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Epitelova



KLASIFIKACE TKANI

Na zakladé morfologickych a funkénich znaku

Kontinualni, avaskularni vrstvy bunék s riiznou funkci,

] , orientovanych do volného prostoru, se specifickymi

Epitelova
a ECM

Derivaty vSech tfi zarodecnych listl

Obsahuji myofibrily - schopnost kontrakce
Derivat mezodermu - KS, myokard, mezenchymu - HS

Svalova

Neurony a neuroglie
Pfijem a prenos elektrického vzruchu
Derivat ektodermu

Nervova

Dominantni pfitomnost extracelularni matrix
Vazivo, chrupavka, kost, tukova tkan
Derivat zejména mezenchymu

Pojivova

mezibunéfnymi spoji a minimem mezibunécného prostoru




VARIABILITA EPITELOVE TKANE
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OBECNA CHARAKTERISTIKA (KRYCi) EPITELOVE TKANE

= Avaskularni (bez pfimého cévniho zasobeni) — vyziva z pojivové tkané (lamina propria)
= Apikobazalni polarizace
* Minimum mezibunécné hmoty

» Ukotveni do bazalni membrany
= Typicka morfologie a mezibunééné spoje (tésné, adhezni, komunikacni)

LUMEN
junctional
complex

“N‘Wm\&wfw

lateral
_domain

apical domain

Wit

intercellula
space




POLARITA EPITELOVYCH BUNEK

EPITEL

y

vs. Basolateral BAZOLATERALNI DOMENA

MEZENCHYM

https://doi.org/10.1038/aps.2011.20



POLARITA BUNEK

>

Apical
5 Occludin i
Basolateral Basement membrane Claudin
JAM
Nectin
E-cadherin

https://doi.org/10.1038/aps.2011.20



Evoluce [JieEls

i
e
Catenuiida, o Bilateria Bilateria
Porifera Placozoa Xenoturbellida Cnidaria Ctenophora most invertebrates  vertebrates

N

(

| zonula occludens
(tight junction)

zonula-occludens-
like junction

\
: o
[ : E: : 3 R
i+ zonula adnherens {; 8E8%) ' 5 zonula adherens . el=1S:.
B sertel b i L '.k.
VR ¢ :
septate junction { ! {
l /
o=ls § septate junction
[
\
ot=toi—
“’35%. spot adherens 11
T 3T Junction

hemi-adherens

. ! hemi-adherens
junction

junction

i

hemi-adherens
junction

1V &

N basal lamina
) ./ - -
\ - ' : : claudins, neurexin
actin cadherin-catenin  Crumbs and other integrins  intermediate sk
complex apical membrane proteins filaments

Komplexita mezibunécnych spoju




STAVBA TYPICKE EPITELOVE BUNKY

Lateralni povrch
younod 1ujeiale

www.webanatomy.net



MODIFIKACE BUNECNEHO POVRCHU

Apikalni povrch | Lateralni povrch |Bazalni povrch

mikroklky zonula adherens hemidesmosomy
nepravidelné macula adherens bazalni labyrint
kartacovy lem (desmosom)
zihana kutikula zonula occludens

rasinky nexus

stereocilie interdigitace

Viz cytologicke prednasky



https://doi.org/10.1016/S0960-9822(99)80153-5



BAZALNI MEMBRANA

Bazalni membrana je pojem svételné mikroskopie

Bazalni membrana = lamina basalis + lamina fibroreticularis

Vrstva ECM, ktera pfipojuje epitelové bunky k pojivovym tkanim

V mikroskopu je nezfetelna, ale Ize histochemicky zviditelnit néktere jeji slozky (PAS)
Spole¢ny produkt epitelii i fibroblastu

Selektivni bariéra - transport

Tkanova integrita - soudrznost epiteli

PAS reakce (Periodic Acid Schiff)
Prukaz polysacharidi EA0E

Epithelial cells

Basement
membrane

Connective
tissue

Capillaries



BAZALNI MEMBRANA

Blood-brain barrier ;- Blood-retinal barrier
4 L] L

Basement

M“’“

Skin barrier

: | Epidesrmis
--.--.--._.T..-n.,.p-...-
Basemeat menbrans —'_'_'_/

Intestinal barrier

e

Badement
miembsana

Basemeng
membaane

BasLnseng
L miembaana



BAZALNI MEMBRANA vs. BAZALNIi LAMINA

Bazalni lamina (lamina basalis)

* pojem elektronové mikroskopie

* dvé vrstvy: lamina densa a lamina rara
— lamina rara (lucida) - GAGs (zviditelni se PAS reakci) - pfipojeni hemidesmosomu, svétla
— lamina densa - zejména netypické kolageny (IV), tmava

« produkt epitelovych bunék

 50-100nm

Epithelial cell

Lamina )
lucida

> Basal «
Lamina lamina
densa _

Reticular fibers
(type Il collagen)

S I
QI A -

":"~Anchoring fibrils

Anchoring plaque ~~ J (type VII collagen) :‘;E:R:ﬂs
(type IV collagen)



BAZALNI MEMBRANA vs. BAZALNIi LAMINA

Lamina fibroreticularis

* pojem elektronové mikroskopie

« kolagen Il a dalSi netypické kolageny (1V, VI)

» fibrilin, elastin

» produkt vazivovych bunék, navazuje na ECM vaziva

Epithelial cell

Lamina O
lucida

> Basal

Lamina lamina

densa

<) = y Yo X )

'{:_Anchoring fibrils

Anchoring plaque g (type VI collagen)
(type IV collagen)

Reticular fibers
(type Il collagen)

Lamina
reticularis

—



BAZALNI MEMBRANA JE NEOBYCEJNE SLOZITA STRUKTURA

\ Golgi Complex

Aggregation on Cytoplasm
Ow Extracellular Space

Cell Surface Receptors
Type IV Collagen

Network on Laminin

\T(mer

Perlecan,
Nidogen/Entactin
Laminin

Epithelial cell

/ Integration of Other
BM Components
Linking Type IV
Collagen Network
and Laminin Polymer

o— Integrin

) i
B *

\ ~———Laminin 5
3 > «—Type IV collagen || Basement membrane

Elastic fibers
Proteaglycans
Integrin
Fibroblast

Connective lissue

Dunsmore SE, Chambers RC, Laurent GJ. 2003. Matrix Proteins. Figure 2.1.2. In: Respiratory Medicine, 3rd ed. London.
Saunders, p. 83; Dunsmore SE, Laurent GJ. 2007. Lung Connective Tissue. Figure 40.1. In: Chronic Obstructive
Pulmonary Disease: A Practical Guide to Management, 1st ed. Oxford. Wiley-Blackwell, p. 467.



BAZALNI MEMBRANA JE NEOBYCEJNE SLOZITA STRUKTURA

Epithelial cells

{1} pesmosome
-~ Hemidesmosome
———aoCollagen IV

yrm “ laminalucida === Collagen I&IIl
Basement we o . . % lLaminadensa
membrane[ ‘-\\';’_\\;‘;?E:I""”” ]Lamma reticular (-—-%—‘-Laminin
o :  Entactin
"""" ... < Perlecan
& i ~_“.
& / 4 "“
N % S\
-~ \
A Y X
ﬁf -, . \ . (/
% N ) '
1 \; \ > :

Perlecan
Polymeri lsatlon J_ ‘4 Polymerisation
Lammm Nidogen Collagen 1Y

DOI: 10.1021/acs.biomac.2c00402 (b)



ARCHITEKTURA BAZALNI MEMBRANY

Epitelova bunka

Basement membrane

1 Epithelial cell

Plasma membrane
Lamina lucida

Integrins 1|

Laminins 1,5,6,10 7
Collagens XVl and IV
Dystroglycans = = — .
g Basal > Lamina
Lamina densa lamina .
basalis

Collagen IV ———==="
Entactin/nidogen

Byl i > Bazalni
membrana

, o e e o Heparin sulfate proteoglycans Z

Lamina reticularis

—————

Collagen 1, HI, V' mmmm—

Proteoglycans <l B > L am | na j
(fibr

o)reticularis)

Plasma membrance

— Fibroblast

Fibroblast



PR. BAZALNi MEMBRANA V CORPUSCULUM RENIS

Albuminuria

Foot process effacement
Claudin1T

NMNJ

Mesangial

Afferent \ ) 5 e
arteriole g O & ) O G

Z NSl )

Sirt1l

oo s 0 ' Diabetic

Efferent

arteriole Proximal tubule

epithelial cell

Endothelial Glomerular
cells epithelial cell
Basement membrane (podocyte)
Slit diaphragm
Podocyte process

a Podocyte foot A Slit Urinary space
process diaphragm

Gggmerular
sement
© o membrane

Bazalni membrana v ledvinnych o ° . .{pmet? o °
A4 r 1 4 - -] A ~ oy V' 4 o
téliscich je dtlezitou soucasti N .
filtraéni bariéry €9 ¢
(] =

Endothelial cell

o
Q- -




PR. BAZALNi MEMBRANA EPIDERMIS

Keratinocytes

™
J

Keratin
filamentes
AN

Hemides-
MOSOMES

Lamina
lucida ~__
Anchoring
filaments

Lamina
densa

Anchoring
fibrils

Collagen —> Fibroblast
fiber

(a)



PR. ALVEOLOKAPILARNI BARIERA

]

Bronchioalveolar stem cells

Cyclic Stretch

Jacrophage




BAZALNI MEMBRANA A POVRCHY PRO TKANOVE INZENYRSTVI
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EMBRYONALNI PUVOD EPITELOVYCH TKANI

Bunky s epitelialnim fenotypem
vznikaji ze vSech tii zarodecnych listl

Mammary Syeat
Embryonic glands
epiblast glands Sebaceous glands
. i i . - Hair
Embryonic P::'nno.r::l“as! Embryonic. Embryonic epl?:lﬁrun
endoderm g Y ectoderm 5 of body = Nails
mesoderm || mesoderm l
Auditory Proctodeal
Optic vesicle epithelium
Gametes Splanchnic  Somatic Myotomes Dermatomes p
Gonads mesoderm mesoderm Sclerotomes vesicle
l hens I Anal canal
Dermis Retina eresl
Axial Axial of skin Epiphysis Stomodeal
Pronephros Limb mll‘JI;?:Ibes muscles <yeleton Posterior Anterior Spithellum
Trophoblastic Amniotic skeleton pituitary  pituitary
Epiblast || Cytotrophoblast
Sg:::l Brain Comea Oral
Parameso- |\ Mesonephros Trunk \yCranial motor epithelium
nephric neural nerves
ducts

Spinal motor  Schwann

] Pleura
Parietal4 Pericardium
nerves cells

Peritoneum

Metanephros

i ) Visceral{ mleum
(| Vagina Mesonephric eritoneum nerves
¥ Uterus ducts Mesenteries Pigment

) Dentine Enamel
Syncytiotrophoblast

Cranial of teeth of teeth

Uterine tubes 1 & cells
@)

Ductus epididymis r;m:ngnoblasuc 2 neural
Ductus deferens 3 Sympathetic orest N, _
Allantois Blood cells ganglia Cephalic
g Endothelium connective
Parietal Adrenal;

. tissue and bones
endoderm Gut Urinary ~ cortex

bladder medulla

Epicardium

Trachea Myocardium -
Lungs Wall of Endocardium J  Outflow tract
Pancreas respiratory Pharynx Walls of aortic
tract arches | Moddle ear
Auditory tube Stroma of
Endometrium Il Tonsils pharyngeal
Liver  Digestive Wal of pouch
Extraembryonic Primary Hypoblast tract Thyroid Pharyngeal :Ir:nggl::yroids derivatives
mesoderm yolk sac pouches ;
Courtesy of Dr. Ray Gasser.

IV Sup. parathyroids
Fig. 5-3. Digital photomicrograph of a 12-day human embryo (Carnegie No. 7700) taken just as implantation within the Past branchial bodies
ig. 5-3. Di i ly hul i k ju i ion withi " " g w
endometrium is completed. Fig. 6-27. Flow chart showing the formation of the organs and tissues of the embryo from the fundamental

germ layers. The arrows are color-coded according to the germ layer of origin of the structure (see Fig. 4-1 for color
code).

Copyright @ 2014 by Saunders, an imprint of Elsevier Inc.



EMBRYONALNI PUVOD EPITELOVYCH TKANI

Bunky s epitelialnim fenotypem
vznikaji ze vSech tii zarodecnych listl

Zarodeény

list

Ektoderm

. Pokozka (vicevrstevny dlazdicovy rohovéjici)

Epiteloveé derivaty

Potni zlazy a jejich vyvody (jednovrstevny a vicevrstevny kubicky)
Vystelka ustni dutiny, pochvy a analniho kanalu (vicevrstevny dlazdicovy
nerohoveéjici)

Mezoderm

Endotel vystylajici krevni cévy (jednovrstevny dlazdicovy)

2. Mezotel vystylajici télni dutiny (jednovrstevny dlazdicovy)

=

Vystelky pohlavnich a moc€ovych cest (pfechodny, vicefady cylindricky,
jednovrstevny kubicky, jednovrstevny cylindricky)

Entoderm

o 0D PE

Vystelka jicnu (vicevrstevny dlazdicovy nerohovéjici)

Vystelka GIT (jednovrstevny cylindricky)

Vystelka Zlu¢niku (jednovrstevny cylindricky)

GIT zlazy (jatra, pankreas)

Vystelka dychaciho traktu (vicefady cylindricky s fasinkami, jednovrstevny
cylindricky s fasinkami, kubicky, dlazdicovy)

Cast pohlavnich a mogovych cest odvozena z kloaky




KLASIFIKACE EPITELOVYCH TKANI

KLASIFIKACE

MORFOLOGIE

FUNKCE



KLASIFIKACE EPITELOVYCH TKANI

- na zakladé morfologie: 1) kryci, 2) trabekularni, 3) retikularni
- na zakladé funkce: zlazovy, resorpcni, smyslovy, respiracni atd.

e 3 o .
Tem~, P SRR

p580102 [RM] @ www.visualphotos.com




KLASIFIKACE EPITELOVYCH TKANI

= kryci (ploSné)

Klasifikace 1) morfologie = — = trabekularni
podle

— =m retikularni
‘.\\ o“m
.\\\'

= kryci
m 7|ldzové

= resorpcni

2) funkce — ®smyslové
= respiracni cesty
= alveolarni

= zarodecny




KLASIFIKACE EPITELOVYCH TKANI

Morfologie

 Tvar a usporadani bunek

 PocCet vrstev

1. Epitely kryci (plosné)
2. Trabekularni epitel
3. Retikularni epitel



KRYCi EPITELY

Kritérium Termin Rozliseni
Pocet vrstev Jednovrstevny Jedna vrstva bunék
bunék Vicevrstevny Vice vrstev bunék
Vicefady Jadra zdanlivé ve vice vrstvach, ale vSechny
buriky v kontaktu s bazalni laminou
Tvar Dlazdicovy Ploché dlazdicové bunky, Sifka >> vysSka
povrchovych Kubicky Polygonalni buriky, $itka = vys$ka
bunek Cylindricky Polygonalni buriky, $ifka < vyska

Simple columnar

Simple cuboidal

Simple squamous

Keratinized e - > - = e A
stratified squamous [ ey R S e e T e e B
3 S R g o LA 23 Z
) T o -l i W T ]
o oS o o e -, A g oot —~ o S
Non-keratinized e e ',_.:L e R Sl S e
2% v e - 2 ~ - - - i,
stratified squamous | S Seael Vgt ~TTmpe = O T e e e
- 7 R S i N o e I
- oo B £ 4 o ¢ S\ P, T L o e
i M T g PO T AR Sl s - o SIS
iy PR e e, e e e M N

A Schematic of nonkeratinized stratified squamous epithelium as
seen with the light microscope. The epithelium acts as a protective
barrier and is typical of wet surfaces—Iinings of the oral cavity, esophagus,
anal canal, part of the urethra, and vagina. It also covers the cornea.
Stratified columnar



KRYCi EPITELY

= Semipermeabilni bariéra

» Endotel cév
» Parietalni list Bowmanova pouzdra (corpusculum renis)



KRYCi EPITELY

Jednovrstevny kubicky epitel

Tubuly ledvin

Vsunuté a interlobularni vyvody zlaz
Povrch ovaria

Vnitfni povrch pouzdra ¢oCky

SekrecCni a exkreCni kanalky

’

Uprava koncentraci iontu a
vody




KRYCi EPITELY

» Jednovrstevny cylindricky epitel

= Sekrece a absorpce
= Apikalni povrch mlze byt modlflkovany
= QOchranna bariéra

— Zaludek

— Strfevo

— Zluénik

— Rectum

— Uterus

— Vejcovody

— Vyvody vetsich zlaz

— Ductus papillares ledvin




KRYCi EPITELY

» Jednovrstevny cylindricky epitel




KRYCi EPITELY

Vicerady cylindricky epitel s fasinkami a poharkovymi burikami
= Dychaci cesty

.

x )
ial cells |
T

g S . ((




KRYCi EPITELY

= Vrstevnaty dlazdicovy epitel nerohovéjici

Ry — -www e ’N""—z—\
P . )4 N/ -
= 8 S0 i S g N
- . - Q - i .’ _— —
T Y e e A~ e

5 ‘.’

s
- Ustnidutina
— Jicen
— Pochva

— Analni kanal
— Hlasové valy
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KRYCI EPITELY
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Epiderm




KRYCi EPITELY

= Vrstevnaty kubicky — cylindricky epitel

— Velké vyvody zlaz
— Spojivka



KRYCi EPITELY

Prechodny epitel

— Ledvinna panvicka
— Ureter
— MocCovy méechyr



KLASIFIKACE EPITELOVYCH TKANI

Morfologie

 Tvar a usporadani bunek

 PocCet vrstev

1. Epitely kryci (plosné)
2. Trabekularni epitel
3. Retikularni epitel



TRABEKULARNI EPITEL

« Bunky usporadané do tramcu, mezi kterymi
probihaji kapilary nebo sinusoidy
« Adaptace ke zvyseni efektivniho bunécného

povrchu orientovaného k cevam

« Jaterni parenchym

* Endokrinni zlazy




TRABEKULARNI EPITEL

Usporadani jaternich hepatoc

e . A w) i R ARy o : 55




TRABEKULARNI EPITEL

X
Wy S

\

Y .

~Usporadani bunék endokrinnich zlaz
R - \/f
Y

Nadledvina



KLASIFIKACE EPITELOVYCH TKANI

Morfologie

 Tvar a usporadani bunek

 PocCet vrstev

1. Epitely kryci (plosné)
2. Trabekularni epitel
3. Retikularni epitel



RETIKULARNI EPITEL

Thymus - cytoretikulum

Thymus gland

» Kompartmentalizace

» Hematothymova bariéra

= Mikroprostfedi pro vyvoj T-lymfocyt(



RETIKULARNI EPITEL
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KLASIFIKACE EPITELOVYCH TKANI

FUNKCE

* Tvorba bariér a ochrana tkani
* Transport aresorpce

« Sekrece - zlazy

* Prijem smyslovych podnétu



KLASIFIKACE EPITELOVYCH TKANI

Bariéry



BARIERY

Priklad: Vrstevnaty dlazdicovy epitel rohovéjici
Mechanicka odolnost epidermis

- Konstantni abraze
— neustala sebeobnova
- Keratin
- zakladni strukturni protein epiteld, polymer
- cytoskelet — intermediarni filamenta Stratum lucidum
- 54 genu pro keratiny j Stratum granulosum
- specifické pro rizné tkané r
- diagnostika |

? [y
vos, @Mw Cocw Type 1 & Type I

Pol ypeptide

Stratum corneum

W Stratum spinosum

o} Stratum

‘ Y basale




BARIERY

Ptiklad: Pfechodny epitel - urotel

Chemicka odolnost
Strukturalni flexibilita

- Bunky vytvareji osmotickou barieru
- Apikalni membrana

- Uroplakiny, lipidy
- Tésne spoje

- Subapikalni vezikuly

HO pm
Sl comalll

Wiki: doi: 10.1152/aiprenal.00307.2001



BARIERY

Ptiklad: Pfechodny epitel - urotel

Povrchové buriky

MocCovy méchyr

Vazivo

Membranove vezikuly

http://microanatomy.net/epithelia/transitional_epithelium.htm



VYMENA PLYNU

- Vyména plynt mezi krvi a atmosférickym vzduchem (O,, CO,) — koncentraéni gradient

- Bariéra — krev-vzduch
- Surfaktant

- Respiracni oddil plic — plicni sklipky respiracnich bronchiolu, alveolarnich chodbiek a vacku

- Membrandzni (typ 1) a granularni (typ Il) pneumocyty

Surfactant- Squamous epithelial
secreting cell cell of alveolar wall

Red blood cell

Capillary
nucleus

— Macrophage

Respiratory Alveolar epithelium

membrane
Fused basement

membranes

Alveoli (gas filled) Red blood cell Capillary endothelium

Copyright € 2003 Pearson E ion, Inc., publishing as Benj C

Alveolar pores

Nucleus of — |
endothelial cell

Surfactant — |
(surface lining)

Alveolar — |
epithelium

Fused basal —
laminae

Endothelium — |

Alveolar
lumen

N (L
Tat L o

Capillary
lumen




ALVEOLARNI EPITEL

alveolus

capillaries

ormal lu ‘Q alveolus

alveolar type ll

A cell ,\
nucleus of
alveolar type |

. ..) ..‘ J cell



ALVEOLARNI EPITEL

& & L :b‘ P -

Alveolo-kapilarni bariéra




KLASIFIKACE EPITELOVYCH TKANI

Resorpce



RESORPCE

Basolateral
(serosal).
surface

surfac

OO0

Passive transport

Active transport

Apical (lumenal)

Jd— Actin

<—Microvilli
Actin

Terminal
Web

Tight
Junction

Filaments

Golgi

Apparatus

Microtubules

Transport
Vesicles

Basement

Membrane

Diffusion Facilitated diffusion @
e A A
A
! 0,08°0 ©
o N
f%:
AWy L
A 4 4
Transcellular ~ Paracellular ==
b



KLASIFIKACE EPITELOVYCH TKANI

Smyslovy epitel



SMYSLOVY EPITEL A SMYSLOVE VNIMANI

Podptirné a viastni smyslové burky

- smyslové bunky konvertuji signaly z vnéjSiho prostfedi na formu pfistupnou pro CNS

- primarni smyslové bunky (neurosmyslové)
- modifikované unipolarni neurony
- generuji pfimo nervovy vzruch
- Cichovy epitel, retina

g
]

TTIIIID

([

Olfactory epithelium

Bowman's gland olfactory nerve fibre

G

~0 4 0 AW ey iy < N @AY i i
& y

basal cell

olfactory
epithelium

olfactory
receptor cell

o cila " e = "+ ° « "\ supporting cell

lumen of nasal cavity

odour molecules  ® 2009 Encyclopaedia Britannica, Inc.
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SMYSLOVY EPITEL A SMYSLOVE VNIMANI

- sekundarni smyslové bunky
- epitelie tvofi recepéni usek
- v kontaktu s terminalnimi zakon€enimi dendritll, které generuji nervovy vzruch
- vlaskové bunky vnitfniho ucha, buriky chutovych poharku

Sweet Umami Bitter Salty or sour

hadl

supporting cell
Tight junction

Support cell

L

Receptor cells &——

Primary gustatory
neurons

BUNDLE NOT BUNDLE
TILTED TILTED

(A)



KLASIFIKACE EPITELOVYCH TKANI

Zlazovy epitel



SEKRECE

Charakter zlazy

Mnohobunécné zlazy
— Endokrinni

— Exokrinni
* Endoepitelové
* Exoepitelové

Jednobunécné zlazy
— Poharkové buriky
— Enteroendokrinni buriky

Charakter sekrece

Holokrinni x Merokrinni x Apokrinni

Disintegrating
cell and its
contents

- a;:. ZX
: 2| ete Intact cell
(secretion) o b /

New cell

Pinched off
portion of cell
(secretion)



JEDNOBUNECNE ZLAZY




EXOKRINNI SEKRECE — JEDNOBUNE

)¢
Im
N
—
p~ 1
N
<

N

= Poharkove bunky & Sl

Cylindrické zlazové epitelialni buriky

Apikalni povrch - apokrinni/merokrinni sekrece mucinu
Bazalni ¢ast — RER, GA, jadro, mitochondrie
Mucinogenni zrna — barveni mucinokarminem

Jadra
Mucin v
sekrec€nich
S granulech
,:,_J,;"f
PN
DY o
i
’ o)
' F-aktin




EXOKRINNI SEKRECE — JEDNOBUNECNE ZLAZY

= Poharkove bunky

« Zejména respiracni a Gl trakt

* Produkuji hlen (mukus) = viskozni tekutina sloZena z
elektrolytll a vysoce glykosylovanych proteint (muciny)

 Chrani proti mechanickému i chemickému poskozeni
« Zachyceni a eliminace pevnych Castic

» Sekrece konstitutivni nebo po stimulaci (kouf, prach,
bakterie)

» Mukus po sekreci expanduje 500x béhem 20ms

e S e e e S N S ey Mucin raft (7-70 pm depth)
R S P S e
 Klinické korelace: SEaoe= e e = | 90% MUCSAC and MUCSB
ECSSeE s e = e | 10% MUCT, MUC4 and MUCTS
- zmeny ve slozeni nebo mnozstvi hlenu : 0lo
- chronicka bronchitida / cysticka fibroza it st —_—_—
cell  (produces (produces MUCH,|
MUC5AC) MUC4 and
° o possibly MUC16)
o0
) — - -~ Serous Serous ||
' gland cell
........ — Cilia
D Microvill
o° o e 0o °° Mucus gland cell L
e oo il (produces MUC5B wm MUC e~ MUC5B
o © ) and MUC16) __Muca  ~~ MUCSAC
@ Chloride lons® o MUC16
o © o o
o o e
CF

Normal
doi: 10.1183/1025448x.00046004



EXOKRINNI SEKRECE — JEDNOBUNECNE ZLAZY

Microvilli

Mucinogen
droplets

Nucleus




MNOHOBUNECNE ZLAZY

Exokrinni Endokrinni




Exocrine glands

'V_}E‘?-a

Zustava - vznika vyvod

Exokrinni
Zanika — sekrece do krevniho obéhu

Endokrinni



KLASIFIKACE EXOKRINNICH MNOHOBUNECNYCH ZLAZ

* Endoepitelové (neopoustsji epitel, napt. endoepitelové Zlazy uretry, konjunktiva)

» Exoepitelové (epitelové pupeny v okolnim vazivu)
» Podle tvaru sekreCni komponenty
— Alveolarni (acindzni)
— Tubulézni
— Tuboalveolarni (tubuloacindzni)
» Podle vétveni
— Jednoduché (1 vyvod, jedna sekrecni ¢ast)
— Veétvené (1 vyvod, vice sekrecCnich Casti)
— Slozena (systém vyvodu)
» Podle charakter sekrece
— Mucinézni
— Serozni
— Smisené

Compound tubular Compound acinar Compound tubuloacinar



MUCINOZNI ZLAZY

v . . Mucous
Sy ~= acinus

» EM of part of a mucous acinus in a mixed
salivary gland. Parts of three mucous cells line the
acinus lumen (). Euchromatic basal nuclei have
prominent nucleoli. Basal cytoplasm contains many
profiles of rough endoplasmic reticulum (RER). Many
large, electron-lucent secretory vesicles (SV)
dominating the remaining cytoplasm are discharged
by exocytosis into the acinus lumen. 5400x%.

< LM of part of a mixed seromucous gland in
the trachea. Several mucous acini with pale-stained
mucous cells are seen. The basal nuclei are flat, and
cells appear washed out because mucous droplets
dissolved during specimen preparation. Darker stained
serous cells in adjacent acini have more rounded basal
nuclei. Serous cells are smaller than mucous cells. The
square outlines the area of interest seen in the EM
below. 295x. H&E.
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SEROZNI ZLAZY

Acinus —

P G T N cells have conspicuous, dark-stained secretory vesicles;

Y | < LM of part of the exocrine pancreas. The exocrine
4 5 part of the gland consists of closely packed spherical or
SEroiis & & pear-shaped serous acini. Several columnar to pyramidal
Y ocink e B|  acinar cells, with round basal nuclei, face a small central
¥ lumen in each serous acinus. Basal cytoplasm is basop-
hilic; apical cytoplasm is more eosinophilic. Small clear
centroacinar cells (CA) in acini centers help distinguish
this purely serous gland from others, such as the parotid
salivary gland. A small duct, in the connective tissue
stroma, conveys secretions from acini to larger pancreatic
ducts. 385x. HSE.

Centroacinar

» LM of part of a mixed salivary gland. Several pale
mucous acini surround two round serous acini. Serous

mucous cells look vacuolated and washed out. EM in
2.15 shows the area in the square in detail. 600x.
Toluidine blue, plastic section.

Basal region of
) acinar cell showing
\ basophilia



HIERARCHIE VYVODU

~ Lobe

Vyvod
0 hois j
Basement membrane — %
Myoepithelial cells :
'S
» Intralobularni ,
tobule = BY Intercalated duct
° Low simpla cuboidal
Vsunuty s
. £l Stiateddut —
e Ziha ny Simple cuboda-o-columnar o 00 =
spithalium
Interlobular septum : \:) =
Qinerobuardie— —
Pseudostratified columnar 0T a4 Ty
agithealium J -:J,u'. N
Interlobar septum o \
* [nterlobularni OEE— S
(Iobérn |') Columnar stratified : j- ‘ﬁ Fa r
epithelium I
« Hlavni (3 Main duct (not shown) Adiphed and modfed Yom Leson TS Loscn CA, Paparo Ad TaeAtas of Hiskokogy 9%l

Vyska epitelu a pocet jeho vrstev se zvySuji smérem usti zlazy

adophla, WE Saundors, 1683



SLOZENE ZLAZY

- mucindzni i serdézni slozka
- Gianuzziho lunuly (demiluny)

Giuseppe Oronzo Giannuzzi
(1838-1876)

Dempilune

o\
= \ Serous
b ” g . " demilune

/i e : ~ Serous
e 1 P . demilune

Secretory +~
capillaries
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ZLAZOVY EPITEL ZBLiZKA

ULTRASTRUKTURA

Pankreaticky acinus — serézni zlaza, sekrec¢ni vacky



BUNKY SECERNUIJICI PROTEINY

velké svétlé jadro, zfetelny euchromatin
vyvinuté RER

GA/sekreCni vezikuly

sekret nizké viskozity (serozni)
pankreas, slinné zlazy

Exocytosis /,7 cell o @
/// membrane  yransport vesicle Q
// /_J\C«
// released e
_/ soluble 4}(/—\
\\\\ ., proteins J\( AR L<—_
— N
::222;':"9 ¢ “Tnregulated soluble
7/~ membrane proteins
./,/"I'"/{< fusion cell membrane
[f proteins
|
I‘ secretory vesicle
\\. secreted proteins /; N
N
00 ...O)> . ,
regulated ..“l‘\ ; O ‘
secretion @@/ regulated
Y membrane secretory

( ( fusion 7 proteins o

\ 3
receptor \\ L’

~==~" signal ‘ ’ :
ligand / \,\\\transdu Golgi apparatus o

© 2008 Encyclopaedia Britannica, Inc.



BUNKY SECERNUJICI MUKUS

RER, GA, exocytdza

glykoproteiny, polysacharidy
fibrogranularni vezikuly

poharkové bunky, mucinézni zlazy



BUNKY SECERNUJICI STEROIDY

- Vyvinuté SER a GA

- mitochondrie s tubuléznimi kristami
- lipidové kapénky

- steroidogenni bunky

- kiira nadledvin, Leydigovy bunky

'\ﬁ SR

AX

Po Rl
‘4,5

. »
& &
B RN
;‘”4?:
‘\ :
NuE .
3
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BUNKY TRANSPORTUIJICI IONTY

- apikalni a bazalni modifikace

- membranové invaginace, bazalni labyrint, mikroklky

- acidofilni cytoplazma

- proximalni tubuly ledvin, zihané vyvody slinnych zlaz

. 'Arteriole
¢
1




MYOEPITELOVE BUNKY

- oplostéle, hvézdicovité, s prstovitymi vybézky Mlééna zlaza
- kontraktilni, obklopuji acinus nebo vyvod

- aktinova mikrofilamenta, myozin, tropomyozin, cytokeratin

- koordinace kontrakce - nexy

- slinné, slzné, potni mlééné zlazy, semenotvorné kanalky

Muscle cells
in wall of duct

| — Mammary gland

Potni zlaza lobule

Sekre&ni buiiky (D, C)

Mezibun&&ny vyvod (IC)




REGENERACE A PLASTICITA

PROMENLIVOST
EPITELIALNIHO
FENOTYPU
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REGENERACE EPITELIALNIi TKANE

* ruzné epitely maji riznou schopnost regenerace (epidermis x smyslovy e. vnitfniho ucha)
« multi- a oligopotentni kmenové bunky
* mikroprostredi — stem cell niche

Priklad: Obnova strevniho epitelu

Microvilli

Vein carrying
blood to
hepatic portal
vessel

Muscle—ss
layers \

Large
circular

Intestinal
crypt

mucosae

Duodenal

(b) gland



REGENERACE EPITELIALNIi TKANE

Priklad: Obnova strevniho epitelu - 3-5 dn

TA
compart-
ment

+4 position E ‘

Stem cell
zone

L

Absorptive  Goblet Paneth

Enterocytes  cell cell
\
AN \
Progenitor
cells
Transit B f
amplifying
(TA) cell '
Lgr5 +ve
stem cell
(CBC)

Niche signals O ‘4
0\ 55 9

- o i
o "2 g
e X
& s
s ) =
" - L
— e

Entero-

Tuft

endocrine cell

i3 O

cell

/

@& stemcells

Muscularis
mucosae

<agm.. Myofibroblasts

® BMP antagonists

Differentiative

Compartment
(active BMP signaling)

Proliferative

Compartment
(active WNT signaling)

Stem Cell Niche
(ISEMF + SMC provide

source of BMP antagonists)

BMP pathway
BMP1,2,5,7
BMPR2, SMAD7
NOTCH pathway
JAGT

WNT pathway
WNT5B, APC, TCF4
Eph/ephrin pathway
EFNA1, EFNB2,
EPHA2, A5

Myc network
MAD, MAX, MXI1

BMP pathway
GREM1, 2

CHRDL1

NOTCH pathway
NOTCH 1,2,3

RBPSUH, TLE2

WNT y

FZD2, 3, 7, B, TCF3,
DKK3, SFRP1, 2
Eph/ephrin pathway
EPHA1, 4,7
EPHB1,2,3, 4,6

Myc network

MYC




PLASTICITA EPITELIALNI TKANE

Abnormalni plasticita:

» Metaplasie

Vrstevnaty dlazdicovy

Jednovrstevny
~cylindricky

Jednovrstevny
cylindricky

« Diferencovany epitel je nahrazeny jinym typem diferencovaného epitelu
« Skvamozni metaplazie délozniho kr¢ku (jednovrstevny cylindricky - vrstevnaty dlazdicovy)
« Respiracni cesty (jednovrstevny cylindricky s fasinkami - vrstevnaty dlazdicovy)

* Prekancerdza; obvykle v mistech chronického poskozeni (kufraci)



PLASTICITA EPITELIALNI TKANE

» Hyperplasie a hypertrofie
Normal Cells 4

Normalni
prostaticka tkan

Nucleus

m<==79>»0>

Basement Memebrane

~rmo

Hypertrofie: roste velikost bunék

LmOZP>ION

Hyperplasie: roste pocet bunék

Hyperplasie
. _ _ zlazoveho 'i
u DyspIaS|e porucha diferenciace epitelu prostaty

Normal —> Hyperplasia —> Dysplasia —> Cancer

Adenokarcinom
prostaty

Wikipedia.org; http://radiology.uchc.edu



PLASTICITA EPITELIALNI TKANE

Epltellalnl mesenchymalnl tranzme (EI\/IT)

T
TS

Zména fenotypu z epitelialniho, soudrzného, na mesenchymalni —
migrujici a produkujici ECM.

Epithelial phenotype Intermediate phenotypes Mesenchymal phenotype

as cells transition
@ Mesenchymal

Epithelial

cells ® cells
E-cadherin Syndecan 1 FTS binding protein FAP  Snail
Cytokeratin MUC1 ) ‘ FSP-1 Slug
Z0-1 Desmoplakin = N-cadherin ETS
Laminin-1 o1 (IV) collagen Progressive loss of epithelial markers Vimentin SIP1
Entactin miR200 family and gain of mesenchymal markers Fibronectin o-SMA
[-catenin Twist
OB-cadherin Goosecoid

a5B1 integrin LEF-1

Syndecan-1 FOXC2

miR10b miR21

J Clin Invest. 2009;119(6):1420-1428. doi:10.1172/JCI39104.



PLASTICITA EPITELIALNIi TKANE — DISEMINACE NADORU

Bunky ztraci adhezivni molekuly a ziskavaji schopnost migrovat

Adherens
junction

Integrin Basement
membrane

iii iv




PLASTICITA EPITELIALNI TKANE

Proces EMT je dulezity v embryonalnim vyvoji
Napf. delaminace bunék neuralni liSty z neuroektodermu (epitel)

streak Epiblast

Primary mesenchyme Hypoblast

Neural crest

— Ectoderm

Migrating neural crest cells

Notochord

Mesoderm Ectoderm

22 |y

Smooth muscle cells Osteoblasts Adipocyt Chondrocyt Mel. yt Sch cells Neurons




EMT <> MET

Jde to i naopak - proces EMT-MET je flexibilni, reverzibilni, a je v pozadi mnoha biologickych déju

i onemocnéni, napf. fibré6z a nadoru

Scribble complex [%
%W} Desmosome

E,:!::l } Gap ]unctlon

" Epithelial cell e
Aplcal—basalpolanty SR

= Actin-based
;\ subcortical mesh

* Loss of apical-basal cell polarity

* Cell-cell adhesion weakening

* Cell-matrix adhesion remodelling
* Cell individualization

R * Establishment of front-back

cell polarity

’ Focal
adhesion

ol
Integrin

E/M intermediate state

* Acquisition of cell motility
« Basement membrane invasion

Mesenchymal cell
Back-front polarity
(migrating cell)

Vimentin

stress fibres

N~ N

<« » S
Cytokeratin
Hemi-
; *_desmosome )
BBasement.  Extracellular A l« é
: Core EMT changes A
e * Cytoskeleton remodelling [ Interstitial matrix

(e.qg. fibrillar collagen 1)

E/M intermediate state



PLASTICITA EPITELIALNI TKANE

crest cell

EMT inducers
Physiological
expression

Mesodermal cell

D Epithelial cells

.| Mesenchymal cells

Fibrosis Tumor progression

Renal or hepatic Primary epithelial
epithelial cell tumor cell

EMT inducers EMT inducers

Aberrant Aberrant
activation activation

Cancer-associated

fibroblast —__Invasive migratory

tumor cell

e “ ’\ﬁ ,,
Sy

y
)
o<W
Activated fibroblast
ECM or epithelial cell
accumulation after EMT

J Clin Invest. 2009;119(6):1438-1449. doi:10.1172/JCI38019.



PLASTICITA EPITELIALNI TKANE

U nadorovych onemocnéni hraje EMT roli v diseminaci
primarniho tumoru a tvorbé metastaz.

A B C D E
Genetically Hyperplasia Dysplasia In situ cancer Malignant tumor (cancer)
altered * Cell divides *Cells change  + Cells stay in * Cancer cells invade normal tissue
epithelial cell  more rapidly form one place and enter blood and lymph

than normal * Metastases form at distant sites

o




OTAZKY, KOMENTARE?

A\ A

DEATH TO THE SYSTEM/
DEATH TO THE SYSTEM

SOMEWHERE IN AN EPITHELIUM
A CANCER CELL EMANCIPATES...

a embryologie

IVI U I\I Eisstti‘;ogie
MED

Otazky? Komentare?
pvanhara@med.muni.cz

POZORNOST
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