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- v lymfatickém systému koluje asi 1 | lymfy
- nizsi obsah bilkovin nez v plazmé

- imunitni bunky (lymfocyty)

- lymfa ze stievnich klka - tuky



Lymfatické organy a lymfaticke cévy

* Centralni
e Thymus (T-lymfocyty)
e Kostni dren (T, B-lymfocyty) -
razena k hemopoetickym
organum

* Periferni
e Opouzdrené — lymfatické
uzliny, slezina
* Neuplné opouzdrené — tonzily
* Neopouzdrené — lymfatické

uzliky a lymfaticka infiltrace
(MALT — GALT, BALT..)

e Kapilary

 Malé a stredni
lymfatické cévy

e Lymfatické kmeny

Truncus lymphaticus dexter
Ductus thoracicus




Thymus
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* stavba -

* vazivo —vazivové poudro +
vazivova septa (lobuli), zasahuji
pouze do oblasti klry

e parenchym — cytoretikulum —
epitelové retikulum, do néhoz
jsou vlozeny lymfocyty

* kira — bariéra krev — parenchym
thymu

* dren — lymfocyty v omezeném
mnozstvi, vynikne epitelove
retikulum, Hassalova téliska
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eustachian tube

Pharyngeal external auditory canal

palatine tonsil
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Thymus mlady - retikularni epitel




Thymus —tvpvbbunék

cTEC

* Unique "private’ proteolytic pathways

* Efficient endogenous MHC class |l loading
* Constitutive macroautophagy

* Thymic nurse cell formation

Cortex

mTEC

* ‘Promiscuous gene expression’ (AIRE)

* 'Public’ proteclytic pathways

* Efficient endogenous MHC class |l loading
* Macroautophagy

Migratory cDC

* Steady-state immigration from peripheral
sites

* Import of peripheral antigens

* 'Public' proteolytic pathways

* Conventional MHC class Il loading

* Presentation of mIEC-derived and
serum-borne antigens

Resident ¢cDC
* Intrathymic differentiation
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« 'Public’ proteolytic pathways
* Conventional MHC class Il loading
* Presentation of mTEC-derived and

serum-borne antigens

pDC

* Steady-state immigration from peripheral
sites

= import of peripheral antigens

* 'Public’ proteolytic pathways

* Conventional MHC class Il loading

* No presentation of mTEC-derived TRAs?

B cell

* Intrathymic or extrathymic origin?

* Efficient presentation of BCR-captured
antigens

* 'Public’ proteolytic pathways

* No presentation of mTEC-derived TRAs?

Nature Reviews | Immunology



pozitivni a
negativni selekce

(CD4'CD8’) stroma 'nurse cell'
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The three classes of lymphocytes circulating in the bloodstream

Lymfocyty v krvi

lymfocyty 20-40 % z DBOK

I Classes of Lymphocytes

T Cells

Account for approximately 80 percent of circulating
lymphocytes; are of three major types

Cytotoxic T Cells

Attack foreign cells
or body cells
infected by viruses,
commonly by direct
contact; are the
primary cells
involved in the
production of
cell-mediated
immunity (cellular
immunity)

© 2011 Pearson Education, Inc

Helper T Cells

Stimulate the
activation
and function

0' Eﬂ= ] ce||s

and B cells

Suppressor T Cells

Inhibit the activation
and function of both
T cells and B cells;
the interplay
between suppressor
T cells and helper T
cells helps establish
and control the
sensitivity of the
immune response

CD4*CD25*

a
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| | BeCells

Account for 10-15 percent
of circulating lymphocytes

Plasma Cells

When stimulated can
differentiate into plasma
cells, which produce and
secrete antibodies; are
said to be responsible for
antibody-mediated
immunity (humoral
immunity) because
antibodies circulate widely
in body fluids

®

NK Cells

Account for 5-10
percent of
circulating
lymphocytes;
perform immune
surveillance,
attacking foreign
cells, body cells
infected with
viruses, and cancer
cells that appear in
normal tissues

TaB
memory
cells

humoralni imunita — tvorba protilatek



Imunitni obrana u virove infekce

Dychaci systém

—e itelové 1 Antibodies
P Alveolar NERD \-c i bind and
bun ky macrophages e N inactivate virus
phagocytose \
neutralized virus

Y Lung epithelial ceID

Alveolar

CD8+ T cells

macrophages
phagocytose
~ infected ‘ J
optotic cells / K
e “v-7°°
CD4+ T cells mediate\
immune response,
interacting with CD8+ T recognize viral
cellsl; and \n{ith B cell_s_ peptides on the cell
leading to virus-specific 4 surface and eliminate
antibody production / infected cells:
B cell A A Cytotoxic response
A
A A

https://www.cebm.net/covid-19/what-is-the-role-of-t-cells-in-covid-19-infection-why-immunity-is-about-more-than-antibodies/
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Thymus v involuci
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If you are not properly educated,
you will be negatively selected.

Education of T lymphocytes

© Immense Immunology Insight



Lymfaticka uzlina

Germinal

center in
Afferent follicle
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Copyright & 2001 Banjamin Cummings, an imprint of Addison Wesley Longman, Ina.
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Lymfaticka uzlina (lymphonodus)

e Stavba

* vazivo — vazivové pouzdro +
vazivoveé tramce a jemna septa

* lymfaticka tkan — retikularni
vazivo — retikularni bunky +
retikularni viakna — sit, do které
jsou ulozeny volné bunky

e \/rstva korova

 lymfatické uzliky (folliculi
Iym()hatici— primarni a sekundarni
- B-lymfocyty (B-dependentni
oblast)

 parakortikalni oblast — T-lymfocyty,
APC (T-dependentni oblast)

* sinus subcapsularis (marginalis)
* sinusy korové (perifolikularni)

* Vrstva drenova

» drenové provazce
* dfenové sinusy



B-lymfocyty, tridy protilatek — IgA, IgM, 1gG

uzlina

Spleen,
other
lymphoid
organs

Mucosal
tissues,
peritoneal
cavity

IgD Protein antigen

Follicular
B cells

Marginal
zone B cells

IgM

B-1 B cells

+ helper T cell

Germinal center

reaction

Polysaccharides, lipids, etc.
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Isotype-switched,
high-affinity

antibodies;
long-lived

plasma cells

£GLg¢A I&E

Mainly IgM;
short-lived
plasma cells

Mainly IgM;
short-lived
plasma celis




Lymfaticka uzlina

Uzlina jako biologicky filtr lymfy:

occipitalni rubeola, pyodermie viasaté ¢asti

pre- a retroaurikularni |zanét zvukovodu

submandibularni gingivitis, zanét dolni Celisti
nadorové postiZeni hitanu

submentalni nadorové postiZzeni dolniho rtu nebo jazyka
kréni podél kyvaél |infekce nebo tumor rinopharyngu
nadorové postiZeni Stitné zlazy
supraklavikularni zanétlivé nebo tumorozni postiZeni prsu

nadorové postiZeni plic
Virchowova uzlina(vlevo) karcinom Zaludku
axilarni zanétlivé nebo tumorozni postiZzeni prsu
triselné a femoralni  |zanétliva afekce dolni koncetiny
zanéty urogenitalni

nadorové postizeni konecniku nebo délohy

uzlina z plicniho hilu
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Uzlina — lymfaticke folikuly
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http://old.If3.cuni.cz/histologie/atlas/



Lymfaticka uzlina — antigen prezentujicici bunky

Dendritic cell B cell
viral
antigen bacterium microbial toxin
Cell type
virus
infecting
the dendritic cell
T-cell areas
Location in
lymph node
+++ Macropinocytosis A i
Antigen and phagocytosis Phagocytosis ntigen-specific
uptake by tissue dendritic cells 4+ receptor (Ig)
Viral infection .
Low on tissue
Inducible by Constitutive
::;rcoulon High ::";:g:':‘:":." o bacteria and cytokines | Increases on activation
lympholid tissues - 10 +++ +4+ 10 ++++
Constitutive by mature,
Co-stimulator | nonphagocytic lymphoid Inducible Inducible
delivery dendritic cells - 10 +++ - 10 +4+
+444
Antigen Peptides Particulate antigens Soluble antigens
ented Viral antigens Intracellular and Toxins
prss Allergens extracellular pathogens Viruses
Ubiquitous Lymphoid tissue
Location throughout Connective tissue ::,'I' p::::l ::I‘o’::l
the body Body cavities P

Figure 8.11 The Immune System, 3ed. (© Garland Science 2009)




Slezina

— | VAZIVO (husté kolagenni vazivo, neusporadané)

_ il — vazivové pouzdro kryté mesotelem +
/ | vazivove tramce (trabeculae)
;}h g 3 PULPA (dFef) - retikularni vazivo
Iy (T pulpa bila
'(; pulpa ¢ervena
marginalni zéna - mezi bilou a
cervenou pulpou
w
| KREVNI CEVY
PW(~ i

velikost: 10-13 cm, 6-8 cm, 4 cm
hmotnost: 150 g

Funkce: imunitni, tvorba lymfocytd,
zasobarna krve, destrukce erytrocyt(



Slezina

VAZIVO — vazivové pouzdro kryté mesotelem + vazivové tramce (trabeculae)
PULPA (dren)

pulpa bild — retikularni vazivo s volnymi bunikami, tvori PALS, misty ztlustuje v lymfatické
uzliky

pulpa cervena — retikularni vazivo tvofi Billrothovy provazce, mezi nimi slezinné sinusy
marginalni zona - mezi bilou a ¢ervenou pulpou
KREVNI CEVY



Slezina
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sekundarni lymfaticky uzlik — B-lymfocyty, marginalni zéna —
prevazné B-lymfocyty

PALS — pfevazné T-lymfocyty,

bilad pulpa - vztah k arteridlnimu recisti sleziny




Slezina
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Slezina — cévni sytém

Sinuses

with direct \\\\ \ Proliferating \
connection ’ Lymphocytes e
(closed U N
clmw \\\ in PALS with \‘_\\ CT Trabeculum
(= germinal centers \
i A 7-
\ \\ 0\& ! Trabecular
. £ Artery &
(Y Vein
(SR
—Venous sinuses QIO
Termination / Penicillar \\‘\\ N, "—,‘:”l}'
f arteri i
:e:or:'sT:uses Arkaciclids >-4// 7
~Central artery (open circulation) ) q \ v\~
vr s
TN
Vein 4 // ;
o) T - ‘_:?; Splenic \
Copyrighl © 2001 Benjamin Cummings, an imprint of Addison Weslay Langman, Inc. Drawing by Dr. Samir El-Shafey P Capsule Blood Flow

a. lienalis->aa. trabeculares—>aa.centrales—>arteriolae penicillatae->drenova arteriola-»opouzdrena
arteriola=>terminalni arteriola (prekapilara) .............. venozni sinusy->vény pulpy->vény trabekularni->v. lienalis

teorie otevrené a uzavrené cirkulace, kompromisni
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Slezina — Cervena pulpa

soee VENOZNI SINUSY

Annular fibre

Copyright © 2005 Nature Publishing Group
Nature Reviews | Inmunology

Nerozpustné tmavomodré srazeniny v Cervené pulpé predstavuji
Zelezité ionty lokalizované v makrofazich (hemosiderofagy), rozkladajici
hemoglobin z erytrocytl (Perlsova reakce).



Tonzily

* lymfoepitelové organy

* t. palatina, t. lingualis, t.
(naso)pharyngea, t. tubaria —
Waldeyeriv mizni okruh

Tubal
tonsd

* stavba
* vazivo — pouzdro + tenka septa
* epitel (rdzny) — na povrchu,
zanoruje se do hloubky - krypty
 lymfaticka tkan — uzliky (folliculi
lymphatici)

Palatine
toned




Tonsilla palatina

uloZzena ve
fossa
l tonsillaris

povrch: vrstevnaty dlazdicovy epitel, krypty: hluboké, vétvené, detritus: ano
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Epiglottis

Tonsilla lingualis ! AR

Palatine
tonsil

papillae
Foliate

papillae

Fungiform
papillae




Tonsilla lingualis

| AR

pouzdro: nelplné, krypty: mélké, detritus: ne, pod tonsilou: Weberovy zlazky



Lymfaticka tkan asociovana se sliznici (mucosa associated
lymphatic tissue = MALT)

 Difuzni e Organizovana
 Makrofagy, T-, B- lymfocyty, * Waldeyer(v mizni okruh

neutrofily, eosinofily roztrousené * Peyerovy plaky v submukédze

v lamina propria sliznic riznych stfeva

organovych systemu * Lymfatické folikuly v apendixu
* GALT tlustého streva
* BALT
« NALT

trachea



Mucosa associated lymphatic tissue = MALT

Esophagus
Stomach

GALT -od pyloru—tenké stfevo—tlusté strevo—konecnik 3
pfimo pod epitelem — retikularni vazivo (lamina propria mucosae) _,,....

- nejvétsi imunitni organ o [OOSR
- nodi lymphatici solitarii ‘ /

nodi lymphatici agregati — Peyerovy plaky — v tela submucosa W

10. Goblet Cells

11, Columnar
Epithelial
Cells

12. Capillaries

13. Lacteal




Mucosa associated lymphatic tissue = MALT

G ALT od pyloru zaludku—tenkeé stfevo—tlusté stfevo—konecnik
primo pod epitelem — retikularni vazivo

appendix tlusté strevo

Lining Epithelium
Diffuse Lymphatic
Tissue \

Intestinal Glands i



T 1cel.. Over here.
Antigen found.

I must alert everyone

Everybody come here.
Invader alert, invader dlert. en-Y
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Dékuji za pozornost.
Otazky a komentare na: jdumkova@med.muni.cz
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