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OBDIVUHODNA VARIABILITA BUNEK

C57BL6 JAX lab
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* 6 x 103 bunék vice nez 200 riznych typu

« Tkané: funkcni, trojrozmérné, organizované seskupeni morfologicky podobnych
bunék a jejich produktu a derivatu

* Organy: strukturni a funkCni usporadani tkani




Parenchym: vlastni funk¢ni tkan konkrétniho organu
(jaterni, plicni, pankreaticky, ledvinny parenchym)

Stroma: okolni podpurna, intersticialni tkan Priklad: jaternl' tkan

N PRI 5': ParenChym3

3 -‘ Funkéni komponenta

e ST TR N i
SRS o

"~ - Hepatocyty
- Sinusoidy a pfidruzené
struktury
Stroma:

Podpirna komponenta

- Vazivo a s nim spojené
struktury

- Cévy

- Nervy

- Zluovody




Na zakladé morfologickych a funkénich znak

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

Derivaty vS8ech tfi zarodecnych listu

Epitelova

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




TiAN A JEUI DEFINICE

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

klasicka histologicka definice tkani je zalozena
na mikroskopické vizualizaci
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Hierarchie bunék:

Funkcni buniky tkani diferencuji z kmenovych bunék
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Hierarchie bunék:
Funkéni bunky tkani diferencuji z kmenovych bunék

E {Q)—> i
T P\ a
Asymetrické deleni | (e = |
L / A 4 :i::/ :
| (@) ] Diferenciace |
Sebeobnova Proliferace R e '

kmenovych bunék pfechodnych Vznik funk&nich typu

progenitoru

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



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)

5 ] _) > T-Lymphocyte

Multipotence @ o

oLP \ —> — ‘ — B-Lymphocyte
- RGzné buné&cné typy v rdmci tkané e., * e
- Mesenchymalni SC, hematopoietické SC /vE—> Erythrooyte

Megakaryocyte
/Platelets

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

amp Eo-CFC
N @

Eosinophil

Neutrophil

Oligo- a unipotence c\ |
- Jeden nebo nékolik bunéénych typl — progenitory krevnich fad, tkanové M-CFg g e
prekurzory (obnova epitelt apod.) _*'_>Q_>° Mast col

Mast-CFC

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



KMENOVE BUNKY V ORGANISMU

Embryonalni kmenové bunky (ESCs)

- odvozeny z embryoblastu (ICM) blastocysty

- pluripotentni

- model rané embryogeneze a histogeneze, vyznam pro
regenerativni medicinu

Explore Stem Cells Education Medicine and Stem Cells About Us

Current and potential stem cell therapies Our team, partners and

Eurostemce” Find out about stem cells and stem cell Resources and aclivities for
contributors.

research educational settings

2= select language ~

J. Thompson

Institute of Experimental Medicine, Academy of Sciences of the Czech Republic, vvi

Ales heads the Department of Molecular Embryology at the Institute of Ex| tal Medicine in the Czech Republic. Research in the department has focused on
studying cells with pluripotent properties, including developing ga nd cells of embryonal origin — embryonal carcinoma cells and embryonic stem cells.
The department is the first and only laboratory in the Czech blic where cell lines (embryonic stem cells — ESC) were established from human blastocyst-stage

embryos in 2003,



KMENOVE BUNKY V ORGANISMU

Tkanové (adultni) kmenové bunky

- regenerace a obnova tkani

- GIT, CNS, mesenchym

- regenerativni medicina, nadorova biologie

~3.500 cells ;( ) ()V , ‘,:17_‘
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=250 cells Transit-amplifying cells lv
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Stem cells and Paneth ~A BN

cells
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Intestinal stem cell

~ =~ right © 2006 Nature Publishing Group
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Back to research groups

Organoid Group: Adult stem cell-based
organoids

The Organoid group, previously Clevers group, studies the molecular
mechanisms of tissue development and cancer of various organs using
organoids made from adult Lgr5 stem cells



KMENOVE BUNKY JAKO BIOMEDICINSKY NASTROJ

Indukované pluripotentni kmenové bunky (IPSc)

Nobel prize 2012

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

- diferenciace do zadaného bunécéneho typu

- regenerativni medicina, bunécna a genova terapie

Sox2 Growth factors
Oct3/4 Chemicals
KIf4

Medi
c-Myc ooo Suppo:ﬁ':l‘gm cells

020
— —
Differentiation

i Reprogramming
S. Yamanaka B u iPS cells

Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors

Kazutoshi Takahashi' and Shinya Yamanaka'>*

" Department of Stem Cell Biology, Institute for Frontier Medical Sciences, Kyoto University, Kyoto 606-8507, Japan
2CREST, Japan Science and Technology Agency, Kawaguehi 332-0012, Japan

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

DOI 10.10186/j.cell.2006.07.024




iPSCs MAJI VLASTNOSTI EMBRYONALNICH KMENOVYCH BUNEK

N _ Sox2 Oct4 Nano

%? Adult Cell
@ iPS
- %@ reprogramming
‘ factors
£
u “ iPS Cells
w

/' b

hiPSCs

w

Mesoderm Endoderm Ectoderm
{Middie Layer) (Inteenal Lﬂ"’ (Extarnal laz-v]
+ M v
. — v" ‘ - . 830
. —— A = - P
wﬂ = LK WS W
_ \/ - 2
< vdM Muscle anul- Cell ‘ Smouvh Muscle Lun ( wll Pam'—aim Skln‘CnlIs ‘ qul"iﬁfl‘
of the Xidney (in Gut) (Aveclar Cell) Cell of Epidermis Cell

SK-IMAI Red Bloocd Thyroid Neuron
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hiPSCs JSOU VYZNAMNY BIOLOGICKY MODEL | NASTROJ I

Target validation Autologous therapy
yemmmmmm—ne- > 5 =
E New drugs
— — >
< >
2=
Organoids = Patient KLF4 Healthy specialized cells Chimaeras
= MYC
A Activity readout Drug screening OCT4
E A SOX2 Directed
- differentiation

—

Repaired iPSCs

Diseased specialized cells

Directed differentiation Gene correction

Patient-specific iPSCs

https://doi.org/10.1038/s41576-019-0100-z



KMENOVE BUNKY NEMUSI BYT VZDY PIVRATELSK_

Drugs that kill Tumor loses ability to  ...and tumor
CSC-Targeted ~ tumorstemcells  generate new cells...  degenerates

Nadorové kmenové bunky Therapy

- solidni tumor je vzdy heterogenni

- mala populace bunék s charakterem CSC muUze znovu
iniciovat rdst tumoru a byt pfiCinou selhani terapie — e

Drugs that kill ...but not cancer Tumoar shrinks,
tumar cells... stem cells but grows back

Tkanova kmenova bunka Nadorova kmenova bunka




DIFERENCIACE JE URCENA HIERARCHICKOU TRANSKRIPCI -

BUNECNA DIFERENCIACE

URCUJE ROZDILY MEZI
TKANEMI

DNA bending protein Enhancer
1

Distal control
elements

Transcription
factors and mediator
proteins

—>O

: Nonlymph0|d
lineages

doi:10.1038/nrg3209

a Celltype 1
C/ ’ ‘ _"
Lineage committment
leads to binary switch f®-® A:B->© ®:-0+0
i Feedforward induction of transcription factors Band C

. @) ——
Cell type 2
(Cae)) \ :
Cross-e{ntagonistic o G —— Q — X

regulation of transcription

factors Aand D Q-9 ©-®:0

Peedfor\sard induction of transcription factors E and F

b
Transcription factor Transcription
0 factor network

&#@JJEMOJ¢¢$J¢¢

R - - - o — o
genes
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‘Terminal selector’ regulation in, Hypothetical more complex regulatory
for example, C. elegans neurons logic in higher vertebrates

oo i - - o

Nature Reviews | Genetics
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TKANE SE LISi SVYM GENETICKYM A EPIGENETICKYM PROFILEM
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the Genes; a Discussion of Some Aspects of Theoretical Biology
Allen & Unwin, London, 1957




TKANE SE LISI SVYM GENETICKYM A EPIGENETICKYM PROFILEM

tpige"€l/.

[lE@EOEXD| Landscape

Effectors

Goldberg, Aaron D. et al.
Epigenetics: A Landscape Takes

Shape
Cell, 128(4):635 - 638




TKANE SE LISI SVYM GENETICKYM A EPIGENETICKYM PROFILEM

== N — ]
- " q b Male/female log, ratio
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. IS Fetal development Postnatal development Adulthood
wd

Age

Vyslednou stavbu a funkci tkani urCuje projev rady strukturnich
genu — ruzny v ruznych lokalizacich i Casovych usecich

doi:10.1038/nature10523



TKANOVOU IDENTITU URCUJI | EXTRACELULARNI MOLEKULY

Priklad: krvetvorba v kostni dreni

METABOLITY MEZIBUNECNE
. @ INTERAKCE

. RUSTOVE
. FAKTORY

—
= SLOZKYECM

Multipotential hematopoietic

, stem cell (Hemocytoblast)
ADHEZIVNI | |
i ~lkA Ni MOLEKULY L

hematopoeticka niche IS ®
GM-CSF ) )
SCF Common lymphoid progenitor

FLT-3 ligand |2
. TNF-a :’EZQ
Common myeloid progenitor TGF-B1 SDF-1

S CF SCF
TPO Epo GM-CSF .

IL 3 IL-3 Small lymphocyte

GM-CSF GM-CSF
IL-1
. IL-2
O IL-4
Erythrocyte Myeloblast B lymphocyte IL-6
iL-7
SCF SCF IL-3 SCF
T lymphocyte
Megakaryocyte GM-CSF  |GM-CSF | Gm-cSF GM-csF - YmPnocY
IL-3 IL-3 IL-3
IL-6 IL-6 IL-6

\"

Thrombocytes ' | 4’) @ @ @

Basophil Neutrophil ~Eosinophil

Monocyte



MIKROPROSTREDI URCUJE VLASTNOSTI | STAVBU TKANI

Do vlastni mikroskopickeé stavby tkani se promita velké mnozstvi

biologickych a fyzikalné-chemickych parametru

» Procesy embryonalniho vyvoje

,Stem cell niche*

Mezibunécné interakce

* Prostorové usporadani (dimenzionalita)

» Gradienty morfogenu

Chemokines

o

Androgens,
hormones

» Epigeneticky profil

Chemokine Growth
receptors o or

« Dynamika genové exprese

» Parcialni tlaky plynua
« Slozeni ECM

Glucose .
Lipids Calcium £

receptors
} o
&

Circadian

» Mechanicka stimulace

\,\ypoxia and metabo/ism
Bupijpog pue uoneu)\:ue“u\

» Perfuze a intersticialni toky

Elasticity/stiffness
—_— Fibronectin

« Lokalni imunitni odpovéd

* Metabolity

Basement
membrane




MIKROPROSTREDI URCUJE VLASTNOSTI | STAVBU TKANI
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MIKROPROSTREDI URCUJE VLASTNOSTI | STAVBU TKANI

Bone

Loading forces

A

Hormones

(PTH, calcitonin,
GH, steroids)

Electrostatic
forces

Cortical

bone
(80% of total
bone mass)

Prostaglandins

1,25-OH
Vitamin D3

. Trabecular

Bone
(20% of total
bone mass)

B ar /
Osteoblasts
Osteoclasts

ECM components
Fibronectin

Laminin
Collagens =
Bone promoting proteins

Bone sialoproteins

Osteonectin

Osteoprotegerin

Osteocalcin

Integrins

Alcaline Phosphatase
Proteoglycans, Glycosaminoglycans
Osteopontin

MMPs & TIMPs

Receptors

Adhesion molecules

Apatite crystals (calcium 38%, phosphorus 18%)

 Osteocytes

Adipocytes

Fibroblasts

Stromal cells

Vascular endothelials cells

Immune cells

#, Hematopoietic stem cells(HSC)
| and their differentiated

| progenies
Mesenchymal stem cells (MSC)

Chemokines
Growth factors
Hormones
Physico-mechanical forces
Biochemical regulators (pH, oxygen
concentration, nutrients...)

>




MIKROPROSTREDI JE KLICOVE PRO TKANOVOU HOMEOST-

remodeling and
mechanotransduction

{ Altered matrix ]

cytokine and growth factors

wrinsic hanges with ag;,

Tissue Changes in local and
damage systemic inflammatory

Apoptoza

40],1/@/ R
0, %

Loss of quiescence| — Regenerace
(= with aging owing « S
to cycles of
< ' - regeneration %Q Se nescence
Stem cell Stem cell
quiescence activation

Patologicka
zmena

v \

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

signatures regulators




MIKROPROSTREDI JE DULEZITE TAKE V PATOGENEZI

PInfekce
Metabolické poruchy
Autoimunitni poruchy
Cholestaza
Alkohol
Dédicnost

https://WWw.pathologyoutlines.ce‘fﬁ?topicﬁ_/livercirrhoSi}S‘.htm;[: :

.‘Dysplazm W

; ':'Ztra*tq funkcnlho parenchymu
Ll Depozme ECM

Aktivace: (myo)flbroblastu)
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MIKROPROSTREDI JE DULEZITE TAKE V PATOGENEZI

[ Anti-growth signals
© Growth signals

O ‘ . @ Fibroblasts
& o Immune ceII:

Extracellular matrix Endothelial cells

Invasion and

Angiogenesis

metastasis

Self-sufficiency in Insensitivity to anti-
growth signals growth signals

Cancer stem cell
specific therapy

8- &

Conventional Timor relapse
cancer therapy

\@ .

Timor regression




DEFINICE TKANE

+ Signalni molekuly



MOLEKULARNI PRINCIPY HISTOGENEZE




HOX KOMPLEX A MORFOGENETICKE POLE

Urchins

Hemichordates

Teleost fish

Tetrapods

[Flies
Polychaetes

Urochordates

=
ba e
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| I

Cephalochordates [l

A -
5 N
c

O mm

IS

| B

PHYLOGENY

doi:10.1038/sj.hdy.6800872

GENES FOUND

KNOWN EXPRESSION

Eye Field

Heart Field

Forelimb Field

Neural Plate Field

Hindlimb
Field

Wnt

Al

Priklad: Hox komplex
Vysoce konzervovana skupina
transkrip&nich faktort urcujicich
zakladni stavbu a orientaci téla

Tkanova diferenciace podél
anterio-posteriorni osy

Clovék (39 genii)
Cluster Chromozom Pocet Hox
genu
HoxA 7 11
HoxB 17 10
HoxC 12 9
HoxD 2 9




FREI\I_C/H FLAG MODEL

concentration

low

s

mMRNA Molecules

hunchback

high

caudal
bicoid nanaos

anterior

position in oocyte

posterior

Lewis Wolpert

,Genetic control of pattern formation®

Thresholds

Concentration

Cellular phenotype: A A B B C C

Expression patterns of gap and pair-
rule genes in Drosophila embryos.
DOI: 10.1007/s10577-006-1068-z




DROSOPHILA

Three short lectures on embryonic patterning

s
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S

Eric Wieschaus

Eric Francis Wieschaus is an American evolutionary
developmental biologist and 1995 Nobel Prize-winner.
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PROC MAJI TYGRI PRUHY?

Reakéné-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
or structure due to an instability of the homogeneous equilibrium, which is triggered off by
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,
The investigation is chiefly concerned with the onset of instability. It is found that there are six
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
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,



ODPOVED NA MORFOGENY URCUJE TKANOVE VZORY

1D horizontal 1D vertical

Two morphogens Gradients 2D pattern More complicated

Labyrinth

Belousov-
Zabotinsky




TEMPORO-SPACIALNI EXPRESE RUZNYCH REGULATORU URCUJE FIN
LOKALIZACI, ORIENTACI A MORFOLOGII TKANI A ORGANU

B Early specification/expansion

. Zeugopod
. Autopod

C Two signal gradient

D Differentiation front

FGF
N
RA
Sox9

Meisi/2 |Hoxal1 |Hoxal3

Morphogen
concentration

Blue-White threshold

White-Red threshold i

Source Distance from
the source




MANIPULACE S AER NEBO ZPA MENI| VYVOJOVE INSTRUKCE

AER Limb development
removed ﬁ ceases
y— \%

/

Wing is

Forelimb
mesoderm [\

Wing

Nonlimb 3
o AER regresses;

3 . limb development
—_— \ ceases

AER replaced  Normal
A\ by FGF bead wing




RUST KONCETIN DEFINUJI GRADIENTY MORFOGENU Z AER A ZPA

Limb buds

Concentration
of morphogen

Digits

region apical ectodermal ridge

Normal limb Additional polarizing region grafted Small number of polarizing region
B to anterior margin | cells grafted to anterior margin
Posterior Anterior | | Posterior Anterior | | Posterior Anterior
Polariz

L=

Proximal

Thresholds

Morphogen
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Blue-White threshold
White-Red threshold

Source

Distance from
the source



THALIDOMID

HOX

progress\.\
A
zone \
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AER

>
Vaskularizace
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Thalidomid

Shh

12 Tabletten -

Conterda

Hypnotikum

Thalidomidova embryopatie

« fokomelie

« amelie

« anocie/mikrocie

« anoftalmie/mikroftalmie

« posSkozeni ledvin, srdce, GIT, genitalu

Frances Oldham Kelsey,
FDA USA




VYVOJ OSTATNICH TKANI SE RiDi PODOBNYMI INTERAKCEMI

Ektoderm

Entoderm

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

surface ectoderm
+ odontoblasts

- central nervous system

- retina
« pineal body

« posterior pituitary gland

« epidermis, hair, nails, cutaneous, and
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

& 4

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



\Y0J OSTATNICH TKANI SE RIDI PODOBNYMIINTERAKCEMII

Ektoderm Mesoderm Entoderm
» Epidermis a jeji derivaty %
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8 = Adenohypofyza E = Dermis » Epitel respiracniho systému
o Enital fetni duti ST . =
g Epitel ustni dutiny a Casti analniho kanalu & - Pojivova tkar « Thyroidea, parathyreoidni téliska,
Ky thymus
= Neuralni trubice a jeji derivaty: = = Parenchym tonsil
‘©
- CNS S = Epitel cavum tympani a Eustacho
: D = Urogenitalni systém + vyvody a trutg)ice s v
g - Retina € pridatné zlazy
o - Neurohypofyza -g
© _
§ - Epifyza
9 = Neuralni lista a jeji derivaty:
o eu'j? n’| |s.a’a J'ejl envaty ] . = Visceralni pojivova tkan
3 - Kranialni, spinalni, autonomni ganglia, PNS o ] _
Z . o » Serézni membrany pleury, peritonea
- Schwanovy buniky, glialni buriky, a perikardia
- Chromafinni buriky nadledviny € . Krevni buriky, leukocyty
Sy ‘© ’
- Enteroendokrinni bunky € Kardiovaskularni a lymfaticky
- Melanoblasty 8 systém
- Mesenchym hlavy a jeho derivaty — » Slezina

faryngealni oblouky

- Odontoblasty » Adrenalni kortex
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KLASIFIKACE TKANI

Na zakladé morfologickych a funkénich znaku

Kontinualni, avaskularni vrstvy bunék s riznou 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

Svalova

Neurony a neuroglie
Prijem a prenos elektrického vzruchu
Derivat ektodermu

Nervova

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

Pojivova




VARIABILITA EPITELOVE TKANE
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OBECNA CHARAKTERISTIKA (KRYCIi) EPITELOVE TKANE

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

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

LUMEN
junctional

complex apical domain

““mwﬂ““mmr " g

lateral
domain

intercellulal
space

!a sement™ =
membra@
N




POLARITA EPITELOVYCH BUNEK

EPITEL

Vs. sasolateral B AZOLATERALNI DOMENA

MEZENCHYM

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



POLARITA BUNEK

A Apical
=
& ccludm
Basolateral Basement membrane Claudin
JAM
Nectin |
E-cadherin

https://doi.org/10.1038/aps.2011.20
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Catenulida, | Bilateria Bilateria
Porifera Placozoa Xenoturbellida Ctenophora most invertebrates  vertebrates

N

(

| zonula occludens
\ (tight junction)

zonula-occludens-
like junction

:1(: zonula adherens {}
septate junction
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!
9
Q
Q
®
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poo ¢
0
—
0
3
Lehdad

LT

‘3/:3. spot adherens -
/g @ junction

hemi-adherens

. . hemi-adherens
junction

junction

ke

hemi-adherens
l junction

’K/L/

gl
'l/

S
N basal lamina
g \J/ -> - )
\ - ' ‘ ; ; claudins, neurexin
actin cadherin-catenin  Crumbs and other infegrins  infermediate w5
complex apical membrane proteins filaments

Komplexita mezibunécnych
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STAVBA TYPICKE EPITELOVE BUNKY

From Loson T5. Loeson GRL Pacaro A, TeutAfs o Halclogy Phiacigh: W8 Smrders: 1988,

h

Bazalni povrc

www.webanatomy.net



MODIFIKACE BUNECNEHO POVRCHU

Apikalni Lateralni Bazalni povrch
povrch povrch

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

rasinky nexus

stereocilie Interdigitace

Viz cytologickeé prednasky



BAZALNI MEMBRANA




BAZALNI MEMBRANA

Bazalni membrana je pojem svetelné mikroskopie

« Vrstva ECM, ktera pripojuje epitelové buriky k pojivovym tkanim

 V mikroskopu je nezretelna, ale I1ze histochemicky zviditelnit nékteré jeji slozky
(PAS)

» Spolec¢ny produkt epitelii i fibroblast

« Selektivni bariéra - transport

« Tkanova integrita - soudrznost epiteli

PAS reakce (Periodic Acid Schiff)
Prukaz polysacharidu .
[m] 73 m]

Bazalni membrana = lamina basalis + lamina fibroreticularis

Epithelial cells

Basement
membrane

Connective
tissue

Capillaries



BAZALNI MEMBRANA

Blood-brain barrier Blood-retinal barrier
) & : ) / |
4 - ' Basement v S

Skin barrier

Basement membrana
Dermis W Ry AT "
Basement ‘
m:mbr::o g ? ‘ " M A,
Intestinal barrier Glomerular filtration

barrier

.'i"-'-- i 3
-lml e .
Basement AL.
membeane |




BAZALNI MEMBRANA vs. BAZALNI LAMINA

Bazalni lamina (lamina basalis)
« pojem elektronové mikroskopie
« dvé vrstvy: lamina densa a lamina rara

— laminarara (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)

™~ 2
&) P
400 = Y 3‘"4".5»“"
B P

iAnchoring fibrils

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



BAZALNI MEMBRANA vs. BAZALNI LAMINA

Lamina fibroreticularis

 pojem elektronové mikroskopie

« kolagen lll a dalsi netypické kolageny (IV, VI)

« fibrilin, elastin

« produkt vazivovych bunék, navazuje na ECM vaziva

Epithelial cell

Lamina )
lucida

> Basal
Lamina lamina
densa

Reticular fibers
(type Il collagen) «

Iy A -

'-I'-.Anchoring fibrils

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

Lamina
reticularis




BAZALNI MEMBRANA JE NEOBYCEJNE SLOZITA STRUKTURA

Perlecan,
Nidogen/Entacti

Laminif

\ Golgi Complex ¥

Aggregation on Cytoplasm
Ow Extracellular Space

Cell Surface Receptors
Type IV Collagen

Network on Laminin

Epithelial cell
/ Integration of Other
BM Components
Linking Type IV F. 3. . e T 4—— Integrin
Collagen Network : !
and Laminin Polymer

~——— Laminin 5

j =t .l =>*—TYDE 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

algbesmosome
~“~ Hemidesmosome
——aeCollagen IV
’;‘L\ 1Lamina lucida se====2==Collagen I1&llI

Basement _. JLamina densa
membrane S, S fe———T 1 ]Lamina reticular (--}—nLaminin
‘ : - q
 Entactin
<= Perlecan

Perlecan
Polymeri lsatlon J_ ‘4 Polymerisation
Lammm Nidogen Collagen IV

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



ARCHITEKTURA BAZALNIi 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 = — >

Lamina
basalis

Basal
lamina

Collagen IV ———==""

—————

Entactin/nidogen

- i > Bazalni
membrana

, o S i R S Heparin sulfate proteoglycans z

Lamina reticularis

Collagen 1, 1,V mm—

Proteoglycans <l - > L am | na )
(fibr

o)reticularis)

Plasma membrane

i— Fibroblast

Fibroblast



PR. BAZALNI MEMBRANA V CORPUSCULUM RENIS

Afferent —SN b O
arteriole SHe) ' 0 O
[ 7
< ) O o

Efferent
arteriole

Proximal tubule
epithelial cell

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

Bazalni membrana v ledvinnych
téliscich je dalezitou soucasti
filtra€ni bariéry

Endothelial cell

Podocyte foot A

process

(#)
o @ Protein
° o

o
o — -

Slit
diaphragm

Urinary space

Glomerular
basement
membrane




PR. BAZALNI MEMBRANA EPIDERMIS

Keratinocytes

Keratin
filamentes S

Hemides-
MOSOMeES

Lamina
lucida ~__
Anchoring
filaments

i

Lamina

densa
Anchoring
fibrils D
Collagen —> Fibroblast
fiber

(a)



PR. ALVEOLOKAP

Airway TenS|o\ “"1’..
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BAZALNI MEMBRANA A POVRCHY PRO TKANOVE INZENYRSTVI

¢ 1, contralled | ()
Furan-modified thaw (-20°C) / '
hl.'allumnan pulh.rmi}r Formation of ~ Polymerization (via lce crystals melt
+ bis-maleimide PE small ice crystals Diels-Alder reaction) to form pores
occurs in between ice
crystals

CMOsS |'| T
+ mono-/disaccharide

2 | solution — A C

sajhaopogd

S'ctﬂ‘neas
=)
| >
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Eelgal I::_,._ L E
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30 culture IO cultuang
Accelerated : : cell profiferaticn . .
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P P T % 3. ::'
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TTTTTTTTTT DOI: 10.1021/acs.biomac.2c00402



EMBRYONALNI PUVOD EPITELOVYCH TKANI

Bunky s epitelialnim fenotypem
vznikaji ze vSech tii zarodecnych listl

Embryonic Mammary ;Va’::;
epiblast glands Sebaceous glands
Hair
Embryonic Primordial Outer |~
endoderm germ cells 1 epithelium i
ofbody [~

Auditory Proctodeal
vesicle epithelium

Optic
vesicle

l Lens

Retina
Epiphysis

Splanchnic  Somatic  Myotomes Dermatomes

mesoderm mesoderm Sclerotomes 1
/ Dermis
Axial Axial of skin

Limb muscles

Inner ear } Anal canal

Stomodeal
epithelium

Pronephros Limb fiedles skeleton Posterior Anterior
Trophoblastic Amniotic skeleton pituitary  pituitary
cavity Epiblast Cytotrophoblast
resraT Sgc'::' Brain Comea Oral
s Parameso- | Mesonephros Trunk \Crania! motor epithelium
= nephric Pleura neural \ nerves
ducts Parietal-[ Pericardium Spinal motor  Schwann
Metanephros Peritoneum nerves cells

Pleura
\/nsceral{ Peritoneum

Mesenteries

%‘) Vagina Mesonephric
Uterus ducts
Uterine tubes l »/

Floment Dentine Enamel

e Cranial_X ofteeth  of testh
Sympathetic newe

Y crest
ganglia O Cephalic

connective
tissue and bones

Syncytiotrophoblast

Hemangioblastic

Ductus epididymis Hesin

Ductus deferens

Blood cells
Endothelium

Allantois

Adrenal:

Parietal
endoderm Gut Urinary ~ cortex
_bladder medulla
Epicardium
Trachea Myocardium
Lungs Wall of Endocardium J  Outflow tract
i Walls of aortic
Pancreas feSP'fat::g Pharynx arches | Middle ear
/ Auditory tube Stroma of
Endometrium . < \ £ Il Tonsils pharyngeal
Liver  Digestive Wall of pouch
Extraembryonic Primary Hypoblast tract Thyroid Pharyngeal :Ir:fThz:l:: ki derivatives
mesoderm yolk sac pouches RaraIoes:
IV Sup. parathyroids
Fig. 5-3. Digital photomicrograph of a 12-day human e:;x‘::('::r:aeg?eas::; 7700) taken just as implantation within the post-branchial bodles
ig. 5-3. Dil i y hut i 2 J i ion withis . o ’ ”
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 mocCovych cest (pfechodny, vicefady cylindricky,
jednovrstevny kubicky, jednovrstevny cylindricky)

Entoderm

o 0P

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

r

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

Rt

p580102 [RM] @ www.visualphotos.com

s




KLASIFIKACE EPITELOVYCH TKANI

= kryci (plosné)
Klasifikace 1)

podle morfologie

= trabekularni

= retikularni

W e ! = kryci
» Zlazové
| = resorpéni
Ry 0) funkce = smyslové
- * respiracni cesty
= alveolarni
= zarode€ny



KLASIFIKACE EPITELOVYCH TKANI

Morfologie

* Tvar a usporadani bunék

e 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, $itka = vy$ka
bunek Cylindricky Polygonalni buriky, $ifka < vyska

Simple cuboidal

Simple squamous

9’ | ~ I. ‘

‘\‘ 0

Transitional

Stratified columnar

Simple columnar

Keratinized s -
stratified squamous | e ‘:
4 - e
o o) o e kS ey o T g e
Non-keratinized S R e
eo e - 3 ~ Y v - e
stratified squamous | S SRl Deael st cimee = = T T R e
B e i L Ny R N B e P e W
% - B Port s S D Y NN | T e e
L i e it S Y L
F - i oy o

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.



KRYCI EPITELY

= Semipermeabilni bariéra

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



KRYCI EPITELY

» Jednovrstevny kubicky epitel

- #| = Sekrecni a exkrec¢ni kanalky
= Uprava koncentraci iontti a
vody

ads ¥V & -'\
» Tubuly ledvin
= Vsunuté a interlobularni vyvody zlaz

= Povrch ovaria
= Vnitrni povrch pouzdra ¢oc¢ky




KRYCI EPITELY

» Jednovrstevny cylindricky epitel

» Sekrece a absorpce
= Apikalni povrch muze byt
modifikovany
= Ochranna bariéra

— Zaludek

— Strevo

— Zluénik

— Rectum

— Uterus

— Vejcovody

— Vyvody veétsich zlaz

— Ductus papillares
ledvin




KRYCI EPITELY

» Jednovrstevny cylindricky epitel




KRYCI EPITELY

Vicerady cylindricky epitel s fasinkami a poharkovymi burikami
= Dychaci cesty

Vicerady cylindricky epitel se stereociliemi
* Muzsky reprodukcni systém (epididymis)

‘s




KRYCI EPITELY

= Vrstevnaty dlazdicovy epltel nerohovejlm

X

5,
”»‘/

: _/ : Y ', ‘ ‘&: ,‘ “H '-?;“:5; J
s o Y5 % . :

A g S T "“X:"i&

— Ustni dutina

— Jicen

— Pochva

— Analni kanal
— Hilasové valy

_




KRYCI EPITELY

4

» Vrstevnaty dlazdicovy epitel rohov

jici
— Epidermis




KRYCI EPITELY

= Vrstevnaty kubicky — cylindricky epitel

— Velké vyvody zlaz
— Spojivka



KRYCI EPITELY

Prechodny epitel

Ledvinna
panvicka
— Ureter

— Moc€ovy méchyr



KLASIFIKACE EPITELOVYCH TKANI

Morfologie

* Tvar a usporadani bunék

e 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 bunééného

povrchu orientovaného k cévam

« Jaterni parenchym

« Endokrinni zlazy




TRABEKULARNI EPITEL

Usporadani jaternich hepatoc




TRABEKULARNI EPITEL

\

Y .

~Usporadani bunék endokrinnich zlaz
R - 1[ ’
! A

A

v
/

Nadledvina

A

Adenohypofyza



KLASIFIKACE EPITELOVYCH TKANI

Morfologie

* Tvar a usporadani bunék

e PocCet vrstev

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



RETIKULARNI EPITEL

Thymus - cytoretikulum

Thymus gland

» Kompartmentalizace

» Hematothymova bariéra

= Mikroprostredi pro vyvoj T-

Ivmfocvi



RETIKULARNI EPITEL

Epitelidlni retikularni bunky:

strukturni a funkéni podpora vyvijejicim
se T-lymfocytliim
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KLASIFIKACE EPITELOVYCH TKANI

* Tvorba bariér a ochrana tkani
e Transport a resorpce

» Sekrece - zlazy

* Prijem smyslovych podnétu



KLASIFIKACE EPITELOVYCH TKANI

Bariéry



BARIERY

Priklad: Vrstevnaty dlazdicovy epitel
rohoveéjici

Mechanicka odolnost epidermis

Stratum corneum
- Konstantni abraze
— neustala sebeobnova
- Keratin
- zakladni strukturni protein epitell, polymer
- cytoskelet — intermediarni filamenta
- 54 genu pro keratiny

Stratum lucidum
Stratum granulosum

r

- specifické pro riizné tkané B Stratum spinosum
— (“:M’m@'“ Type 1 & Type II t

l Polypeptide

o} Stratum
M ' basale




BARIERY

Priklad: Prechodny epitel - urotel

Chemicka odolnost
Strukturalni flexibilita

/-
- Buiiky vytvareji osmotickou bariére.
- Apikalni membrana ey g
- Uroplakiny, lipidy
- Tésné spoje

- Subapikalni vezikuly

HX pm
—

Wiki: doi: 10.1152/ajprenal.00307.2001



BARIERY

Priklad: Prechodny epitel - urotel

Povrchové
bunky

Mocovy méchyr

Vazivo

Membranové vezikuly

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



VYMENA PLYNU

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

- Bariéra — krev-vzduch

- Surfaktant

- Respiracni oddil plic — plicni sklipky respirac¢nich bronchioll, alveolarnich chodbic¢ek a vack
- Membranézni (typ |) a granularni (typ Il) pneumocyty

Surfactant- Squamous epithelial
secreting cell cell of alveolar wall

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

Red blood cell

Endothelial cell Capillary

nucleus
Surfactant — |
(surface lining)

— Macrophage Alveolar — |
Epithelial epithelium
nucleus Lo

Respiratory — Alveolar epithelium Fused basal
membrane laminae

Fused basement
membranes

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

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

Alveolar pores




ALVEOLARNI EPITEL

capillaries

- y ormal lu c ’ alveolus
)
‘ alveolar type ll
cell
nucleus of
Q ; alveolar type |
nm i ’ cell :



ALVEOLARNI EPITEL




KLASIFIKACE EPITELOVYCH TKANI

Resorpce



RESORPCE

Facilitated diffusion

Apical (lumenal)

Basolateral
(serosal).
surface

surface A

000C

Ny
Transcellular

~ S WY L

v
Paracellular =

’ A IS
| B
L\

<—Microvilli
Actin

Terminal
Web

Tight
Junction

. Actin

Filaments

AN
A

Golgi

Apparatus

Microtubules

\ AL

Transport
Vesicles

Basement

Membrane




KLASIFIKACE EPITELOVYCH TKANI

Smyslovy epitel



SMYSLOVY EPITEL A SMYSLOVE VNIMANI

Podptirné a viastni smyslové burky

- smyslové buniky konvertuji signaly z vnéjSiho prostiedi na formu pristupnou pro CNS

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

Olfactory epithelium

Bowman's gland olfactory nerve fibre

basal cell
olfactory P
epithelium

olfactory
receptor cell

o cila " o 2 "+ ° « ™\ supporting cell

odour molecules  © 2009 Encyclopzedia Britannica, Inc.
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SMYSLOVY EPITEL A SMYSLOVE VNIMANI

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

Sweet Umami Bitter Salty or sour

supporting cell
Tight junction

Support cell

e,

Receptor cells &——

Primary gustatory
neurons

BUNDLE NOT BUNDLE
TILTED TILTED

(A)



KLASIFIKACE EPITELOVYCH TKANI

Zlazovy epitel



SEKRECE

Charakter zlazy

Jednobunécné zlazy Mnohobunécéné zlazy
— Poharkové bunky — Endokrinni
— Enteroendokrinni bunky — Exokrinni

+ Endoepitelové
+ Exoepitelové

Charakter sekrece

Holokrinni x Merokrinni x Apokrinni

Sro Disintegrating
/ cellandits L2

20} 1
o contents = bl Intact cell
L/E‘ (secretion) oy el i

0- s | New cell
- G \\\/
(2’ ) \\N\‘
=i
o\ o s

Pinched off
portion of cell
(secretion)



JEDNOBUNECNE ZLAZY




EXOKRINNI SEKRECE — JEDNOBUNECNE ZLAZY

=y B 3 K % ‘
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= Poharkové bunky ®

&

Cylindrické zlazové epitelialni buriky

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

Jadra
Mucin v
sekrecnich
S granulech
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EXOKRINNI SEKRECE — JEDNOBUNECNE ZLAZY

= Poharkové bunky

« Zejména respiracni a Gl trakt
* Produkuiji hlen (mukus) = viskdzni tekutina slozena z
elektrolytll a vysoce glykosylovanych proteint (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

e e T e e T T i sl Mucin raft (7-70 ym depth)
ESTS o e = s i S
» Klinické korelace: T e et | 0% MUCSACand MUCSB

. P e S e 10% MUC1, MUC4 and MUC16
- zmeny ve slozeni nebo mnozstvi hlenu of

chronicka bronchitida / cysticka fibréza U - ——
cell  (produces (produces MUCH,|

MUC5AC) MUC4and |

® 0 possibly MUC16)

Serous | |

Serous

.......

..... —~ Cilia
gaeans /) Liserssposnssnnneyy |\ /) Sansan e
4 1 Microvill
°
oo ° ®e %00 Mucus gland cell
o o © il (produces MUC5B e MUCT <~ MUC5B
ol © oo d MUC16 MUC4  ~~ MUC5AC
° i an ) ~— MUC16
Chloride lons® o
o © o -]
o o ®
CF

Normal
doi: 10.1183/1025448x.00046004



EXOKRINNI SEKRECE — JEDNOB
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Microvilli
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droplets
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MNOHOBUNECNE ZLAZY

Exokrinni Endokrinni




VYVOJ MNOHOBUNECNE ZLAZY

Endocrine glands Exocrine glands

ZUustava - 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 (acinozni)
— Tubulézni
— Tuboalveolarni (tubuloacindzni)

» Podle vétveni
— Jednoduché (1 vyvod, jedna sekrecCni Cast)
— Vétvené (1 vyvod, vice sekreCnich Casti)

— Slozena (systém vyvodu) e
ale
» Podle charakter sekrece ;é‘%.s
e, A
— Mucinézni

— Serozni
— Smisené

Compound tubular Compound tubuloacinar



MUCINOZNI ZLAZY

< 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 reunded basal
nuclei. Serous cells are smaller than mucous cells. The
square outlines the area of interest seen in the EM
below. 295x. H&E.

% 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.
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SEROZNI ZLAZY

Acinus —

< 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 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.

.Serous
acinus # ¢
v

Centroacinar

» 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.
Toluidine blue, plastic section.

Basal region of
acinar cell showing
\ basophilia



HIERARCHIE VYVODU

Vyvod

* Intralobularni

— ([ Aeings N
o

Myoepithelial cells

Lom smps cuboodal
apdneium

Imm«—J

Simple cuboda-o-columnar & \ !

spthalium Lob
, - Lobe
|
Interlobular septum e
3 Interlobular duct —_':‘l., ’_‘;3?'
Pseudostratified columnar 01 7 YA
spithelium LN
Interlobar septum 3
* Interlobularni @ Lobar duct
(IObérni) Coumrarstratfied | PO
epithelium
* Hlavni 3 Main duct (not shown)

Vyska epitelu a poCet jeho vrstev se zvySuji smérem usti zlazy
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ZLAZOVY EPITEL ZBLIiZKA

ULTRASTRUKTURA

Pankreaticky acinus — serézni zlaza, sekrec¢ni vack



BUNKY SECERNUJICI PROTEINY

velké svétlé jadro, zfetelny euchromatin
vyvinuté RER

GA/sekreCni vezikuly

sekret nizké viskozity (serozni)
pankreas, slinné zlazy

Exocytosis /el o @
/—membrane yrancpon vesicle Q
4
// released e
{/ soluble y (_\
.\ ¥ proteins A S § ) B —
constitutive =~ . J soluble
‘ unregulated
secretion ¢~ meng\bra 23 proteins
A fusion ;e membrane
(f proteins
|l
Il secretory vesicle
|\ secreted proteins /;
\\\ °®
.0)\( ..0 . -
regulated L O q
secretion ..)J,"‘ regulated
o/ membrane secretory

[ i proteins -
1“ \ fusion ’ o

\ s
receptor
: § o’
N e
X signal ‘ ) \
¥ '\, transduction
A

ligand / N\ Golgi apparatus o

© 2008 Encyclopzedia Britannica, Inc.




BUNKY SECERNUJICI MUKUS

RER, GA, exocytdza
glykoproteiny, polysacharidy
fibrogranularni vezikuly

poharkové burnky, mucindzni zZlazy



BUNKY SECERNUJICI STEROIDY

- vyvinuté ;ER a GA

- mitochondrie s tubuléznimi kristami
- lipidové kapénky

- steroidogenni burky

- kiira nadledvin, Leydigovy bunky




BUNKY TRANSPORTUJICI IONTY

- apikalni a bazalni modifikace

- membranoveé invaginace, bazalni labyrint, mikroklky
- acidofilni cytoplazma

- proximalni tubuly ledvin, zihané vyvody slinnych zlaz




MYOEPITELOVE BUNKY

- oplostélé, hvézdicovité, s prstovitymi vybézky Mlecna zlaza

- kontraktilni, obklopuiji acinus nebo vyvod

- aktinova mikrofilamenta, myozin, tropomyozin, cytokeratin
- koordinace kontrakce - nexy

- slinné, slzné, potni mlééné zlazy, semenotvorné kanalky

Potni zlaza

Sekreéni buiiky (D, C)

Muscle cells
in wall of duct

Epithelial
milk-secreting cells

Myoepithelial

L Mammary gland
lobule




REGENERACE A PLASTICITA
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REGENERACE EPITELIALNI TKANE

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

Priklad: Obnova strevniho epitelu

Vein carrying
blood to
hepatic portal

' vessel
b : -

Muscle ‘:.,5:: - "/“ - )

layers AN Sedll

circular \ ‘
folds = ' (c)

Vill :
A —

— ”\ |
LA

et
Uy b

Microvilli

(a)

Intestinal
crypt

mucosae
Duodenal 2 Submucosa

gland




REGENERACE EPITELIALNI TKANE

Priklad: Obnova strevniho epitelu - 3-5 dn

A ‘ B  Absorptive  Goblet ~ Paneth  Entero-  Tuft
Enterocytes  cell cell endocrine cell
cell
- r =05
3 ' od I
@ -l i3 O
— i P R
O /
TA Progenitor
compart- cells
ment t
Transit w £ 7
amplifyi
] 3 plifying @& stemcells
+4 position = k : (TA) cell
C ‘L 3 v t . Myoﬁbrol?lasts
Stem cell Y ‘ LgrS +ve -
zone . stem cell @ BMP antagonists
d (CBC) —
BMP pathway
¢ BMP1,2,5 7
’— }_. tz BMPR2, SMAD7
NOTCH pathway
Differentiative m!r e
; : Ephlephrin path
Niche signals l (‘“4 . st e
-~ d EPHA2, A5 2
= b netwo!
‘\ ’Ja%,:’ij ' — ' m MAX, MX11
35 AN ] v BMP path
Mo [% \“fc . GREM:.: s
s e CHRDL1
e Proliferative ) NOTCH pathway
‘ Compartment ) RBPSUH, TLE2
(active WNT signaling) WNT pathway
(W9 - e
bl ‘ Ephlephrin pathway
‘ EPHA1, 4,7
= EPHB1,2,3,4,6
Myc network
Stem Cell Niche e

(ISEMF + SMC provide
source of BMP antagonists)



PLASTICITA EPITELIALNI TKANE

Abnormalni plasticita:

= Metaplasie

Vrstevnaty dlazdicovy

Jednovrstevny
~ cylindricky
Jednovrstevny : .. Py

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 (kuraci)



PLASTICITA EPITELIALNI TKANE

5 oo e

= Hyperplasie a hypertrofie | ‘rost&t_

T
Sl
Normal Cells /

Normalni prostaticka tkan

Nudleus

Basement Memebrane

Hypertrofie: roste velikost bunék

rermO MK<==-T>»0>

LmOZP>ION

Hyperplasie: roste pocet bunék

Hyperplasie zlazového
epitelu prostaty

= DySpIasie porucha diferenciace

Normal —> Hyperplasia —> Dysplasia —> Cancer

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



PLASTICITA EPITELIALNI TKANE

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

Epithelial phenotype Intermediate phenotypes Mesenchymal phenotype
as cells transition
Epithelial —_— Mesenchymal
cells ® cells
E-cadherin Syndecan - FTS binding protein FAP  Snail
Cytokeratin MUC1 C— . FSP-1 Slug
Z0-1 Desmoplakin ———— N-cadherin ETS
Laminin-1 a1 (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. d0i:10.1172/JCI39104.



PLASTICITA EPITELIALNI TKANE — DISEMINACE NADORU

Bunky ztraci adhezivni molekuly a ziskavaji schopnost migrovat

. ..

Apical polarity Epithelial cells

E-cadherin
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

— Ectoderm

Migrating neural crest cells

Mesoderm Ectoderm

22 |y

Smooth muscle cells gsteob!asts Adipocytes 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

: C | e ]Adherensjunction
Scribble complex [% c

SE2i o

Cf:: 7 Gap junction

TR Epithelial cell s ] Mesenchymal cell
Apical-basal polarity SR Back-front polarity
e (migrating cell)

Vimentin

\\L//— o |Actin
f stress fibres
o |

> \

\

* desmosome

= \ —_— AN - !
Basement  Extracellular 4 é
i A Core EMT changes
mémbrane. | X * Cytoskeleton remodelling "A\ Interstitial matrix
* Loss of apical-basal cell polarity (e.qg. fibrillar collagen 1)

* Cell-cell adhesion weakening
* Cell-matrix adhesion remodelling

\v * Cell individualization
S * Establishment of front-back
R cell polarity v
* Acquisition of cell motility

« Basement membrane invasion e
-

: P (

T~ /— \ ) ]

\\ v Actin filament

| \.‘

= 4 \__.-— —_— _% é/‘
D Focal

Integrin - adhesion
E/M intermediate state E/M intermediate state

,__’/ \ <




PLASTICITA EPITELIALNI TKANE

Fibrosis Tumor progression

Renal or hepatic Primary epithelial
epithelial cell tumor cell

crest cell

EMT inducers EMT inducers EMT inducers
Physiological Aberrant Aberrant
expression activation activation

Cancer-associated | ; ;
: nvasive migratory
fibroblast——=<g@ """ "4 imor cgell

Mesodermal cell

| Epithelial cells

Activated fibroblast
ECM or epithelial cell
D Mesenchymal cells accumulation after EMT

J Clin Invest. 2009;119(6):1438-1449. d0i: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 *Cellschange  «Cells stay in * Cancer cells invade normal tissue
epithelial cell  more rapidly form one place and enter blood and lymph

» Metastases form at distant sites

than normal ;




OTAZKY, KOMENTARE?

SOMEWHERE IN AN EPITHELIUM
A CANCER CELL EMANCIPATES...

I\II U N IL'n’i:tt?)‘I,ogie .
M E D a embryologie

Otazky? Komentare? et

pvanhara@med.muni.cz .
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PeTR VARHARA ET AL.

Introduction General Histology

]

1 Cell ultrastructure

NOILIO3 M1z

General histology explains how cells and acellular components assemble into

tissues and defines the basic properties of individual tissue types. Building on FACULTY

I ;: l s; ‘ : - Tl morphology of cells as well as on their molecular makeup, general histology OF MEDICINE
l ainitheliitiane provides indispensable theoretical ground for microscopic anatomy (structure of I
organs and organ systems) and for embryolo: body development).
3 Connective tissue 9 gan sy ) yology (body pment)

HlStOlO 4 Muscle tissue Guide to General Histology

TEXT & ATLAS 5 Nerve tissue and MiCl’OSCOpiC Anatomy

e neit o s leavians Petr Vaithara, Miroslava Sedlétkovd,
Irena Lauschovd, Svatopluk Cech, Ales Hampl

hematopoiesis

Anthony:L. Mescher g

www.histology.med.muni.cz
pvanhara@med.muni.cz

Masaryk University, Bmo 2017
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