glycoprotein 
lymphocyte antigen 6 complex locus C (Ly6Chigh). 
These cells produce inflammatory mediators such 
as IFN-ɣ, IL-6 and free radicals, which accelerate 
inflammation by recruiting of further immune 
cells to injury niche.10

Macrophages are commonly found in the 
renal medulla and capsule,27 and exert a key 
role in inflammation and immune modulation. 
They have controversial role in physiological 
and pathophysiological condition due to CKD.28 
Macrophages are commonly classified into two 
main subtypes, M1 (pro-inflammatory macrophages) 
and M2 (anti-inflammatory macrophages). M1 
macrophages recognize danger signals by PRRs, 
thus result in the secretion of pro-inflammatory 
cytokines like interleukin (IL)-1, IL-6, IL-23, and 
ROS.29,30 Each of them was correlated with impaired 
renal function and infiltration of other immune cells 
like neutrophils, monocytes, NK cells and T helper 
(Th) 1/17 cells to the site of injury.31-3 In sterile 
kidney injury (absence of PAMPs such as exposure 
to nephrotoxins), more inflammatory macrophages 
infiltrate into the involved site 34. Pro-inflammatory 
macrophages also release matrix metalloproteinases 
(MMPs) that trigger renal fibrosis.33 This process 
causes persistent inflammation, causing an increase 
in the M1:M2 ratio and CKD progression. M2 
macrophages contribute to resolving inflammation 
via stimulating angiogenesis and wound healing.35 
If inflammation continues and does not resolve, M1 
macrophages remain at injured sites, the balance 
of M1/M2 disrupt and M2 macrophages switch 
to M1, leading to fibrosis promotion and renal 
failure.36 Ding X.Y et al reported M1 macrophages 
and their markers increase and M2 polarization 
impairs in an animal model of CKD.37

NK cells are another cytotoxic leukocytes, which 
can recognize and kill stressed cells directly in 
the absence of major histocompatibility complex 
(MHC) receptors and antibodies.23 Renal NK cells 
can induce activation of macrophages via secretion 
of interferon (IFN)-γ38 and, thereby, participate 
in AKI.39 Indeed, NK cells have important role in 
chronic autoimmune renal diseases. They can be 
stimulated by DCs and release cytokine, like IFN-γ, 

and eventually promote renal disease progression.40 
Following kidney injury, renal tubular epithelial 
cells (TEC) produce osteopontin, which can attract 
NK cells to the niche of injury and cause renal 
dysfunction.23

Complement System
Aside from immune cells, complement system 

participates in the pathogenesis of CKD. The 
complement system consists of over 30 serum 
proteins that act as cascade and generate membrane 
attack complex to eliminate pathogens. The 
pathways of complement activation are divided 
into classical, alternative, and lectin pathways.41 
The complement activation in CKD may alter renal 
cell function and contribute to chronic injury. 
They also can induce the release of a range of 
pro-inflammatory and profibrotic mediators such 
as chemokines, cytokines, growth factors and 
matrix proteins.42 Modified C3 can activate the 
alternative pathway43 and, therefore; cause urine 
acidification.44 In addition, decreased expression 
of CD59 on surface of tubular cells45,46 and release 
of anaphylatoxins can also cause uncontrolled 
activation of complement.47,48 As complement 
system is involved in tissue repair and fibrosis,49 
uncontrolled activation of this system results in 
the progression and maintenance of CKD.

ADOPTIVE IMMUNITY RESPONSE IN CKD
T lymphocytes (cell-mediated immunity) and 

B lymphocytes (humoral/antibody-mediated 
immunity) are two main components of the adaptive 
immune system. Two major T cells types include 
CD8+ cytotoxic T cells and CD4+ T helper (Th) 
cells. The functions of CD8+ T cells are similar to 
NK cells and their role is to destroy infected and 
tumor cells.1 Cytotoxic T cells have a complex 
role in CKD. They can be activated by specific 
renal autoantigens, leading to local injury and 
inflammation. In other words, activated CD8+ 
T cells recruit more CD8+ T cells and, therefore, 
cause further renal damage via release excess renal 
specific autoantigens.50

CD4+ T cells are also one of the main players 
in cellular immunity that are activated by antigen 
presenting cells (APCs) and inflammatory cytokines. 
Th cells are divided into several major subtypes 
based on the primary function and cytokine 
production, including Th1 (154), Th2 (154), Th17 
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(87), and regulatory T (Treg) cells.51-3 Th1 cells 
are specified by the generation of inflammatory 
cytokines, such as IFN-γ, IL-2, lymphotoxin-α, 
and tumor necrosis factor (TNF)-α that promote 
activation of macrophages, neutrophils, CD8+ T 
cells and tissue damage.54 Th2 cells, however, are 
characterized by secretion of anti-inflammatory 
cytokines like IL-4, IL-5, and IL-10. They can 
downregulate Th1 cells and suppress classic 
activation macrophages.55 Renal tubular cells express 
the chemokine IL-16, which attract Th1 and Th2 
cells to kidney and have main roles in the transition 
from AKI to CKD.23 In addition, Th2-polarized 
cells have several roles in immune regulation 
and humoral immunity that are associated with 
the production of autoantibodies in autoimmune 
disorders.54 The balance between Th1 and Th2 
determines the progression of atherosclerotic 
lesions in hemodialysis patients.56 Renal tissue 
can release hidden antigens, which recognize by 
autoreactive T cells. This event may relevant to 
sustaining immune cells and inflammation in the 
site of injury.10 Hsu et.al reported that Th17 cells 
are increased and regulatory of T cells diminished 
in CKD patients. The imbalance in Th17/Treg ratio 
related to progression of acute cardiovascular 
events.26 The CD4+CD25+FoxP3+ Treg cell subset 
secretes cytokines like transforming growth factor 
(TGF)-β and IL-10. The primary function of these 
cells is to suppress the adaptive immune system 
function and maintain self-tolerance and, therefore, 
protection against autoinflammatory diseases.57 
In other words, Treg cells have protective role in 
renal injury and expansion of Treg population can 
delay the renal injury and modulate spontaneous 
renal inflammation associated with the autoimmune 
disorder.58,59 An animal study showed that depletion 
of Treg cells cause severe AKI, and decrease tubular 
recovery by both increased proliferation of T cells 
and cytokine levels.60 The study of Zhang et al. 
demonstrated an imbalance of Th17/Treg in uremic 
patients, which was correlated with the development 
of acute cardiovascular diseases, consequently 
chronic renal disease.61 Another subtype is 
CD4+CD28− T cells that act as pro-inflammatory 
cells and produce high concentrations of IFN-γ, 
IL-2, TNF, and are cytotoxic. The number of these 
cells is increased in patients with stage 5 CKD62 
and facilitate destabilization of atherosclerotic 
plaques that contribute to increased complications 

in CKD patients.63

NKT cells are another immune cells which 
express both T cell receptors and the NK receptor. 
The main roles of NKT cell are unclear. Some of 
them are proinflammatory cells and involve in 
inflammation processes, whereas some of NKT 
cells have protective roles. NKT cells can activate 
neutrophils and the production of cytokines such 
as IFN-γ in tubular injury.23

There are little studies about role of B cells 
in CKD pathogenesis. But it seems that the IgM 
antibodies limit kidney repair in animal models and 
the depletion of B cells result in improve kidney 
repair.23 Jang et al reported that the number of B 
cells increase in renal injury and impair kidney 
repair.64

Cooperation between innate and adaptive 
immune cells has been seen in different types 
of kidney disease. For example, the innate/
inflammatory cells can generate mediators like 
cytokines, chemokines, eicosanoids, and ROS, 
which upregulate adhesion molecules, thereby 
culminate in renal injury by recruiting more innate/
adoptive cells.65,66 In cardiovascular disease, there 
is a complex link between renin–angiotensin– 
aldosterone system, T H17 cells and mononuclear 
phagocytes that are involved in hypertension 
and systemic inflammation, contributing to CKD 
complications.9

CYTOKINES AND INFLAMMATORY 
MARKERS IN CKD

Inflammation, which is a general feature of CKD, 
is an important tool for prognosis and diagnosis of 
this disorder.67 Inflammatory markers and cytokines 
have critical roles in the initiation and perpetuation 
of renal injury.1 In the pathogenesis of the renal 
disease, cytokines trigger the production and 
activation of endothelial cell adhesion molecules 
and chemokines that promote more renal immune 
cell infiltration and inflammation.68,69 This process 
results in the development of local oxidative stress, 
impairing both renal tubular and hemodynamic 
function, the generation of profibrotic factors and 
the progression of CKD.1,70

The several factors may underlie the impression 
of inflammation in complications from patients 
with chronic renal failure,56 such as increased 
inflammatory cytokine level, oxidative stress, 
production of modified plasma proteins, dialysis 
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process and infectious diseases.71 Many studies 
demonstrate that cytokines and inflammatory 
mediators can directly alter renal function and result 
in systemic inflammation.72-4 The serum level of 
albumin is the main indicator of nutritional status 
and also a negative inflammatory marker. Our 

previous data showed that low serum albumin was 
a risk factor of anemia in hemodialysis patients, 
and also could be considered to be a predictor 
of treatment response of anemia.75 Some of the 
inflammatory markers that play key roles in the 
pathogenesis of CKD are listed in Table 1.

ReferencesRole in CKDMarkerCategory
75, 151, 152Independent risk factors for all-cause mortality in CKD/predictor 

of serum albumin level in dialysis patients/associated with faster 
kidney function loss

C-reactive protein 
(CRP)

Short Pentraxins

153Increased SAP in hemodialysis patients related to pathogenesis of 
renal diseases

Serum amyloid P 
(SAP)

154-157Increased PTX3 levels are associated with lower GFR and 
independently predict incident CKD/strong independent links with 
endothelial dysfunction and albuminuria/positive association with 
fibrinogen/rapid marker for inflammation

Pentraxin-3 (PTX3)Long Pentraxins

158Role in inflammasome and inflammationInterleukin (IL)-1βPro-inflammatory 
Cytokines 93, 134, 159Have a greater effect than albumin in predicting mortality/a better 

prognostic marker than CRP/strong predictor of hypoalbuminemia, 
hypocholesterolemia and mortality

IL-6

160Independent predictive factor for cardiovascular and mortalityIL-8
1, 113Roles in the pathogenesis of renal diseaseIL-12
161roles in the pathogenesis of renal diseaseIL-17
162Increased IL-18 related with complications of CKD/A direct correlation 

between IL-18 levels and time on dialysis
IL-18

163, 164Associated with an increased risk for mortality CKD patients/↑TNF-α 
correlate with decreased renal blood flow and GFR

Tumor necrosis 
factor (TNF)-α

1Roles in the pathogenesis of renal diseaseInterferon (IFN)-γ
73UnknownIL-4Anti-inflammatory 

Cytokines 73UnknownIL-10
90

165

Influence on GFR
Increased TGF-b induce renal disease by accumulation of matrix 

proteins and mesangial expansion

TGF-β

166Upregulated in chronic inflammatory states, and considered as an 
expression of endothelial dysfunction in CKD

Intercellular adhesion 
molecule-1 (ICAM-1)

Adhesion Molecules

166Upregulated in chronic inflammatory states, and considered as an 
expression of endothelial dysfunction in CKD

Vascular cellular 
adhesion molecule-1 

(VCAM-1)
158Markers of endothelial dysfunction/role in the development of CKDE-selectin
158markers of endothelial dysfunction/role in the development of CKDP-selectin
167Decreased albumin in hemodialysis patients/predictor of anemia 

and unresponsiveness to treatment of anemia/marker of nutritional 
status in dialysis patients/associated with morbidity and mortality in 
hemodialysis patients

AlbuminInflammatory Molecules 
with Negative Acute-
phase Reaction

168Decreased transferrin in CKDTransferrin or TIBC
169, 170Increased fetuin-α link to mortality and cardiovascular events in PD 

patients
Fetuin-α

171, 172Roles in the pathogenesis and progression of CKDReactive oxygen 
species  (ROS)

Oxidative Stress 
Molecules

116, 117Increased iron disrupts the functions of innate immune cellsIronMineral Element and 
Vitamins 173, 174Increased calcium in hemodialysis patients and associated with high 

CRP concentrations
Calcium

173, 175Increased potassium in hemodialysis patients/important factors for 
cardiovascular events and mortality in CKD

Potassium

176, 177Decreased vitamin D related with increased inflammatory and platelet 
activity and increased mortality in CKD patients/Vitamin D therapy 
may reduce the progression of CKD/

Vitamin D

Table 1. Inflammatory Markers Involved in CKD Patients
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ReferencesRole in CKDMarkerCategory
72Correlated with CRP and an independent cardiovascular risk factor 

in CKD
FibrinogenCoagulation Markers

178Contribute to endothelial dysfunction and progression of 
atherosclerosis

Fibrin D-dimer

158markers of endothelial dysfunction/role in the development of CKDVon Willebrand 
(vWF) factor

178Contribute to endothelial dysfunction and progression of 
atherosclerosis

Coagulation factor 
VII

178Contribute to endothelial dysfunction and progression of 
atherosclerosis

Coagulation factor 
VIII

179Increased expression in the kidneys diseasesNuclear factor (NF)-
κB

Pro-inflammatory 
Transcription Factors

180Increased expression in the kidneys diseasesActivator protein 
(AP)-1

75Decreased with inflammation in CKDHigh density 
lipoprotein (HDL)

Lipoproteins

75Decreased with inflammation in CKDLow density 
lipoprotein (LDL)

75Decreased with inflammation in CKDCholesterol
181Related to several metabolic risk factors/have a protective role for the 

cardiovascular system among dialysis patient
Adiponectin (ADPN)Molecules Related 

Adipose Tissue
182Increased resistin in CKD/role in stimulating the synthesis and 

release of pro-inflammatory cytokines in CKD
Resistin

183Increased leptin in CKD correlate with C-reactive protein levels
May has main role in the pathogenesis of inflammation-associated 

cachexia in CKD

Leptin

184A marker of mature macrophages
Increased in CKD

CD163

185Increased FGF23 in CKD/
associated with adverse clinical outcomes

Fibroblast growth 
factor (FGF) 23

Growth Factors

186Influence cardiovascular complication in chronic renal failure
Insulin like growth 

factor (IGF)-1
187Predictor of serum albumin level in dialysis patientsSerum amyloid  

(SA)-A
Other Inflammatory 

Marker
188Increased serum ferritin levels in CKD patients and reflect 

inflammation status and may indicate iron overload
Serum ferritin

189Predictor of inflammation in ESRDPlatelet lymphocyte 
ratio (PLR)

98Increased in high-risk patients with CKDNeutrophil 
lymphocyte ratio

190Role in CKDWhite blood cell 
count

191, 192

193

Decreased uromodulin in CKD related with aggravates urinary tract 
infections, crystal aggregation and reduced cytokine elimination/
contribute to the systemic inflammation in CKD

Uromodulin

194, 195Progression of asymptomatic and symptomatic atherosclerosis in 
patients with CKD of all stagesAsymmetric 

dimethylarginine 
(ADMA)

99, 168Important predictor of mortality in ESRD/serum creatinine have been 
associated with a longer hospital stay and higher hospitalization 
rates

creatinine

196Strong association with cardiovascular dysfunction in CKD patientsBNP
197A biomarker for mortality risk stratification in ESRD/marker of 

prognostication Kidney Disease
cardiac troponin T 

(cTnT)
198Associated with endothelial dysfunctionProteinuria

Table 1. (Continued)
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CKD AND INFLAMMATION
Inflammation causes an alteration in renal 

hemodynamics that can continue upon hours to 
years.76 Although the footprint of the immune 
system has been seen in all stages of CKD, the exact 
underlying mechanisms are not clear. Inflammation 
is initiated by the infiltration, and accumulation 
of immune cells at the site of injury, resulting 
in release of soluble mediators or cytokines in 
response to local cell stress.77

The relevance of inflammatory mediators to 
renal dysfunction depends on the persistence of 
inflammation, the pathological state, and the site 
of inflammation.1 Persistent of sterile inflammation 
has been associated with accumulation of profibrotic 
cells like myofibroblasts, mast cells, macrophages, 
eventuating in more production of the extracellular 
matrix and renal fibrosis.78-80 Tissue damages cause 
releasing of DAMP molecules, which may activate 
TLRs, thereby amplify the inflammatory process 
and tissue remodeling.78

Studies implicated the importance of TLR-2 
and TLR-4 in the development of inflammation 
and fibrosis by stimulating the production of 
proinflammatory mediators, such as IL-8, TNFα, 

and IL-1.81,82 The NLRP-3 inflammasome recognizes 
alarming signals like ROS, uric acid, ATP, nucleic 
acids, and extracellular matrix components 
in kidney diseases.83-5 In this scenario, renal 
inflammation ultimately results in declined renal 
blood flow and clearance.86,87 On the other hand, 
decreased GFR leads to accumulation of uremic 
toxins, which can affect immune system via the 
production of advanced glycation end (AGEs), 
which are nonenzymatically glycated and oxidized 
proteins that have been implicated in diabetes 
related-complications. AGEs cause a marked 
reduction of renal clearance ability and promoting 
inflammation through increased oxidative stress.88 
Understanding the role of inflammatory mediators 
in renal hemodynamic function contributes to 
design therapies in these patients.89-91

The Role of Inflammation in Progression of CKD
Changes in glomerular hemodynamics and 

proteinuria trigger immune cell migration into the 
inflamed site, phenotypic conversion of epithelial 
cells and lymphocytes into fibroblast, leading to 
fibrosis and progression of CKD and end-stage 
renal disease (ESRD).1,92 During progressive renal 

ReferencesRole in CKDMarkerCategory
199, 200Decreased in CKD and ESRD patients

markers of inflammation and endothelial activation
Strong predictor of adverse clinical outcomes of death and is 

associated with inflammation and cardiovascular damage/
strongly correlated with systemic inflammatory markers and are an 
independent predictor of mortality in CKD

Plasma 
triiodothyronine (fT3)

201A polypeptide that regulates iron homeostasis and serve as an 
indicator of functional iron deficiency in ESRD patients/role in the 
pathophysiology of anemia associated with chronic diseases and 
erythropoietin resistance

Hepcidine

202predicts atherosclerotic events independently of traditional risk 
factors/

A novel independent serum marker of mortality in CKD

macrophage 
inhibitory cytokine-1

(MIC-1/GDF15)
141, 203Increased MBL in hemodialysis patients associated with management 

of patients and prediction of kidney allograft survival
Serum mannose 

binding lectin (MBL)
204Increased ADMA and SDMA accelerate endothelial dysfunction and 

renal impairment by inhibition of nitric oxide (NO) synthesis and 
TGF-β expression

asymmetric 
dimethylarginine 

(ADMA), symmetric 
dimethylarginine 

(SDMA)
205NGAL increase in following tubulointerstitial damages and is a good 

predictor for detection of changes in GFR
Neutrophil 
Gelatinase-

Associated Lipocalin 
(NGAL)

206Increased omentin in hemodialysis patients
/positively correlated with a number of cardiovascular risk factors and 

inflammation

Omentin (an 
adipocytokine)

Table 1. (Continued)
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disease, cytokines, such as IL-1, IFN-α, IFN-β, IFN-γ, 
platelet-derived growth factor (PDGF), TNF, TGF-α 
and TGF-β are upregulated and predict the clinical 
features of the progressive disease.93-5 It has been 
shown that TGF-β released from macrophages and 
tubular cells is important regulator in generation 
of extracellular matrix proteins.89,90 Type and 
production rate of fibrotic proteins from fibroblasts 
determine the tissue scarring and renal damage.96,97

The Role of Inflammation on CKD 
Complications

CKD complications can occur at any stage.6 Kato 
et al. reported cardiovascular disease and infections 
as two common types of CKD complications, causing 
high rate of mortality by induction of chronic 
inflammation.98 Although decreased erythropoietin 
production is the main cause of anemia in CKD,99 
cytokines such as TNF, IL-1, IL-6, TGF-β, and 
IFN-γ are additional contributing factors.100 Frailty 
in CKD patients is related to low serum levels 
of hemoglobin, increased levels of parathyroid 
hormone and low levels of serum vitamin D.101 
Malnutrition-inflammation-atherosclerosis (MIA) 
syndrome is another disease that has a high 
prevalence in CKD patients and is a non-classical 
risk factor for CKD.102 This syndrome can aggregate 
inflammation, accelerate atherosclerosis and 
increase susceptibility to infection.103 A defect 
in almost all immune cell populations, increased 
susceptibility to infection and poor response to 
vaccination have been correlated with decreased 
GFR and accumulation of uremic toxins in patients 
with CKD and ESRD. For this reason, these patients 
should be vaccinated in early stages, particularly 
against influenza, hepatitis B, pneumococcus, 
and varicella.104 Immunodeficiency might also 
be nontraditional risk factors for cardiovascular 
disease and malignancies in these patients.105

The Role of Inflammation in Mortality of Patients 
with CKD

Inflammation can also cause mortality by 
advancing vascular calcifications and endothelial 
dysfunction.106 In addition, several inflammatory 
biomarkers, such as C-reactive protein (CRP), IL-6, 
fibrinogen, leukocytosis, mannose-binding lectin 
(MBL), and genetic variations in genes related 
to immune response predict the progression of 

complications and mortality in these patients.82

IMPACT OF CKD ON SYSTEMIC IMMUNITY
There is a reciprocal relationship between 

kidney diseases and the immune system. Renal 
failure leads to release of PAMPs, DAMPs, and 
inflammatory factors into the circulation that has 
been associated with mortality and morbidity in 
these patients.107-112 Proteinuria, malnutrition, iron 
overload, alternation of vitamin D level, dialysis 
processes, chronic inflammation, disruption in the 
balance between the production of free radicals 
and antioxidant defenses and uremic toxin affect 
the immune system.26,113 Proteinuria has a crucial 
role in immune system by reducing many immune 
components, like adaptor proteins and antibodies.1 
CKD reduces bone marrow cell proliferation, 
leading to decreased number of immune cells and 
anemia114,115. Iron overload as a consequence of 
excessive intravenous iron administration disrupts 
phagocytic activity and microbial killing capability 
of macrophages and neutrophils,116,117 CD4+ T 
cell depletion and expansion of CD8+CD28− T 
cells.118 Another complication of elevated iron 
levels is the development of pro-inflammatory 
M1 macrophages, which cause augmentation of 
local inflammation, oxidative stress, and inhibition 
of injury healing; all of them can contribute to 
atherosclerosis and CKD progression.119 Alteration 
of vitamin D and parathyroid (PTH) hormone 
levels results in dysfunction of immune cells. 
Increased PTH levels cause raising cytosolic 
calcium concentrations, which in combination, 
decrease PMN phagocytosis capacity, B cell 
proliferation and antibody production.120 Since 
the renal tubules are the site of active vitamin D 
synthase, vitamin D deficiency maybe occur at any 
stage of kidney disease.121 A study showed that 
the vitamin D receptor is downregulated in early 
stages of renal disease.122 Vitamin D is a potent 
immunomodulator and plays an important role in 
controlling immune effector responses, especially 
during infection or vaccination, by repressing 
the production of Th1-related cytokines and 
suppression of inflammatory macrophages.123,124 It 
also can inhibit all of the inflammation processes 
involved in the pathogenesis of CKD.125 Vitamin 
D deficiency may be related to reduced survival 
in the CKD patients in stages 3 to 5 of the 
disease.126 Malnutrition, iron overload, increased 
intracellular calcium, dialysis process, and uremic 
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toxins are involved in the dysfunction of PMN, 
T lymphocyte, and monocytes.127,128 Prolonged 
dialysis is associated with developing infective 
endocarditis, peritonitis, and pneumonia, which are 
risk factors for mortality in hemodialysis patients 
by decreased phagocytic function.129-131 In order to 
prevent infections, it is recommended these patients 
should be vaccinated against common infectious 
diseases.132,133 Increased number of Th17 cells and 
decreased number of Treg cells were also observed 
patients undergoing hemodialysis (136). The 
persistent systemic inflammation culminates in the 
immunosuppressed state in CKD.134 Many studies 
have indicated that uremia can alter both innate 
and acquired immune systems in these patients. For 
example, endocytosis and maturation of monocytes 
and monocyte-derived DCs are impaired in CKD 

patients.135 Uremia can also decrease the functions 
of APCs like DCs and macrophages by modulating 
the costimulatory molecules (CD80, CD86) and 
downregulating TLR expression.136,137 NK cells 
counts are diminished and also there are modulated 
phenotypic, cytotoxic and migratory features in 
hemodialysis patients, which are associated with 
the incidence of cardiovascular, cancer, infection 
and pregnancy disorders in uremic patients.138 The 
density of Langerhans cells in the skin of uremic 
patients is reduced that might contribute to the 
reduced vaccination responses in these patients. 
The numbers of CD14+CD16++ monocytes and 
CD4+CD28– T cells are increased that could explain 
the high incidence of cardiovascular disease in 
ESRD patients.139 Serum MBL level is declined in 
peritoneal dialysis and hemodialysis patients and 

ReferencesClinical OutcomeAlterationsImmune Cell
207-209Increased of inflammation and 

renal damage
Increased of numbers
Increased ROS and cytokine production
Increased apoptosis
Upregulation of TLR 2/4, and integrin expression
Increased of CD11b and CD18b expression
Spontaneous activation and degranulation
Decreased phagocytosis capacities

Neutrophils

138, 210Decreased tumor immune 
surveillance

Increased activity
Decreased of numbers
Decreased expression of activation receptors

NK Cells

135, 211Increased of inflammation and 
renal damage/

Increased risk for CVD

Increased circulating CD14+CD16+ monocytes
Increased ROS and cytokine production
Upregulation of TLR 2/4 and integrin, SA-A and CD36 expression
Spontaneous activation and degranulation
Decreased phagocytosis capacities

Monocytes

212, 213Increased of inflammation and 
renal damage

Delayed clearance of microbial
Spontaneous activation and degranulation
Decreased phagocytosis capacities

Macrophages

136, 137Decreased T cell dependent 
immune respons/

Decreased vaccination response

Depletion of antigen presenting cells
Increased of mDC/pDC ratio
Decreased costimulatoty molecules

DC

208UnknownUnknownγδ T Cells
214-216Decreased vaccination 

response/
Increased risk for severe 

infections, CVD and cancer/
Pro-inflammatory milieu

Increased of TH 2 and TH 17
Increased production of 2,3-dioxygenase
Increased production of arginase type-1
expansion of CD4+CD28– T
Increased apoptosis
Shortened of telomere length
Reduced CD4/CD8 T-cell ratio
Decreased memory T cells

Effector T Cells

217UnknownIncreased apoptosis
Decreased regulatory T (Treg) cells
Decreased suppression activity

Regulatory T 
Cells

144, 145Decreased humoral responsesIncreased apoptosis
Increased production of pro-inflammatory cytokines
Decreased B-cell number
Downregulation of BAFF receptor
Decreased antibody production

B Cells

Table 2. Effects of CKD on Immune System
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probably is accompanied by increased susceptibility 
to infection.140 Our study demonstrated that 
increased MBL level in hemodialysis patients was 
associated with the management of patients and 
prediction of kidney allograft survival.141 Patients 
with chronic hemodialysis had lymphopenia and 
diminished numbers of both CD4 and CD8 T cells 
and their proliferative response upon stimulation 
was decreased.142 The maturation of subsets of 
Th cells is impaired in hemodialysis patients that 
maybe due to protein-energy wasting (PEW).143

CKD patients also have lower percentages 
of peripheral B cells by increased incidence of 
apoptosis in B cells and downregulation of BAFF 
receptor;144,145 they also have increased apoptosis 
rate and depleted populations of naive and central 
memory T cells by decreased expression of the 
anti-apoptotic molecule Bcl-2, IL-7 deficiency, 
increased expression of IL-2 receptors.113,146,147 
Increased suppressor activity of T cell  has 
been observed in uremic patients.148 Uremia is 
accompanied by reduction in the number and 
function of lymphoid cells, whereas numbers of 
myeloid cells are normal or increased. Patients with 
ESRD manifest increased numbers of specific pro-
inflammatory subsets of T cells and monocytes.105 
Therefore, an immunosenescent state occurs in 
CKD patients, implying that lymphoid lineage is 
skewed toward myeloid lineage, the function of 
activated immune cells is decreased and cytokines 
expression are altered, a phenomenon that is known 
as tachyphylaxis.149,150 As mention above, these 
patients suffer from acquired immunosuppression, 
in which the immune system loses its normal 
function, leading to poor vaccination response and 
a high incidence of infection and malignancy.111 
Effects of CKD on immune system are shown in 
Table 2.

CONCLUSION
The correlation of the immune function and 

inflammation with renal function has widely 
been investigated. Activation of TLRs, NLRs, 
inflammasome and other immune components 
to respond to pathogens or DAMPs leads to 
chronic inflammation and fibrosis development. 
Inflammatory mediators play major role in renal 
hemodynamics, water and salt homeostasis, and 
blood pressure control. Inflammation can also 
contribute to cardiovascular diseases, diabetes, 

trauma, infections, resulting in significant renal 
pathogenesis. Uncontrolled inflammation causes 
glomerular, tubular, and interstitial damage. This 
inflamed milieu can significantly be relevant to 
acute and chronic kidney diseases. On the other 
hands, the immune dysfunction as a complication 
is arising from chronic inflammation and considers 
being a major challenge in this disease. These 
findings demonstrate how immune responses 
link inflammation, the progression of fibrosis and 
their complications. Not surprisingly, targeting the 
immune system and inflammation could be novel 
therapeutic approach for improving outcomes and 
decreased patient morbidity and mortality. The 
mediators of immune system can also be used as 
useful diagnostic or prognostic tools to differentiate 
various stages of the CKD and monitoring of 
treatment regiments.

REFERENCES
1. Imig JD, Ryan MJ. Immune and Inflammatory Role in 

Renal Disease. Comprehensive Physiology. 2013;3:957-
76.

2. White S, Polkinghorne K, Atkins R, Chadban S. 
Comparison of the prevalence and mortality risk of CKD 
in Australia using the CKD Epidemiology Collaboration 
(CKD-EPI) and Modification of Diet in Renal Disease 
(MDRD) Study GFR estimating equations: the AusDiab 
(Australian Diabetes, Obesity and Lifestyle) Study. 
American journal of kidney diseases. 2010;55:660-70.

3. Razmaria A. JAMA PATIENT PAGE. Chronic Kidney 
Disease. JAMA. 2016;315:2248-48.

4. Vassalotti J, Centor R, Turner B, et al. Practical Approach 
to Detection and Management of Chronic Kidney Disease 
for the Primary Care Clinician. The American journal of 
medicine. 2016;129:153-62.

5. Webster A, Nagler E, Morton R, Masson P. Chronic 
Kidney Disease. The Lancet 2017;389:1238-52.

6. Levey A, Coresh J. Chronic kidney disease. The Lancet 
2012;379:165-80.

7. Nadkarni GN, Vassalotti JA. Chronic Kidney Disease. 
Lifestyle Medicine: Springer; 2016. p. 311-20.

8. Medzhitov R, Janeway Jr C. Innate immunity. The New 
England journal of medicine. 2000;343:338-44.

9. Kurts C, Panzer U, Anders H, Rees A. The immune 
system and kidney disease: basic concepts and clinical 
implications. Nature reviews Immunology. 2013;13:738-
53.

10. Tecklenborg J, Clayton D, Siebert S, Coley S. The role 
of the immune system in kidney disease. Clinical and 
experimental immunology. 2018;192:142-50.

11. Mulay SR, Kulkarni OP, Rupanagudi KV, et al. Calcium 
oxalate crystals induce renal inflammation by NLRP3-
mediated IL-1β secretion. The Journal of Clinical 
Investigation. 2013;123:236-46.



Immune Response in CKD—Shahbazi et al

293Iranian Journal of Kidney Diseases | Volume 13 | Number 5 | September 2019

12. Zafiriou S, Stanners S, Polhill T, Poronnik P, Pollock C. 
Pioglitazone increases renal tubular cell albumin uptake 
but limits proinflammatory and fibrotic responses. Kidney 
international. 2004;65:1647-53.

13. Yasuda H, Leelahavanichkul A, Tsunoda S, et al. 
Chloroquine and inhibition of Toll-like receptor 9 protect 
from sepsis-induced acute kidney injury. American journal 
of physiology Renal physiology. 2008;294:F1050-58.

14. Lepenies J, Eardley K, Kienitz T, et al. Renal TLR4 mRNA 
expression correlates with inflammatory marker MCP-1 
and profibrotic molecule TGF-β1 in patients with chronic 
kidney disease. Nephron Clinical practice. 2011;119:c97-
104.

15. Fanelli C, Noreddin A, Nunes A. Inflammation in 
Nonimmune-Mediated Chronic Kidney Disease. Chronic 
Kidney Disease-from Pathophysiology to Clinical 
Improvements: InTech; 2018. p. 154-76.

16. Kaissling B, Le Hir M. Characterization and distribution 
of interstitial cell types in the renal cortex of rats. Kidney 
international. 1994;45:709-20.

17. Betjes M. Immune cell dysfunction and inflammation in 
end-stage renal disease. Nature reviews Nephrology. 
2013;9:255265.

18. Lukacs-Kornek V, Burgdorf S, Diehl L, Specht S, 
Kornek M, Kurts C. The kidney-renal lymph node-
system contributes to cross-tolerance against innocuous 
circulating antigen. The Journal of immunology 
2008;180:706-15.

19. Gottschalk C, Damuzzo V, Gotot J, et al. Batf3-Dependent 
Dendritic Cells in the Renal Lymph Node Induce Tolerance 
against Circulating Antigens. Journal of the American 
Society of Nephrology: JASN. 2013;24:543-49.

20. Tittel AP, Heuser C, Ohliger C, et al. Functionally relevant 
neutrophilia in CD11c diphtheria toxin receptor transgenic 
mice. Nature methods. 2012;9:385-90.

21. Leemans JC, Stokman G, Claessen N, et al. Renal-
associated TLR2 mediates ischemia/reperfusion 
injury in the kidney. Journal of Clinical Investigation. 
2005;115:2894-903.

22. Wu H, Chen G, Wyburn K, et al. TLR4 activation mediates 
kidney ischemia/reperfusion injury. The Journal of clinical 
investigation. 2007;117:2847-59.

23. Bonavia A, Singbartl K. A review of the role of immune 
cells in acute kidney injury. Pediatric nephrology (Berlin, 
Germany). 2017;33:1629-39.

24. Sela S, Shurtz-Swirski R, Cohen-Mazor M, et al. Primed 
peripheral polymorphonuclear leukocyte: a culprit 
underlying chronic low-grade inflammation and systemic 
oxidative stress in chronic kidney disease. Journal of the 
American Society of Nephrology: JASN. 2005;16:2431-38.

25. Gollapudi P, Yoon J, Gollapudi S, Pahl M, Vaziri N. 
Leukocyte toll-like receptor expression in end-stage 
kidney disease. American journal of nephrology. 
2010;31:247-54.

26. Hsu H, Lang C, Wang M, Chiang C, Lu K. A review of 
chronic kidney disease and the immune system: a special 
form of immunosenescence. Journal of Gerontology & 
Geriatric Research. 2014;3:1-6.

27. Nelson PJ, Rees AJ, Griffin MD, Hughes J, Kurts C, 
Duffield J. The Renal Mononuclear Phagocytic System. 

Journal of the American Society of Nephrology: JASN. 
2012;23:194-203.

28. Ferrario F, Castiglione A, Colasanti G, Barbiano dBG, 
Bertoli S, D’Amico G. The detection of monocytes 
in human glomerulonephritis. Kidney international. 
1985;28:513-19.

29. Ghee J, Han D, Song H, et al. The role of macrophage 
in the pathogenesis of chronic cyclosporine-induced 
nephropathy. Nephrology, dialysis, transplantation: official 
publication of the European Dialysis and Transplant 
Association-European Renal Association. 2008;23:4061-
69.

30. Kielar M, John R, Bennett M, et al. Maladaptive role 
of IL-6 in ischemic acute renal failure. Journal of the 
American Society of Nephrology: JASN. 2005;16:3315-25.

31. Cao Q, Harris D, Wang Y. Macrophages in kidney injury, 
inflammation, and fibrosis. Physiology (Bethesda, Md). 
2015;30:183-94.

32. Mulay SR, Kumar SV, Lech M, Desai J, Anders H-J. How 
Kidney Cell Death Induces Renal Necroinflammation. 
Seminars in Nephrology. 2016;36:162-73.

33. Lichtnekert J, Kawakami T, Parks WC, Duffield JS. 
Changes in macrophage phenotype as the immune 
response evolves. Current opinion in pharmacology. 
2013;13:555-64.

34. Chen GY, Nuñez G. Sterile inflammation: sensing 
and reacting to damage. Nature reviews Immunology. 
2010;10:826-37.

35. Mosser D. The many faces of macrophage activation. 
Journal of leukocyte biology. 2003;73:209-12.

36. Guiteras R, Flaquer M, Cruzado JM. Macrophage 
in chronic kidney disease. Clinical Kidney Journal. 
2016;9:765-71.

37. Li C, Ding X, Xiang D, et al. Enhanced M1 and Impaired 
M2 Macrophage Polarization and Reduced Mitochondrial 
Biogenesis via Inhibition of AMP Kinase in Chronic 
Kidney Disease. Cellular physiology and biochemistry. 
2015;36:358-72.

38. Lanier LL. Up on the tightrope: natural killer cell activation 
and inhibition. Nature immunology. 2008;9:495-502.

39. Zhang Z, Wang S, Huang X, et al. NK cells induce 
apoptosis in tubular epithelial cells and contribute to renal 
ischemia-reperfusion injury. The Journal of immunology 
2008;181:7489-98.

40. Flodström M, Shi F, Sarvetnick N, Ljunggren H. The 
natural killer cell--friend or foe in autoimmune disease? 
Scandinavian journal of immunology. 2002;55:432-41.

41. Berger SP, Daha MR. Complement in glomerular injury. 
Seminars in Immunopathology. 2007;29:375-84.

42. Tang Z, Sheerin N. Complement Activation and 
Progression of Chronic Kidney Disease. Hong Kong 
Journal of Nephrology. 2009;11:41-46.

43. von Zabern I, Nolte R, Vogt W. Treatment of human 
complement components C4 and C3 with amines or 
chaotropic ions. Evidence of a functional and structural 
change that provides uncleaved C4 and C3 with 
properties of their soluble activated froms, C4b and C3b. 
Scandinavian journal of immunology. 1981;13:413-31.

44. Peake P, Pussell B, Mackinnon B, Charlesworth J. The 



Immune Response in CKD—Shahbazi et al

294 Iranian Journal of Kidney Diseases | Volume 13 | Number 5 | September 2019

effect of pH and nucleophiles on complement activation 
by human proximal tubular epithelial cells. Nephrology, 
dialysis, transplantation. 2002;17:745-52.

45. Ichida S, Yuzawa Y, Okada H, Yoshioka K, Matsuo S. 
Localization of the complement regulatory proteins in the 
normal human kidney. Kidney international. 1994;46:89-
96.

46. Rangan G, Pippin J, Couser W. C5b-9 regulates 
peritubular myofibroblast accumulation in experimental 
focal segmental glomerulosclerosis. Kidney international. 
2004;66:1838-48.

47. Bao L, Osawe I, Puri T, Lambris J, Haas M, Quigg R. C5a 
promotes development of experimental lupus nephritis 
which can be blocked with a specific receptor antagonist. 
European journal of immunology. 2005;35:2496-506.

48. Bao L, Osawe I, Haas M, Quigg R. Signaling through 
up-regulated C3a receptor is key to the development of 
experimental lupus nephritis. The Journal of immunology 
2005;175:1947-55.

49. Liu Y. Renal fibrosis: new insights into the pathogenesis 
and therapeutics. Kidney international. 2006;69:213-17.

50. Panzer U, Kurts C. T cell cross-talk with kidney dendritic 
cells in glomerulonephritis. Journal of molecular medicine 
(Berlin, Germany). 2010;88:19-26.

51. Mosmann T, Cherwinski H, Bond M, Giedlin M, Coffman 
R. Two types of murine helper T cell clone. I. Definition 
according to profiles of lymphokine activities and secreted 
proteins. The Journal of immunology 1986;136:2348-57.

52. Harrington L, Hatton R, Mangan P, et al. Interleukin 
17-producing CD4+ effector T cells develop via a lineage 
distinct from the T helper type 1 and 2 lineages. Nature 
immunology. 2005;6:1123-32.

53. Asano M, Sakaguchi S. Autoimmune Disease as a 
Consequence of Developmental Abnormality of a T 
Cell Subpopulation. Journal of Exprimental medicine. 
1996;184:387-96.

54. Holdsworth S, Kitching A, Tipping P. Th1 and Th2 T helper 
cell subsets affect patterns of injury and outcomes in 
glomerulonephritis. Kidney international. 1999;55:1198-
216.

55. Mosmann T, Sad S. The expanding universe of T-cell 
subsets: Th1, Th2 and more. Immunology today. 
1996;17:138-46.

56. Stenvinkel P, Ketteler M, Johnson R, et al. IL-10, IL-6, 
and TNF-alpha: central factors in the altered cytokine 
network of uremia-the good, the bad, and the ugly. Kidney 
international. 2005;67:1216-33.

57. Sakaguchi S, Fukuma K, Kuribayashi K, Masuda At. 
Organ-Specific Autoimmune Diseases Induced in Mice 
by Elimination of T Cell Subset. Journal of Exprimental 
Medicine. 1985;161:72-87.

58. Tucci M, Stucci S, Strippoli S, Silvestris F. Cytokine 
Overproduction, T-Cell Activation, and Defective 
T-Regulatory Functions Promote Nephritis in Systemic 
Lupus Erythematosus. Journal of Biomedicine and 
Biotechnology. 2010;2010:1-6.

59. Ferenbach D, Kluth D, Hughes J. Inflammatory cells 
in renal injury and repair. Seminars in nephrology. 
2007;27:250-59.

60. Kinsey GR, Sharma R, Huang L, et al. Regulatory T 
Cells Suppress Innate Immunity in Kidney Ischemia-
Reperfusion Injury. Journal of the American Society of 
Nephrology: JASN. 2009;20:1744-53.

61. Zhang J, Hua G, Zhang X, Tong R, DU X, Li Z. Regulatory 
T cells/T-helper cell 17 functional imbalance in uraemic 
patients on maintenance haemodialysis: a pivotal link 
between microinflammation and adverse cardiovascular 
events. Nephrology (Carlton, Vic). 2010;15:33-41.

62. Betjes M, Huisman M, Weimar W, Litjens N. Expansion of 
cytolytic CD4+ CD28-T cells in end-stage renal disease. 
Kidney international. 2008;74:760-67.

63. Yadav A, Jha V. CD4+ CD28null cells are expanded 
and exhibit a cytolytic profile in end-stage renal disease 
patients on peritoneal dialysis. Nephrology dialysis 
transplantation. 2011;26:1689-94.

64. Jang HR, Gandolfo MT, Ko GJ, Satpute SR, Racusen L, 
Rabb H. B Cells Limit Repair after Ischemic Acute Kidney 
Injury. Journal of the American Society of Nephrology: 
JASN. 2010;21:654-65.

65. Yang L, Humphreys B, Bonventre J. Pathophysiology of 
acute kidney injury to chronic kidney disease: maladaptive 
repair. Contributions to nephrology. 2011;174:149-55.

66. Heymann F, Meyer-Schwesinger C, Hamilton-Williams 
EE, et al. Kidney dendritic cell activation is required 
for progression of renal disease in a mouse model of 
glomerular injury. The Journal of Clinical Investigation. 
2009;119:1286-97.

67. Pepys MB, Hirschfield GM. C-reactive protein: a critical 
update. Journal of Clinical Investigation. 2003;111:1805-
12.

68. Hill P, Lan H, Nikolic-Paterson D, Atkins R. ICAM-1 directs 
migration and localization of interstitial leukocytes in 
experimental glomerulonephritis. Kidney international. 
1994;45:32-42.

69. Ramesh G, Reeves WB. TNF-α mediates chemokine 
and cytokine expression and renal injury in cisplatin 
nephrotoxicity. The Journal of Clinical Investigation. 
2002;110:835-42.

70. Lebleu V, Sugimoto H, Miller C, Gattone 2nd V, Kalluri 
R. Lymphocytes are dispensable for glomerulonephritis 
but required for renal interstitial fibrosis in matrix defect-
induced Alport renal disease. Laboratory investigation; a 
journal of technical methods and pathology. 2008;88:284-
92.

71. Kaysen G, Eiserich J. Characteristics and effects of 
inflammation in end-stage renal disease. Seminars in 
dialysis. 2003;16:438-46.

72. Held C, Hjemdahl P, Håkan WN, et al. Inflammatory and 
hemostatic markers in relation to cardiovascular prognosis 
in patients with stable angina pectoris. Results from the 
APSIS study. The Angina Prognosis Study in Stockholm. 
Atherosclerosis. 2000;148:179-88.

73. Kalantar-Zadeh K. Inflammatory marker mania in chronic 
kidney disease: pentraxins at the crossroad of universal 
soldiers of inflammation. Clinical journal of the American 
Society of Nephrology: CJASN. 2007;2:872-75.

74. Carrero J, Yilmaz M, Lindholm B, Stenvinkel P. Cytokine 
dysregulation in chronic kidney disease: how can we treat 
it? Blood purification. 2008;26:291-99.



Immune Response in CKD—Shahbazi et al

295Iranian Journal of Kidney Diseases | Volume 13 | Number 5 | September 2019

75. Heidari B. C-reactive protein and other markers of 
inflammation in hemodialysis patients. Caspian Journal of 
Internal Medicine. 2013;4:611-16.

76. Mathis K, Venegas-Pont M, Masterson C, Wasson K, 
Ryan M. Blood pressure in a hypertensive mouse model 
of SLE is not salt-sensitive. American journal of physiology 
Regulatory, integrative and comparative physiology. 
2011;301:R1281-85.

77. Rodríguez-Iturbe B, Pons H, Herrera-Acosta J, Johnson 
R. Role of immunocompetent cells in nonimmune renal 
diseases. Kidney international. 2001;59:1626-40.

78. Vielhauer V, Berning E, Eis V, et al. CCR1 blockade 
reduces interstitial inflammation and fibrosis in mice with 
glomerulosclerosis and nephrotic syndrome. Kidney 
international. 2004;66:2264-78.

79. Meng X, Nikolic-Paterson D, Lan H. Inflammatory 
processes in renal fibrosis. Nature reviews Nephrology. 
2014;10:493-503.

80. Misseri R, Meldrum D, Dinarello C, et al. TNF-alpha 
mediates obstruction-induced renal tubular cell apoptosis 
and proapoptotic signaling. American journal of physiology 
Renal physiology. 2005;288:F406-11.

81. Greene CM, Ramsay H, Wells RJ, O’Neill SJ, McElvaney 
NG. Inhibition of Toll-Like Receptor 2-Mediated 
Interleukin-8 Production in Cystic Fibrosis Airway 
Epithelial Cells via the α7-Nicotinic Acetylcholine 
Receptor. Mediators of Inflammation. 2010;2010:1-8.

82. Hauser A, Stinghen A, Kato S, et al. Characteristics 
and causes of immune dysfunction related to uremia 
and dialysis. Peritoneal dialysis international: journal 
of the International Society for Peritoneal Dialysis. 
2008;28:S183-87.

83. Gonçalves G, Castoldi A, Braga T, Câmara N. New 
roles for innate immune response in acute and chronic 
kidney injuries. Scandinavian journal of immunology. 
2011;73:428-35.

84. Martinon F, Pétrilli V, Mayor A, Tardivel A, Tschopp J. 
Gout-associated uric acid crystals activate the NALP3 
inflammasome. Nature. 2006;440:237-41.

85. Muruve D, Pétrilli V, Zaiss A, et al. The inflammasome 
recognizes cytosolic microbial and host DNA and triggers 
an innate immune response. Nature. 2008;452:103-07.

86. Pereira B, Shapiro L, King A, Falagas M, Strom J, 
Dinarello C. Plasma levels of IL-1 beta, TNF alpha and 
their specific inhibitors in undialyzed chronic renal failure, 
CAPD and hemodialysis patients. Kidney international. 
1994;45:890-96.

87. Pecoits-Filho R, Sylvestre L, Stenvinkel P. Chronic kidney 
disease and inflammation in pediatric patients: from bench 
to playground. Pediatric nephrology (Berlin, Germany). 
2005;20:714-20.

88. Suliman M, Heimbürger O, Bárány P, et al. Plasma 
pentosidine is associated with inflammation and 
malnutrition in end-stage renal disease patients starting 
on dialysis therapy. Journal of the American Society of 
Nephrology: JASN. 2003;14:1614-22.

89. Harris R, Neilson E. Toward a unified theory of renal 
progression. Annual review of medicine. 2006;57:365-80.

90. Noronha I, Fujihara C, Zatz R. The inflammatory 
component in progressive renal disease--are interventions 

possible? Nephrology dialysis transplantation. 
2002;17:363-68.

91. Stenvinkel P, Pecoits-Filho R, Lindholm B. Coronary artery 
disease in end-stage renal disease: no longer a simple 
plumbing problem. Journal of the American Society of 
Nephrology: JASN. 2003;14:1927-39.

92. Horii Y, Muraguchi A, Iwano M, et al. Involvement of IL-6 in 
mesangial proliferative glomerulonephritis. The Journal of 
immunology 1989;143:3949-55.

93. Wong W, Singh A. Urinary cytokines: clinically useful 
markers of chronic renal disease progression? Current 
opinion in nephrology and hypertension. 2001;10:807-11.

94. Floege J, Johnson R. Multiple roles for platelet-derived 
growth factor in renal disease. Mineral and electrolyte 
metabolism. 1995;21:271-82.

95. Zoja C, Remuzzi G. Role of platelets in progressive 
glomerular diseases. Pediatric nephrology (Berlin, 
Germany). 1995;9:495-502.

96. Müller G, Zeisberg M, Strutz F. The importance of 
tubulointerstitial damage in progressive renal disease. 
Nephrology dialysis transplantation. 2000;15:76-77.

97. Wada T, Sakai N, Matsushima K, Kaneko S. Fibrocytes: 
a new insight into kidney fibrosis. Kidney international. 
2007;72:269-73.

98. Kato S, Abe T, Lindholm B, Maruyama S. Neutrophil/
lymphocyte ratio: A promising prognostic marker in 
patients with chronic kidney disease. Inflammation and 
cell signaling. 2015;2:683-88.

99. Metra M, Cotter G, Gheorghiade M, Dei Cas L, Voors A. 
The role of the kidney in heart failure. European heart 
journal. 2012;33:2135-42.

100. Means Jr R, Krantz S. Progress in understanding the 
pathogenesis of the anemia of chronic disease. Blood. 
1992;80:1639-47.

101. Mansur H, Damasceno VO, Bastos M. Prevalence 
of frailty in patients in chronic kidney disease on 
conservative treatment and on dialysis. Jornal brasileiro 
de nefrologia: ʹorgão oficial de Sociedades Brasileira e 
Latino-Americana de Nefrologia. 2012;34:153-60.

102. Yao Q, Axelsson J, Stenvinkel P, Lindholm B. Chronic 
systemic inflammation in dialysis patients: an update on 
causes and consequences. ASAIO journal (American 
Society for Artificial Internal Organs). 2004;50:lii-Ivii.

103. Pecoits-Filho R, Lindholm B, Stenvinkel P. The 
malnutrition, inflammation, and atherosclerosis (MIA) 
syndrome--the heart of the matter. Nephrology dialysis 
transplantation. 2002;17:28-31.

104. Grzegorzewska AE. Hepatitis B Vaccination in Chronic 
Kidney Disease: Review of Evidence in Non-Dialyzed 
Patients. Hepatitis Monthly. 2012;12:1-9.

105. Betjes M. Immune cell dysfunction and inflammation in 
end-stage renal disease. Nature reviews Nephrology. 
2013;9:255-65.

106. Silverstein D. Inflammation in chronic kidney disease: role 
in the progression of renal and cardiovascular disease. 
Pediatric nephrology 2009;24:1445-52.

107. Kato S, Chmielewski M, Honda H, et al. Aspects of 
immune dysfunction in end-stage renal disease. Clinical 
journal of the American Society of Nephrology: CJASN. 



Immune Response in CKD—Shahbazi et al

296 Iranian Journal of Kidney Diseases | Volume 13 | Number 5 | September 2019

2008;3:1526-33.

108. Cohen G, Haag-Weber M, Hörl W. Immune dysfunction in 
uremia. Kidney international Supplement. 1997;62:S79-
82.

109. Dalrymple L, Go A. Epidemiology of acute infections 
among patients with chronic kidney disease. Clinical 
journal of the American Society of Nephrology: CJASN. 
2008;3:1487-93.

110. Anders H, Andersen K, Stecher B. The intestinal 
microbiota, a leaky gut, and abnormal immunity in kidney 
disease. Kidney international. 2013;83:1010-16.

111. Vaziri ND. CKD impairs barrier function and alters 
microbial flora of the intestine: a major link to inflammation 
and uremic toxicity. Current opinion in nephrology and 
hypertension. 2012;21:587-92.

112. Lech M, Rommele C, Anders H. Pentraxins in nephrology: 
C-reactive protein, serum amyloid P and pentraxin-3. 
Nephrology dialysis transplantation. 2013;28:803-11.

113. Hsu H-W, Lang C-L, Wang M-H, Chiang C-K, Lu K-C. 
A review of chronic kidney disease and the immune 
system: a special form of immunosenescence. Journal of 
Gerontology & Geriatric Research. 2014;2014:1-6.

114. Macdougall I. Role of uremic toxins in exacerbating 
anemia in renal failure. Kidney international Supplement. 
2001;59:S67-72.

115. Tamadon MR, Khatibinezhad A, Ghorbani R, et al. The 
impact of human recombinant erythropoietin on renal 
function in patients with chronic kidney disease. Nephro-
Urology Monthly. 2011;11:114-17.

116. Pahl MV, Vaziri ND. Immune function in chronic kidney 
disease. Chronic renal disease: Elsevier; 2014. p. 285-97.

117. Tenopoulou M, Doulias P-T, Barbouti A, Brunk U, Galaris 
D. Role of compartmentalized redox-active iron in 
hydrogen peroxide-induced DNA damage and apoptosis. 
Biochemical Journal. 2005;387:703-10.

118. Farmakis D, Giakoumis A, Polymeropoulos E, Aessopos 
A. Pathogenetic aspects of immune deficiency associated 
with beta-thalassemia. Medical science monitor: 
international medical journal of experimental and clinical 
research. 2003;9:19-22.

119. Sindrilaru A, Peters T, Wieschalka S, et al. An 
unrestrained proinflammatory M1 macrophage population 
induced by iron impairs wound healing in humans and 
mice. The Journal of Clinical Investigation. 2011;121:985-
97.

120. Smogorzewski M, Massry S. Defects in B-cell function 
and metabolism in uremia: role of parathyroid hormone. 
Kidney international Supplement. 2001;78:186-89.

121. Levin A, Bakris G, Molitch M, et al. Prevalence of 
abnormal serum vitamin D, PTH, calcium, and phosphorus 
in patients with chronic kidney disease: results of 
the study to evaluate early kidney disease. Kidney 
international. 2007;71:31-38.

122. Tian J, Liu Y, Williams L, de Zeeuw D. Potential role of 
active vitamin D in retarding the progression of chronic 
kidney disease. Nephrology dialysis transplantation. 
2007;22:321-28.

123. Liu P, Stenger S, Li H, et al. Toll-like receptor triggering 
of a vitamin D-mediated human antimicrobial response. 

Science. 2006;311:1770-73.

124. Helming L, Böse J, Ehrchen J, et al. 1alpha, 
25-Dihydroxyvitamin D3 is a potent suppressor of 
interferon gamma-mediated macrophage activation. 
Blood. 2005;106:4351-58.

125. Levin A. Kidneys, hearts, hormones and 
immunomodulators: integrated understandings. Blood 
purification. 2006;24:46-50.

126. Tentori F, Hunt W, Stidley C, et al. Mortality risk among 
hemodialysis patients receiving different vitamin D 
analogs. Kidney international. 2006;70:1858-65.

127. Minnaganti V, Cunha B. Infections associated with uremia 
and dialysis. Infectious disease clinics of North America. 
2001;15:385-406.

128. Cohen G, Hörl W. Immune dysfunction in uremia—an 
update. Toxins. 2012;4:962-90.

129. Doulton T, Sabharwal N, Cairns H, et al. Infective 
endocarditis in dialysis patients: new challenges and old. 
Kidney international. 2003;64:720-27.

130. Collins AJ, Foley RN, Gilbertson DT, Chen S-C. US Renal 
Data System, USRDS 2010 Annual data report: atlas of 
chronic kidney disease and end-stage renal disease in 
the United States. Kidney International Supplements. 
2015;5:2-7.

131. von Graevenitz A, Amsterdam D. Microbiological aspects 
of peritonitis associated with continuous ambulatory 
peritoneal dialysis. Clinical Microbiology Reviews. 
1992;5:36-48.

132. Kessler M, Hoen B, Mayeux D, Hestin D, Fontenaille 
C. Bacteremia in patients on chronic hemodialysis. A 
multicenter prospective survey. Nephron. 1993;64:95-100.

133. Tamadon MR. Immunity and chronic kidney disease. 
Immunopathologia Persa. 2016;2:16-21.

134. Carrero J, Stenvinkel P. Inflammation in end-stage renal 
disease--what have we learned in 10 years? Seminars in 
dialysis. 2010;23:498-509.

135. Lim W, Kireta S, Leedham E, Russ G, Coates P. Uremia 
impairs monocyte and monocyte-derived dendritic cell 
function in hemodialysis patients. Kidney international. 
2007;72:1138-48.

136. 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. 2001;59:1382-89.

137. Ando M, Shibuya A, Tsuchiya K, Akiba T, Nitta K. Reduced 
expression of Toll-like receptor 4 contributes to impaired 
cytokine response of monocytes in uremic patients. 
Kidney international. 2006;70:358-62.

138. Vacher-Coponat H, Brunet C, Lyonnet L, et al. Natural 
killer cell alterations correlate with loss of renal function 
and dialysis duration in uraemic patients. Nephrology 
dialysis transplantation. 2008;23:1406-14.

139. Betjes M, Litjens N, Zietse R. Seropositivity for 
cytomegalovirus in patients with end-stage renal disease 
is strongly associated with atherosclerotic disease. 
Nephrology dialysis transplantation. 2007;22:3298-303.

140. Lam M, Leung J, Tang C, et al. Mannose binding 
lectin level and polymorphism in patients on long-term 
peritoneal dialysis. Nephrology dialysis transplantation. 



Immune Response in CKD—Shahbazi et al

297Iranian Journal of Kidney Diseases | Volume 13 | Number 5 | September 2019

2005;20:2489-96.

141. Akbari R, Mireskandari M, Alizadeh-Navaei R, Ghods 
A. Measurement of serum levels of mannose-binding 
lectin in hemodialysis patients: a comparison with healthy 
individuals. Iranian journal of kidney diseases. 2011;5:255-
59.

142. Kurz P, Köhler H, Meuer S, Hütteroth T, Meyer zBK. 
Impaired cellular immune responses in chronic renal 
failure: evidence for a T cell defect. Kidney international. 
1986;29:1209-14.

143. Fouque D, Kalantar-Zadeh K, Kopple J, et al. A proposed 
nomenclature and diagnostic criteria for protein-energy 
wasting in acute and chronic kidney disease. Kidney 
international. 2008;73:391-98.

144. Pahl MV, Gollapudi S, Sepassi L, Gollapudi P, Elahimehr 
R, Vaziri ND. Effect of end-stage renal disease on 
B-lymphocyte subpopulations, IL-7, BAFF and BAFF 
receptor expression. Nephrology Dialysis Transplantation. 
2010;25:205-12.

145. Descamps-Latscha B, Herbelin A, Nguyen A, et al. 
Balance between IL-1 beta, TNF-alpha, and their specific 
inhibitors in chronic renal failure and maintenance 
dialysis. Relationships with activation markers of T cells, 
B cells, and monocytes. The Journal of immunology 
1995;154:882-92.

146. Litjens N, van Druningen C, Betjes M. Progressive 
loss of renal function is associated with activation and 
depletion of naive T lymphocytes. Clinical immunology. 
2006;118:83-91.

147. Betjes M, Langerak A, van der Spek A, de Wit E, Litjens N. 
Premature aging of circulating T cells in patients with end-
stage renal disease. Kidney international. 2011;80:208-17.

148. Raska Jr K, Raskova J, Shea S, et al. T cell subsets 
and cellular immunity in end-stage renal disease. The 
American journal of medicine. 1983;75:734-40.

149. Eleftheriadis T, Antoniadi G, Liakopoulos V, Kartsios 
C, Stefanidis I. Disturbances of acquired immunity in 
hemodialysis patients. Seminars in dialysis. 2007;20:440-
51.

150. Meier P, Dayer E, Blanc E, Wauters J. Early T cell 
activation correlates with expression of apoptosis markers 
in patients with end-stage renal disease. Journal of the 
American Society of Nephrology: JASN. 2002;13:204-12.

151. Menon V, Greene T, Wang X, et al. C-reactive protein and 
albumin as predictors of all-cause and cardiovascular 
mortality in chronic kidney disease. Kidney international. 
2005;68:766-72.

152. Shahrokh S, Heydarian P, Ahmadi F, Saddadi F, Razeghi 
E. Association of inflammatory biomarkers with metabolic 
syndrome in hemodialysis patients. Renal failure. 
2012;34:1109-13.

153. Nelson S, Tennent G, Sethi D, et al. Serum amyloid P 
component in chronic renal failure and dialysis. Clinica 
chimica acta; international journal of clinical chemistry. 
1991;200:191-99.

154. Sjöberg B, Qureshi A, Heimbürger O, et al. Association 
between levels of pentraxin 3 and incidence of chronic 
kidney disease in the elderly. Journal of Internal Medicine. 
2016;279:173-79.

155. Suliman ME, Yilmaz MI, Carrero JJ, et al. Novel Links 

between the Long Pentraxin 3, Endothelial Dysfunction, 
and Albuminuria in Early and Advanced Chronic Kidney 
Disease. Clinical Journal of the American Society of 
Nephrology: CJASN. 2008;3:976-85.

156. Shlipak M, Fried L, Crump C, et al. Elevations of 
inflammatory and procoagulant biomarkers in elderly 
persons with renal insufficiency. Circulation. 2003;107:87-
92.

157. Tong M, Carrero J, Qureshi A, et al. Plasma pentraxin 3 
in patients with chronic kidney disease: associations with 
renal function, protein-energy wasting, cardiovascular 
disease, and mortality. Clinical journal of the American 
Society of Nephrology: CJASN. 2007;2:889-97.

158. Landray M, Wheeler D, Lip G, et al. Inflammation, 
endothelial dysfunction, and platelet activation in patients 
with chronic kidney disease: the chronic renal impairment 
in Birmingham (CRIB) study. American journal of kidney 
diseases. 2004;43:244-53.

159. Owen W, Lowrie E. C-reactive protein as an outcome 
predictor for maintenance hemodialysis patients. Kidney 
international. 1998;54:627-36.

160. Panichi V, Taccola D, Rizza G, et al. Interleukin-8 
is a powerful prognostic predictor of all-cause and 
cardiovascular mortality in dialytic patients. Nephron 
Clinical practice. 2006;102:c51-58.

161. Li L, Huang L, Vergis AL, et al. IL-17 produced by 
neutrophils regulates IFN-γ–mediated neutrophil migration 
in mouse kidney ischemia-reperfusion injury. The Journal 
of Clinical Investigation. 2010;120:331-42.

162. Almroth G, Lönn J, Uhlin F, Brudin L, Andersson B, 
Hahn-Zoric M. Sclerostin, TNF-alpha and Interleukin-18 
Correlate and are Together with Klotho Related to Other 
Growth Factors and Cytokines in Haemodialysis Patients. 
Scandinavian journal of immunology. 2016;83:58-63.

163. Kimmel P, Phillips T, Simmens S, et al. Immunologic 
function and survival in hemodialysis patients. Kidney 
international. 1998;54:236-44.

164. Safranow K, Dziedziejko V, Rzeuski R, et al. Plasma 
concentrations of TNF-alpha and its soluble receptors 
sTNFR1 and sTNFR2 in patients with coronary artery 
disease. Tissue antigens. 2009;74:386-92.

165. Striker L, Peten E, Elliot S, Doi T, Striker G. Mesangial 
cell turnover: effect of heparin and peptide growth factors. 
Laboratory investigation; a journal of technical methods 
and pathology. 1991;64:446-56.

166. Pober J, Cotran R. Cytokines and endothelial cell biology. 
Physiological reviews. 1990;70:427-51.

167. Heidari B, Taheri H, Hajian-Tilaki K, Yolmeh M, Akbari R. 
Low baseline serum albumin as a predictor of anemia in 
chronic hemodialysis patients. Caspian journal of internal 
medicine. 2015;6:161-64.

168. Kaysen G, Kumar V. Inflammation in ESRD: causes and 
potential consequences. Journal of renal nutrition: the 
official journal of the Council on Renal Nutrition of the 
National Kidney Foundation. 2003;13:158-60.

169. Wang A, Woo J, Lam C, et al. Associations of serum 
fetuin-A with malnutrition, inflammation, atherosclerosis 
and valvular calcification syndrome and outcome 
in peritoneal dialysis patients. Nephrology dialysis 
transplantation. 2005;20:1676-85.



Immune Response in CKD—Shahbazi et al

298 Iranian Journal of Kidney Diseases | Volume 13 | Number 5 | September 2019

170. Ketteler M, Bongartz P, Westenfeld R, et al. Association 
of low fetuin-A (AHSG) concentrations in serum with 
cardiovascular mortality in patients on dialysis: a cross-
sectional study. The Lancet 2003;361:827-33.

171. Xu G, Luo K, Liu H, Huang T, Fang X, Tu W. The progress 
of inflammation and oxidative stress in patients with 
chronic kidney disease. Renal failure. 2015;37:45-49.

172. Witko-Sarsat V, Friedlander M, Nguyen KT, et al. 
Advanced oxidation protein products as novel mediators 
of inflammation and monocyte activation in chronic renal 
failure. The Journal of immunology 1998;161:2524-32.

173. Rodrigues V, Franco M, Marques C, et al. Salivary 
levels of calcium, phosphorus, potassium, albumin 
and correlation with serum biomarkers in hemodialysis 
patients. Archives of oral biology. 2015;62:58-63.

174. Movilli E, Feliciani A, Camerini C, et al. A high calcium-
phosphate product is associated with high C-reactive 
protein concentrations in hemodialysis patients. Nephron 
Clinical practice. 2005;101:c161-67.

175. Kestenbaum B, Sampson J, Rudser K, et al. Serum 
phosphate levels and mortality risk among people with 
chronic kidney disease. Journal of the American Society of 
Nephrology: JASN. 2005;16:520-28.

176. Esen B, Atay AE, Sahin I, et al. The Relation of Serum 
25-Hydroxy Vitamin D3 with Inflammation and Indirect 
Markers of Thrombotic Activity in Patients with End 
Stage Renal Disease. Journal of Clinical & Experimental 
Nephrology. 2016;1:1-6.

177. Alborzi P, Patel N, Peterson C, et al. Paricalcitol reduces 
albuminuria and inflammation in chronic kidney disease: 
a randomized double-blind pilot trial. Hypertension. 
2008;52:249-55.

178. Schiffrin E, Lipman M, Mann J. Chronic kidney disease: 
effects on the cardiovascular system. Circulation. 
2007;116:85-97.

179. Sakai N, Wada T, Furuichi K, et al. p38 MAPK 
phosphorylation and NF-kappa B activation in human 
crescentic glomerulonephritis. Nephrology dialysis 
transplantation. 2002;17:998-1004.

180. Furuichi K, Kaneko S, Wada T. Chemokine/chemokine 
receptor-mediated inflammation regulates pathologic 
changes from acute kidney injury to chronic kidney 
disease. Clinical and experimental nephrology. 2009;13:9-
14.

181. Zoccali C, Mallamaci F, Tripepi G, et al. Adiponectin, 
metabolic risk factors, and cardiovascular events among 
patients with end-stage renal disease. Journal of the 
American Society of Nephrology: JASN. 2002;13:134-41.

182. Silswal N, Singh A, Aruna B, Mukhopadhyay S, 
Ghosh S, Ehtesham N. Human resistin stimulates 
the pro-inflammatory cytokines TNF-alpha and IL-12 
in macrophages by NF-kappaB-dependent pathway. 
Biochemical and biophysical research communications. 
2005;334:1092-101.

183. Mak R, Cheung W, Cone R, Marks D. Leptin and 
inflammation-associated cachexia in chronic kidney 
disease. Kidney international. 2006;69:794-97.

184. Axelsson J, Møller H, Witasp A, et al. Changes in fat mass 
correlate with changes in soluble sCD163, a marker of 
mature macrophages, in patients with CKD. American 

journal of kidney diseases. 2006;48:916-25.

185. Munoz MJ, Isakova T, Ricardo A, et al. Fibroblast growth 
factor 23 and Inflammation in CKD. Clinical journal of the 
American Society of Nephrology: CJASN. 2012;7:1155-62.

186. Lin J, Tönshoff B, Bouriquet N, Casellas D, Kaskel 
F, Moore L. Insulin-like growth factor-I restores 
microvascular autoregulation in experimental chronic renal 
failure. Kidney international Supplement. 1998;54:S195-
98.

187. Yeun J, Levine R, Mantadilok V, Kaysen G. C-Reactive 
protein predicts all-cause and cardiovascular mortality 
in hemodialysis patients. American journal of kidney 
diseases. 2000;35:469-76.

188. Fishbane S, Kalantar-Zadeh K, Nissenson A. Serum 
ferritin in chronic kidney disease: reconsidering the upper 
limit for iron treatment. Seminars in dialysis. 2004;17:336-
41.

189. Turkmen K, Erdur F, Ozcicek F, et al. Platelet-to-
lymphocyte ratio better predicts inflammation than 
neutrophil-to-lymphocyte ratio in end-stage renal disease 
patients. Hemodialysis international International 
Symposium on Home Hemodialysis. 2013;17:391-96.

190. Nairn J, Hodge G, Henning P. Changes in leukocyte 
subsets: clinical implications for children with chronic 
renal failure. Pediatric nephrology (Berlin, Germany). 
2005;20:190-96.

191. Säemann M, Weichhart T, Zeyda M, et al. Tamm-Horsfall 
glycoprotein links innate immune cell activation with 
adaptive immunity via a Toll-like receptor-4-dependent 
mechanism. The Journal of clinical investigation. 
2005;115:468-75.

192. Darisipudi MN, Thomasova D, Mulay SR, et al. 
Uromodulin Triggers IL-1β–Dependent Innate Immunity 
via the NLRP3 Inflammasome. Journal of the American 
Society of Nephrology: JASN. 2012;23:1783-89.

193. Sethi S, Fervenza F. Membranoproliferative 
glomerulonephritis--a new look at an old entity. The New 
England journal of medicine. 2012;366:1119-31.

194. Bakris G, Williams M, Dworkin L, et al. Preserving 
renal function in adults with hypertension and diabetes: 
a consensus approach. National Kidney Foundation 
Hypertension and Diabetes Executive Committees 
Working Group. American journal of kidney diseases. 
2000;36:646-61.

195. Matsuguma K, Ueda S, Yamagishi S, et al. Molecular 
mechanism for elevation of asymmetric dimethylarginine 
and its role for hypertension in chronic kidney disease. 
Journal of the American Society of Nephrology: JASN. 
2006;17:2176-83.

196. Hojs R, Bevc S, Ekart R. Biomarkers in hemodialysis 
patients. Advances in clinical chemistry. 2012;57:29-56.

197. Bolton K, Beddhu S, Campese V, et al. K/DOQI clinical 
practice guidelines for cardiovascular disease in 
dialysis patients. American Journal of Kidney Diseases. 
2005;45:S1-153.

198. Yilmaz MI, Sonmez A, Saglam M, et al. ADMA Levels 
Correlate with Proteinuria, Secondary Amyloidosis, and 
Endothelial Dysfunction. Journal of the American Society 
of Nephrology: JASN. 2008;19:388-95.

199. Zoccali C, Mallamaci F, Tripepi G, Cutrupi S, Pizzini P. 



Immune Response in CKD—Shahbazi et al

299Iranian Journal of Kidney Diseases | Volume 13 | Number 5 | September 2019

Low triiodothyronine and survival in end-stage renal 
disease. Kidney international. 2006;70:523-28.

200. Zoccali C, Tripepi G, Cutrupi S, Pizzini P, Mallamaci F. 
Low triiodothyronine: a new facet of inflammation in end-
stage renal disease. Journal of the American Society of 
Nephrology: JASN. 2005;16:2789-95.

201. Rubab Z, Amin H, Abbas K, Hussain S, Ullah M, Mohsin 
S. Serum hepcidin levels in patients with end-stage renal 
disease on hemodialysis. Saudi journal of kidney diseases 
and transplantation. 2015;26:19-25.

202. Breit S, Carrero J, Tsai V, et al. Macrophage inhibitory 
cytokine-1 (MIC-1/GDF15) and mortality in end-stage 
renal disease. Nephrology dialysis transplantation. 
2012;27:70-75.

203. Akbari R, Najafi I, Maleki S, Alizadeh-Navaei R. Serum 
Mannose-binding Lectin in Patients on Peritoneal Dialysis 
Compared With Healthy Individuals. Iranian journal of 
kidney diseases. 2016;10:26-29.

204. Rysz J, Gluba-Brzózka A, Franczyk B, Jabłonowski Z, 
Ciałkowska-Rysz A. Novel Biomarkers in the Diagnosis 
of Chronic Kidney Disease and the Prediction of Its 
Outcome. International Journal of Molecular Sciences. 
2017;18:1702-19.

205. Bulluck H, Maiti R, Chakraborty B, et al. Neutrophil 
gelatinase-associated lipocalin prior to cardiac surgery 
predicts acute kidney injury and mortality. Heart. 
2018;104:313-17.

206. Firoozjahi A, Akbari R, Heidari B, Ghazimirsaeed A, Hajian 
K, Satvati J. Evaluation of Serum Omentin Concentration 
and its Association with Cardiovascular Risk Factors 
in Patients Undergoing Hemodialysis. Journal of Babol 
University of Medical Sciences (JBUMS). 2015;17:28-34.

207. Mansouri L. Chronic kidney disease: a complex network 
of leukocyte dysfunction and inflammation. Karolinska 
Institutet. 2016.

208. Sharif M, Chitsazian Z, Moosavian M, et al. Immune 
disorders in hemodialysis patients. Iranian journal of 
kidney diseases. 2015;9:84-96.

209. Hörl W, Cohen J, Harrington J, Madias N, Zusman C. 
Atherosclerosis and uremic retention solutes. Kidney 
international. 2004;66:1719-31.

210. Peraldi M, Berrou J, Métivier F, Toubert A. Natural killer 
cell dysfunction in uremia: the role of oxidative stress and 
the effects of dialysis. Blood purification. 2013;35:14-19.

211. Heine G, Ortiz A, Massy Z, et al. Monocyte subpopulations 

and cardiovascular risk in chronic kidney disease. Nature 
reviews Nephrology. 2012;8:362-69.

212. Moradi H, Ganji S, Kamanna V, Pahl M, Vaziri N. 
Increased monocyte adhesion-promoting capacity of 
plasma in end-stage renal disease-response to antioxidant 
therapy. Clinical nephrology. 2010;74:273-81.

213. Ando M, Gåfvels M, Bergström J, Lindholm B, Lundkvist I. 
Uremic serum enhances scavenger receptor expression 
and activity in the human monocytic cell line U937. Kidney 
international. 1997;51:785-92.

214. Libetta C, Rampino T, Dal Canton A. Polarization of 
T-helper lymphocytes toward the Th2 phenotype in 
uremic patients. American journal of kidney diseases. 
2001;38:286-95.

215. Beaman M, Michael J, MacLennan I, Adu D. T-cell-
independent and T-cell-dependent antibody responses 
in patients with chronic renal failure. Nephrology dialysis 
transplantation. 1989;4:216-21.

216. Reddan D, Klassen P, Szczech L, et al. White blood cells 
as a novel mortality predictor in haemodialysis patients. 
Nephrology dialysis transplantation. 2003;18:1167-73.

217. Lang C-L, Wang M-H, Hung K-Y, Chiang C-K, Lu K-C. 
Altered molecular repertoire of immune system by renal 
dysfunction in the elderly: is prediction and targeted 
prevention in the horizon? The EPMA Journal. 2013;4:4-
17.

Correspondence to:
Mousa Mohammadnia-Afrouzi, MD
Department of Immunology, School of Medicine, Babol 
University of Medical Sciences, Ganjafrooz Street, Babol, Iran
Tel: +98 1132192832
E-mail: m.mohammadnia@mubabol.ac.ir

Roghayeh Akbari, MD
Kidney Transplantation Center, Shahid Beheshti Hospital, Babol 
University of Medical Sciences, Babol, Iran
Sargord Ghasemi Street, Babol, Iran
Tel: +98 1132252071
E-mail: roghayeh.akbari@yahoo.com

Received April 2019
Revised July 2019
Accepted August 2019


