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* 6 x 1033 bunék vice nez 200 rlznych typu

« Tkané: funkéni, trojrozmérné, organizovaneé seskupeni morfologicky podobnych
bunék a jejich produktu a derivatu

* Organy: strukturni a funkéni usporadani tkani

Tkane

Endokard - epitel
Myokard - svalova tkan a vazivo
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CO JE VLASTNE

ECM + Buriky + Signalni molekuly



Parenchym: vlastni funkcéni tkan konkrétniho organu
(jaterni, plicni, pankreaticky, ledvinny parenchym)
Stroma: okolni podp(irna, intersticialni tkars Priklad: jaterni tkan

Parenchym:
Funkcni komponenta

- Hepatocyty
- Sinusoidy a pfidruzené
struktury

§ Stroma:
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- Vazivo a s nim spojené
struktury

- Cévy

- Nervy

- Zluovody




Na zakladé morfologickych a funkénich znaku

Kontinualni, avaskularni vrstvy bunék s riznou funkci,
orientovanych do volného prostoru, se specifickymi
mezibunécnymi spoji a minimem mezibunécného
prostoru a ECM

Derivaty vSech tfi zarodecnych listl

Epitelova

i Obsahuji myofibrily = schopnost kontrakce
Derivat mezodermu - KS, myokard, mezenchymu - HS
Vyjimecné ektoderm (napt. m. sphincter a m. dilatator pupillae)

Svalova

s Neurony a neuroglie
¥ Prijem a prenos elektrického vzruchu
a® Derivat ektodermu, vyjimeCné mezenchymu (mikroglie)

Nervova

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

Pojivova




Funkcni, trojrozmérné, organizované seskupeni morfologicky podobnych bunék
a jejich produktu a derivatu

klasicka histologicka definice tkani je zalozena na
mikroskopické vizualizaci
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Funkcni buriky tkani diferencuji z kmenovych bunék

> °o)—>
Asymetrické déleni | ‘@) ;
_______________ L~ / e U+ :} — _ _
| U en) N Diferenciace

Sebeobnova Proliferace = =-=-==="-=---------ooooooooooooooooos
kmenovych bunék pfechodnych Vznik funk&nich typu
progenitoru

Knoblich JA. Asymmetric cell division during animal development. 2001. Nat Rev Mol Cell Biol



KMENOVE BUNK

Totipotence

- V8echny bunky téla v€etné extraembryonalnich tkani

- Zygota, blastomery a rana stadia embryogeneze

Pluripotence

- VSechny buriky téla s vyjimkou trofoblastu

- Blastocysta — Inner cell mass - ICM (embryoblast)

Multipotence @ o
- Ruzné bunécné typy v ramci tkané Pre-B cell
- Mesenchymalni SC, hematopoietické SC /'E—>

Hematopoietic 4
stem cell (HSC) [PFU-s CMP //"v Ty
Blast
— - —_—> colony-forming
U Yﬁ Meg-CFC
Self-renewal

GMP\EO-CFC

Oligo- a unipotence ©_

- Jeden nebo nékolik bunéénych typl — hematopoietické buriky, tkafiové
prekurzory (obnova epitel( apod.)

Mast-CFC

_, > T-Lymphocyte
-P—-) B-Lymphocyte

Erythrocyte

Megakaryocyte
/Platelets

Eosinophil

Neutrophil

Monocyte/
Macrophage

/ L
)Q —> Q Mast cell

http://www.embryology.ch/anglais/evorimplantation/furchung01.html



| KMENOVE BUNK

Embryonalni kmenové buriky (ESCSs)
- odvozeny z embryoblastu (ICM) blastocysty
- pluripotentni

- model rané embryogeneze a histogeneze, vyznam pro
regenerativni medicinu

Tkanové (adultni) kmenové bunky
- regenerace a obnova tkani
- GIT, CNS, mesenchym

- regenerativni medicina, nadorova biologie '

Villus
3,500 cells f
& W

H. Clevers oo ’-

B Paneth cells
T Transivamplifying |
cells

J. Thompson

B Absorptive cells
Bl Goblet cells \
Bl Enteroendocrine |/ B
cells I o
b

/ \
A}Z,
/47

Gaoblet cell Entercendacrine cell Paneth cell
Absorptive cell Secretory cells

Transit-amplifying cells

Stem cells and Paneth
cells

Copyright © 2006 Nature Publishing Group
Nature Reviews | Genetics



KMENOVE BUNKY J/

Indukované pluripotentni kmenové buriky (IPSc)
Nobel prize 2012

- dospéla diferencovana bunka (fibroblast) je dediferencovana do pluripotentniho stavu (reprogramovana)

- diferenciace do zadaného bunécného typu

- regenerativni medicina, bunécna a genova terapie

Sox2 Growth factors
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n Reprogramming
S. Yamanaka - u iPS cells
Induction of Pluripotent Stem Cells

from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors
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' Department of Stem Cell Biology, Institute for Frontier Medical Sciences, Kyoto University, Kyoto 606-8507, Japan
2CREST, Japan Science and Technology Agency, Kawaguchi 332-0012, Japan

“Contact: yamanaka@frontier. kyoto-u.ac.jp

DOI 10.1016/j.cell.2006.07.024




CO JE VLASTNE

ECM + Buriky + Signalni molekuly



Do vlastni mikroskopickeé stavby tkani se promita velké mnozstvi

biologickych a fyzikalné-chemickych parametru

\,\ypoxia and metabolism

Stem cell niche

Chemokines

o

Androgens,

hormones 1
Wnt, Hh

Chemokine Growth
receptors

receptors,

Stem cell

cose
chlds Calcium

receptors
9

Circadian

T cells

Integrins

Fibronectin/collagen

Basement
membrane

S

Bupyjens pue uouew\ﬂe\)‘“

Procesy embryonalniho vyvoje
Mezibunécné interakce
Prostorové usporadani (dimenzionalita)
Gradienty morfogen
Epigeneticky profil

Dynamika genove exprese
Parcialni tlaky plynu

Slozeni ECM

Mechanicka stimulace

Perfuze a intersticialni toky
Lokalni imunitni odpoved

Metabolity



MIKROPROSTREL

Loading forces

A

Hormones
(PTH, calcitonin,
GH, steroids)

Electrostatic
forces

Cortical

bone
(80% of total
bone mass)

Prostaglandins

1,25-0OH
Vitamin D3

Trabecular

Bone
(20% of total
bone mass)

Osteoclasts
1 Osteocytes
Adipocytes
Fibroblasts
Stromal cells

Vascular endothelials cells
Immune cells

Hematopoietic stem cells(HSC)
and their differentiated

| progenies
Mesenchymal stem cells (MSC)

ECM components
Fibronectin

Laminin
Collagens

Apatite crystals (calcium 38%, phosphorus 18%)
Bone promoting proteins

Bone sialoproteins
Osteonectin
Osteoprotegerin
Osteocalcin
Integrins

Alcaline Phosphatase
Proteoglycans, Glycosaminoglycans

Osteopontin
MMPs & TIMPs
Receptors

Adhesion molecules

o

wmmm
B Cytokines :
Chemokines
Growth factors
Hormones
Physico-mechanical forces
Biochemical regulators (pH, oxygen
concentration, nutrients...)
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MOLEKULARNI PRI




| FRENCH FLAG MODEL

,Genetic control of pattern formation®

Thresholds

Concentration

o e e

Cellular phenotype: A A B B C C
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anterior pDStE rior Expression patterns of gap and pair-rule

genes in Drosophila embryos.
DOI: 10.1007/s10577-006-1068-z

position in oocyte
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Reakéneé-difuzni systém
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THE CHEMICAL BASIS OF MORPHOGENESIS

By A. M. TURING, F.R.S. University of Manchester

(Received 9 November 1951—Revised 15 March 1952)

It is suggested that a system of chemical substances, called morphogens, reacting together and
diffusing through a tissue, is adequate to account for the main phenomena of morphogenesis.
Such a system, although it may originally be quite homogeneous, may later develop a pattern

(c) JA %A ) al a2 ) or structure due to an instability of the homogeneous equilibrium, which is triggered off by
a’_: F(AN+ Dy vy U] X =G(AN+D, Ev) (i random disturbances. Such reaction-diffusion systems are considered in some detail in the case

( t of an isolated ring of cells, a mathematically convenient, though biologically unusual system.

Changeof  Reaction Diffusior Change of Reaction  Diffusion The investigation is chiefly concerned with the onset of instability. It is found that there are six
L’;‘_L:"‘ unt }:l"’f unit essentially different forms which this may take. In the most interesting form stationary waves

appear on the ring. It is suggested that this might account, for instance, for the tentacle patterns

TRENDS in Cell Biology

on Hydra and for whorled leaves. A system of reactions and diffusion on a sphere is also con-
sidered. Such a system appears to account for gastrulation. Another reaction system in two
dimensions gives rise to patterns reminiscent of dappling. It is also suggested that stationary
waves in two dimensions could account for the phenomena of phyllotaxis.

The purpose of this paper is to discuss a possible mechanism by which the genes of a zygote
may determine the anatomical structure of the resulting organism. The theory does not make any
new hypotheses; it merely suggests that certain well-known physical laws are sufficient to account
for many of the facts, The full understanding of the paper requires a good knowledge of mathe-
matics, some biology, and some elementary chemistry, Since readers cannot be expected to be
experts in all of these subjects, a number of elementary facts are explained, which can be found in
text-books, but whose omission would make the paper difficult reading.

1. A MODEL OF THE EMBRYD. MORPHOGENS

In this section a mathematical model of the growing embryo will be described. This model
will be a simplification and an idealization, and consequently a falsification. It is to be
hoped that the features retained for discussion are those of greatest importance in the
present state of knowledge.

The model takes two slightly different forms. In one of them the cell theory is recognized
but the cells are idealized into geometrical points. In the other the matter of the organism
is imagined as continuously distributed. The cells are not, however, completely ignored,
for various physical and physico-chemical characteristics of the matter as a whole are
assumed to have values appropriate to the cellular matter,
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One morphogen Gradient 1D horizontal 1D vertical
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TEMPORO-SPACIA
LOKALIZACI, ORIEN
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A Progess zone

) D

B Early specification/expansion
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C Two signal gradient

FGF

m‘—l'

Meis1/2 |Hoxal 1 |Hoxaf§

Morphogen
concentration

Blue-White threshold
White-Red thrashold

Source
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l AER-FGF

Progenitor domains:
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. Zeugopod
. Autopod

Differentiation front
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| THALIDOMID

HOX

Proliferace

Vaskularizace

Thalidomid

12 Tabletten -

Conterda

Hypnotikum

Thalidomidova embryopatie

« fokomelie

« amelie

« anocie/mikrocie

« anoftalmie/mikroftalmie

« posSkozeni ledvin, srdce, GIT, genitalu

Frances Oldham Kelsey, FDA
USA



VYVOJ OSTATNICH

Ektoderm

neuroectoderm (neural tube)

neuroectoderm (neural crest)

- cranial and sensory ganglia and nerves

- adrenal medulla

- melanocytes

- pharyngeal arch cartilages

- head mesenchyme and connective tissue
« Schwann cells

« odontoblasts

surface ectoderm

« epidermis, hair, nails, cutaneous, and

- retina
« pineal body

« central nervous system

« posterior pituitary gland

mammary glands
« anterior pituitary gland
« enamel of theeth
« internal ear
« corneal epithelium and lens of eye

head mesoderm

« cranium (skull)
« connective tissue of head
« dentin

endoderm

epithelial lining of:

- respiratory tract (trachea,
bronchi, lungs)

« Gl tract (pharynx,
esophagus, stomach,
small and large
intestines)

« urinary bladder and
urachus

epithelial parts of:

« thyroid gland

« tympanic cavity

«+ auditory tube

« tonsils

« parathyroid glands
« liver

« pancreas

Entoderm 9 )

D

Trilaminarni zarodecCny disk

(3. tyden)

lateral mesoderm

« connective tissue and muscle of\
viscera

« serous membranes of pleura,
pericardium, and peritoneum
« blood and lymph cells

« cardiovascular and lymphatic
systems

« spleen
« adrenal cortex )

paraxial mesoderm intermediate mesoderm

» skeletal muscle of trunk and - urogenital system including

limbs except cranium gonads, ducts and accessory
» muscles of head glands

« dermis of skin
« connective tissue

Mesoderm



1) OSTATNICH TKANI SE RiDi POBOBNYMIINTERARCEMINERIS

Povrchovy ektoderm

Neuroektoderm

Ektoderm

» Epidermis a jeji derivaty
= Rohovka a epitel Cocky
= Zubni sklovina

= Vnitfni ucho

= Adenohypofyza

= Epitel ustni dutiny a ¢asti analniho kanalu

= Neuralni trubice a jeji derivaty:

- CNS

- Retina

- Neurohypofyza

- Epifyza

= Neuralni liSta a jeji derivaty:

- Kranialni, spinalni, autonomni ganglia, PNS
- Schwanovy buniky, glialni buriky,
- Chromafinni buriky nadledviny

- Enteroendokrinni buriky

- Melanoblasty

- Mesenchym hlavy a jeho derivaty —
faryngealni oblouky

- Odontoblasty

Hlavovy

Paraxialni

Intermedialni

Lateralni

Mesoderm

» Pojivova tkan hlavy, lebka, dentin

» Kosterni svalovina hlavy, trupu a
koncetin

= Dermis

» Pojivova tkan

» Urogenitalni systém + vyvody a
pridatné zlazy

= Visceralni pojivova tkan

Entoderm

= Epitel GIT s vyjimkou ustni dutiny a
Casti analniho kanalu

» Extramuralni zlazy GIT
= Epitel moCového méchyie a trubice
= Epitel respiracniho systému

= Thyroidea, parathyreoidni téliska,
thymus

= Parenchym tonsil kromé lymfatické
tkané

= Epitel cavum tympani a Eustachovy
trubice

» Serézni membrany pleury, peritonea

a perikardia
= Krevni bunky, leukocyty

» Kardiovaskularni a lymfaticky
systém

= Slezina

= Adrenalni kortex
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KLASIFIKACE TKANI

Na zakladé morfologickych a funkénich znaku

Kontinualni, avaskularni vrstvy bunék s riiznou funkci,
orientovanych do volného prostoru, se specifickymi
mezibunéfnymi spoji a minimem mezibunécného prostoru
a ECM

Derivaty vSech tfi zarodecnych listl

Epitelova

Obsahuji myofibrily - schopnost kontrakce
Derivat mezodermu - KS, myokard, mezenchymu - HS
Vyjimecné ektoderm (napt. m. sphincter a m. dilatator pupillae)

Svalova

Neurony a neuroglie
Pfijem a prenos elektrického vzruchu
Derivat ektodermu, vyjimeéné mezenchymu (mikroglie)

Nervova

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

Pojivova
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VARIABILITA EPITELOVE TKANE




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



STAVBA TYPICKE EPITELOVE BUNKY

Apikalni povrch

Lateralni povrch
yoanod 1ujeiale

v
&)

%
g

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
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BAZALNI MEMBRANA

Bazalni membrana je pojem svételné mikroskopie

Bazalni membrana = lamina basalis + lamina fibroreticularis

Epithelial cells

Basement
membrane

Connective
tissue

Capillaries

Vrstva ECM, ktera pfipojuje epitelové bunky k pojivovym tkanim

V mikroskopu je nezfetelna, ale Ize histochemicky zviditelnit nékteré jeji slozky (PAS)
Spole¢ny produkt epitelii i fibroblastu
Selektivni bariéra - transport
Tkanova integrita - soudrznost epiteli

PAS reakce (Periodic Acid Schiff)
Prakaz polysacharidu




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)

(E5)
< ) — - — gy
W =

S '-ﬁ'-.Anchoring fibrils

Anchoring plaque ~~ ) (type Vi collagen) lr_;::;]:ﬂgris
(type IV collagen)



BAZALNI MEMBRANA vs. BAZALNIi LAMINA

Lamina fibroreticularis

pojem elektronové mikroskopie

kolagen Il a dalSi netypické kolageny (IV, VI)

fibrilin

produkt vazivovych bunék, navazuje na ECM vaziva

Anchoring plaque -~
(type IV collagen)

Epithelial cell

B - " 'Y Y2

'{:_Anchoring fibrils

(type VII collagen)

Lamina O
lucida

> Basal

Lamina lamina
densa

Reticular fibers
(type Il collagen)

Lamina
reticularis

—



BAZALNI MEMBRANA JE NEOBYCEJNE SLOZITA STRUKTURA

\ Golgi Complex

Aggregation on Cytoplasm
Ow Extracellular Space

Cell Surface Receptrs
Epidermolysis bullosa congenita —
Type IV Collagen , v ..
Network on Laminin Jjunkcni typ (laminin 5)

\T(mer

Perlecan,
Nidogen/Entactin
Laminin

:
Iy
A \

Epithelial cell

/ Integration of Other
BM Components
Linking Type IV
Collagen Network

' X o— Integrin
) i OF
Ad ¢ N Hy B o A = -——— Laminin 5
and Laminin Polymer /;,' B EE § t §> Type IV collagen | Basement membrane

Elastic fibers
Proteoglycans Connective lissue

Integrin
Fibroblast

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.



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



BAZALNI MEMBRANA V CORPUSCULUM RENIS

Albuminuria

Foot process effacement
Claudin1T

Mesangial
NMNL

Afferent \ g S 5 0
arteriole i O/~ ) S
Sl e )

° 5 Diabetic

)‘ U e

Sirt1l

Efferent
arteriole Proximal tubule
. epithelial cell
Endothelial Glomerular
cells epithelial cell
Basement membrane (podocyte)
Slit diaphragm
Podocyte process
A4
MocC
a Podocyte foot A Slit Urinary space
process diaphragm
” ré rd u V4 (%] I © e
Bazalni membrana v ledvinnych ° e e Gimeruar
° o © o membrane

téliscich je dalezitou soucasti
filtra€ni bariéry

Endothelial cell

o
Q- -

o b



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

. PokozZka (vicevrstevny dlazdicovy rohovéjici)

Epiteloveé derivaty

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

Neuroektoderm

Mezoderm

oA el I o

Endotel vystylajici krevni cévy (jednovrstevny dlazdicovy)
Mezotel vystylajici télni dutiny (jednovrstevny dlazdicovy)

Vystelky pohlavnich a moc€ovych cest (pfechodny, vicefady cylindricky,
jednovrstevny kubicky, jednovrstevny cylindricky) — kromé derivatt kloaky

Entoderm

o 0D PE

Vystelka jicnu (vicevrstevny dlazdicovy nerohoveéjici)

Vystelka GIT (jednovrstevny cylindricky)

Vystelka zZluéniku (jednovrstevny cylindricky)

GIT Zlazy (jatra, pankreas)

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

Vystelka pohlavnich a moCovych cest odvozena z kloaky




KLASIFIKACE EPITELOVYCH TKANI

KLASIFIKACE

MORFOLOGIE

FUNKCE



KLASIFIKACE EPITELOVYCH TKANI

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

e 3 o .
Tem~, P SRR

p580102 [RM] @ www.visualphotos.com




KLASIFIKACE EPITELOVYCH TKANI

1. kryci (plosné)
Klasifikace 1) morfologie 2. trabekularni
podle

3. retikularni

gu—

= kryci
m 7ldzové

= resorpcni

2) funkce < ®smyslové

= respiracni cesty
= alveolarni

= zarodecCny




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
PocCet vrstev Jednovrstevny Jedna vrstva bunék
bunék Vicevrstevny Vice vrstev bunék
Vicefady Vice vrstev jader, ale vSechny buriky v kontaktu s

bazalni laminou

Tvar povrchovych
bunék

Dlazdicovy
Kubicky
Cylindricky

Ploché dlazdicové bunky, Sifka >> vysSka
Polygonalni buriky, Sitka = vySka
Polygonalni buriky, Sitka < vySka

Simple columnar

Simple cuboidal

Simple squamous

Keratinized A 18 ca - - = Sy
w11 iy o T -, e . - - o ‘ 3 ¥
stratified squamous |~ =Seemrh 5T e NGRS e e e e
> ‘\;—A‘. - v»u‘ - s 1’~“"."’ “i - ~y - “» i
sose oe? - = a - o
Non-keratinized o e e R O Rt s e
X . - - ~ e < -~ T
« stratified squamous e N SIS T o T e e
8 3 g T N N T e e
\ P s ireat Sl P g e *»"".'.«. T e
4 2 — e o o R el - s % N
) = e e
)

i ”“‘.". 7
e ™

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.

Transitional

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

u }

() )
! 3 2
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e <0
)R ANk

SR 77 1 Caveint | 4
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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

>
(o)
N
o
| S
O
P

dlazdicovy epi

y
is

Vrstevnat
Epiderm




KRYCi EPITELY

= Vrstevnaty kubicky — cylindricky epitel

— Velké vyvody zlaz
— Spojivka



KRYCi EPITELY

Prechodny epitel

— Ledvinna panviCka a calyx
— Ureter
— MocCovy méchyr



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

Portal vein

Central vein

probihaji kapilary (sinusoidy)
« Adaptace ke zvysSeni efektivniho povrchu

orientovaného k cévam

« Jaterni parenchym

Portal vein  Bile duct Hepatic artery

* Endokrinni zlazy




TRABEKULARNI EPITEL

o

ternich hepatocyt

ija

r

da




TRABEKULARNI EPITEL

NSRS ¢ ¢
’ 4 " ‘L‘,--

\

‘# ) e

= Usporadani bunék endokrinnich zlaz

Nadledvina

Adenohypofyza



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

= Mikroprostredi pro vyvoj T-lymfocyti

o+

p2438250 [RM] © www.visualphotos.com



RETIKULARNI EPITEL

i bunky:

arni

V 4

[ 3V 4

Epitelialni retikul

L4
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—
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dpora vyv
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¢ni po

strukturni a funk
T-lymfocytim
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Epitel
retikularni

Epitel
trabekularni

Epitel kryci



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 rohovejici

Mechanicka odolnost epidermis

- Konstantni abraze Stratum corneum

— neustala sebeobnova
- Keratin
- zakladni strukturni protein epiteld, polymer Stratum lucidum
- cytoskelet — intermediarni filamenta | Stratum granulosum
- 54 genu pro keratiny r
- specifické pro rlizné tkané St .
. . ‘ ratum spinosum
- diagnostika |
- onemocnéni (epidermolysis bullosa simplex)

- &

s
’\fd“‘" Typo 1 & Type 11
Iy

o} Stratum
| | 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



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
- Granularni (typ 1) a membranozni (typ 1) pneumocyty (97%)

Surfactant- Squamous epithelial
secreting cell cell of alveolar wall

Nucleus of — | :
endothelial cell | Alveolar - # Capillary
lumen lumen

Red blood cell

Capillary
nucleus

Surfactant — |
(surface lining)

— Macrophage Alveolar — |

Epithelial epithelium

Fused basal —

Respiratory — Alveolar epithelium laininks

membrane
Fused basement

membranes

Alveoli (gas filled) Red blood cell Capillary endothelium Endothelium —|

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

Alveolar pores




ALVEOLARNI EPITEL

alveolus

capillaries

ormal lu ‘Q alveolus

alveolar type ll

A cell ,\
nucleus of
alveolar type |

. ..) ..‘ J cell



ALVEOLARNI EPITEL

Alveolo-kapilarni




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)



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

Zachovany - vznika vyvod

Exokrinni
Zanika - interakce s kapilarami

Endokrinni



KLASIFIKACE EXOKRINNICH MNOHOBUNECNYCH ZLAZ

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

» Exoepitelové (epitelové pupeny v okolnim vazivu)
» Podle tvaru sekre€ni komponenty
— Alveolarni (acindzni)
— Tubuldzni
— Tuboalveolarni (tubuloacindzni)
» Podle vétveni
— Jednoduché
— Vétvené
» Podle charakteru sekrece
— Mucindzni
— Serdzni E—
— 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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REGENERACE A PLASTICITA

PROMENLIVOST
EPITELIALNIHO
FENOTYPU

=

<
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REGENERACE EPITELIALNIi TKANE

* ruzné epitely maji riznou schopnost regenerace (epidermis x smyslovy 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



PLASTICITA EPITELIALNI TKANE

Abnormalni plasticita:

» Metaplasie

Vicevrstevny 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 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?

VvV

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

pvanhara@med.muni.cz

DEKUJI ZA POZORNOST
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