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Fyziologie leukocytu

Leukocyty = bilé krvinky — soucast imunitniho systému

druh Pocet/1l krve | Rozmér | barveni Charakteristické znaky
(.109) (um)
Neutrofilni 3-6 10-12 Drobna rdzova granula Segmentované jadro (2-5
granulocyty segmentu)
Eosinofilni 0,05-0,25 13-14 Cervena hruba granula Dvojlalo€naté jadro
granulocyty
Basofilni granulocyty | 0,0-0,1 9-10 Tmavofialova kulata Esovité jadro
granula
Lymfocyty 1,5-3,0 6-8 Modra plasma, tmavé Velké okrouhlé jadro, uzky lem
jadro cytoplasmy
Monocyty 0,3-0,5 15-25 Modra plasma i jadro Ledvinovité velké jadro,
mnoho cytoplasmy
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Pohyblivost a véeci s tim spojeneée

- Adhezivita = schopnost prilnout k povrchim (selektiny — adhezni molekuly,
integriny - receptory)

- Diapedéza = leukocytova extravazace — na zakladé chemickych signal
(chemokiny)
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Barvi se kyselymi a zasaditymi barvivy

Neutrofilni granulocyty

Segmentované jadro = polymorfonuklearni
leukocyty (PMN)

Fagocytosa, extravazace
50-70% cirkulujicich bilych krvinek
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- Vznik : kostni dren
- 7-8h v krvi, pak 4-5 dni v tkanich

- ,,Ast line of defense‘ =» transientné
zvysSeny pocet = leukocytosa — znak
zaneétu



H,0,+CI
myeloperoxidase

OCL +H,0
20, + 2H'
Superoxide dismutase
2H, O;.
cataiase

L-arginine + O, +NADPH——
NO + v-citrulline + NADP

Oxygen-dependent killing Oxygen-independent killing

Reactive oxygen intermediates Defensins

OCl + Hzo

0", (superoxide anion) Tumor necrosis factor o

'0,+Cl +H0 OH" (hydroxyl radicals) (macrophage only)

H,0; (hydrogen peroxide) Lysozyme

H,0, + 'O, ClO™ (hypaochlorite anion) Hydrolytic enzymes
Reactive nitrogen intermediates

H,0 + O: NO (nitric oxide)

NQ; (nitrogen dioxide)

HNO; (nitrous acid)
Others

NH,CL (monochloramine)



Eosinofilni granulocyty

- Jadro segmentované na 2 casti

- Plasma naplnéna eosinofilnimi zrny

- Slaba Fagocytosa, extravazace

- Uplatnéni pri parazitarnich a alergickych reakcich
- Fagocytace komplexu alergen-protilatka
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Basofilni granulocyty

Type I: Immediate hypersensitivity
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Monocyty — Makrofagy |.

Nejvetsi morfologicka variabilita mezi
leukocyty

Vejcité jadro, nepravidelné kontury,
invaginace, pseudopodiim podobné
cytoplasmicke procesy

Narust populace nad 850/uL indikuje
imunitni obrannou reakci

Soucasti mononuklearniho
fagocytarniho systému (MFS, drive
RES) — monocyty - krev, makrofagy —
tkan

Nemaji zvlastni prekurzor s
diagnhostickou hodnotou




Monocyty — Makrofagy Il.

-Tvorba — kostni dren - vstup do
krve (cirkulace cca ~8h) -
nasledné migrace do tkani =
zvétsSeni (5-10x) a narust poctu a
komplexity organel (lysozymu,
mitochondrii)

- Néktere vazane v tkanich:
alveolarni makrofagy - plice
histiocyty — pojivoveé tkanée
kupferovy bunky — jatra
mikroglie — mozek
osteoklasty — kosti

- Volné — ameboidni pohyb v

tkanich

(a) Monocyte

A _— Lysosome

(b) Macrophage




Monocyty —
Makrofagy lil.

Fagocytosa - straveni exogennich
antigenu, nerozpustnych ¢astic, mrtvych
bunék

Proces prilnuti bakterie a obaleni pseudopodii
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Aktivované makrofagy Mono Cyty —
fagocytosa Makrofagy IV.

O, -zavislé (oxidativni vzplanuti) mechanismy — ROS,
RNS

O, - nezavislé mechanismy — defensiny, lysozym
- aktivované T, lymfocyty = sekrece cytokinu (IFN-y) = dalsi
zvyseni aktivity

- Antigen—Presenting Cells (obsahuji MHC II. tridy) - APC
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Lymfocyty I. 0

- Pritomne v krvi, lymfe, lymfatickych

organech @
- Deli se do 3 subpopulaci na zaklade

funkce a membranovych slozek: Lymfocyty v Krvi
T-lymfocyty — dozravani thymus

B-lymfocyty — dozravani dren (bone

marrow; Fabriciova burza) - konecné %Q

stadium =plasmocyt o

- malé, nefagocytujici, naivni, G, bunééného
cyklu, ,,malé“ lymfocyty — 6 um v primeéru Plasmocyt
Nerozlisitelné na zaklade morfologie !!!

NK-bunky — velké, granularni, bez
exprese Skaly povrchovych markeru
jakou B-aT-
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CD designation”

cD2
cD3

CD4

D5

D8

CD16 (FcyRIN)
CD21 (CR2)

CD28

€D32 (FoyRIN)
€D35 (CR1)
CD40

CD45

Function

Adhesion molecule; signal transduction

Signal-transduction element of T-cell
receptor

Adhesion molecule that binds to class 11
MHC molecules; signal transduction

Unknown

Adhesion molecule that binds to class |
MHC molecules; signal transduction

Low-affinity receptor for Fe region of IgG

Receptor for complement (C3d) and
Epstein-Barr virus

Receptor for co-stimulatory B7 molecule
on antigen-presenting cells

Receptor for Fc region of 1IgG
Receptor for complement (C3b)
Signal transduction

Signal transduction

Adhesion melecule

+

+
(usually)

+
[subset)

(usually) (usually)

+
(variable)




Lymfocyty IV.

B-lymfocyty:

- B (bone marrow — kostni dren;
Fabriciova burza u ptaku)

- rozliSeni od ostatnich lymfocyta -
exprese membranové vazanych
imunoglobulinu (protilatek) (MVI) —
receptory pro antigen

- cca 1.5 x 10° protilatek = identické
vazebné misto pro antigen

- Interakce MVI s antigenem, s T-
lymfocytem €i makrofagem =»aktivace a
diferenciace klont odpovidajici specifity
= pamét’ové burnky a plasmatické
bunky (plasmocyty)= sekrece protilatek
= inhibice toxinul, opsonizace

- funkce jako APC (antigen-presenting
cell)

A B cell is triggered when it encounters its

//'\\ matching antigen.

¢
\ The B-cell engulfs the antigen and
": 1 \ digests it,
then it displays antigen fragments
AT bound to its unique MHC
//‘\\ molecules.

\“4 This combination of antigen

and MHC attracts the help
of a mature,
matching T cell.

\
M’

Cytokines secreted X
by the T cell help the

B cell to multiply and
mature into antibody

producing plasma @(O
cells. ((:© /(((V)

Released into the blood, %
antibodies lock onto matching 4‘% %K
antigens. The antigen-antibody complexes are
then cleared by the complement cascade or by
the liver and spleen.



http://en.wikipedia.org/wiki/File:B_cell_activation.png

Lymfocyty V.

T-lymfocyty:
- T (thymus - brzlik)

Antigene

- Exprese membranové vazanych
receptort (TCR) strukturné
podobnych imunoglobulinim

IL2/4/5

- TCR nerozpozna volny antigen
(interakce s MHC Il.tridy — APC)

- rozliSeny na zaklade:
CD4 (pomocné, T, , vazba s MHC II.)
CD8 (cytotoxické, T, vazba s MHC 1.)

- T, aktivace rozpoznanim komplexu T helper cel v
antigenu s MH_COII.tI“'idy = pomnozeni = e — &;\
sekrece cytokinu T helper cel B cells ) ; .
=¥ .1 — T-bunky a makrofagy nibodes
=* 2 — B-buniky a produkce protilatek

MHCS}{.CD‘F’\\_ T helper cell ~
ch4* @

o
APC
. Z . h
- T, aktivace rozpoznanim komlexu K. macrophages
antigen-MHC |.tridy (nadorové bunky,  antgen
bunky zménéné virem) Killer T cells


http://upload.wikimedia.org/wikipedia/commons/2/26/T-cell_dependent_b-cell_act.jpg
http://upload.wikimedia.org/wikipedia/commons/e/ec/Lymphocyte_activation_simple.png

Lymfocyty VI.

NK-bunky:

- velké granularni lymfocyty

- cytotoxické bez predchozi imunizace, viéi nadorovym bunkam ¢i
bunkam pozménénych virem

- neexprimuji proteiny typické pro T- €i B-burnky

- rozpoznani pozménénych bunék na zakladé — snizeného poétu MHC
l.tridy, nezvyklého profilu povrchovych antigent, vazbu na karboxy
terminalni ¢ast protilatek (vzniklé jako reakce na pritomnost viru ¢i
nadoru) prichycenych na antigen vystaveny na povrchu pozménéné

bunky
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http://en.wikipedia.org/wiki/File:Missingself.svg

Prehled zakladnich druhu lymfocytu

Antigen recognition Effector functions

Neutralization

B of microbe,
phagocytosis,

lymphocyte @ . obe complement

Icr activation
Cytoklnes ,. Activation of
ooy macrophages

A== =~®
.( - ' Inflammation
Helper T ""rggggda"t'ge“
lymphocyte Activation
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differentiation)
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Type Mechanism

Anatomic barriers

Skin Mechanical barrier retards entry of microbes.
Acidic environment (pH 3-5) retards growth of microbes.

Mucous membranes Normal flora compete with microbes for attachment sites and nutrients.
Mucus entraps foreign microorganisms.
Cilia propel microorganisms out of body.

Physiologic barriers

Temperature Normal body temperature inhibits growth of some pathogens.
Fever response inhibits growth of some pathogens.

Low pH Acidity of stomach contents kills most ingested microorganisms.

Chemical mediators Lysozyme cleaves bacterial cell wall.
Interferon induces antiviral state in uninfected cells.
Complement lyses microorganisms or facilitates phagocytosis.
Toll-like receptors recognize microbial molecules, signal cell to secrete immunostimulatory cytokines.
Collectins disrupt cell wall of pathogen.

Phagocytic/endocytic barriers Various cells internalize (endocytose) and break down foreign macromolecules.
Specialized cells (blood monocytes, neutrophils, tissue macrophages) internalize
(phagocytose), kill, and digest whole microorganisms.

Inflammatory barriers Tissue damage and infection induce leakage of vascular fluid, containing serum proteins with
antibacterial activity, and influx of phagocytic cells into the affected area.




Specificka (Adaptive) imunita

Rozpoznani a eliminace cizich mikroorganismu a molekul (antigenti)

Antigenni specifita - schopnost rozpoznat rozdilné proteiny

Diversita — produkce obrovského mnozstvi rozpoznavacich molekul
Imunologicka pameét’ — opakované setkani s antigenem produkuje silnejsi

imunitni reakci
Schopnost rozpoznat cizi od vlastniho

Nutnost kooperace mezi Lymfocyty a APC (makrofagy)

B-lymfocyty — MVI, po interakci s patogenem —
déleni a diferenciace do pamét'ovych B- oo
lymfocytl a plasmatickych bunék (sekrece
protilatek)

R
T-lymfocyty — exprese TCR (strukturné podobné (rﬁ@ ‘9
protilatkam), rozpoznava pouze komplex ’\_ "
Antigen-MHC (prezentace antigenu); interakce
s APC (makrofagy, B-lymfocyty)
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Leukopoesal. ... @

stem cell CD34+

(Hemocytoblast)

I—

Common myeloid Common lymphoid
progenitor progenitor
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1-myeloblast (zac¢atek azurofilni

L e u ko p O eS a I I . granulace), 2-promyelocyt

(mnoha velka azurofilni granula)

Myeloblast — prvni rozpoznatelny, kulata az ovalna
bunka, v krvi jen pfi patologii; uzka vrstva lehce
basofilni cytoplasmy; jemna mrizkovita jaderna
struktura, 14-20um, 1-5% v dreni

: ]

Promyelocyt — Siroka vrstva basofilni cytoplasmy s
azurofilnimi granuly obsahuijici peroxidasy, hydrolasy,
atd., az 27um, vedle megakaryocytu nejvétsi v dreni, 1-
8% v dreni

: ]

Myelocyt — mensi nez promyelocyt, svétlejsi
cytoplasma, asi 18um, siroka variabilita morfologie, 15-
20% v dreni

: ]

Metamyelocyt — ,,mladé granulocyty“, jadro se pomalu
meéni na ledvinovité, neschopné se délit, nasleduje uz
jen vyzravani, kontrakce jadra, 12% ve dreni,

- Vyskyt v krvi jen pfi stresu, infekci.

1-promyelocyt, 2-myelocyt, 3-
metamyelocyt



Leukopoesal lll.

Maly granulocyt (band cell, ty¢ka,
nesegmentovany granulocyt) — termin band
cell pouzit jen kdyz vSechny jaderné sekce
priblizne stejné Sirky, neclenéné jadro tvaru

paliéky, nebo ty€éky, velké mnozstvi
cytoplasmy vugéi jadru

Segmentovany neutrofil — tvori se rostouci kontrakci

jadra, v konecné fazi jsou jaderné segmenty spojeny

pouze Uzkymi mustky jaderného chromatinu, 63
cytoplasma se barvi od skoro bezbarvé do jemné G-
rizové cCi fialové, granuly ¢asto stézi viditelné tecky,

pocet segmenttll roste s vékem bunky

normalni distribuce: 10-30% - 2 segmenty, 40-50% - 3

segmenty, 10-20% - 4 segmenty, 0-5% - 5 segmentu,

posun doleva k mensSimu poc¢tu segmentu =»reaktivni n
aktivace

posun doprava=®»nedostatek B12 i kyseliny listové Segm?ntované neutrofilni
granulocyty



Leukopoesa IV.

Eosinofilni granulocyty —
rozpoznatelny v dreni ve stadiu
promyelocytu, velka granula
barvici se modro €ervené, jadro
vétsinou 2 segmenty, zvySeny
pocet u alergii, parazitarnich
nemoci

Basofilni granulocyty — rozpoznatelny v dreni ve
stadiu promyelocytu, velka granula barvici se
c¢erno-fialové, jadro prekryto bazofilnimi zrnky,
zvysené mnozstvi u hypersenzitivnich reakci

N W
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Monocyty — nejrozmanitéjSi ze vSech bunék, vej€ité jadro, 20-40 um,
charakterizace monocytu se lisi dle polohy odeé¢tu z natéru, nemaji
prekursor, ktery by se dal pouzit s diagnostickou relevanci — nartst =
imunitni reakce, pokles = leukemie

R e
s g X

Fagocytujici monocyt Barveni na esterasu, marker pro monocyty




Leukopoesa V.

Lymfocyty — produkovany v miznich uzlinach, sleziné, kostni dreni

- nezralé prekursory nejsou vypoustény do krve = nemaji diagnostickou
hodnotu

- maximalneé Ize najit ,,malé lymfocyty“ s ovalnym az kulatym jadrem s 6-9 um
v primeéru, husty, hruby chromatin, cytoplasma se oviji kolem jadra a je slabé
zasadita

- nerozlisitelné na zaklade morfologie

- velké lymfocyty“ jsou vétsinou NK bunky

- plasmatické bunky se nachazi jen zridka v krvi

Maly
lymfocyt
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Thymus

Early General Mature thymocyte
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Pro-B Intestinal Pro-plasma cell
submucosa

r ¥ ¥

Follicle Marginal
zane
’ f Pro-PC
Pro-B Plasma cell f""’ﬁige *EIL

—
follicular

Circulati
T B cell Extra-

follicular
follc T-cell Z_(_DHE follicular

c
i B cell
oo o o
Apoptosis

Pre-B Virgin-B

|

Bone marrow : primary Peripheral blood Secondary lymphatic organs: ||

B-cell ):)roduction antigen-induced B-cell proliferation
|

CD20 (D22 CD20 CD21 CD20 CD21 D20 CD21

D19 CD22| |CD19 D22 cD19 D22
4 D23

CD37 CD39

sig slght slgh

slgD CD11c

Circulating Extra-
follicular B cell follicular B cell




Ukazy v barveni leukocytt

Toxicka granulace — normalné slabé barvena granula se barvi rudé az
fialové = nasledek akce proti bakteriim, proteinliim v dusledku infekce,
autoimunitni choroby (chronicka polyarthritida) = nasledek je nalez
cytoplasmatickych vakuol = kone¢né stadium fagocytosy (Dohle bodies)

\

Toxicka
granulace
neutrofilniho
granulocytu

Sepse s toxickou granulaci, \
vakuoly a Déhlova téliska .

Jaderné privesky — drobna chromatinova téliska
zUistavajici pripojena pres tenky most, vypadaji jako
palicka na buben, prisedla kulic¢ka, mala tenisova raketa.
Pouze palicka odpovida X-chromosomu (sexchromatin),
ktery se oddélil v procesu segmentace. Minimum 6 z 500
granulocytd s timto znakem naznacuje zenské pohlavi

1 - bubnova palicka,
2 - trombocyt









Slovo zavéerem.....
Neutrophils PHAGOCVTOSIS

AMOEBOID MOVEMENT

Neutrophils

Capillary walls

ROLLING CAPTURE ADHESION  EXTRAVASATION
ACTIVATION

Posilujte sviij imunitni systém pravidelnym posilovanim...



