dialysis
(volume overload), (pulmonary edema) -
(hyperkalemia) (non
infectious complication) dialysis
dialysis
(infection)
(cardiovascular complication) dialysis
(conservative)
dialysis
(immunocompromised
host)
(1]
1 =
I}
(Staphylococcus aureus, Escherichia coli) (hepatitis B virus, hepatitis ¢ virus)
(Mycobacterium tuberculosis) { hepatitis B
virus
transaminase
(chronic carrier state) 30
5
2. [2] 7
myeloma
3. active vaccination Influenza vaccine, Hepatitis B
vaccine [3]
4, autoimmune disease [4] SLE (systemic lupus

erythematosus)



antinuclear antibody titer complement

5. skin anergy [5] hypersensitivity type IV

(immune response)

chronic dialysis

phagocytosis, cell mediated immune

response (CMIR), humoral immune response (HIR), (complement
system)
dialysis, (malnutrition) (immunosuppressive
drug) (morbidity mortality)

immune system renal failure

immune response

(Inflammatory response)

(immune response) 4
1 (differentiation of
self from non-self) (non-self)

(autoimmune disease)

2. (specificity)
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3. (memory) 2

4, dose response curve

Immune response

IMMUNE RESPONSE 2

(non-specific immune response)

(specific immune response)

11 Barrier
, cilia
, phagocytosis
1.2 Inflammatory response
30-60
4-5
mononuclear cell
1.3 Phagocytosis
(chemotaxis) (attachment)

(ingestion) (intracellular digestion)

(elimination)



Phagocytic cell 2 PMN (polymorphonuclear cell) macrophage
organism particle phagocytosis
(chemotaxis), (adherence) ,
(ingestion),
(intracellular killing and digestion)

Adherence (attachment)

opsonin ,
opsonin C3b, IgG
natural 19gG opsonin phagocytosis
opsonization opsonin phagocytosis
opsonin adherence ingestion
phagocytosis (receptor) C3b Fc
lgG R |
Ingestion pseudopod
pseudopod
phagosome
Degranulation phagosome lysosome
(granule) phagosome
phagosome lysosome phagolysosome
2 primary (azurophilic) granule
promyelocyte
hydrolase myeloperoxidase (MPO) ( 0.025
myeloperoxidase primary granule) lysozyme,
elastase cationic protein secondary (specific) granule
myelocyte
mature neutrophil secondary granule primary granule

secondary granule lactoferrin lysozyme



oxidase

hydrogen peroxide

peroxide

Intracellular killing

2

oxidative mechanism

oxygen

phagosome

oxidative mechanism

phagocytic leukocyte

superoxide free radicals

hypochlorite

hexose monophosphate shunt (HMS)

uremia

intracellular killing

myeloperoxidase (enzyme

hypochlorite)

ligand

0,

Halide

21

A > Receptor

oxidase

NADPH- ]

MPO ]

< 02

phagolyso-

non-

NADPH-

NADPH-oxidase

phagocytic leukocyte
superoxide

NADPH-oxidase (

»
G-protein

PLC

Ca“

Phosphorilation

glocose

phagocytic leukocytes [1]

2.1)

hydrogen

PLC = phospholipase C: DAG = diacylglycérol: IP3= inositol-triphosphate:

0 2 = superoxide free radical: HMS = hexose monophosphate shunt:

MPO = myeloperoxidase.



PMN screening test ( white cell
count, differential cell count morphology) advanced test ( chemotactic test
PMN monocyte, bacterial phagocytosis, Nitroblue tétrazolium dye test, bacterial
killing test chemiluminescence test)
14 Complement reticulo-
endothelial cell lymphocyte phagocytic cell inflammation
2 classical
pathway ( Ag-Ab complex) alternative pathway (
bacteria, yeast, virus, tumor cell dialysis membrane) complement

complement component

complement coagulation cascade classical pathway
Clq, C2, C4, C3 C5 alternative pathway C3,
factor B, factor properdin C3b 2
terminal pathway C5b-9 membrane attack complex (MAC)
cytotoxicity

complement

1 Functional assay CH50 (50% hemolytic complement activity)
complement
50
2. Antigenic assay C3, C4, Clq factor B
2. (specific immune response)
(antigen)
(immunogen) 2

B lymphocyte response |
(antibody) B lymphocyte
] T lymphocyte response [
T lymphocyte cytotoxic T lymphocyte, NK

(natural killer) cell ]
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NON SPECIFIC IMMUNITY

\ATAVAYA

Resistant
cell

AN
NAVAYYA
WAAAYA
NAVAAYA
AN
\AAAYA
NAAYAYA
AAAUAYA
AN
NAAYAYA
wuwn
AT
WA
AAAUA
WAAUIA
A
WAAAYA
WAL
AR
WA

AU
RAVAVAYA
WA
A
WANAN

2.2 (immune response)

2

Immune Response)

21 CMIR T cell macrophage
phagocytosis antigen (Ag) organism
Ag T cell
Antigen processing ' Ag

peptide peptide binding cleft
antigen) class peptide HLA class |
proteosome processed peptide
HLA class |
proteosome transporters HLA class |l

Antibodies

HUMORAL AND CELLULAR SPECIFIC IMMUNITY

<Agglutination
- Opsonization
=Neutralization
- ADCC

Cytokine secretion
1} n;

Secretion IFN7

Specific cytotoxicity

« Target class | (CD4)
« Target class Il (CD8)

(6]

CMIR (Cell Mediated

HMIR (Humoral Mediated Immune Response)

macrophage

foreign protein
HLA (human leukocyte
intracellular protein
( peptide transporter)

gene



process Ag HLA class I

endocytosis peptide process
HLA class |
component ( viral infected cell)
exogenous foreign protein
Antigen presentation
complex of antigen presentation (

T cell receptor T cell receptor

recognition [7] (

signal 1)

10

HLA class |l

pinocytosis
HLA class |l
nonself peptide intracellular
2.3) Trimolecular

HLA bounded peptide

polypeptide 2 chain

Alpha Beta chain chain immuno globulin
constant domain variable domain Variable domain 3
hypervariable region MHC-peptide complex T cell

signal transduction TCR
cell surface molecule CDs3
TCR-CD3 complex

recognition

1 signai2 signailAg
j costm ulaton APC triggers TCR

uu B7-1.2 [JJ class li+peptide
5 .
[[lcp4s ,,CD28 CakR300I TCR & CD4
E SgfRiLToR seor
PI3-KU ZAP70 Fyn

cytokine promoter e g.IL2

| cell

Nucleus r . eoee’

2.3 “Three signals model”

secondary messenger

TCR CD3

antigen presentation

signal3.cytokine
triggers cytokineR

95
A
~J r UR
P/3-Q |
‘ de /?évo
LO*R__V ;’;flf,/( Ie(;s/s
CjclinlCDKA\/ /‘[
-

M celleyeid

T cell activation [8]



Trimolecular complex (MHC, peptide, TCR-CD3)

T cell costimulatory pathway (signal 2)
(ligand) cell surface molecule
ligand CD28 B7 (CD80/86), LFA-1 ICAM-1, CD-4 Beta 2 domain

HLA class 2, CD-8 Alpha 2 domain HLA class 1, CD2 LFA34

ligand adhesion molecule signal transduction
antigen presentation signal 1 2 autocrine
IL-2 IL-2 receptor activation T helper cell ( signal 3)
activated T helper cell (ThO) Thl Th2
cytokines ( 2.4) cytokine

/v Thlcell > IL-2, IFN-y

Th O Cell
\A Th2 cell > IL-4, IL-5, IL6, IL-10
24 helper T lymphocytes cytokines
A) Interleukin (IL) 2 4 premature cytotoxic T cell
mature cytotoxic T cell IL2 IL4 autocrine
activation (induce) T helpercell mitosis
B) B cell activating factors IL2, IL4, IL5, IL6 ] memory B cell
(expose) antigen antibody  antigen
C) Gamma interferon macrophage
antigen presentation IL1 T cell (express) IL2
receptor T helper cell IL2 ( T cell growth
factor) IL1 B cell

immunoglobulin
CMIR
vivo test
.1 Delayed typed hypersensitivity skin test (DTH)

.2 Dinitrochlorobenzene sensitization (DNCB)
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vitro test
A lymphocyte total lymphocyte count from CBC
2 T lymphocyte E-Rosette forming cell, T lymphocyte specific

marker (CD), Flow cytometry

.3 function lymphocyte lymphocyte activation method, mixed
lymphocyte culture, cytokine (MIF, IFNs, IL, TNF)
2.2 HIR B cell B lymphocyte
memory B cell plasma cell plasma cell antibody

immunoglobulin (1g)

glycoprotein 5 class IgG, IgA, IgM, IgDh
IgE
polypeptide 2 heavy chain

2 light chain Ig 2 Fab portion (
Ag) Fc portion ( PMN, monocyte, T
cell mast cell) Ig 2

1 Immune recognition (antibody
specificity)

(diversity)
2. Effector function

(secondary biological activity)

- (direct neutralization Ag)

- antigen (antigen presenting cell) CD4 T lymphocyte, monocyte,
neutrophil

- IgM, 1gG, IgA macrophage, neutrophil
(opsonization)

- IgE mast cell

(immediate type hypersensitivity)
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HIR Ig
, isohemagglutinin titer (IgM), Ab response to injected Ag guantitative B

cell test
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1. Phagocytosis
phagocytosis
(ingestion) (killing) phagocytic leukocyte
PMN phagocytosis
PMN chemotaxis
phagocyte phagocytosis
phagosome PMN
(digestion) (lysosome elastase)
(oxygen free radical ~hydrogen peroxide, superoxide, hypochlorite)
phagocytosis
creatinine clearance AN
hemodialysis complement activating membrane
phagocytosis  phagocytic leukocyte hemodialysis
leukocyte activation state leukopenia
leukoagglutination hemodialysis hemodialysis non-
complement activation membrane phagocytosis
phagocytosis activity uremia
cytokine production, growth factors leukotrienes

acute  chronic non dialyzed uremia granulocytosis
(absolute relative) cortisol
colony stimulating factor PMN
hypersegmentation PMN ,
cytoplasmic process, intracellular granule, vacuole, lyzosomal enzyme — cytokine
cathepsin
PMN adherence,
chemotaxis, phagocytosis  bacterial killing
(inflammatory response) (intradermal
Ag injection)  crystalline monosodium glutamate
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(random  motility) chemotaxis
opsonin ( ), Fc receptor
(intrinsic cellular factor) [serum factor
C5 (C5 chemotactic fragment), C¥ BF (bacterial factor) chemotactic
factor uremia] phagocytosis
phagocytosis
NBTD (nitroblue tétrazolium dye) test opsonization Staphylococcus
aureus  Candida albican bactericidal activity [9]

2. Flumoral-mediated immune response (FtMIR)
B lymphocyte

19G, IgM, IgA
(Antibody) immunaglobulin (lg) lgA, 19G
lgM (Antigen)
(active immunization) influenza vaccine hepatitis B
vaccine
(booster) low affinity Fc receptor  IgE (CD.23)
(soluble form)
hemodialysis B lymphocyte (activated
state) B lymphocyte T lymphocyte cytokine
B lymphocyte
antibody
uremic toxin T
lymphocyte, cytokine B lymphocyte B lymphocyte

chronic hemodialysis autoantibody  nuclear antigen
dialyzer IgE antibody  ethylene oxide
dialyzer
hemodialysis
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3. Cell-mediated immune response (CMIR)

end stage renal disease (ESRD)

CMIR T cell cutaneous anergy,
(prolong graft survival), hepatitis B virus
(chronic  carrier)
(intracellular infection) (malignancy)
T cell CD4 helper cell [ helper T cell 2
Th-1 cell Interleukin-2  (IL-2) Interferon-y (y-IFN)
delayed type hypersensitivity — Th-2 cell IL-4, IL-5 IL-10
humoral immunity] ~ CD8 (suppressor cell) CD4  CD8
[10] suppressor activity
T cell (proliferative
response)  mitogen  pathogen, mixed lymphocyte culture T cell-dependent B
cell differentiation [11] TCR1/CD3 receptor CD4-T
lymphocyte ICAM-1 adhesion molecule

CD4-T lymphocyte  extracellular matrix protein
IL-2  IFN-y  T-lymphocyte [12]

T-lymphocyte (activation state)
P55 receptors IL (interleukin)-2 IL-2R (receptor)
CD25 soluble IL-2R
[13] IL-2R

glomerular filtration rate (GFR)

hemodialysis (complement activating
membrane) T cell
) T cell receptor IL-2R L2
IL-2 T lymphocyte [14]
hemodialysis T lymphocyte  mitogen

CD3/antigen receptor T-cell complex
) monocyte dependent stimulation Ag presentation
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4, (Complement system)

uremia  chronic hemodialysis complement
Coa  C3a blood membrane reaction complement -
activating membrane (bioincompatible membrane) C5b-9

blood-membrane reaction
C5b-9  [15] membrane attack complex (MAC) C5a  C3a

chemotaxis neutrophil leukoagglunation hemodialysis
Coa  C3a reactive oxygen species  neutrophile [16]
interleukin-1 (IL-1) ~ monocyte [17] complement

uremia chronic hemodialysis
complement activating membrane
hemodialysis hypoxemia  malnutrition

5. Cytokine production

5.1 Interleukin-1 (IL-1) serum IL-1
hemodialysis serum
IL-1 hemodialysis [18]
serum L1 uremic toxin monocyte
activation state IL-1
hemodialysis monocyte complement-activating membrane
lipopolysaccharide [19] (LPS) dialysate membrane
hemodialysis ~ hiocompatibity complement , serum
IL-1 high-flux dialyzer [20] hemodialysis
backfiltration backdiffusion LPS dialysate
monocyte IL-1 IL-1
receptor antagonist
IL-1 receptor IL-1 tumor necrosis factor (TNF)
IL-1 cytokine
cytokine

monocyte
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IL-1 antagonist [21] IL-1 activity IL-1
receptor antagonist  anti IL-1 autoantibody
5.2 Interleukin-2 (IL-2) serum 1L-2 b
hemodialysis complement-activating membrane IL-2
receptor T-lymphocyte IL-2 receptor T-lymphocyte
phytohemagglutinin [22] uremic toxin
|L-2 activity
6. Natural Killer Cell (NK cell)
NK cell malignant cell virus-infected cell
NK cell uremia 1 NK cell
Zaoui Hakim [23] uremia  hemodialysis
complement-activating membrane NK cell activity
uremia 2.1
21 uremia dialysis [1]
Immune Dysfunction Change Condition
Receptor expression - T Dialysis
Particle interiorization 1 Cuprophane dialysis
NADFH-oxidase (phagocytes) ; Uremia

Cuprophane dialysis
Expression adhesins/integrins Cuprophane dialysis
Cytolytic activity NK cells Cuprophane dialysis
T- and B-lymphocyte function Uremia
Plasma CD23 levels Uremia
Hemodialysis
Concentration PAF Dialysis
Lymphocyte repair ability Uremia

Stimulated IL-2 expression Cuprophane dialysis

Plasma IL-1 B Uremia
Plasma tumor necrosis factor Uremia
Plasma IL-6 Uremia

Gene expression of IL-1B Hemodialysis

Production of IL-antagonists Uremia

— —+ ~ ~ ~ ~—— - ~ N —t

Immunoglobulin production Uremia

C: complement; PAF = platelet-activating factor; IL = interleukin; NK = natural Killer.
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(Mechanism of immune dysfunction of uremia)

uremic toxin
(malnutrition)
iron overload
(diabetes  mellitus), (liver
cirrhosis), (cancer), SLE ,

(superimposed infection)
hemodialysis CAP

vascular access, peritonitis, (exit site infection)
Tenckoff's catheter (tunnel infection) Tenckoff's
catheter
1 Uremic toxin
. .1980 Ringor [24] uremic toxin
uremic toxin
uremic toxin 3
1) low molecular toxin 300 urea,

creatinine, P-cresol, uric acid, phenol, phosphate, spermidine, guanidino compound

2) middle molecular toxin 300-15000
glutamine, peptide , parathyroid hormone (MW: 9425 Da), P-microglobulin
(MW: 11818 Da)
3) high molecular toxin 15000
myoglobin (MW: 18800 Da), granulocyte inhibitory proteins (MW: 9500-28000 Da)
. urea monocyte urea

superoxide ~ monocyte
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. phosphate phosphate phagocytosis
leukocytes phosphate phagocytic activity
1 phosphate , uremic toxin
phosphate uremic toxin
phosphate
. phenol phenolic acid ] idionation activity ~ myeloperoxidase,
glucose utilization  chemiluminescence production  granulocyte
. P-cresol whole blood respiratory burst — neutrophil
. polyamine, spermine spermidine | (locomotion)
neutrophil
. Guanidino compounds B cell
helperT cell
. molecular peptide
1) Granulocyte inhibitory proteins |, Il (GIP) chemotaxis,
(glucose uptake), oxidative metabolism intracellular killing
2) Degranulation inhibiting protein |, Il (DIP) degranulation [25]
3) Immunoglobulin light chains chemotaxis
PMN
parathyroid hormone (PTH) phagocytosis,
chemiluminescence production PMN PTH cytosolic calcium
(mitochondria) ATP
! " PTH T cell
primary hyperparathyroidism 3 total T cell, CD4+
CD8* T cell (suppressor activity) lectin-
stimulated lymphocyte transformation
(parathyroidectomy) PTH
E-rosette hyperparathyroidism
malignancy, paraproteinemia ~ monoclonal gammopathy
PTH T cell (blastogénie
response) lymphocyte PHA lectin-induced lymphocyte

transformation |L-2 PTH PHA-
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induced lymphocyte proliferation cytosolic Ca2
IL-2 PTH-PTH receptor adenyl cyclase
phospholipid PTH
lymphocyte proliferation
(down regulation) PTH receptor :
phospholipid [26]
uremic toxin
uremic toxin uremic toxin

urea creatinine

2. Iron overload
(iron metabolism)

ferritin (iron overload)
phagocytosis (killing activity) ~ PMN
ferritin : ferritin 1000
/ 3 [27]  ferritin
phagocytosis neutrophile
0?2 X
myeloperoxidase phagocytosis
hydroxyl
(autotoxicity) phagocytosis opsonized
zymosan

recombinant human erythropoietin (rHu EPQ)

rHu EPO ferritin
' rHu EPO
deferoxamine



(iron chelator)
deferoxamine

3. Increased cytosolic calcium
PMN

secondary hyperparathyroidism
Cax (Ca2y

22

mucormycosis

PTH
PTH cytosolic

cytosolic Ca2+  pancreatic

islet cell, thymocyte, cardiac myocyte, hepatic cell, adipocyte, kidney cell

osteoblast PTH
ATP-ase activity,
membrane fluidity, permeability

cytosolic Cazt
phospholipid
mitochondrial oxidation

ATP hemodialysis PMN

cytosolic Cazt
PMN

Ca parathyroidectomy

1,25 dihydroxyvitamin D3[28]
0Xygen consumption

blocker
respiratory burst

4, Renal anemia

PMN

dialyzer membrane

cytosolic
calcium channel
PTH

erythropoietin

PMN phagocytosis
rHu EPO [29] PMN

rHu EPO

cytokine  immunoglobulin

PMN
rHu EPO



23

5. Malnutrition
Protein calories malnutrition

1) uremia
2)
dialysis >1 |
dialysis 06 [ > 35
[
3) acidosis
: insulin (insulin antagonist)
(anabolism) , amino acid diaiysate
5-9 , hemaodialysis inflammatory mediator
dialyzer membrane proteolysis
protein calorie  malnutrition thymic
atrophy, small lymphocyte poorly formed Hassall's corpuscle,
peripheral  visceral lymph node atrophy, follicle
paracortical area T cell Bcell Teell
T cell PHA  Con-A
pokeweed B cell
(sensitization) dinitrochlorobenzene (DNCB)
delayed cutaneous reactivity — microbial protein Ag B cell
immunoglobulin
(viral vaccine) ~ HBV, influenza  polio complement
C4
(trace elements)
folic acid humoral
immunity, CMIR,
pyridoxine HMIR ~ CMIR, 1,25 (( H)2vitamin s
monocyte macrophage vitamin D3

cytokine
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6. Drug treatment

steroid,
immunosuppressive drug, antibiotic ]
, (normal flora)
deferoxamine Iron chelator ' ' mucormy-
cOsis
Rhizopus deferoxamine-iron complex
(feroxamine) ~ Rhizopus
Rhizopus
7. Blood-membrane reaction
hemodialysis
membrane  dialyzer bioincompatibility
hypoxemia, dialyzer reaction type A B,
, amyloidosis
bioincompatibility dialyzer membrane
cuprophane, cellulose acetate cellulose diacetate bioincompatible membrane
PMN
lysozyme, oxygen free radical [30] neutropenia
(leukoagglutination)
hemodialysis neutrophil
monocyte
cytokine hemodialysis
(inflammatory process) serum amyloid A
(SAA) acute phase proteins
CARD (peritoneum membrane)

dialyzer membrane
dialysate

24 ' CAPD blood
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membrane interaction
cytokine peritonitis cytokine

8. Disruption of protective barrier

hemodialysis

vascular access

double lumen catheter, external AV shunt Permcath

hemodialysis catheter
catheter hemodialysis
internal AV fistula internal AV graft
vascularaccess hemodialysis
dialyzer membrane membrane
bacteria membrane
bacteria dialysate
sterilization ~ reused dialyzer bacteria [31]
CAPD
(peritonitis), (exit site infection) catheter

(tunnel infection) catheter
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peritoneal dialysis

CAPD (chronic ambulatory peritoneal dialysis) CMIR

hemodialysis lymphocyte
(absolute  lymphopenia) hemodialysis
lymphocyte CAPD [32]
peritoneal dialysate E-rosette lymphocyte

CAPD middle molecule toxin
hemodialysis [ CAPD
diffusion convective transport uremic toxin
protein hound ]
CAPD hemodialysis
catheter '

(bacterial contamination)
intraperitoneal environment

peritoneal macrophage peritoneum
peritoneal macrophage 106 /
immunoglobulin
macrophage 30-40 dialysate dialysate
macrophage 1x 104 5x 104 |/
uremic toxin, , pH  osmolality
PMN  lymphocyte , peritoneal dialysate
E-rosette  Iymphocyte  [32] g6 C3
opsonin opsonization
. epidermidis
peritoneal phagocytic cell phagocytic activity
bacteria . aureus, . epidermidis E. Coli
oxidative metabolism (oxygen consumption)
phorbol  yristic acid (PMA) Zymosan
myeloperoxidase superoxide PMA

superoxide
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CAPD chemotactic
factor, chemotaxis ~ chemotactic factor-mediated functional response
hemodialysis ~ PMN monocyte  Cbreceptor
catheter dialysate solution, C5areceptor
: , immature monocyte

chemotactic factor-mediated function
superoxide, 202 myeloperoxidase 3
IMLP PMA
phagocytosis (bacterial killing)
CAPD phagocytosis
[33]
T cell (proliferative response)
mitogen (PHA, Con-A) CAPD hemodialysis
[34] mixed lymphocyte culture
PPD, DNCB
hemodialysis local xenogeneic graft versus host reaction
CAPD CAPD IL-2 y-
IFN
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