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SOUCASNA KLASIFIKA

Na zakladé morfologickych a funkénich znaku

Kontinualni, avaskularni vrstvy bunék s riznou funkci,
orientovanych do volného prostoru, se specifickymi
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Obsahuji myofibrily > schopnost kontrakce
Derivat mezodermu - KS, myokard, mezenchymu - HS
Vyjimecéné ektoderm (napf. m. sphincter a m. dilatator pupillae)

Svalova

Neurony a neuroglie
Pfijem a pfenos elektrického vzruchu
Derivat ektodermu, vyjimecné mezenchymu (mikroglie)

Nervova

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

Pojivova




TKAN A JEJI DEFINICE

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

klasicka histologicka definice tkani je zalozena
na mikroskopické vizualizaci
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ZAKLADNI PRINCIPY

FunkCni bunky tkani diferencuji z kmenovych bunék
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Totipotence

- VSechny bunky téla v€etné extraembryonalnich tkani

- Zygota, blastomery a rana stadia embryogeneze

Pluripotence

- V8echny buriky téla s vyjimkou trofoblastu

- Blastocysta — Inner cell mass - ICM (embryoblast)

Multipotence

- Razné bunécné typy v ramci tkané

- Mesenchymalni SC, hematopoietické SC

Hematopoietic -
stem cell (HSC) [CFU-s CMP
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Self-renewal

Oligo- a unipotence

- Jeden nebo nékolik bunéénych typl — hematopoietické bunky, tkanové
prekurzory (obnova epitelt apod.)
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KMENOVE BUNK

N\ T-Lymphocyte

B-Lymphocyte

Erythrocyte

Megakaryocyte
/Platelets

Eosinophil

Neutrophil

Monocyte/
Macrophage

o D Mast cell

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




KMENOVE BUNKY

Embryonalni kmenové bunky (ESCs)

- 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
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KMENOVE BUNKY JA
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Indukované pluripotentni kmenové bunky (IPSc)
Nobel prize 2012

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

- diferenciace do zadaného bunééného typu

- regenerativni medicina, bunééna a genova terapie
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KMENOVE BUNKY NE

Drugs that kill Tumor loses ability to  ...and tumor
, , , o CSC-Targeted ~ tumor stem cells  generate new cells...  degenerates
Nadorové kmenové bunky Sancer
- solidni tumor je vzdy heterogenni
- mala populace bunék s charakterem CSC muze znovu '
iniciovat rGst tumoru a byt pfiCinou selhani terapie W @ ——b@ —>
C
Therapy
Drugs that kill ...but not cancer Tumor shrinks,
tumor cells... stem cells but grows back

Sebeobnova

Tkanova kmenova bunka Nadorova kmenova bunka

Tumorigenicita

Vysoka proliferativni
kapacita L




BUNECNA DIFEREN

Priklad: krvetvorba v kostni dreni

Indukce diferenciace

Determinace -blast

Terminalni diferenciace -cyt

whyRlnzyte - - | _ Eosinoptil
el
Erthrozyie ---s
271 Mommablasts
Wyelocyte
T dividing
hyeloplaxe -- e
--I- - - Wyelocyte
wiyeloyte - €emmmmmmm e
----------------- Fat




DIFERENCIACE J
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TKANE SE LISI SVY

~"b&.
Q\)% > o_;’b\('\\\e >
RO SN e

Maleffemale log, ratio
= b N o i
05 0 05 5
12A2B3 4 5 6 7 D

w [ea]
g E
o 12A2B3 45 6 7|3

1202B3 4 5 6 7

Fe-tsﬁ deveh:;;menr Postnatal developrment Adulthood

Age

Vyslednou stavbu a funkci tkani urcuje projev rady strukturnich gentl — riizny v
riznych lokalizacich i €éasovych usecich

doi:10.1038/nature10523




TKANOVOU IDENTIT

Priklad: krvetvorba v kostni dreni

Metabolity Mezibunééné interakce
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MIKROPROSTREDI UR

Do vlastni mikroskopické stavby tkani se promita velké mnozstvi

biologickych a fyzikalné-chemickych parametr(

* Procesy embryonalniho vyvoje

Stem Cell niChe * Mezibunecné interakce

* Prostorové usporadani (dimenzionalita)

» Gradienty morfogenu

Chemokines

o

Androgens,
hormones

» Epigeneticky profil

Wnt, Hh
Chemokine

Growth
receptors

factor
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Circadian

« Dynamika genove exprese

« Parcialni tlaky plynu
» Slozeni ECM

» Mechanicka stimulace

Macrophages

o
Q CD47

Hypoxia and metaboligy,
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* Perfuze a intersticialni toky
* Lokalni imunitni odpovéd
* Metabolity

Basement
membrane




MIKROPROSTRED

Loading forces

Hormones
(PTH, calcitonin,
GH, steroids)

Electrostatic

forces

Cortical

bone
{80% of total
bone mass)

Osteoclasts
| Osteocytes
Adipocytes
Fibrablasts
Stromal cells

Prostaglandins

1,25-0H
Vitamin D3 Vascular endoethelials cells
Immune cells
Hematopoietic stem cells(HSC)
and their differentiated
Trabecular | progenies :
Bone Mesenchymal stemn cells (M5C)
[(20% of total
bonie mass)

ECM components
Fibronectin

Laminin
Collagens
Apatite crystals (calcium 38%, phnsphnrus 13‘}5}
Bone promoting proteins

Bone sialoproteins

Osteonectin

Osteoprotegerin

Osteocalcin

Integrins

Alcaline Phosphatase

Proteoglycans, Glycosaminoglycans

-
---------

Osteopontin —
MMPs & TIMPs Hormones
Receptors Physico-mechanical forces

Biochemical regulators (pH, oxygen
concentration, nutrients...)

Adhesion molecules




MIKROPROSTREDI




MIKROPROSTREDI

Tissue Changes in local and Altered matrix
damage systemic inflammatory remodeling and
cytokine and growth factors mechanotransduction

evinsic cNAnges with ag;, Apoptdza

Loss of quiescence Reg enerace
with aging owing
to cycles of
regeneration : S
Stem cell enescence
activation
Transformace

B
Intrinsic changes Wit ad

v \

Changes in Altered activation of
transcription factor signal transduction
and epigenetic and cell cycle

signatures regulators




MIKROPROSTREDI

Extracellular matrix Endothelial cells

L Anti-growth signals

© Growth signals / h o

Cancer stem cell
specific therapy

A8 &

Conventional Timor relapse
cancer therapy

Timor regression

° 6’ @ Fibroblasts
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Cancer cells
z ; Invasion and
Angiogenesis Metastasis
Self-sufficiency in Insensitivity to anti-

growth signals growth signals




MOLEKULARNI PRI




HOX KOMPLEX A MO
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FRENCH FLAG MODE

Thresholds

Concentration
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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
or structure due to an instability of the homogeneous equilibrium, which is triggered off by

a2

ol
;’ GiAh+ D, e [”] random disturbances. Such reaction-diffusion systems are considered in some detail in the case
; of an isolated ring of cells, a mathematically convenient, though biologically unusual system.
Change of Reaction  Diffusion The investigation is chiefly concerned with the onset of instability. It is found that there are six
HL‘;C — 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

TRE 3 Gy g 1 1 * .
ENDIS o Gl Blology 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.

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.

A MODEL OF THE EMBRYO, MORPHOGENS

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
dSbuI'llCd to have values appropnatc to Lhe ccllular maLLcr




ODPOVED NA MORFO

One morphogen Gradient 1D horizontal 1D vertical

AN

Two morphogens Gradients 2D pattern More complicated
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TEMPORO-SPACIAL
LOKALIZACI, ORIEN

A Progess zone

A 4

C Two signal gradient
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concentration

Source

I AER-FGF

. Stylopod
. Zeugopod
. Autopod

b Progenitor domains:

D Differentiation front

-
]

Sox9

pu

Distance from
the source




MANIPULACE S AE

AER Limb development
remnvedﬁ ceases
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mesoderm -

Wing

Nonlimb 5
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limb development
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of morphogen

Digits

Proximal

Normal limb Additional polarizing region grafted Small number of polarizing region
B to anterior margin cells grafted to anterior margin
Limb buds | posterior Anterior | | Posterior Anterior | | Posterior Anterior
polarizing -
region apical ectodermal ridge
. T T TR
Concentration

Thresholds
3 for digits

Morphogen
concentration

Blue-White threshold
White-Red threshold

Source

Distance from
the source




THALIDOMID

HOX

Proliferace

Vaskularizace

Thalidomid

Shh

12 Tabletten -

Conterda

Hypnotikum

Thalidomidova embryopatie

« fokomelie

« amelie

« anocie/mikrocie

« anoftalmie/mikroftalmie

» poskozeni ledvin, srdce, GIT, genitalu

Frances Oldham Kelsey,
FDA USA




VYVOJ OSTATNICH T

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

« retina
» pineal body

« central nervous system

« posterior pituitary gland

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 C y

paraxial mesoderm

« epidermis, hair, nails, cutaneous, and
mammary glands

« anterior pituitary gland

« enamel of theeth

+ internal ear

» corneal epithelium and lens of eye

Trilaminarni zarodecny disk

(3. tyden)

lateral mesoderm

» connective tissue and muscle 02\
viscera

» serous membranes of pleura,
pericardium, and peritoneum

- blood and lymph cells

» cardiovascular and lymphatic
systems

» spleen
« adrenal cortex /

intermediate mesoderm

+ skeletal muscle of trunk and
limbs except cranium

* muscles of head
= dermis of skin
* connective tissue

glands

« urogenital system including
gonads, ducts and accessory

Mesoderm




VYVOJ OSTATNICH TKA

Ektoderm

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

= Vnitfni ucho

» Adenohypofyza

= Epitel ustni dutiny a €asti analniho kanalu

Povrchovy ektoderm

= Neuralni trubice a jeji derivaty:

- CNS

- Retina

- Neurohypofyza

- Epifyza

» Neuralni lista a jeji derivaty:

- Kranialni, spinalni, autonomni ganglia, PNS

Neuroektoderm

- Schwanovy buriky, glialni bufky,
- Chromafinni burniky nadledviny

- Enteroendokrinni bunky

- 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

» Ser6zni membrany pleury, peritonea
a perikardia

» Krevni bunky, leukocyty

» Kardiovaskularni a lymfaticky
systém

= Slezina

= Adrenalni kortex

Entoderm

» Epitel GIT s vyjimkou ustni dutiny a
Casti analniho kanalu

» Extramuralni Zlazy GIT
» Epitel moCového méchyre a trubice
» Epitel respiracniho systému

» Thyroidea, parathyreoidni téliska,
thymus

» Parenchym tonsil

= Epitel cavum tympani a Eustachovy
trubice




elova tkan




SOUCASNA KLASIFI

Na zakladé morfologickych a funkénich znaku

Kontinualni, avaskularni vrstvy bunék s riznou funkci,
orientovanych do volného prostoru, se specifickymi

Ep|te|OVé mezibuné&&nymi spoji a minimem mezibunétného
prostoru a ECM
Derivaty vSech tfi zarodecnych listu
Obsahuji myofibrily > schopnost kontrakce
Svalové 4 Derivat mezodermu - KS, myokard, mezenchymu - HS
14y Vyjimecéné ektoderm (napf. m. sphincter a m. dilatator pupillae)
, Neurony a neuroglie
N ervova Pfijem a pfenos elektrického vzruchu
Derivat ektodermu, vyjimecné mezenchymu (mikroglie)
. ’ Dominantni pfitomnost extracelularni matrix
PO J Ivova . Vazivo, chrupavka, kost, tukova tkan
Derivat zejména mezenchymu




EPITELOVA TKAN

OBECNA CHARAKTERISTIKA
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OBECNA CHARA

» Avaskularni (bez pfimého cévniho zasobeni) — vyziva z pojivové tkané (lamina propria)

» Apikobazalni polarizace

V 4

* Minimum mezibunéc¢né hmoty

» Ukotveni do bazalni membrany

» Typicka morfologie a mezibunééné spoje (tésné, adhezni, komunikacni)

LUMEN

]cl:gﬁt;l)?:xal apical domain

Al = Uil
m\mlrdﬂlf”“w @umanmmmm

lateral
domain

Fasement
membrane
N




STAVBA TYPICKE

Ini povrch
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Bazalni povrch

www.webanatomy.net




BAZALNI MEM

Epithelial cells

Basement
membrane

« Pripojeni epitelovych (endotelovych)
bunék k tkanim

» Selektivni bariéra

« Tkanova integrita

 Diferenciace

« Komunikace

« Difuze zivin Capillaries

Connective
tissue




BAZALNI MEMB

50-100nm
» Glycosaminoglykany — heparansulfat

» Laminin, kolagen lli, IV, VI,
» Nidogen/entactin

= Perlecan

* Proteoglykany

Epithelial cell

Lamina
= lucida
Basal
Lamina lamina
densa

Reticular fibers
(type lll collagen)

‘\‘Anchoring fibrils

Anchoring plaque =~ . (type VI collagen) h;?;m:ris
(type IV collagen)

Source: Mescher AL: Jungueira’s Basic Histology: Text and Atlas,
12th Edition: httpt/{www.accessmedicine.com
Copyright £ The McGraw-Hill Companies, Inc. Al rights reserved.




BAZALNI MEMBRANA

— Kolagen IV

\ Golgi Complex r

w

Aggregation on Cytoplasm
Cell Surface Receptors
% Extracellular Space
Q_f

Type IV Collagen
Network on Laminin

Perlecan,
Nidogen/Entacti
Laminif

Epithelial cell
7/ Integration of Other

BM Components
Linking Type IV . - B -
Collagen Network & & A : Caminin o
and Laminin Polymer £ Ma BT R N2
5 ) - - 7 ~<——Type IV collagen

Integrin

Basemen! membrane

Elastic fibers
Proteoglycans
Inteqrin
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.




ARCHITEKTURA

Epitel

Rasement membrane

i~ Epithelial cell

Plssma membrane
Lamina tuctda \

Integrins I
lLaminins 1, 3,6, 10

Collagens XVl and IV~ -
Drstroglycans = —

Basal > Lamina )
lamina densa larmina .
basalis

Collagen [V ———
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BAZALNI MEM

Mesangial
cells
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arteriole
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arteriole

Endothelial
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Slit diaphragm
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BAZALNI MEMB

Klinické souvislosti - Membranozni
glomerulonefritida

- cirkulujici protilatky se vazi na kapilarni sténu
(BM)

-  komplex komplementu (C5b-C9) napada
glomerularni epitelialni bunky

- naruseni filtra¢ni bariéry

- proteinuria, edém, hematouria, renalni selhani

Glomerular capillary

Immune
Antibody Antigen complexes

Normal »Membranous glomerulopathy




EMBRYONALNIi PU

Sweat
Mammary oo nge

'/_7— E;np?mc glands Sebaceous glands
. ” * \ \ e*wg;/ P Hair
Embryonic PorEiE: Embryonic Embryonic _ s
endoderm germ Dﬁlly’_’-——-—’.———_—_ % \ SRS aﬂﬂt';ldh;n L Nails
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Mestilerin || _Npsstan. ‘mesodenm e
/ \ \ Auditory Proctodeal

Optic vesicle epithelium

Gametes Splanchnic  Somatic  Myotomes Dermatomes ;
. - Gonads mesoderm  mesoderm Sclerctomas vesicle
Trophoblastic Amniotic
Epiblast | Cytotrophoblast Lens
/ Dermis Retira Inner ear L Anal canal
Axial Axigl  Of sKin Epiphysis Stomodeal
Prongphros Limb mhr:c?ss muscles . oton S— epithelium
skeleton _ pituitary  pituitary ‘
/ : SE;::I Brain Comea Qral
Parameso- || Mesonephros Trunk \uCranial motor epithelium
Syncytiotrophoblast rephnc Pleura oous nerves
ducts Parietald Pericardium crest\‘ Sohwann \ Spinal motor Schwann
Metanephros Peritoneum \‘ cells nerves cells
3 _ Visceral | Pleura Sty
: € Vagina Mesonephric Peritoneum nerves
Parietal T Wicits ; pi I
endoderm Uterus 7 Mesenteries ﬁmen Dentine  Enamel
Uterine tubes 1 o calis Cranial_/ oftesth  of teeth
Ductus epididymis Hemangiahlastic | neural
; Ductis daferena tissue Symp_athetlc crast \‘.' .
Allantols Blood cells ganglia Cephalic
i Endothelium connective
. Adranal, tissue and bones
Gut Urinary  cortex
) bladder medulla
Endometrium
Epicardium
Extraembryonic Primary Hypoblast Trickigd Myocardium
mesoderm yolk sac Lungs E i
Cotes of O Fay Gasior Wl of PORRARIHIL-) fiutiow I .
Fig. 5-3. Digital photomicrograph of a 12-day human embryo (Carnegie No. 7700) taken just as implantation within the Pancreas respiratory Pharynx Walls of aortic | Middle ear
endometrium is completed. tract arches uditory bbe
Hdiary-u Stroma af
Il Tonsils pharyngeal
Liver  Digestive ""“:I'_I' ot ™ pouch
tract Thyroid Il Thymus derivatives
hy Phgiﬁ:‘" Inf. parathyroids
P IV Sup. parathyroids
Fost. branchial bodies _|

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

cade).
Copyright € 2014 by Saunders, an impnnt of Elsevier Inc.




EMBRYONALNI PUVOD

- derivuji ze vSech tii zarodec¢nych lista

Zarodecny Epitelové derivaty
list
Ektoderm 1. Pokozka (vicevrstevny dlazdicovy rohoveéjici)

2. Potni Zlazy a jejich vyvody (jednovrstevny a vicevrstevny kubicky)
3. Vystelka ustni dutiny, pochvy a analniho kanalu (vicevrstevny dlazdicovy nerohovéjici)

Mezoderm 1. Endotel vystylajici krevni cévy (jednovrstevny dlazdicovy)
2. Mezotel vystylajici télni dutiny (jednovrstevny dlazdicovy)

Vystelky pohlavnich a moCovych cest (pfechodni, vicefady cylindricky, jednovrstevny
kubicky, jednovrstevny cylindricky)

w

Entoderm 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)

R




KLASIFIKACE EPITE

- na zakladé morfologie (kryci, trabekularni, retikularni)

- na zakladeé funkce (zlazovy, resorpéni, smyslovy, respiracni atd.)
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KLASIFIKACE EPIT

kryci (plosné)

1) morphOIOQie = trabekularni

2) funkce = retikularni

Podle

= kryci

» Zlazové

= resorpcni

= smysloveé

* respiracni cesty
= alveolarni

= zarodecny




KLASIFIKACE EPITE

Morfologie

e Tvar a usporadani bunek
* PocCet vrstev

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




KRYCIi EPITEL

Kritérium Termin RozliSeni
Pocet vrstev Jednovrstevny Jedna vrstva bunék
bunék Vicevrstevny Vice vrstev bunék
Vicerady Vice vrstev jader, ale vSechny bunky v kontaktu s
bazalni laminou
Tvar povrchovych | Dlazdicovy Ploché dlazdicové bunky, Sitka >> vysSka
bunéek Kubicky Polygonalni bunky, Sifka = vySka
Cylindricky Polygonalni buriky, Siftka < vysSka

Simple columnar

Simple squamous

Keratinized
stratified squamous

Non-keratinized

Stratified columnar
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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—linings of the oral cavity, esophagus,
anal canal, part of the urethra, and vagina. It also covers the cornea.
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KRYCI EPITEL

Jednovrstevny dlazdicovy epitel

era

barié

Semipermeabilni

Endotel cév
» Parietalni list Bowmanova pouzdra (corpusculum renis)




Jednovrstevny kubicky epitel

Tubuly ledvin
Vsunuté a interlobularni vyvody zlaz
Povrch ovaria

Vnitrni povrch pouzdra ¢o¢ky

’ {; ; 1 = Uprava koncentraci iontt a

KRYCIi EPITEL

= Sekrecni a exkre¢ni kanalky

vody




KRYCIi EPITEL

Jednovrstevny cylindricky epitel

= Sekrece a absorpce

= Apikalni povrch muze byt
modifikovany

» Ochranna bariéra

— Zaludek

- Strevo

— Zluénik

- Rectum

— Uterus

— Vejcovody

- Vyvody vétsSich zlaz

— Ductus papillares
ledvin




KRYCIi EPITEL

= Jednovrstevny cylindricky epitel




KRYCIi EPITEL

Vicerady cylindricky epitel s rasinkami a poharkovymi bunkami
= Dychaci cesty




KRYCIi EPITEL

= Vrstevnaty dlazdlcovy epltel nerohoveéjici
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- Ustnidutina
- Jicen

— Pochva

— Analni kanal
- HIlasové valy




KRYCIi EPITEL

= Vrstevnaty dlazdicovy epitel rohovéjici

— Epidermis




KRYCIi EPITEL

= Vrstevnaty kubicky - cylindricky epitel

— Velkeé vyvody zlaz
- Spojivka




KRYCIi EPITEL

Prechodny epitel

Ledvinna
panvicka

— Ureter

— Moc€ovy méchyr
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TRABEKULARNI E

°

do tramc

dané
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 Bunky uspo

Vaskularizace

Bile ducts

-

Bile duct  Hepatic artery

Portal vein

Portal vein

Hepatic artery
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Central vein




TRABEKULA




TRABEKULARNI E

Thymus - cytoretikulum

p248250 [RM] & www visualphotos.com

Thymus gland

Cytoskelet

Adhezivni molekuly a komplexy




SHRNUTI

) Epitel
trabelfular retikularni
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KLASIFIKACE EPITE

Funkce

* Ochrana tkani
 Transport a resorpce
« Sekrece

* Prijem smyslovych
podnétu




OCHRANA TKANI

Priklad: Vrstevnaty dlazdicovy
epitel

Mechanicka odolnost

i Stratum corneum
- Konstantni abraze

- neustala sebeobnova

- Keratin : ,
. . . . e 1o Stratum lucidum
- zakladni strukturni protein epitelu, polymer F . N Sirahmiaranulosum
- cytoskelet — intermediarni filamenta O AAS Rl i 9
- 54 gent pro keratiny (2011)

- specifické pro vlasové folikuly, rohovku, epidermis T;i Stratum spinosum

a jeji derivaty, ale i v ,,nekeratinizovanych* tkanich ; ' Iﬂ'l"-“
- diagnostika ‘

4
-""‘"-—'_‘-j""" Ty 1 & Typs 1T

Puosl y Pt




OCHRANA TKA

Priklad: Urotel

Chemicka odolnost

- Buriky vytvareji osmotickou barlerl'

- Apikalni membrana
- Uroplakiny, lipidy

- Tésné spoje

- Subapikalni vezikuly

HO i
—.u+—

Wiki: doi: 10.1152/aiprenal.00307.2001




- Bariéra — krev-vzduch
- Surfaktant

- Granularni (typ 1) a membranézni (typ Il) pneumocyty (97%)

Surfactant- Squamous epithelial
secreting cell cell of alveolar wall

Red blood cell

Endothelial cell Capillary

nucleus

- — Macrophage K -

- — Epithelial
~ cell
nucleus
Respiratory—| Alveolar epithelium

membrane
Fused basement

membranes

Alveoli (gas filled) Red blood cell Capillary endothelium —

Copyright & 2003 Pearson Education, Inc.. publishing as Benjamin Cummings.

Alveolar pores

RESPIRACE

- Vyména plynt mezi krvi a atmosférickym vzduchem (O,, CO,) — koncentra¢ni gradient

- Respiracni oddil plic — plicni sklipky respiracnich bronchioll, alveolarnich chodbic¢ek a vack

Nucleus of — |
endothelial cell

Surfactant —
(surface lining)

Alveolar — |

epithelium

Fused basal —
laminae

Endothelium —|

Alveolar
lumen

Capillary
lumen




ALVEOLARNI E

alveolus

ca
i
L

ormal lu

j alveolus

ahweolar type
cell

capillaries

A

nucleus of
alveolar type |
cell




ALVEOLARNI EPITEL




SMYSLOVY EPITE

Podpurné a vlastni smyslové burnky

- smyslové bunky konvertuji signaly z vnéjsiho prostredi na zménu membranového poten

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

i

(T

[EIRT AT
[T TS

i

(TR
S T

s

olfactory nerve fibre

Ofeectory<amcim Bowman's gland

lamina

prepria
Q basal cell
alfactory P
apithelium
1 olfactory
receptor cell

supporting cell

lumen of nasal cavity
adour molecules 2009 Eneyelopsedia Britannica, Inc.




SMYSLOVY EPITE

- sekundarni smyslové bunky

- pouze recepcni usek
- v kontaktu s terminalnimi zakon¢enimi dendritti, které generuji nervovy vzruch
- vlaskové bunky vnitfniho ucha, chutové poharky

Sweet Umami Bitter Salty or sour

N

supporting cell hair calls

WA [ Tight junction

stereccilia
inner har
call

Support cell

basilar membrane nerve fibers

&)

channel
opan

Primary gustatory
neurons

BUMDLE NOT BUNBLE

TILTED TILTED ) T : i = "

&) 100 nm
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SEKRECE

Jednobunééné zlazy Mnohobunécéné zlazy
— Poharkové bunky — Endoepitelové
— Enteroendokrinni bunky — Exoepitelove

Charakter sekrece
A B | C

Secretion

Disintegrating
cell and its
contents Intact cell
(secretion)
| New cell
Pinched off
portion of cell

(secretion)

Holokrinni x Merokrinni x Apokrinni




SEKRECE - JEDNOB

= Poharkoveé
; cmm&)élézové epitelialni buiiky

- Apikalni povrch - apokrinni/merokrinni sekrece
mucinu

- Bazalni éast — RER, GA, jadro, mitochondrie
- Mucinogenni zrna — barveni mucinokarminem

Mucin v
sekrecnich
granulech




SEKRECE - JEDNOB

Poharkové
. Zejnhru ﬁKYaéni a Gl trakt

* Produkuji hlen (mukus) = viskézni tekutina slozena z

elektrolytil a vysoce glykosylovanych proteini
(muciny)

» Chrani proti mechanickému i chemickému poskozeni

« Zachyceni a eliminace pevnych €astic

» Sekrece konstitutivni nebo po stimulaci (kouf, prach,

bakterie)
* Mukus po sekreci expanduje 500x béhem 20ms

* Klinické korelace:
- zmeény ve slozeni nebo mnozstvi hlenu
- chronicka bronchitida / cysticka fibréza

Normal CF

Y

B i‘r'\

Basal Gobletcell (- F e/  Ciliated cell
cell (produces (@ FH% = (produces MUCH,|
MUCSAC) (&F|fs  MuCdand

2 i <  possibly MUC16)
&) o)
Zg ¢ K
Serous RE : ?E?USII
land cell S JF)a 2 glandce
¢ =0 i\?<‘ Al A, 2= ‘o (demilune)
0\ gt AN P S, |
oS Ve

Mucus gland cell
(produces MUC5B
and MUC16)

W

» e

e =
z ‘—’é:(_.;r e,
o
i

e ey

o pleislebbng

Mucin raft (7-70 pm depth)
90% MUC5AC and MUC5B
10% MUC1, MUC4 and MUC16

- Cilia

- Microvill

e MUCH
MUC4
~~ MUC16

~— MUC5B
~=~ MUC5AC

doi: 10.1183/1025448x.00046004




SEKRECE - JED

Microvilli

T Mucinogen
droplets

Nucleus




SEKRECE - JEDNOB

u y A\ 4
= Enteroendokrinni bunky
-  Specializované bunky GIT
- Argentafinni, enterochromafinni bunky
- APUD = Amine Precursor Uptake Decarboxylase
- Hormony ,
- Rada typl'] merocytes [T
i:LT|.|mcH|\ E
Typ Hormon Lokalizace/funkce Gobletcels | )
]
D buriky Somatostatin - Zaludek, stfevo, jaterni a pankreatické vyvody semcats TP 2
- jako D buriky Langerhansovych ostrivku v pankreatu ; %
EC buriky Serotonin - Zaludek, stfevo, Zluénik L
- Peristaltika '
ECL burky Histamin - Zaludek
- Sekrece HCI
G bunky Gastrin - Pars pylorica, duodenum
- Sekrece HCI, pepsinu
| bunky Cholecystokinin - Tenké stfevo
- Pankreaticka stava, motilita Zluéniku
K bunky GIP (enterogastrin) - Zejména duodenum
- motilita Zaludku, sekrece inzulinu
L (EG) Enteroglukagon - Zaludek, stfevo : Tt
buriky - tlumi sekreci pankreatickych enzymu a peristaltiku  Endothelial cell - # 5 ,. 5
S buriky Sekretin - Tenké stfevo, dvanactnik /y é\\ -
- Tlumi sekreci HCI — N :
=  _om

i " @  Muscularis Mucosae




SEKRECE - MNOHOB

 Endoepiteloveé (neopoustsiji epitel, napf. endoepitelové Zlazy uretry, konjunktiva)

» Exoepitelové (epitelové pupeny v okolnim vazivu)

» Podle tvaru sekre€ni komponenty
— Alveolarni (acinozni)
— Tubuldzni
— Tuboalveolarni (tubuloacinézni)

« Podle vétveni
— Jednoduché
— Vétvené
— Slozené

. Podle charakter sekrece — T p—
— Mucindzni
— Serdzni
— Slozené

Compound tubular Compound acinar Compound tubuloacinar




VYVOJ MNOHOB

Endocrine glands Exocrine glands

Microvilli —==

Secretory
vesicle

Nucleus
Golgi complex

RER

Basement membrane

Compound acinar

Compound tubuloracinar
%:
Compound tubular
Simple acinar Simple
tubuloacinar

S 0 e Bt TSRS




SEKRECE - MUCI

» 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 cyloplasm 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. 5400,

< LM of part of a mixed seromucous gland in
the trachea. Several mucous acini with pale-stained
mucous cells are seen. [he 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
helow. 295x. HEE.




SEKRECE - MUCI
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SEKRECE - SER

Centroacinar
Cell

Acinus

Acinus —
Product

Basal region of
acinar cell showing
basophilia

Duct

‘Sermis
acinus # ¢

» LM of part of a mixed salivary gland. Several pale
mucous acini surround two round serous acini. Serous
cells have conspicuous, dark-stained secretory vesicles;
mucous cells look vacuolated and washed out. EM in
2.15 shows the area in the square in detail. 600x.
Taluidine blue, plastic section.

<4 LM of part of the exocrine pancreas. The exocrine
part of the gland consists of closely packed spherical or
pear-shaped serous acini. Several columnar to pyramidal
acinar cells, with round basal nuclel, 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 o larger pancreatic
ducts. 385x. HEE.

Serous ¢
acini




SEKRECE - SERC

n P Septum

Basement membrans —.

Myocepithelial cells

Lobule i

Low simpla cuboidal
apheum

= Lobule

.

Bimple subodablo-columnas

epithelium
~  Lobe
Intzriobular septum
.llng-_ ‘]||I..|.l l! I
0 Inieriobilar duet — —
Pegdostralilied colurnar g g
aiikaium -:f_ .14. 1
Interlobar s=plum T B T
6 Lobarduet — 3’ r_{-*
Courmrarstretfied ||/ "“-—-—'-:? '._'_ i l_l
aoihelium "_F '- ) i
A
3 Main duct (not shown) LY

& apied and modifed fom Limon T3, Leson G, Papano il Tniies ol Hiskology PRiadaldci, WE Sandaets, 1964
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SEKRECE - SLOZENE Z

- mucindzni i serozni
- Gianuzziho lunuly (demiluny)

i
-
LAl
4

,r
s 2 ,
)1} . ¥\ Serous
A : demilune
~
Lumen \‘
.r " g
erous
et ’ = -
Lumen 1 : demilune

Mucous cells

Serous cells

Giuseppe Oronzo Giannuzzi
(1838-1876)

Secretory #
capillaries
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ULTRASTRUKTURA Z

Pankreaticky acinus — serézni zlaza, sekrec¢ni vacky




BUNKY SECERNUJI

- velké svétlé jadro, zfetelny euchromatin
- vyvinuté RER

- GA/sekrecni vezikuly

- sekret nizké viskozity (serozni)

- pankreas, slinné zlazy

Exocytosis e ®
f',-f,..‘rnernbrane transport vesicla Q 0 o
 released P> . ‘

_.';*' soluble T - 1
proteins |"'r 5 1 'I-q—__ | '

T T
M - %\.
constitutive Gnregulated soluble

secretion \_‘IJJ ko ey &—) protenns
= 1’\

fusion cell membrane
ff proteins

|| secremry vesml
I\ secreted proteins

o0 (0 )
regulated -‘ .*..—--"""’I"\‘l‘! '., V4 o

secretion @@/ regulated
Py membrane secretory
{ fusion proteins
receplor W ,-" ’

\ L
-.;\. ’_,J' .
e -=="siginal O |

= " transduction

ligand o Golgi apparatus o

20028 Encyclopsadia Britannica, Inc.




BUNKY SECERNU

migrovilli

desmosome




BUNKY SECER

RER, GA, exocytéza
Glykoproteiny, polysacharidy
fibrogranularni vezikuly

poharkové buriky




BUNKY SECERN

- Vyvinuté SER
- Mitochondrie s tubuléznimi kristami
- Lipidové kapénky

http://www.pathologyimagesinc.com/emhandbook/tumor-recogn-section/tumor-pages/adrenocortical.html




BUNKY TRANS

- Membranové invaginace, bazalni labyrint
- Acidofilni cytoplazma
- Proximalni tubuly ledvin, zihané vyvody slinnych zlaz

. R . eriole
'j'/',ﬂ“?/:'ﬁln I




MYOEPITELOVE

- Oplostélé, hvézdicovité, s prstovitymi vybézky
- Kontraktilni, obklopuji acinus nebo vyvod

Muscle cells
in wall of duct

- Aktlno_va mikrofilamenta, myozin, tropomyozin, cytokeratin 3'4__ Epithelial
- Koordinace kontrakce - nexy - 0'5* milk-secreting cells
. , , , r vy wyr , , A%
- Slinné, slzné, potni mlé€né 2lazy, semenotvorné kanalky o-g V> Myoepithelial
L2 cells

e ' Mammary gland
Potni zlaza lobule

Sekreéni bunky (D, C)

Myoepitelové bunky




B

Regenerace a plasticita
epitelialni tkane




REGENERACE EPI

Rulizné epitely maji riznou schopnost regenerace (epidermis x smyslovy vnitiniho ucha)
Multi- a oligopotentni kmenové buriky
Mikroprostredi — stem cell niche

Priklad: Obnova strevniho epitelu

Vein carrying
blood to
hepatic portal
vessel

/-“— Microvilli

nyars — Lumen
Large ~ ~ ' Absorptive
circular 4 | cells

folds

Lacteal - (e)

e/ Goblet
| cell

Blood
capillaries

(a)

Intestinal
crypt

Muscularis ?.'-'-—--..-__
mucosae

Duodenalﬂ‘"—"- =——— Submucosa
(b) gland




REGENERACE EPITE

Priklad: Obnova strevniho epitelu

TA
compart-
mant

+4 position

Stem cell
Zane

Ir1r

Absorptive Goblet Panath Entero- Tuft
Enterocytes cell cell endocring  cell
cell
5 L O
¥ & /
Progenitor
cells
: o gn R
Transit
amplifying
(i t ==y Myofibroblasts
Lars +ve Nimminds
stem cell @ BMP antagonists
ICBC)

Niche signals ‘ € J

" yot ¥l

(AW

Differentiative

Compartment
(active BMP signaling)

Proliferative

Compartment
(active WNT signaling)

Stem Cell Niche
(ISEMF + SMC provide

source of BMP antagonists)

BMP pathway
BMP1,2,57
BMPR2, SMAD7
NOTCH pathway
JAGT

WNT pathway
WNTSB, APC, TCF4
Ephl/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 pathway

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

EPHB1, 2 3,4,6

Myc network

MYC




Abnormalni plasticita:

= Metaplasie

Vicevrstevny dlazdicovy

Jednovrstevny
| cylindricky

Jednovrstevny
cylindricky

« Skvamoézni metaplazie délozniho krcku
 Respiracni cesty

* Prekanceroza




PLASTICITA EPITE

» Hyperplasie a hypertrofie

A| Normal Cells /

D

A Normaini

- prostaticka

M tkan

C

E

L

L

C

H

A

N

G

E

S
Hyperplasie
zlazového

epitelu prostaty

= Dysplasie

Normal —> Hyperplasia —> Dysplasia —> Cancer

Adenokarcinom
prostaty

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

Epithelial phenotype Intermediate phenotypes Mesenchymal phenotype
as cells transition
DRI (ALTGIRIAY UONISINAN UL 0Ly gy ‘
(J ‘.;’! ‘ i f Lk AL gy
e
Ertell| (@ | @@ | @ | & @ | @ NS,

Progressive loss of epithelial markers
and gain of mesenchymal markers

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







EMT v embryonalnim vyvoji

streak Epiblast

Primary mesenchyme Hypoblast

_—— Ectoderm

Migrating neural crest cells =——

Notochord

Mesoderm Ectoderm

&2

Smooth muscle cells Osteoblasts Adipocytes Chondrocytes Melanocytes Schwann cells Neurons

==




EMT PR MET
Embryonic cell migration Organ differentiation
Wound healing Epithelial homeostasis
Cancer cell dissemination Metastatic colonization
Fibroblasts Reprogramming to iPSCs

Fibrosis (end stage)

Activation of EMT-TFs Repression of EMT-TFs
E-cadherin repression E-cadherin transcription
" Loss of apico-basal polarity Apico-basal polarity
8 g Invasion & migration Cell-cell adhesion
6' E Low proliferation Increased proliferation
0 E Intravasation & extravasation (tumor cells) Global regulatory programs:
=) Survival * miRnetwork
T e splicing
o Chemotherapy resistance * epigenetics
Inflammation e translation & stability

of EMT-TFs




EMT - MET

1 Primary EMT

Mesoderm formation
Primitive streak

" Early mesoderm

3 Secondary EMT

Somites

Dermomyotome

Dermomyotome

Dermotome

2 MET

Primordium of
urogenital system

’ _ Neural tube
Ep;d|ermL/|\ Somatopleure
\I-'/-\CP

Endoderm

Notochord | Splanchnopleure
Somite

Dermis

Muscle cells
Satellite cells

Myotome
Neural arches
Ribs

=¥, "~ Sclerotome

Tendons




ABNORMALNI PL

Neural
crest cell

EMT inducers
Physiological
expression

Mesodermal cell

| Epithelial cells

| Mesenchymal cells

Fibrosis Tumor progression

Primary epithelial
tumor cell

Renal or hepatic
epithelial cell

ECM
accumulation

EMT inducers EMT inducers

Aberrant Aberrant
activation activation

Cancer-associated Invasive migratory
flbrobIaSF{ s = tumor cell

Activated fibroblast
or epithelial cell
after EMT

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




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




PLASTICITA EPITEI _

Apical polarity Epithelial cells
complex .

E-cadherin
Adherens

junction Catenins ——

Actin

Integrin Basement
membrane

il o




PLASTICITA EPITEL

Sustaining proliferative
signaling

Resisting Evading growth
cell death suppressors

Inducing Activating invasion
angiogenesis and metastasis

Enabling replicative
immortality

Hanahan & Weinberg, Cell 2011. The six hallmarks of
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http://www.med.muni.cz/histology
pvanhara@med.muni.cz




