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IMUNITNI SYSTEM

Imunita = obrana
- Epitelialni:  tkanova bariéra
- Vrozena: komplement, makrofagy, neutrofily, NK buriky

- Ziskana: T a B lymfocyty
Klinicka relevance?

- Autoimunitni poruchy

- Imunodeficience
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EPITELIALNI IMUNITNIi ODPOVE

Release of ROS/RNS &
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epithelial
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EPITELIALNI IMUNITNi ODPOVED

Uvolnéné signalni » Chemotaxe a extravazace leukocytd,
molekuly

Poranéna klize
Patogen

Fagocyty

* Prozanétlivé cytokiny

- interleukiny (e.g. IL-1, IL-8)
- TNFa, TGFb

- interferony

» DalSi signalni molekuly
- prostaglandiny
-  GM-CSF, M-CSF

A fada dalSich

motifolio.com



EPITELIALNI IMUNITNi ODPOVED

doi: 10.1111/imr.12577
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DENDRITICKE BUNKY

« profesionalni® antigen prezentujici buriky = vysoka uc€innost aktivace dalSich imunitnich bunék

» zpracovani antigenu — MHC I
» produkce cytokin(
* monocyto-makrofagovy systém

» lymfatické organy, epitelie, vazivo

Rozpoznani antigenu vazaného na MHC
komplex pomoci TCR receptoru je nezbytné
pro aktivaci T-bunék

Immunological Synapse

vV,

Dendritic Cell T Cell
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MHC RESTRICTION

SORRY, BUT I DON'T
RECOGNIZE THAT
MHC-PEPTIDE COMPLEX
YOU HAVE THERE

CD8TCell Dendritic Cell
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DENDRITICKE BUNKY

TLRs
‘ NtLRs MHC 1/l
etc. mmm TCR
PAMPSS @ e N y ° TH1
- ' ( CD28 — TH2
: cDeola*J i
- s Notch receptor
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DAMPs A } RAGE - y I Cytokine receptors
P2X7 J . .
etc. L
<« o 112123
Q 9
Pro-inflammatory Dendritic cell T cell
stimuli (Immunogenic)

https://doi.org/10.3389/fimmu.2019.00093



MONOCYTO-MAKROFAGOVY SYSTEM

Mononuklearni fagocytarni systém, retikuloendotelidlni systém
e Fagocytdza véetsich Castic

* Plvod v kostni dfeni: monoblasty — monocyty
* Po extravazaci: monocyty — makrofagy

* Nepravidelny povrch (fagocytéza)

e Pocetné lysozomy

* Golgiho aparat arER

* Dlouho Zijici buriky (mésice)




MONOCYTO-MAKROFAGOVY SYSTEM

* monocyty (v cirkulaci)

* makrofagy (histiocyty ve vazivu)

» Kupfferovy bunky (jatra)

» osteoklasty (kosti) Microglial cells

- mikroglie (CNS) produced in nervous

 alveolarni makrofagy (plice)

Macrophages
produced in
lymph nodes

» makrofagy a dendritické bunky

(lymfatické organy, sliznice, vazivo) Pulmonary alveolar

» Langerhansovy buriky (epidermis) macrophages

produced in lungs — Ostecclasts
« mesangialni buriky (ledviny) preduced in
Tissue macrophages ~ I'.__ long bones
or histiocytes
l pmduid ir:: — Mac:mphages
connective tissue produced in
spleen
Kupffer's cells Glomerular
produced in liver mesangial
cells produced
in kidneys

DOI: 10.1038/ki.1992.369



https://www.researchgate.net/deref/http:/dx.doi.org/10.1038/ki.1992.369

BUNECNA A ZISKANA IMUNITA
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LYMFOCYTY

Lymphocytes

Regulatory
CD34
Stem cell
CD45 CD45 CDI45 CD45 CD45
CellCartoons.net
CD15 CcD14 CcD3 CD19 CD61
Granulocyte Monocyte  T-lymphocyte B-lymphocyte Thrombocyte
. .. « CD45 CD45
o  Cluster of differentiation“, CD
CD4 CD8
* Imunofenotyp A A
) ) . ) Helper Cytotoxic
* Molekularni signalizace fidici imunitni odpovéd T-iymehoeyte Trymehocyte
.. , . CD45
+ Kiinicky vysoce relevantni mechanismy
CD25
cD3

Activated
T-lymphocyte



PROTILATKOVA (HUMORALNI) ODPOVED

Bacterium Engulfed Bacterium

Antigen of Phagocyte

Bacterium
1. Prezentace antigenu a aktivace B-
Non- lymfocytl
matching @
B cells . Antigen of
_______________________________ MatchingBcells _ Bacterium
Memory B cell 4® @ 2. Aktivované B-lymfocyty proliferuji
Second exposure
to the same
bacteria activates
this cell to rapidly
produce plasma ~
cells Eé?lzma
Antbody
N | . y
¥ Antigen of 3. VétSina B-lymfocytu diferencuji do
Inactivated Bacterium plazmatickych bunék, ¢ast do pamétovych

bacterium % %

Phagocyte
motifolio.com



PROTILATKOVA (HUMORALNI) ODPOVED

Take that
flu virus!!!




PROTILATKY

* Imunoglobuliny
* Velké proteiny se zvlastni strukturou a doménami schopnymi vazat antigeny
* Variabilni a konstantni oblasti

antigen within antigen antigen-binding site
antigen-binding site /
K| ; >> |
\
1
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\ ay !
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) : /
hinge
region

——————
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[ ] tight (L) chain

. heavy (H) chain

carbohydrate

S
-
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© Encyclopaedia Britannica, Inc.



PROTILATKY _

* Prestavba genomu ve de k produkci jedine¢nych mRNA kodujici imunoglobulinové retézce

(>10 billions) Susumu Tonegawa .«
* V(D)) rekombinace” béhem vyvoje Nobel prize 1987 «

e ,lsotype switching”

LA

Genes in heavy chain locus Genes in hea

W W W W {8 e I e el B ol
Removal of unwanted D and J gene segment

HHHHL— J

Recombination of D and J exons — DJ recombination
HAH 48—

Removal of unwanted V and D gene segment

-n—n migl— Non-homologous end joining of DNA at switch regions
Recombination of V and DJ exons — VDJ recombination , , ,
Genes in heavy chain locus of an 1gG expressing B cell

TR — v b 2]

— .
" _— Transcript for IgG1

Antibody transcript will also include constant domain gene Excised DNA segment



PROTILATKY

e 5 zakladnich trid * 1gG: nejbéznéjsi (>75%), stabilni
* |gA: exokrinni sekret, sliznice
* |gM: aktivator komplementu
e |gE: aktivator zirnych bunék
* IgD: aktivator B-lymfocyt(

Light (L) chain
@O Heavy (H) chain
«= Disulfide bond

Joining (J) chain secretory
IgA

© Encyclopaedia Britannica, Inc.



PROTILATKY

e |IgE: aktivator zirnych bunék

Spring is

Inside the body

R ¢
111111

Guys,
we have pollen

Arghhh
Allergies!!

Release the
histamine

CellCartoons.net



BUNECNA ODPOVED

Virus Phagocyte : : o
@i goeyt 1. Prezentace antigenu a aktivace T-lymfocytu
Cell

Antigen
of virus

Non-matching
T cells Matching T cell

Q e Memory T cell
Future exposure to the
@ 2. T-lymfocyty diferencuji do cytotoxickych,

same antigen activates
this to rapidly produce regulacnich a pamétovych T-lymfocytl

@ killer T cells
@7 Toxic protein

3. Cytotoxicke (Tc) lymfocyty eliminuji
abnormalni buriky

Killer T cell seeking
motifolio.com

new target



BUNECNA ODPOVED

Oh nooo!
I'm shedding virus particles!
Does that mean I'm infected?
What will happen to me?

I'M READY TO FIND AND
KILL THOSE INFECTED CELLS!

CD8 Cytotoxic T Cell
a.k.a’Killer T cell’

CellCartoons.net




MHC PROTEINY

* Hlavni histokompatibilni komplex (MHC)
» Aktivace nebo utlumeni T-lymfocyt(
* ,Peptidovy display”

« MHC I: vSechny jaderné bunky a trombocyty

« MHC II: antigen prezentujici buriky

*  (MHC llI: strukturné podobné MHC | a ll, al spiSe s
nepoznanou funkci v imunitni odpovédi)

T cell contact
residue of ~»
peptide

Polymorphic
residue
of MHC

Anchor
residue
of peptide

"Pocket" of MHC

'Antigen uptake‘ Antigen T cell—dependent‘
or synthesis presentation effector functions

@ Class | MHC pathway:
antigen presentation to cytotoxic T lymphocytes

m—— | —p ¢
2% Killing of
; . antigen-expressing
antigen CD8* cytotoxic target cell

T lymphocyte

Class Il MHC pathway:
antigen presentation to helper T cells

Cytokines
@&
Macrophage S0 ge

—h -
Macrophage activation:

killing of
phagocytosed microbe

X
o

B cell antibody
secretion: antibody
binding to antigen

o

Microbe in
endosome

CD4+ helper
T lymphocyte

Extracellular
microbe

Antigen-

specific

B cell Extracellular
antigen




B- A T- LYMFOCYTY V LIDSKEM TELE _

T-lymfocyty

« Parakortikalni zony lymfatickych uzlin

« Bila pulpa sleziny (periarteriolarni pochva)

« Interfolikularni oblasti dalSich lymfatickych organu (tonsily)
B-lymfocyty

» Lymfatické uzliky a medularni provazce lymfatickych uzlin
« Lymfatické uzliky a marginalni zény bilé pulpy sleziny

» Lymfatické uzliky v jinych organech

doi: 10.3791/58305



https://dx.doi.org/10.3791/58305

ZISKANA IMUNITA

Histologie:

Lymfocyty
Leukocyty <
Antigen prezentujici bunky

Lymfatické organy

Cervical lymph nodes Thoracic duct

Lymphatics of the
mammary gland

Cisterna chyli

Lumbar lymph nodes _
Lymphatics of the

upper limb
Pelvic lymph nodes

Lymphatics of the
lower limb



LYMFATICKE ORGANY

Primarni lymfatické organy

» Kostni dfen
* Thymus Sekundarni lymfatické organy

* Lymfatické uzliny
» Slezina
* MALT, tonsily, apendix

Tkané

« Krev
 Lymfa

« Sliznice
 Vazivo



LYMFATICKA CIRKULACE

Lymfatické cévy

Funkce .

Sbiraji tkanovy mok (intersticialni tekutinu)
Mikroprostfedi pro vyvoj a maturaci lymfocytu

Transport lipidd (chylomikrony)

Histologie

Lymfatické kapilary

Tenkosténné, slepé zakonCené cévy s
nepravidelnou laminou basalis
Vlakna, malé chlopné

Lymfatické cévy

T. intima — endotel a subendotelialni c.t.

T. media — nékolik vrstev hladkych svalovych
bunéek

T. adventitia — kolagenni vazivo

Podobné malym vénam

Chlopné odvozené z t. intima

Oteviraji se do d. thoracicus a d. lymphaticus

dx. — v. subclavia



LYMFATICKA CIRKULACE

Lymfatické kapilary
/ \\O& \& \J m
b \ N H
/cg;/\/ e ,,// //

Lymphatic
/\ Valves

capillary
Lympha"c o7 — — —
capillaries = . /
= Collecting

Arterial end Blood capillary Venous end

Guyton and Hall Textbook of Medical Physiology



LYMFATICKA CIRKULACE

Tok lymfy je jednosmeérny

EPgenaration —

Competent valves
Synchronized
—> contraction wave

=

= 77 ‘ i a7 = — 7 " , Lymph
; ST E@© ¢ -
T ~10 cmH,0
2
Lymphatic Contractile properties LEC fluid and solute
capillaries of LMC layer permeability The Journal of
Physiology
https://doi.org/10.1113/JP272088
Slozeni lymfy

« Obsahuje podobnou koncentraci iontl jako krevni plasma, ale mnohem méné proteinu
* Na lipidy bohata lymfa ze stfev - chylus

* Imunitni bunky

« Objem lymfy v cirkulaci - cca 1l (2-2.5] lymfy vznika kazdy den z tkanového moku)




LYMFATICKE ORGANY

Primarni (centralni):
» thymus

* kostni dren

Sekundarni (periferni):

» opouzdrené — lymfatické uzliny, slezina

* neopouzdrené (nebo jen CasteCné)

« asociované se sliznici - ,mucosa associated lymphoid

tissue“ — MALT

« tonsily

» lymfatické uzliky ve slizniénim vazivu rtiznych

organu

Palatine tonsils

Cervical lymph nodes '.‘
Right lymphatic duct — ==~

=7 "
Thymus f/“% : { ; ‘ Audllary

— = 2 lymph nodes
Thoracic duct ._ ! j‘ 4 —____Spleen
Cisterna chyli e |

Mucosa-
associated
| lymphoid tissue
.\ (MALT) (in smal

Inguinal S
lymph nodes ,/ >

W

Lymph vessels

Mescher



LYMFATICKY UZLIK

Folliculus, nodulus lymphaticus

neopouzdiené agregaty retikularniho vaziva a lymfocytu

- periferni lymfatické organy

- sliznice dutych organua (GIT, dychaci, mocovy, pohlavni

systém)

- primarni uzliky — pfed kontaktem s antigenem

- sekundarni uzliky — stimulované antigenem
- svétlé germinativni (zarode¢né) centrum

- tmava plastova zona
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LYMFATICKA UZLINA (nodus lymphaticus, Iymph_

Cervical K , Thoracic duct
lymph nodes
l"" i Thymus
' / ' Lymphatics of the =
. VaZ|VOVy obal, hilus [ gaxrww?lgz;rlsz Ioa nd“ ,.Il;. «1\ lympﬁxri]l(l)zreys
» parenchymy = lymforetikularni tkan | " NEY /-\’ . 1\ Spleen
J; ’ . ‘ |
o . y V' . ' %&' L\\ ,
» kura (lymfatické uzliky a sinusy) (B-lymfocyty) 9/ / N W
| ;‘ \ |

/
- drefi (provazce a sinusy) (B-lymfocyty) a1 | . _/i}}" J MJU\S

|
Pelvic lymph nodes l.\ \“ ﬁ\, }.} iidlnal
/ C
Ty

« parakortikalni oblast (T-lymfocyty) \ lymph nodes
\
 sinusy: subkapsularni (marginalni), perifolikularni (kortikalni), dfefioveé \.

 Litoralni buriky — vystelka sinusu, fagocytoza
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KREVNI ALYMFATICKA CIRKULACEV UZLINE

Afferent lymph vessel
/ Lymphoid nodule
Cortex
Capsule
Subcapsular sinus

Paracortex
Medulla

Medullary sinus

—— Lymph
«——— Arterial blood
~ — Lymph
. —» Venous blood

Efferent lymphatic
vessels

Vein

Subcapsular sinus
Postcapillary venules
Capillary bed
Trabecular sinus

Gartner, Hiatt

Trabecula
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LYMFATICKA UZLINA (nodus lymphaticus, Iymphono_

subkapsularni sinus lymfaticky uzlik
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| DREN LYMFATICKE UZLINY _

Drenové provazce a sinusy

Plazmatické bunky

Postakapilarni venuly s vyskoym
endotelem (HEV, high endothelium post-
capillary venules) — umoznuji snadnou
extravazaci leukocytl z krve do
parenchymu lymfatické uzliny



SLEZINA (LIEN)

« Vazivovy obal, vazivové trabekuly

« Parenchym = pulpa

 bila (lymfoidni)
- periarteriolarni lymfaticka pochva - PALS
- Malpighiho téliska = uzliky

» cervena (nelymfoidni)

- Billrothovy provazce (makrofagy, monocyty, vazivové
buriky a vlakna)

- venozni sinusy

* marginalni zéna

Vein

Artery

White pulp

Red pu

Capsule

Ip

Spleen



SLEZINA (LIEN)

Lymphatic nodule

(containing germinal center)
White pulp Periarterial
Ivmphatic
sheath

Splenic cords

(of red pulp)

Venous sinus—7=7/ g g% 2 0 W W& o S ¥ | X Trabecular vein

Pulp vein

Venous sinuses
in red pulp

Capsule

Marginal sinus
(contiguous to

white pulp)

Lymphatic
nodule

Arterial vessel
terminating in
marginal zone

Periarterial
‘ lymphatic
Central  Jheath
artery

Marginal zone

Ross, Romrell

Lymphatic vessel



SLEZINA (LIEN)

lymphatic
sheath

il zone

Arterial vesse
terminating i
marginal zon

Periart Marginal zonj



SLEZINA (LIEN)
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SLEZINA (LIEN)
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SLEZINA (LIEN)
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SLEZINA (LIEN)

IR TAL LK
S5 Bervend pulpa
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SLEZINA (LIEN)

* venozni sinusy a Billrothovy provazce Cervené pulpy:
eliminace abnormalnich erytrocytu

Cords

Venous sinus

Erythrocyte Basement Intercellular
in passage membrane spaces

Central
arteriole
Red Pulp R8P e
‘ ZM¢ Leucocyte in Endothelial
passage cells
. Sinus

Marginal zone

— MMMQ
.{OQ Lymphocytes
White Pulp |




SLEZINA (LIEN)

* venozni sinusy a Billrothovy provazce
cervené pulpy:
eliminace abnormalnich erytrocytu

Cords

Venous sinus

= {_/' \
§ Central
. arteriole
Red Pullz

=
o . '\\\ \\@@@ ' ___ vzve
g \\ ) Sinus

Marginal zone ‘ \’

—I ' %7 / ’@ MMM@
@ @ .@ @ Lymphocytes
White Pulp |@%Q .\f




SLEZINA (LIEN)

Vendzni sinus

Retikularni bunka

Bunky v cirkulaci



Capsule

Vi . .
SiINiSeE « a. lienalis
Trabeculae
Arterial * aa. trabeculares
capillary

* aa. centrales

« arteriolae penicillatae

Sheathed
arteriole

* venozni sinusy
Arteriole of

the pulp White pulp

* veny pulpy

Red pulp e Vv. trabeculares
* V. lienalis

Trabecular
vein

Central arteriole of

splenic nodule

Trabecular
artery

Leeson, Leeson, Paparo



| SPLEEN — OTEVRENA A UZAVRENA CIRKULAC_

. Closed Open Fawcett, Jensh
Circulation circulation

Capsule

Baaae & - -
ey S - - - . B S
e =
- -

\ ‘:’1 t. e ——_2
.,;,-',- ff?_—;, A@. % g
TrabeCU'a ""vl ,; /’T:', —— ’: 3T

\"4;;.‘
| \}: :

Splenic {4/

sinus

':
¥

Ty
il V4

/f/i" ; ¢ |

! olly




SLEZINA A LYMFATICKA UZLINA s

Skin Gastrointestinal tract Respiratory tract

Lymfaticka uzlina Slezina

(Epithelium

| YN YN |
A e e b b i

) S48
&‘.F“"«, Dendritic cell-
' I

31 associated antigen %@
Cell-free 2 s P
antigen == Y N
7 Antigen that— )
.“( \ enters blood ||}
Lymphatic " Sl stream \ )
vessel Venule {0
Connective tissue )
To lymph node To circulation
and spleen
z Spleen

krevni filtr

lymfaticky filtr
Blood-borne antigens
are captured by
Lymph node collects antigen-presenting cells
antigen from tissue in the spleen




TONSILY

* neuplné opouzdrené

* krypty — hluboké a rozvétvené invaginace kryté epitelem

« agregaty lymfatické tkané (folikuly) kryt epitelem krypt

* rozvlaknény epitel (umoZznuje pFistup antigenim k leukocytiim)

= t. palatina — vrstevnaty dlazdicovy e.
= t.lingualis — vrstevnaty dlazdicovy e..
= t. pharyngea — vicefady cylindricky e.

= . tubaria - vicerady cylindricky e.

‘Pharyngeal
tonsil
Opening of
auditory tube
Palate
Palatine tonsil
Lingual tonsil

tonsil

rface
0 su
0 OO 0 g stratified squamous
= N non-keratinized
e o L epithelium
® o = LY
® ¥ *‘\\ tonsil
e o T} c
o ¥ o S
® s mouth ®
sHall ° Seo®
o fore 4 . s 2
o o e ® o lymph
A o0 g; C oo o nodules
® o .° o A3
&
A | 3. B
stratified reticulated @ % 7 CO ® @
epithelium
. e
. .
) "
lymphocytes and stratified reticulated

other immune cells epithelium

stem/progenitor
cell



TONSILLA PALATINA

Germinal centers
of lymphatic nodules

'7\“

Lymphoid tissue : e —— Sobotta
ymp Striated muscle
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| TONSILLA PALATINA .
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TONSILLA LINGUALIS
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| TONSILLA PHARYNGEA



| BRZLIK (THYMUS)

. . ’ hyroid
vazivovy obal e

« parenchym: klrra a dfen

Right lobe

Trachea

« epitelialni retikulum (cytoretikulum)

» T-lymfocyty

 Hassalova téliska

Epithelial
reticular cell

Desmosome

Mescher



BRZLIK V DETSTVI




| BRZLIK (THYMUS) - KURA

Kara:

* nezralé imunitni bunky - thymocyty
* imunokompetence

+ pozitivni selekce (funkéni TCR)

 hemato-tymicka bariéra (endotel +
bazalni lamina + cytoretikulum)

* brani predCasnému kontaktu s antigeny

65



BRZLIK (THYMUS) - DREN

Dren:

negativni selekce — prevence autoimunitni
reakce

navozeni centralni imunitni tolerance
prezije jen 2-3% T-lymfocytu
cytoretikulum

hemato-tymicka bariéra chybi
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Epitelialni cytoretikulum Thymocyty

I= CD4- CD8-

2

g Funkéni TCR
v

Neni autoreaktivita

<

(0

S

o

(D)

=

CD4+ nebo CD8+

T-lymfocyty Uvolnéni z thymu



IMUNOFENOTYP T-LYMFOCYTU e

Early Stage Intermediate Stage Late Stage Mature
Prothymocyte Subcapsular Cortical Thymocyte Medullary Mature T Cell
Thymocyte Thymocyte
_CDA4s |
[CD32 T
L_IDT | —
<1 _CD10 -
L_CD7 |
—1 CD2 |
- 1""CDS |
—EEES |
———1 sCD3 |
CD4 ]
__CD8 I
-] CDla |
e —— [ 16433 |

doi:10.1136/jclinpath-2018-205424



BRZLIK (THYMUS) - INVOLUCE
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(a) Young Old (b)
) 100,000 3 log drop over 80 year lifespan
n=100 PBMC Samples
P o 10,000 48° . ” Age 6mo-80yr
S ° 0
TS 1,000 g;o 0° 8 g
- % . ) 8 %o
5o
32 100 0
a0
8
X < 10 0
' R
w B : . 3 T T T T T, Transcipl foright
a Qnt 40 50 6 o
O O! § o
e Age (years) ]

Senes in heavy chain locus of an 1gG expressing B cell @
L Tttt g1

Excised DNA segment

doi: 10.1016/}.it.2009.04.003




VYVOJ LYMFATICKEHO SYSTEMU _

* Vyvoj zacina v patéem tydnu
» Stale ne zcela jasny puvod, pravdépodobné pfimo z
mezenchymu nebo jako odnoze primitivnich cév

Int. jugular v,

Rt. lymphatic duct Int. jugular v. Sl el mpx e

-
.....

Subclavian v.—== -2 \ L. -x‘

nastomosis

Jugular lymph sac

L— Subclavian lymph
sac
Lt. thoracic duct

Rt. thoracic duct
l— Thoracic duct

Cisterna chyli Retroperitoneal lymph sac

Retroperitoneal

WEEK 7 Femoral lymph sac

@\

~WEEK 7 (After Sabin)

6.-9. tyden Sest lymfatickych vaku v riznych anatomickych umisténich

Dva jugularni lymfatické vaky (junkce v. subclavia a v. precardinalis (— V. jugularis int.)
Dva iliakalni lymfatické vaky (junkce v. iliaca a v. postcardinalis)

Jeden retroperitonealni lymfaticky vak

Jedna cisterna chyli dorzalné od retroperitonealniho vaku

iac lymph sac Cisterna chyli

Iliac lymph sac

lliac v.

e



VYVOJ LYMFATICKEHO SYSTEMU _

Lymfatické cévy rostou z lymfatickych vaku

jugularni: hlava, krk, hrudnik, horni koncCetiny
iliakalni: trup, dolni konCetiny
retroperitonealni a cisterna chyli: GIT

Vyvoj lymfatickych kmeni

plvodné pravy a levy ductus thoracicus spojuje c. chyli a jugularni vaky

Cetné anastomozy a prestavby

D. thoracicus: z kaudalni ¢ast pravého d. thoracicus a kranialni Casti leveho d. thoracicus
D. lymhaticus dx.: z kranialni ¢asti pravého d. thoracicus

Jugular trunk

Jugular sac

(lymph node) Subeclavian trunk

Bronchomediastinal trunk

Sup. v. c. Intercostal lymph vessels

Thoracic duct

Cisterna chyii } Vessels from stomach

Retroperitoneal sac Cisternal chyli

Vessels from large intestine
(inf. mesenteric)

Vessels from large {

intestines (sup. mesenteric) Vessels from small intestines

Iliac lymph sac
(post. sac)

~ WEEK 9

MAJOR ADULT LYMPH CHANNELS



VYVOJ LYMFATICKEHO SYSTEMU

* Vyvoj lymfatickych uzlin

DEVELOPMENT OF A LYMPH N

Lymph vessels

« z lymfatickych vakd kromé (c. chyli)
* mezenchymalni bunky
» folikuly jesté bez germinativnich center se

vyvijeji v obdobi kolem narozeni

Central Subclavian

Brachial

Mammary

{Rotter nodes)

Subscapular

ADULT LYMPH NODE
Blood supply shown on right

External mammary
(anterior pectoral)

7/ €]
ein
Efferent lymphatic x \ \

FiGURE 55. Development of a lymph node.



VYVOJ TONSIL A THYMU

Tonsilla palatina

« druhy zaberni oblouk (fossa tonsillaris)
Tonsilla pharyngea, tubaria and lingualis

» agregace lymfatické tkané v nosohltanu, pobliZ usti tuba auditiva a kofene jazyka

Thymus
» tfeti entodermova Zaberni vychlipka

Hard Palate

Pharyngeal Tonsil Nasal Cavity

(Adenoid)

Nasopharynx

Soft Palate
Uvula

Palatine
Tonsil

Oropharynx

Tongue

Lingual Tonsil

Laryngopharynx

Tonsils and Throat

DEVELOPING TONSILS AND

THYMUS GLAND
T\}:ngcal
2 pouches
3
4

oy 2 1

by Cleft 2
WEEK 5§ L A "'“\ A@g

Area of arch 11 of the
pharyngeal lining gives
origin to the tonsils

DEVELOPING PHARYNGEAL CLEFTS
AND POUCHES

Cleft | —= 1 (pouch)

Palatine tonsil

Tonsils (paired)

bal \\

Pharyngeal

Nasal cavity

Trachea

Esophagus



VYVOJ THYMU

 Thymus
« tfeti entodermova zaberni vychlipka

Pharyngeal arches

Thymic anlage
Phaynx A i B  pharyngobranchial
l /  canal

3rd

pharyngeal
*pouch

corex

ath

cenical vesicle medulla

ectobranchial canal

Bone marrow cells colonize thymic anlage in fetus



VYVOJ THYMU

Chrupavka obratle Trachea Sternum a Zebra Jicen




VYVOJ SLEZINY

*  Dorzalni mezenterium zaludku
« Puvod z mezenchymu

Dorsal mesogastrium
{mesentery)
Neural arch
£ara Spinal cord Adrenal gland
Pancreas
Aorta
\ Lienorenal lig
Inf. v. c.

/

Spleen
Ventral Lesser omentum -
mesentery P Gastrosplenic lig.
(lesser omentum) / (gastrolienal)

Falciform lig. Stomach

DEVELOPING SPLEEN



VYVOJ SLEZINY

*  Dorzalni mezenterium zaludku
« Puvod z mezenchymu

Dorsal mesogastrium
{mesentery)
Neural arch
£ara Spinal cord Adrenal gland
Pancreas
Aorta
\ Lienorenal lig
Inf. v. c.

/

Spleen
Ventral Lesser omentum -
mesentery P Gastrosplenic lig.
(lesser omentum) / (gastrolienal)

Falciform lig. Stomach

DEVELOPING SPLEEN



VYVOJ SLEZINY

Slezina Pankreas Zaludek Jatra
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DEKUJI ZA POZORNOST
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