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Abstract

The morbidity and mortality rate of patients with
chronic kidney disease (CKD) remains high despite
progressive development in CKD management. Mi-
cro inflammation is an important component of CKD
and has an important role in the pathophysiology of
cardiovascular disease (CVD) complications, as well
as a protein-energy deficiency (PED) and mortality.
Various factors contribute to the inflammatory state of
CKD, including increased production and decreased
excretion of pro-inflammatory cytokines, oxidative
stress, acidosis, chronic vascular access infection, fat
metabolism dysregulation, and intestinal dysbiosis.
The inflammatory process is directly correlated with
glomerular filtration rate (GFR) in CKD and reaches its
peak in end-stage renal disease (ESRD). Several dialy-
sis-related factors such as bioincompatible membranes
and dialysate quality also have important roles in the
inflammatory process. Meanwhile, the role of genetic
and epigenetic factors is being widely studied. Efforts
in reducing inflammation such as lifestyle modifica-
tion, medication, and dialysis optimization have been
performed and tested in controlled clinical trials.
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Introduction

Inflammation as part of CKD has been linked with
CVD, PED, and mortality."* The interest in inflam-
mation in CKD and ESRD has developed over many
years, marked by the shift of inflammation from a novel
subject to an established term. In this article, we review
the latest development of uremic inflammation and its
implications, the role of mediators of inflammation in
hemodynamics, salt, and water homeostasis, as well
as blood pressure. Uncontrolled inflammation leads to
glomerular, tubular, and interstitial damage. Patholog-
ical disorders of the kidneys are associated with acute
kidney disorders and chronic kidney disease. Inflam-
mation is associated with cardiovascular disease and
diabetes, which leads to organ damage including the
kidney.?

Inflammation and CKD Outcome

It has been found that there’s an inverse correlation
between GFR and inflammation. In the Chronic Renal
Insulin Cohort (CRIC) study, inflammatory markers
(IL1B, IL-1 antagonist receptor, IL-6, TNF-L, CRP,
and fibrinogen) were inversely associated with renal
function and were directly proportional to albumin-
uria.* Various inflammatory markers have different
predictive values for CKD and ESRD. A study shows
IL-6, WBC, and TNF could predict all-cause mortality
risk.!

Specific roles of multiple cytokines are being investi-
gated in CKD/ESRD, such as increased IL-2 in chronic
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HD patients with uremic pruritus compared to patients
with non-uremic pruritus.® Obesity-related CKD is as-
sociated with spleen derived IL-10.° TNF-like weak in-
ducer of apoptosis (TWEAK) is capable of stimulating
the expression of inflammatory cytokines in renal cells
and the down-regulation of in vitro and in-vivo excre-
tion of klotho.” Soluble TWEAK is associated with the
severity of coronary heart disease (CHD) in stage 2-3
CKD.}

A study by Akchurin et al. in patients with progressive
dependence towards HD reported high levels of pro-in-
flammatory cytokines IL-1, IL-6, and TNFL and low
levels of anti-inflammatory cytokines IL-2, IL-4. IL-5,
IL-12, CH 50 and T-Cell. This study showed that CKD
patients with high levels of pro-inflammatory cytokines
had a lower survival rate.

Recent data show the importance of adipokine roles in
CKD such as leptin, apelin, omentin, visfatin, resistin,
and anti-inflammatory adipokine.” A study by Lim et
al. showed that CKD patients had a positive associa-
tion with serum adiponectin and leptin level.!® Similar-
ly, adiponectin levels are significantly higher in CKD
patients than those with normal kidney function." At
CKD stage 2-5, leptin levels are associated with meta-
bolic syndrome scores and PTH levels."

Persistent inflammation in CKD is not only related to
CVD outcomes including atherosclerosis but also plays
an important role in the onset of PED. Hypoalbumin-
emia is strongly associated with mortality in dialysis
patients. The underlying condition is inflammation and
not just malnutrition.'*!* There are several mechanisms
suspected to cause PED.!* Proinflammatory cytokines
directly affect the brain causing anorexia. In addition,
inflammatory markers, particularly IL-6, are associated
with the onset of depression in both CKD and ESRD
and have predictive value for morbidity, morbidity and
decreased nutritional intake.'® Inflammation not only
causes malnutrition but also increases resting energy
expenditure (REE). The immune system occupies the
3rd position in consuming body energy after brain and
muscle. Furthermore, the inflammatory process inhib-
its anabolic hormones such as growth hormone (GH),
IGF-1 and testosterone.'”

The consequences of inflammatory processes in re-
nal disease also include anemia and mineral and bone
metabolism disorders (CKD-MBD), including growth
disorders in children with CKD. TNF-L as a potent cy-
tokine in activating osteoclast and bone resorption can
cause pathological fractures in patients with CKD.'
Munoz et al study reported high levels of FGF23 are
independently associated with high levels of IL-6, CRP,
TNF-L and fibrinogen (77)." Meanwhile, IL-1 and IL-6
inhibit PTH secretion. Low levels of PTH illustrate
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more of the condition of malnutrition-inflammatory-ca-
chexia syndrome instead of low bone turnover disease
(33).%

Inflammation in CKD also plays an important role in
the occurrence of anemia and erythropoietin resistance
(Epo).*' Inflammatory effects on Epo are multifactorial,
such as the inhibition in the production of Epo, suppres-
sion of the effects of EPO stimulation on erythropoiesis
process, increased the production of hepcidin, and met-
abolic iron disorders.*

Another component that also contributes to the inflam-
matory process is oxidative stress. Oxidants are phys-
iologically generated from tissue repair processes, for
example after the invasion of microorganisms or oth-
er foreign antigens. However, a prolonged time of this
process will have a detrimental effect and contribute to
cell and tissue damage.” Inflammation in patients with
CKD can be triggered by activation of the complement
system. Hemodialysis with cellulose and hemicellulose
contributes to oxidant production and complement ac-
tivation, resulting in worsening oxidative stress. The
pathophysiology of inflammation differs between race,
ethnicity, and genetic backgrounds. Crews et al re-
ported in a cohort study the absence of survival rate in
ESRD patients with low inflammation levels, whereas
a racial-paradox was observed with the presence of a
significantly higher survival rate in patients with high
inflammation levels.* Some studies reported the car-
dioprotective traits of certain IL-10 genotypes against
CVD complications.” Low levels of IL-10 can reduce
symptoms in patients with ESRD.

Etiology of inflammation in CKD

Multiple factors influence immune system dysregu-
lation and activation of inflammation in CKD; due to
the underlying disease leading to CKD or the uremia
caused by CKD itself. Other factors include lifestyle,
diet, and environment depicting epigenetic impact. The
high levels of proinflammatory cytokines can be the re-
sult of increased production and decreased excretion.®
Uremia increases the production of oxidative stress,
carbonyl stress, and is further aggravated by iron sup-
plementation in CKD patients.?® Metabolic acidosis is
also an important cause of inflammation.?’

CKD patients, especially with ESRD, tend to develop
infection and thrombosis that can easily induce inflam-
mation such as vascular access infection, intravenous
fistula, and graft thrombosis, peritonitis episodes in
peritoneal dialysis patients, and chronic periodontal
inflammation, that can lead to the decline of survival
rate.’
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Uremic toxins are also suspected to contribute to the
presence of intestinal dysbiosis in CKD, leading to in-
creased risk of bacterial translocation and systemically
induce inflammation.”® A latest cross-sectional study
in stage 3-4 CKD patients showed that indoxyl sulfate
dan p cresyl sulfate (a reno-cardiac toxin produced by
intestinal microbiota) is associated with increased in-
flammation biomarkers and CKD patients’ arterial stiff-
ness.”

Vitamin D is widely known to have a role in the regu-
lation of the immune system. Other than the inability
to produce 1.25(0OH)2 vitamin D, CKD patients also
lose the ability to maintain an adequate concentration
of 25(OH) vitamin D. The deficiency of vitamin D and
immune system dysfunction is thought to be a contrib-
uting factor to inflammation. *°

In CKD patients, pro-inflammatory cytokines are also
produced by other tissues such as adipose tissues and
not just lymphocytes. Visceral adipose tissue of ESRD
patients expresses pro-inflammatory mRNA such as
TNF-L, CD68, adiponectin receptor-1, MCP-1. In stage
3-5 CKD, the visceral fat volume is correlated with IL-
6.°! The effect of high levels of adiponectin receptor-1
in CKD might be suppressed by adiponectin resistance
in the post-receptor level. *

Hemodialysis itself has been known to increase the
transcription process of pro-inflammatory cytokines.
Extracorporeal factors that induce inflammation include
contaminated dialysate fluid, microbiological quality of
dialysate fluid, and incompatible dialysis membranes.

Therapy of Inflammation in CKD

Therapy of the inflammatory process in CKD includes
lifestyle modification, pharmacologic management,
and dialysis optimization. Certain diets, oral vitamin
supplementation, and physical exercise at home and
during hemodialysis appear to be beneficial and eco-
nomical for the reduction of mortality and improve-
ment of quality of life in ESRD patients.** The response
to such treatments depends on the level of inflammation
in CKD.**

Other than total nutritional intake, certain diet compo-
nents affect the inflammatory process in CKD such as
omega-3 fatty acid (fish oil), catechin, decaffeinated
green tea, pomegranate juice, soy milk, fiber, and pro-
biotics.*

The pharmacological intervention aims to suppress the
inflammatory process as shown in experimental animal
studies. Non-conventional anti-inflammatory interven-
tion includes growth-hormone, vitamin D, new anti-in-
gammatory drugs, antioxidants, and specific anti-cyto-
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kine therapy.

Traditional CKD treatments have been extensively
studied. A meta-analysis showed statins can alleviate
chronic inflammatory states in ESRD patients.** angio-
tensin-receptor blocker olmesartan administration in
CKD patient stage 3-4 for 16 weeks induced significant
reduction in CRP and fibrinogen, but not adipokines.?’

Oxidative stress from hemodialysis can be reduced
through multiple interventions to dampen inflammato-
ry cell activity and to decrease inflammation mediators.
Dampening inflammatory cell activity is done using bio-
compatible synthetic dialysis membranes such as poly-
sulfone and highly purified dialysate. The extraction of
inflammatory mediators can be done through hemoli-
podialysis, using a dialysis membrane coated with vi-
tamin E and electrolyzed reduced water. Treatments
of oxidative stress have developed extensively, such
as gamma-tocopherol, docosahexaenoic acid, N-ace-
tylcysteine, bardoxolone methyl and vitamin E-coated
dialyzer membrane.*® In a randomized controlled study;,
gamma-tocopherol and docosahexaenoic significantly
reduce IL-6, leukocyte, and neutrophil in dialysis pa-
tients, although they don’t reduce CRP, F2 isoprostane,
and protein carbonyl.* A meta-analysis showed vita-
min E-coated dialyzer membrane significantly reduced
inflammation and oxidative stress without affecting the
adequacy of the dialysis itself.

Cytokine targeted therapy has also shown promising
results and research has been done in patients without
CKD as well. Specific anti-IL-1, I1-6, and TNF therapy
in CKD patients are still limited. Administration of IL-1
receptor antagonist in dialysis patients has been shown
to reduce CRP and IL-6, and increased albumin, preal-
bumin, lean body mass, and adiponectin.*' For dialysis
patients, ideal therapy for reducing inflammation in-
cludes eliminating inflammatory factors and mediators,
using biocompatible dialyzer membranes, good quality
water, ultrapure dialysate, increased dialysis frequency,
and hemodiafiltration.

The latest meta-analysis showed the use of ultrapure
dialysis reduced inflammatory markers and oxidative
stress, and increased albumin and hemoglobin, reduc-
ing the need for EPO. Frequent and short dialysis is
more favorable in reducing inflammation and increas-
ing EPO sensitivity, while extended/frequent dialysis
promotes better outcomes for CVD.** Hemodiafiltra-
tion reduces inflammatory activity by increasing medi-
um-sized molecules clearance by convection. A study
by Agbas et al showed online hemodiafiltration could
reduce inflammation marked by reduced IL-6 and CRP
levels compared to low-flux hemodialysis.** Mercadal
et al study concluded that hemodiafiltration had better
cumulative survival regardless of dialysis
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prescription.*

In conclusion, persistent microinflammation is insepa-
rable from CKD. It contributes to the development of
various complications such as CVD, malnutrition, etc.
and mortality. The factors contributing to this condition
include reduced excretion of inflammatory cytokines,
oxidative stress, acidosis, recurrent infection, adipose
tissue, poor dialysate water quality, and incompatible
dialyzer membrane. Interventional therapy includes
lifestyle modification, pharmacological therapy, and
dialysis optimization. Further study is much needed in
the future.

Activation of the immune system is the most important
factor in the progression of kidney disease both acute
and chronic. The immune system is composed of innate
and adaptive immunity. The innate immunity is the first
line of defense when pathogens are first introduced to
the body and is not specific, whereas the adaptive im-
munity serves as a specific immunity after the initial
encounter of pathogens with innate immunity.

Innate Immunity in CKD

Toll-like receptors (TLR) have been linked to acute kid-
ney injury (AKI) and CKD in several studies. TLR are
proteins that act as an identifier of pathogenic proteins,
which will bind pathogenic antigens and stimulate in-
flammatory responses. TLR correlates directly with
AKI and is known to have a pathogenic role in CKD.*

Dendritic cells also have an important role in inflam-
mation, being the activator of T cells. Macrophages are
also found in kidneys of CKD patients. Macrophages
are activated after the activation of the complement
system or T cells effector in the kidney, leading to the
possibility of macrophage not being the primary factor
in CKD progression. “° However, several studies found
AKI, CKD, and immune-mediated glomerulonephritis
are correlated with the number of macrophages found
in the kidney.*” Natural killer cells are also known to
cause macrophage activation, contributing to inflam-
mation. * Osteopontin is also a factor responsible for
the recruitment of macrophages and can increase during
proteinuria. ¥

Adaptive immunity and CKD

The adaptive immunity is mainly regulated by the ac-
tivity of B and T cells. B lymphocytes produce an au-
toantibody that plays a role in kidney disease.”® CD8 +
cytotoxic T cells and CD4 + T helper (Th) cells are the
main T cells that work in the adaptive immune system.
CD8 + T cells are T cells which are analogous to NK
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cells and have a role in destroying infected cells but
not in recognizing specific antigens. Cytotoxic T cells
are activated by kidney-specific autoantigen which can
cause kidney disease and inflammation; the active CDS8
+ T cells can release additional autoantigens resulting in
the activation of more CD8 + cytotoxic T cells, which
lead to more kidney damage and inflammation.”!

CD4+ Th cells are activated by inflammatory cytokines
and antigens. Th cells consist of Thl, Th2, and Thl17.
Th1 is marked by the production of inflammatory cyto-
kines such as IFN-y, IL-2, lymphotoxin-a, and TNF-a
and stimulate the activation of macrophage and CD8+
T cells, leading to tissue damage. On the contrary, Th2
plays an anti-inflammatory role by downregulating Th1
and suppress macrophage activation by producing IL-
4, IL-5, and IL-10. Th17 cells can induce inflamma-
tion in the kidneys by expressing TNF-a and upregulate
chemokines which leads to invasion of the kidneys by
immune cells. >

Renal hemodynamic changes

The accumulation and activation of leukocytes, mono-
cytes, and macrophages in the kidney lead to hemody-
namic changes such as reduced blood flow and glomer-
ular filtration rate (GFR).>* Cytokines such as TNF-a,
TNF-B, and interleukins can also increase sodium ex-
cretion, reduced renal blood flow, and reduced GFR. **

Glomerular and tubulointerstitial pathology

When the kidneys fail to function, complex mechanisms
occur thus leading to terminal stage kidney failure. This
complex mechanism includes cytokine activity in renal
hemodynamic, and glomerulotubular function, which
leads to a progressive reduction in GFR.

Mesangial cells plays an important role in glomerular
pathology by being a mediator for inflammation.” In
a state of immunodeficiency, active mesangial cells
release cytokines such as IL-1, RANTES, MCP-1,
TGF-8, and heparin bind to epidermal growth factor
(HB-EGF).** Increased cytokines and growth factors re-
sult in mesangial cell proliferation, which later secretes
extracellular matrix components contributing to tubu-
lar sclerosis. >’ After inflammation, a fibrotic repair will
occur. However, in CKD, chronic inflammation caus-
es progressive fibrosis leading to scarring and kidney
damage. Tubular cells damaged by lymphocytes and
cytokines transform into fibroblasts. These fibroblasts
produce extracellular matrix components contributing
to over-accumulation of collagen and fibrosis.™®
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Diabetes mellitus

Diabetes mellitus is one of the main causes of ESRD.”
Proteinuria and inflammation play a role in tubuloint-
erstitial damage resulting in a progressive decline of
GFR.% Immune system activation and chronic inflam-
mation is highly associated with diabetes, which in turn
makes diabetes an inflammatory disease. ®' Inflamma-
tion in diabetic kidney disease causes impairment in
metabolic transport, renal hemodynamic, and tubular
function. Inflammatory mediators such as IL-18 and
TNF increased in patients with diabetes and diabetic
nephropathy. Studies have shown IL-18 to be a signifi-
cant marker for diabetic kidney disease progression. ¢

Several studies have found the causative role of acute
phase inflammation related to the increase of renal
ICAM-1 and MCP-1 in diabetic nephropathy. ** ICAM-
1 tends to interact with T cells causing migration to the
kidneys of diabetics. MCP-1 plays a role in diabetic
kidney disease by blocking the MCP-1/CCR2 pathway
and inhibits glomerulosclerosis and progression of di-
abetic nephropathy. ® Other inflammatory mediators
such as IL-6 increase afterward and thus increases me-
sangial cells; podocyte IL-6 levels have been linked to
the progressivity of diabetic kidney disease .%> IL-1 lev-
els increase in the kidneys of diabetic patients and is as-
sociated with the proliferation of glomerular mesangial
cells and matrix production. ® Despite increasing at the
same time-point of disease in the development of dia-
betic nephropathy both in type 1 and type 2 diabetes,
each inflammatory mediator plays a different role in
each type of diabetes. ¢

Type 1 diabetes is caused by an idiopathic autoimmune
disease causing damage to pancreatic -cells, causing
hyperglycemia. Hyperglycemia increases the level of
NF-B which causes an increase of CAM. % Other in-
flammatory mediators such as TNF-a, MCP-1, IL-1,
IL-6, and MCP-1 also increase under the regulation of
NF-B. VEGF levels also increase in type 1 diabetes. ¢
Other factors stimulating kidney damage in type 1 dia-
betes are AGEs and ROS.

In type 2 diabetes, the difference in the mechanism of
kidney damage is the involvement of adipokines, the
adipocyte cytokines. Activation of TLR4 in adipocytes
is linked to insulin resistance in obese patients with type
2 diabetes, triggering cascades of signals and activates
NF-_B and the release of inflammatory molecules. *
TLR2 and TLR4 also induce the expression of chemo-
kines in tubular epithelial cells. ® Obesity and type 2
diabetes lead to the decrease of the anti-inflammatory
adiponectin and the increase of the pro-inflammatory
leptin and resistin. ™

Review Article
Hypertension

It has been known that immunity contributes to hy-
pertension. According to evidence from the past few
years, hypertension has been known to be an inflam-
matory process that involves both the innate and adap-
tive immune cells. The immune cells transmigrate and
accumulate in the interstitium of the affected tissues
and then release cytokines, promoting oxidative stress.
Recent data have also elucidated the role of T cells and
its various derived cytokines in the development of
experimental hypertension. These studies suggest that
T cells that infiltrate the kidneys and perivascular re-
gions are stimulated by angiotensin II, deoxycorticoste-
rone acetate-salt, and excessive catecholamines. There
is also an accumulation of monocyte/macrophages in
these regions. Cytokines released from macrophages/
monocyte that also accumulate in these areas, includ-
ing interleukin-17, interferon-y, tumor necrosis factora,
and interleukin-6, cause renal and vascular disruption,
leading to sodium retention and increased systemic
vascular resistance. ”' Immunosuppressing agents such
as mycophenolate mofetil (MMF), TNF receptor block-
er etanercept, and dexamethasone, prevent the matura-
tion of dendritic cells and T cell infiltration in double
transgenic rats with hypertension which contain human
renin and angiotensinogen genes. > T cells are more
dominant in the role of kidney damage compared to B
cells. * Angiotensin II in itself also directly increases
the release of renal cytokines, adhesion molecule ex-
pression, and production of PAI-1, and also activate
NF-KB and reactive oxygen species (ROS) which will
increase renal cytokines levels.”™

A study elucidating the role of T cells in hypertension
has shed light on the concept of activated T cells and
the release of renal cytokines inducing the increase of
blood pressure. A correlation between the level of cir-
culating Th1 cytokines such as TNF and IL-6 and blood
pressure has also been found. IL-6 has been known to
increase the number of angiotensin I receptors, causing
increased sodium absorption and vasoconstriction.”
The increased sodium absorption was made possible by
the JAK2/STAT?3 signal activation in the tubular epithe-
lium caused by IL-6. However, IL-6 was not found to
be correlated to decreased renal perfusion in angioten-
sin II hypertension.” MCP-1 and CCR2 receptor also
contribute to renovascular hypertension and kidney
damage.”’

Kidney inflammation associated with obesity was also
a contributing factor to hypertension and renal damage;
metabolic syndrome will increase inflammation in the
kidneys and accelerate CKD. The renal blood flow and
glomerular filtration rate in obese individuals tend to
increase, leading to increased macrophage infiltration
and proinflammatory cytokine levels. 7
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Cytokine IL-6, TNF-a, and MCP-1 increase in hyper-
tensive obese compared to non-obese hypertensive in-
dividuals. MCP-1 increases in obese individuals and
can affect the proliferation of kidney cells. Reducing
the activity of MCP-1 can reduce macrophage infiltra-
tion in the kidneys, supporting the theory that MCP-1
contributes to kidney inflammation. ™

Changes in adipokines such as leptin, adiponectin, and
resistin are more profound in hypertensive obese. Leptin
can increase reactive oxygen species (ROS) and cause
renal endothelial dysfunction. In contrast to leptin, ad-
iponectin has an anti-inflammatory effect and its level
decreases in metabolic syndrome, causing further re-
nal damage. Recent studies on resistin also showed its
level increases in both genetic and diet-induced obese
individuals. The contribution of resistin in renal dam-
age and metabolic syndrome is not fully understood.
In general, adipokine alterations associated with obesi-
ty will further induce inflammation and damage to the
kidneys.
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