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Polymorfonuklearni leukocyty (PMNS)

*40-65% vSech leukocyti (3-5 x 103 /ul krve)

*prvni obranna linie v boji proti patogennim
mikroorganismim

*chemotaxe

*fagocytoza

*generovani RMK a RMD

*degranulace



Monocyty/Makrofagy

fagocytoza, zabijeni,
obnova tkani, prezentace
antigenu pro specifickou
im. odpoved

charakteristickeé jadro a
CD14 membranovy
marker. adheruji na plast a
sklo

aktivuji se pusobenim
cytokind,

samy cytokiny produkuji
» likviduji i maligni a
pozménéneé vlastni

struktury
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Figore 3. Cytolones produced by immune cells can give rise to macrophazes with distimect
physiologies

Classically activated macrophages anse mn response to mterferon-y (IFMy), which can be
produced dunng an adaptve immune response by T helper 1 (Tgl) cells or CDE™ T cells (not
shown) or dunng an innate immune response by natural killer (NE) cells, and tumour-pecrosis
factor (T2F), which 15 produced by anfipen-presenting cells (APCs). Wound-healing
(alternatively activated) macrophages anse in response to mterleukm-4 (IL-4), which can be
produced dunng an adaptive mpme response by Ty2 cells or dunng an mnate immune
response by granulocytes. Regulatory macrophages are generated in response to vanious
stimuli including immune complexes, prostaglandins, G-protein coupled receptor (GPCE)

| Regulatory macrophage
 (anti-inflammatary
activity)

David M. Mosser and Justin P. Edwards S
Nar Rav Fwmenoi. Aurhor mamoscript, availbls in PMC 2009 August 11,



Morfologie

Lokalizace

Po zabiti bakterie

Prezentace
antigenu

Monocyty/makrofagy

Velké mononuklearni buriky

Krev/tkané

Migruji do lokalnich lymf. uzlin

Mohou prezentovat Ag (MHC 2. tfidy)

Neutrofily

Malé bunky s ,,multi-lobed* jadrem

Krev — odvod do mista infekce

Umiraji na mist€ apoptozou (zbytek je zlikvidovan makrofagy)

Nemohou prezentovat Ag (neexprimuji MHC 2. tfidy)




Aktivace fagocytu v zanetu

€ SOS signaly
—N-fMLP
—PGs, LTs, PAF
—Komplement
—Prozanétlivé cytokiny

€ Odpovéd fagocytl
—chemotaxe
— adherence
—diapedéza
—aktivace
—Peptidy z kaskady
srazeni krve

—fagocytdza a zabiti
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A dbhesioxn Counter- Implicated
receptor receptor in
on neutrophils ©Ix1 endothelial
cells
Selectin pli0sLe*{CD15) P-selectin{CDG&2P ) Leukocyte
jnteractions sLe~{CD15s), L- ||E-selectin{(CD62E)|, | rolling,
selectin{CD62L.) GlyCAM-1 and | binding to
others high orL-
neutrophil dothelial
addressins veniles
Integrin— LFA-1. ICAMI1{CD54). Secondary
im munoglobulin{CD11a/CD18). | ICAMI2{CD102), adhesion
superfamily VLA T VCAM-1{CD106) {sticking).
interactions {CD49d4/CID 29} spreading,
homing to
inflamed
tissue
ImrmumoglobulinPECA M- PECAM-1{CD31) Potentiating
superfamily 1{CD31), adhesion.,
interactions transendothe-
tiomn
Receptor
binding
hyaluronatg
and other
molecules
of connec-
tive tissue
GlIyCAM: Glycosaminoglycan——cell adhesion molecule; HCAM: hom-
ing, cell adhesion molecule; ICAM-1. ICAM-2: intercellular adhe-
sion molecule 1.2; LFA-1: leukocyte function associated antipen 1;
PECAM: platelet endothelial adhesion molecule; sLex: sialylated
Lewis antigen X; VCARM-1: vascular cell adhesion molecule; VL A-4:
very late antigen 4




Opsonizace

& @D Extracelularni

LN bakterie Opsonizace (Ab, C)




Iniciace fagocytozy

Adheze cestou

U ScavengerR
LI 1gG FcR




Class of mechanism

ZabijeCské mechanismy fagocytu

Specific products

Acidification

pH=~3.5-4.0, bacteriostatic or bactericidal

Toxic oxygen-derived
products

Superoxide O,~, hydrogen peroxide H,0,, singlet oxygen 105,
hydroxylradical OH", hypohalite OCI~

Toxic nitrogen oxides

Nitric oxide NO

Antimicrobial peptides

Defensins and cationic proteins

Enzymes

Lysozyme—dissolves cell walls of some Gram-positive bacteria.
Acid hydrolases—further digest bacteria

Competitors

Lactoferrin (binds Fe) and vitamin Biz-binding protein

Figure 2-6 Immunobiology, 6/e. (© Garland Science 2005)




Charakteristika granuli

neutrofilu
primarni granula kundarni granul
azurofilni; charakteristické pro specifické pro zralé neutrofily
mladé neutrofily
Obsahuji: neutralni proteasy obsahuji lysozym, NADPH
- cathepsin G, elastasa, oxidasa, laktoferrin,
proteinasa 3 elastasa, kolagenasa

lysozym, defensiny, proteasy,
fosfolipasu A2 a
myeloperoxidasu

Terciarni granula — na prednim konci migrujicich fagocytu —
gelatinasa (destrukce membran)

Lysozomy —obsahuiji kyselé hydrolasy

Sekrecni vacky — reservoir membranovych komponent




Chemotaxis and adherence
of microba 1o phagocyte.

£} Ingestion of microbe
by phagocyte.

9 Formation of a phagosome.

Fusion of the phagosome
with a lysosome to form a

phagolysozsome.

£} Digestion of ingested
microbe by enzymes.

() Formation of residual body
containing indigestible
material,

Indigestible o 9 '
material _ ) Discharge of waste

materials.

(a) Phases of phagocytosis
Copyright & 2001 Banjamin Cummings, an imprint of Addison Weslay Longman, Inc.



NADPH OXIDASE ACTIVATION
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Schematic representation of the NADPH oxidase enzyme. The integral membrane of the
phagocyte consists of two subunits: p22phox and gp91phox which respectively produce the
smaller and larger chain of the cytochrome-b558. Two cytosolic subunits: p67phox and p47phox;
a p40phox accessory protein and a Rac-GTP binding protein then translocate to the cell membrane
upon cell activation to form the NADPH oxidase complex which generates a respiratory burst.
Superoxide can react to form hydrogen peroxide and hypochlorus acid, which together participate

in bacterial killing.
Assari Medical Immunology 2006 5:4 doi:10.1186/1476-9433-5-4
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Obr. 155. Schéma respiraéného vzplanutia fagocytov a tvorby toxickych foriem kyslika
HMPS —- hexdézomonofosfatovy skrat, G6PD glukoza-6-fosfitdehydrogeniza, GSSG a GSH -- redukovana
a oxidovana forma glutationu, NADPH a NADP* -- redukovani a oxidovana forma nikotinamidadenindinukleotid-
fosfitu, SOD — superoxiddismutaza, MPO - myeloperoxidaza, 0; - superoxidovy anionovy radikal, -OH —
hydroxylovy radikal, 'O., - singletovy kyslik
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Reaktivni formy kysliku a dusiku

Volné radikaly Latky neradikdlove povahy
Reaktivni formy kysliku
Superoxid O, Peroxid vodiku H,0,
Hydroxylovy radikal HO- Kyselina chlorna HOCI
Alkoxylovy radikal RO- Ozon O,
Peroxylovy radikal ROO- Singletovy kyslik 0,

Reaktivni formy dusiku

Ox1d dusnaty NO- Peroxynitrit ONOO-
Oxid dusicity NO,* Dusitany NO,
Dusi¢nany NO;

Nitrosyl NO*




Spravna funkce fagocytu je pro organismus nezbytna
Deficience ve funkcich fagocytu = tézky prubéh banalnich infekci.

Priklad: CGD — defektni NADPH oxidaza

Naopak hyperaktivace fagocytl — problémy:

poskozeni okolnich bunek a tkani reaktivnimi metabolity a
proteolytickymi enzymy



Metody stanoveni reaktivnich metabolitu kysliku
fagocyty

Kolorimetrické metody

Stanoveni spotreby kysliku
Elektronova paramagneticka rezonance
Luminometrické metody

Fluorescen¢ni metody



Kolorimetrické metody

NBT test - princip metody spociva v redukci zluté tetrazolioveé soli (NBT)
superoxidem na modry produkt formazan.

Redukce cytochromu ¢ — superoxidovy anion redukuje bezbarvy
oxidovany (ferri-) cytochrom c na barevnou formu.



Stanoveni spotreby kysliku

Metoda zalozena na detekci zmény koncentrace kysliku v meédiu
pomoci Clarkovy elektrody.
Je pouzivana predevsim k detekci intenzity respiracniho vzplanuti.

Elektronova paramagneticka rezonance

Radikal reaguje s prislusnou prébou (tzv. spin-trapping).
Nasledné jsou pomoci specialniho pfistroje analyzovana paramagneticka
spektra.



Luminometrické metody

Luminometrické proby (luminofory) jsou oxidovany RMK

Pri navratu do zakladniho energetického stavu emituji fotony.
Jejich detekce je mozna pomoci luminometru nebo scintilacnich
spektrofotometru.

Nejcastéji pouzivané luminofory:
- Luminol

- Lucigenin

- |zoluminol

- Pholasin




luminol

[zoluminol

lucigenin



PHOLASIN

Photoprotein of the bioluminescent mollusc
Emits light in the presence of free radicals, oxidants
and oxidases

Pholasin 1s 1solated and purified by:
Knight Scientific Limited (UK)
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Fluorescencni metody

Princip

Reakci s RMK se puvodné nefluorescencni latky (tzv. fluorescenéni proby)
méni na latky fluorescencni. Tuto fluorescenci je mozné detekovat pomoci:
- fluorimetru

- fluorescencéniho mikroskopu

- konfokalniho mikroskopu

- flow cytometru

Vyhody detekce pomoci flow cytometru
- analyza velkého poCtu bunék v kratkém Case (1000 bunék/sec)
- moznost souCasného hodnoceni vice bunécnych populaci v jednom vzorku

Prikladem fluorescenc¢nich préb jsou:
dichlorofluorescin diacetate, dihydrorhodamin 123 nebo hydroethidin
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2’,7’-dichlorofluorescin diacetate
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Detekce NO

- cell-permeabilni fluorescencni indikatory (4,5- diaminofluorescein
diacetate (DAF-2 DA)

- celkova koncentrace nitrati/nitrit
- aplikace NO donori compounds, NO scavengeru, a guanylyl cyklasy

- NOS aktivita v bunécnych homogenatech méfenim enzymatické
konverze argininu na citrulin béhem tvorby NO

- inhibitory NOS (L-NAME)

- aplikace protilatek k isoformam NOS (imunocytochemie,
imunoblotting)

- exprese genu pro iINOS
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