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DEVELOPMENT OF ESSENTIAL TECHNOL

Anthony van Leeuwenhoek

* nalevnici

* oralni bakterie (Selenomonady)
* spermatozoa

e krvinky

* svalova vlakna

histologicka barveni

1674-1683




FOUNDING FATHERS OF HISTOLOGY — CONCEPT OF TISSUE-

Xavier Bichat, 1799

»1 see different structures in hunan body. | do not need a
microscope to distinguish 21 types! | will call them tissues.

In a diseased body the tissues have altered, abnormal
structure!




FOUNDING FATHERS OF HISTOLOGY — MODERN C_

Matthias Jacob Schleiden

Theodor Schwann
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New cells origin only from other cells
» Cells are open thermodynamic systems

« Genetic information is inherited in new generations

« General chemical and structural composition of cells is identical

Robert Remak




- 6 x 1013 CELLS of 200 different types

- cells form functional, three-dimensional, organized aggregations of morphologically
similar cells and their products and derivatives - TISSUES

- tissues constitute ORGANS and organ systems

Myocardium



GENERAL TISSU

Tissue =

Signaling
molecules



Parenchyma: functional component of a tissue
(liver, lung, pancreatic, kidney parenchyma)

Stroma: surrounding, essential supportive tissue

Example:
LIVER

Parenchyma:

- Hepatocytes

- Sinusoids and adjacent
structures

Stroma:

- Connective tissue and
adjacent structures

- Vessels

- Nerves

- Bile ducts




Based on morphology and function:

Epithelial
tissue

Muscle
tissue

Nerve
tissue

Connective
tissue

Continual, avascular layers of cells with different
function, oriented to open space, with specific junctions
and minimum of ECM and intercellular space.
Derivates of all three germ layers

Myofibrils = contraction
Mesoderm - skeletal muscle, myocard, mesenchyme
— smooth muscles

Neurons and neuroglia

i Reception and transmission of electric signals
! Ectoderm, rarely mesoderm (microglia)

| Dominant extracellular matrix
~ Connective tissue, cartilage, bone...
= Mesenchyme



What Is atissue?

Functional, three-dimensional, organized aggregation of
morphologically similar cells, their products and derivatives

v

» classical histological definition is based on microscopic visualization
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BASIC PRINCIPLES OF HISTOGENESIS

How to build a tissue?




FUNCTIONAL CELL TYPES DIFFERENTIATE FROM _

Stem cells are essential

Stem cells are capable of differentiation and self-renewal
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Knoblich JA. Asymmetric cell division during animal development. 2001. Nat Rev Mol Cell Biol



STEM CELLS

Totipotent

- Constitute all cells of the body incl. extraembryonic tissues

- Zygote and early stages

Pluripotent

- All cells in the body except for trophoblast

- Blastocyst — Inner cell mass - ICM (embryoblast)

- Embryonic stem cells

Pre-Tcell

= T @—

Pre-B cell

MEP /' —)@

BFU-E CFU-E

/’

Multipotent

- Give rise to various cell types of a particular tissue

CLP

- Mesenchymal SC, hematopoietic SC

Hematopoietic 4
stem cell (HSC) JCFU-s CMP

*.*

Self-renewal

At

colony forming

\—m

GMP\EO -CFC

G CFQ

M-CF(Q

Meg CFC

Oligo- a unipotent

- One or several cell types — hematopoietic, tissue precursors for renewal
of intestinal epithelia, etc.

GM CFC

Mast-CFC

>Q P ° Mast cell

(623 T-Lymphocyte
( _ B-Lymphocyte
Erythrocyte

Megakaryocyte
/Platelets

Eosinophil

Neutrophil

Monocyte/
Macrophage

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



STEM CELLS IN ORGANISM

Embryonic stem cells
(ESCs)

- derived from embryoblast (ICM) of preimplantation
blastocyst

- pluripotent

- model of early embryogenesis and histogenesis,
regenerative medicine

Tissue (adult) stem cells

- regeneration and renewal of tissue

- GIT, CNS, mesenchymal tissues

A

‘ c\e\

- regenerative medicine, cancer biology

J. Thompson

H. Clevers oo

B Paneth cells
T Transiv- amplifying |
cells |
B Absorptive cells
B Goblet cells
B Enteroendocrine | /™
f
cells N

Enteroendocrine cell Paneth cell
Secretory cells

/" l
Transit-amplifying cells / \
/ \
Stem cells and Paneth . /X.

cells

Crypt
=250 cells,

Intestinal stem cell

Copyright © 2006 Nature Publishing Group
Nature Reviews | Genetics



STEM CELLS AS RESEARCH TOOLS

Induced pluripotent stem cells (iIPSCs)

- adult differentiated cell (fibroblast) is reprogrammed into pluripotent state
- differentiation into desired cell type

- regenerative medicine, cell and gene therapy

Sox2 Growth factors ;
KIf4 Medium '
c-Myc ooo Supporting cells

Ok i
Reprogramming Differentiation

iPS cells

Fibroblasts

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
?CREST, Japan Science and Technology Agency, Kawaguchi 332-0012, Japan

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

DOI 10.1016/).cell.2006.07.024

Nobel prize 2012




IPSCs SHARE FUNDAMENTAL PROPERTIES WITH hES_

hiPSCs

%@, Adult Cell

iPs
reprogramming
‘ factors

“ “ iP5 Cells
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STEM CELLS AS THERAPY

Age-related macular degeneration

neovascularisation

>

hiPSCs

Clinical trial



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

- e—»wa L*H

Cancer stem cells

- solid tumor is always heterogeneous

Therapy
/""

- small population of cells with stem cell character can i 9 —;e — > '
repopulate tumor tissue after cytotoxic therapy Cancer
Drugs that kill ...but not cancer Tumor shrinks,
tumor cells... stem cells but grows back

Tissue stem cells Cancer stem cells




CELL DIFFERENTIATION

Essential terminology

eg. myeloblast

* Induction of differentiation
 Determination and commitment
 Terminal differentiation

Normoblast with dividing nucleus
2

%l - ;

-cyte

e.g. granulocyte



DIFFERENTIATION IS DRIVEN BY GENE

a Celltype 1

Essential mechanisms 1 Q — @ _.‘

Lineage committm
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Feedforward induction of transcription factors B and C
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i i Celltype 2
DNA bending protein Enh?ncer ( :. l_—_{ .: ) \
Distal control Cross-antagonistic O — Q —— x
/ y elements regulation of transcription
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Feedforward induction of transcription factors E and F

b
Transcription factor Transcription
o factor network
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Transcription
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TISSUE DIFFER IN THEIR GENETIC AND EPI_
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CELLS CAN CREATE UNIQUE MICROENVIRON_

Essential mechanisms 2

Cell interactions ° Growth factors
Metabolites

Multipotential hematopoietic
stem cell (Hemocytoblast)

v
Immunity ECM components Adhesion @
Inflammation molecules Common lymphoid progenitor

FLT-3ligand |'L-2

@ TNF-a [/L-7

IL-12
Common myeloid progenitor TGF-41 SDF-1
|
SCF SCF
TPO Epo GM-CSF '
IL-3 IL-3 Small lymphocyte
GM-CSF GM-CSF p—
v IL-1
° . iL-2
0 O ) IL-4
° Erythrocyte Myeloblast B lymphocyte IL-6
| -7
o SCF SCF -3 SCE @
G-CSF G-CSF iL-5 M-CSF
° T lymphocyte
Megakaryocyte GM-CSF GM-CSF GM-CSF GM-CSF ymp yt
iL-3 -3 L-3
IL-6 iL-6 IL-6

e

’ LY
Thrombocytes

Basophil



MICROENVIRONMENT REGULATES TISSUE FUNCTION_

Huge number of biological and physical-chemical

paramete IS
Embryonic development

Intercellular interaction
« Space organization (dimensionality)
. G“G « Gradient of morphogenes
\\ “\ - Epigenetic profile
G « (Gene expression dynamics
6‘6«\ « Partial pressure of gases
« ECM composition
* Mechanical stimulation
« Perfusion and interstitial flows
* Local immunity response

 Metabolites



STEM CELL NICHE

Bone Bone & Bone Marrow cells
SEESEESS Osteoblasts
Loading forces Osteoclasts
LY Prostaglandins Osteocytes
Adipocytes
Hormones Fibroblasts
(PTH, calcitonin, 1,25-OH Stromal cells
GH, steroids) Vitamin D3 Vascular endothelials cells
Immune cells
He‘f::r::t:ﬁc #, Hematopoietic stem cells(HSC)
| and their differentiated
Cortical Trabecular FRIOgETRs
boiia Bone Mesenchymal stem cells (MSC)
(80% of total (20% of total
bone mass) bone mass)

ECM components
Fibronectin
Laminin

Collagens = _
Apatite crystals (calcium 38%, phosphorus 18%)
Bone promoting proteins /
Bone sialoproteins

Osteonectin

Osteoprotegerin

Osteocalcin

Integrins

Alcaline Phosphatase

Proteoglycans, Glycosaminoglycans Chemokines

Osteopontin o - Growth factors e

MMPs & TIMPs Hormones -

Receptors Physico-rpechanical forces

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




HEMATOPOIETIC NICHE
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GENERAL TISSU

Tissue =

L
...J

0. .‘
Signaling
+ Cells  +  molecules

Stem cell niche



MICROENVIRONMENT IS NECESSARY FOR_

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

\ ic changes with gé

E*\(‘ns‘ .

Altered matrix }

D,
0, %

Loss of quiescence
with aging owing ”
to cycles of
regeneration %O
Stem cell Stem cell
quiescence activation

Intrinsic changes With

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

signatures regulators

Apoptosis
Regeneration
Senescence

Pathology



MICROENVIRONMENT CAN BE CLINICALLY IMP_

[ Anti-growth signals

| Angiogenesis

Extracellular matrix

© Growth signals /

Fibroblasts

Immune cells

Endothelial cells

Invasion and

metastasis

Self-sufficiency in
growth signals

Insensitivity to anti-
growth signals

Cancer stem cell
specific therapy

A8 &

Conventional Timor relapse
cancer therapy

\@-»

Timor regression




Cholestasus
Alcohol
Genetics




MOLECULAR PRINCIPLES OF HISTOGENESIS

Essential mechanisms 3




GENERAL TISSUE COMPOSITION

Tissue =

o
o0 ot
Sign&ing
+  Cells + \Inolecules

Morphogenes



FRENCH FLAG MODEL
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FRENCH FLAG MODEL _

Y/

) ' ,Genetic control of pattern formation®
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WHY DO TIGERS HAVE STRIPES?

Reakéneé-difuzni systém

%’ =F(u,v)—-dy+D,Au
C

v
Tt =G(u,v)—dyv+DAv
O

TN

concentration  Production Degradation Diffusion

Reaction

diffusion

@ 5 .
Faster \/
diffusion

THE CHEMICAL BASIS OF MORPHOGENESIS

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

(Received 9 November 1951—Revised 15 March 1952)

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

(c) A %A ) al a2 ) or structure due to an instability of the homogeneous equilibrium, which is triggered off by
()l_= F(AN+ Dy 2 U] X =G(AN+D, Ev) (i random disturbances. Such reaction-diffusion systems are considered in some detail in the case

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

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

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

TRENDS in Cell Biology

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

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

1. A MODEL OF THE EMBRYD. MORPHOGENS

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

The model takes two slightly different forms. In one of them the cell theory is recognized
but the cells are idealized into geometrical points. In the other the matter of the organism
is imagined as continuously distributed. The cells are not, however, completely ignored,
for various physical and physico-chemical characteristics of the matter as a whole are
assumed to have values appropriate to the cellular matter,



TISSUE PATTERNS ARE DRIVEN BY GRADIENTS OF MORPHO-

| o

One morphogen Gradient 1D horizontal 1D vertical

B ZIN

Two morphogens Gradients 2D pattern More complicated

A\}74

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

Spots and stripes Labyrinth

Belousov-Zabotinsky



EFFECTS OF MORPHOGENES ARE STRICTLY R_

Perlecans
Agrins

Syndecans

10.1016/j.semcdb.2015.10.004



Hox genes

Highly conserved family of transcription
regulators that determine body polarity,
orientation and axis, position of organs
and histogenesis of tissues

Tissue differentiation along anterio-
posterior axis

e it =y e by s
Hox 1
——Urchins HE N
——Hemichordates | [
Urochordates HE =
Cephalochordates [l W
g-- s
Teleost fish §§E- =
AmEE W - - R0 L} \
Tetrapods ot L e S
D = = & OE 0N i S W
-Flies EEEET EEEE N )P — g(‘/
g™ SZ
— A
~Polychaetes HE = EEEE B N \@ m“ VAN
PHYLOGENY GENES FOUND KNOWN EXPRESSION

Human (39 genes)

doi:10.1038/sj.hdy.6800872

Heart Field

Al

Neural Plate Field

Hindlimb

Forelimb Field Fleld

Wnt

Cluster Chromosome # Hox genes
HoxA 7 11
HoxB 17 10
HoxC 12 9
HoxD 2 9




TEMPORO-SPATIAL EXPRESSSION OF MORPHO
LOCALIZATION, ORIENTATION AND MORPHOLO

A Progess zone

AER-FGF

Progenitor domains:

I stylopod

> b
b —

B Early specification/expansion

cl Ant
C Two signal gradient D Differentiation front
Prox Dist
Post

Meis1/2 |Hoxal 1 |Hoxal3

. Autopod

4

W

3
"5 4 Morphogen
concentration
B
Blue-White threshold
White-Red thrashold
2

Source Distance from
the source




MANIPULATING AER ALTERS INSTRUCTION_

AER Limb development
removed ceases

N 7

w—

Forelimb
mesoderm N

\ . Non(l)idmb AER regresses;
mesoderm limb development
—_— K: ceases
AER replaced  Normal

by FGFbead _ ing




MORPHOGENES FROM AER AND ZPA DEFINES

Limb buds

Concentration
of morphogen

Digits

polarizing
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

e

Blue-White threshold
White-Red threshold

Morphogen
concentration

Source

Distance from
the source



HOX PATTERN DRIVES TRANSCRIPTIONAL R

(A) Phasel Humerus

Stylopod
>/Hoxd- 9, d-10

(B) Phasell Radius

Zeugopod
Hoxd-9
ke Hoxd-9, d-10

B~ Hoxd-9, d-10,d-11
Hoxd-9, d-10, d-11, d-12

Y

Hoxd-9-d-13
(C) Phase Il Metacarpals and
Autopod Hoxa-13 digits "
Hoxa-13 oo
and Hoxd-13 @ % 2
_— 0 0 s
Hoxa-13, d-13, () .? (0> PN
a-12,d-12, %Q,Q
d-11,d-10 »
Hox paralogue groups
9 10 11 12 13

Scapula

Humerus Metacarpals

http://courses.biology.utah.edu/bastiani/3230/DB%20Lecture/Lectures/b14Limb.html

Digits



STORY OF THALIDOMID

W N
v ¥
progress
zone o

Proliferation

Thalldomld embryopathy
phocomelia

« amelia

« anophtalmia/microphtalmia

« abnormal kidneys, heart, GIT, genitalia

Frances Oldham Kelsey, FDA
USA

>

Vascularisation

Thalidomid

12 Tabletten -

Hypnotikum

Conterda

10 000 affected
children
40% death rate




STORY OF THALIDOMID

e S e e e

1998 — approved for cancer therapy



| HISTOGENESIS AN

Ectoderm

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

« 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

Endoderm C D

\/l

Trilaminar germ disc
(319 week)

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



Surface ectoderm

Neuroectoderm

Ectoderm Mesoderm Endoderm
» Epidermis, hair nails, cutaneous and < = Connective tissue of head
mammary glands &“3 - Cranium. dentin » GIT epithelium except oral cavity and
= Corneal epithelium and lens of eye ’ part of anal canal
= Enamel of teeth » Extramural glands of GIT
< " Skeletal muscle of trunk and limbs Y
O8] n
= Internal ear % except cranium Epithelium of bladder
= Anterior pituitary gland E « Dermis of skin = Epithelium of respiratory system
= Epithelium of oral cavity and part of anal = Muscles of head * Thyroid gland, parathyroid glands,
thymus
canal
@ = Tonsils
_ 5 " Urogenital system + ducts, glands Epithelium of cavum tympani and
* Neural tube and derivatives g and gonads Eustachian tube
- CNS @
- Retina =
- Posterior pituitary gland = Visceral muscle and connective
- Pineal body tissue
= Neural crest and derivatives: = Serous membranes of pleura,
- Cranial and sensory ganglia and nerves peritoneum and pericardium
- Schwann cells < " Blood cells, leukocytes
- adrenal medulla % » Cardiovascular and lymphatic system
-
- Enteroendocrinne cells = Spleen
- Melanocytes = Adrenal cortex

- Head mesenchyme and connective tissue
- Odontoblasts
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Based on morphology and function:

Epithelium

Continual, avascular layers of cells with different
function, oriented to open space, with specific
junctions and minimum of ECM and intercellular
space.

Derivates of all three germ layers

Muscle

Nerve

Myofibrils = contraction

Mesoderm - skeletal muscle, myocard, mesenchyme
— smooth muscles

Rarely ectoderm (eg. m. sphincter a m. dilatator pupillae)

p Neurons and neuroglia
& Reception and transmission of electric signals
¢ Ectoderm, rarely mesoderm (microglia)

Connective

- Connective tissue, cartilage, bone...

Dominant extracellular matrix

Mesenchyme




General characteristics
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Surface modifications
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Cell arrangement
Tissue barriers
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EPITHELIA



GENERAL CHA

* Avascular (without blood supply) — nutrition by diffusion from a highly vascular and innervated area
of loose connective tissue (lamina propria) just below the basement membrane

* Highly cellular — cohesive sheet or groups of cells with no or little extracellular matrix

* Typical morphology and cell connections

LUMEN
l(;jc;]rﬁgcl)enxal apical domain
APRS
‘\N‘""MWMMFW i

lateral
domain

intercellulal

-
basal
domain

| asement—
membrane
N




CELL POLARITY

EPITHELIUM

Vs Basolateral BASOLATERAL DOMAIN

MESENCHYME

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



>

Apical
= Occludin P
Basolateral Basement membrane Claudin l
JAM
Nectin
E-cadherin

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



HALLMARKS OF

Cilia- Narrow
propel extracellular
pac

e Microvilli-absorb

Apical region of
Ian epithelial cell

Cell junctions
Tight junction
Adhesive belt

Desmosome
Gap junction

From Leeson TS, Leeson CR., Paparo AA. Text/Atlas of Histology. Phiadelphis: WB Saunders; 1988, j 7 y | ” Vs Basal region
Basal

lamina
Reticular
fibers

Basement
membrane

NS
%

Connective
tissue

www.webanatomy.net




BASEMENT

Epithelial cells

* Attachment of epithelium to underlying tissues

Basement
membrane

* Selective filter barrier between epithelial and connective
tissue

Connective
tissue

*  Communication, differentiation

Capillaries




BASAL LAMINA

50-100nm
Glycosaminoglycans — heparansulfate

= Laminin, collagen lll, IV, VI,

Nidogen/entactin

Perlecan

Proteoglycans

Epithelial cell
d f Lamina
______ o hed etles s | lucida
""""""""" Basal
Lamina lamina
densa
Reticular fibers

(type IlI collagen)

\Anchoring fibrils

Anchoring plaque ~~ “ (type VIl collagen)
(type IV collagen)

Lamina
reticularis




BASEMENT MEMBR
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Aggregation on Cytoplasm
Cell Surface Receptors
Ow Extracellular Space
,

Type IV Collagen
Network on Laminin

r: o— O )
O-O0-O0—p

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

Dunsmore SE, Chambers RC, Laurent GJ. 2003. Matrix Proteins. Figure 2.1.2. In: Respiratory Medicine, 3rd ed. London.
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ARCHITECTURE OF BAS N

Basement membrane ™
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MODIFICATIONS OF

lamina rara jgt"erna
lamina densa

lamina rara externa

/ e ) lamina fibroreticularis
.1::.,... ("\v& (kolagen IV - pficny fez)

i 477’75‘\ lamina rara externa

lamina densa

lamina rara interna

* Two basic layers of basement membrane * Tissue specific modifications
— lamina basalis — Descemet membrane (cornea)
— lamina fibroreticularis — Glomerular BM (Bowman’s capsule)

— Part of Bruch’s membran of retina
* Contact of two epithelia (or with endothelium)
— fusion of laminae basales
* lamina densa
* lamina rara (lucida) ext. et int.



BASEMENT
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* Clinical correlations — membranous glomerulonefritis

- circulationg Abs bind to BM of capillary wall

- complement (C5b-C9) attacks glomerular endothelial cells
- filtation barrier compromised

- proteinuria, edema, hematouria, renal failure

Glomerular capillary

Immune

Antibody Antigen

NOM &l c——) Membranous glomerulopathy




EMBRYONIC OR

Trophoblastic
lacuna

Amniotic
cavity

Epiblast
/

Cytotrophoblast

Syncytiotrophoblast

Parietal
endoderm

Endometrium

Extraembryonic
mesoderm

Primary
yolk sac
Courtesy of Dr. Ray Gasser.

Fig. 5-3. Digital photomicrograph of a 12-day human embryo (Carnegie No. 7700) taken just as implantation within the
endometrium is completed.
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Pancreas respiratory Pharynx Walls of aortic
tract arches
Liver  Digestive Wall of
et Thyroid Pharyngeal
pouches

connective
tissue and bones

| Middle ear

Auditory tube Stroma of
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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.



=  derived from all three germ layers

Germ layer

Ectoderm

Epithelial derivatives

w0 PR

Epidermis (stratified squamous keratinized epithelium)

Sweat glands and ducts (simple and stratified cuboidal epithelium)

Oral cavity, vagina, anal canal (stratified squamous non-keratinized epithelium)
(Neuroectoderm)

Mesoderm

wn e

Endothelium of blood vessels (simple squamous epithelium)
Mesothelium of body cavities (simple squamous epithelium)

Urinary and reproductive passages (transitional, pseudostratified and stratified
columnar epithelium, simple cuboidal and columnar epithelium)

Endoderm

a s wdhE

Esophagus (stratified squamous non-keratinized epithelium)
GIT (simple columnar epithelium)

Gall bladder (simple columnar epithelium)

Solid glands (liver, pankreas)

Respiratory passages (ciliated pseudostratified columnar epithelium, ciliated simple
columnar epithelium, cuboidal, squamous epithelium)

Part of urinary system (cloaca-derived)




= Covering (sheet) epithelium

1) morphology

According to * Trabecular epithelium

2) function = Reticular epithelium

= Covering

=  Glandular

%a . ‘ \‘\\\ "‘.'b'
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- 40 "
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Resorption
= Sensory

= Respiratory
= Alveolar

=  Germinal




Classification by morphology



CLASSIFICATION

1) Covering (sheet) epithelia

V Classification of epithelia. Intestine
Kidney

Simple columnar

Vessels

Simple squamous Skin
Oesophagus

Stratified cuboidal
Respiratory passages

Keratinized
stratified squamous

. Non-keratinized
Pseudostratified o : stratified squamous

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—Ilinings of the oral cavity, esophagus,

anal canal, part of the urethra, and vagina. It also covers the cornea.
Urinary tract

Transitional

Stratified columnar

Ducts



= Simple squamous epithelium

— Single layer of flat cells with central flat nuclei

— Capillaries
— Lung alveolus Selective permeabilty

— Glomerulus in renal corpuscle

Endothelium
heart, blood, and lymphatic vessels.

Mesothelium
serous membranes - body cavities

Part of capillary wall
Coll 83

LUMEN

Part of caplllary wall
cell #2

Closed or Continuous Fenestrated Capillary
Capillary



CLASSIFICATION OF EPITHELIAL TISS

Kari l lare des Glomerulums

- i .

x 10000 BEITE = “SKU 4mm



= Simple cuboidal epithelium

— Single layer of cuboidal cells with large,
spherical central nuclei

— Secretion or resorption

Nucleus of cuboidal
epithelium cell

Simple cuboidal epithelium

Examples:

— Ovarian surface epithelium
— Renal tubules

— Thyroid

— Secretion acini

Serous acini

Simple cuboidal epithelium of
intralobular duct




Ovarian surface epithelium




= Simple columnar epithelium

Central lacteal

— Single layer of columnar cells with large, oval, basally located nucleus

— Typicall epithelium of GIT
- stomach
- small and large intestine
- gall bladder

=~ Smooth muscle fibers
Reticular lissue

Columnar epithelivm




= Simple columnar epithelium with kinocilia

Uterine tube

— flow of the oocyte towards the uterus

p616398 [RM] © www.visualphotos.com



" Pseudostratified columnar epithelium with kinocilia and
goblet cells

Upper respiratory passages
— Removal of mucus produced by epithelial glands

blood vessels

respiratory epithelium

hyaline
cartilage



" Pseudostratified columnar epithelium with stereocilia

Male reproductive passages
— Epididymis
— Ductus deferens




* Non-keratinized stratified squamous epithelium

= Multiple layers of cubic cells with centrally localized nuclei, flattening towards surface
= Cells in the superficial layer viable
= First layer in contact with BM, last layer — squamous

= Constant abrasion

= Mechanical resilience
» Protection from drying
= Rapid renewal

Examples:

= Cornea

= QOral cavity and lips
= Esophagus

= Anal canal

= Vagina




= Keratinized stratified squamous
. . keratinized stratified squamous
eplthEIlum dead, keratinized cells at surface

= Cell in the superficial layer dead
= Skin (epidermis)
= Nalil

= Keratins

= Fibrous proteins, ~ 40 types . R,

» Intermediate filaments RN AN ANV ANY ANY ANV o

= Very stable, multimeric Coiled coil of two ahelices

= Disorders of keratin expression — LAY S
variety of clinical symptoms

= e.g. Epidermolysis bullosa simplex
(mutations in the genes encoding
keratin 5 or keratin 14)

Stratum corneum

Stratum lucidum
p Stratum granulosum

r

B Stratum spinosum




= Stratified cuboidal epithelium

Large ducts of:

sweat glands L

— mammary glands
— salivary glands Duct

w - ;’!} 7 i~ - = A vvy:, - N
‘~‘$‘§ ”‘6: - ’.




" Transitional epithelium (urothelium)

» fluctuation of volume

= organization of epithelial layers

* membrane reserve

= protection against hyperosmotic urine

Urinary system

= urinary bladder, ureters, renal calyx < >
and pelvis

Empty (relaxed): rather cuboidal cells with a domed apex
Full: flat,stretched

Bladder H&E

dome-shaped ‘relaxed’ transitional
surface cells epithelium

= Basal cells
» |ntermediate layer
=  Surface cells

" " connecﬂve tlssue‘



" Transitional epithelium (urothelium)

= glycosaminoglycan layer (GAG) on the surface
= osmotic barrier
= antimicrobial properties

Bladder H&E Barrier architecture:

dome-shaped ‘relaxed’ transitional
surface cells epithelium GAG-layer

= surface cells (tight junctions), uroplakins
proteins in the apical cell membrane
» subepithelial capillary network

‘:‘.\ﬁ::{ : !-'L'§ "\‘_‘\T v ‘ ” '.; .?l'- ‘\‘Jl- \ moTeT———

' wuaries -~ ' _ ‘
o » .\ —
' connective tiésue -
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= Stratified columnar epithelia

— several layers of columnar cells
— secretion / protection

— occular conjunctiva

— pharynx, anus — transitions
— male urethra, vas deferens

— large ducts of salivary glands

Ohttp://www.cytochemistry.net/microanatomy/epithelia/salivary7.jpg



CLASSIFICATIO

2) Trabecular epithelium

Interlobular
branches
of portal vein

Bile ducts

Central vein

Hepatic artery Portal vein
\ / /Ililv ducts
VNG /
=

P Liver cell plates

Interiobular
connective tissue

™ Bile ducts

\
Branches of hepatic artery |
Bile ducts '\ PALCATEY Branches of portal vein
Branches of portal vein

Portal vein  Bile duct Hepatic artery




= Liver A = B %% HNF4a

Trabecules of hepatocytes develop from sheet
epithelial layer of primitive gut lining

l.d.

e8.25 e8.75

hepatoblasts:
BMPR, FGFR, c-Met, TGFR,
Pi3K, Sek1/JNK, EIf5, Arf6, Raf1
Smad2/3, B-catenin, c-jun, Tbx3, NFxf
Foxm1b, Xbp1, Mtf-1

Prox1

Oc1/0c2
MMPs
Pccmt

Hhex
Gatad/6

FGF + BMP

WSTM MW heart (© gutepithelium (@ hepatoblast === basal lamina -« endothelial cells
mesenchyme signals:
BMP, FGF, HGF, Wnt, TGFf, RA
Gatad, WT1, N-myc, HIx, Lhx2

WSTM @ hepatoblast @ blood cells -« endothelial cells



CLASSIFICATION OF EPITHE

= Endocrine glands

Islets of Langerhans

Cords of endocrine active cells
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CLASSIFICATI

= Endocrine glands Adrenal cortex

Cortex of adrenal gland — epithelial cells in cords secreting corticoid

Zona fasciculata

Multinucleated mass
of protoplasm

Medulla

)
.'-._'_j_ BN i e Ra
a1/ r Wwﬁ
S E’t},}i“,&? ;y'}Zum reticularis
o »}
i




rel ventricle I
diencephalon e vent = Endocrine glands

optic chiasm
' # neurchypophysis
n i e el adenchypophysis
o R

Adenohypophysis — anterior pituitary




CLASSIFICATION

Thymus - cytoretikulum

Thymus gland

= Compartments and
microenvironment for T-cell
development and selection

» Blood-thymus barrier



CLASSIFICATION OF EF

~
.

Epithelial reticular (epithelioreticular) cells:

Structural and functional support for developing
T-lymphocytes

N

e WS




Epithelium

Sheet Trabecular Reticular



Classification by function



Ways of secretion

« Secretion < excretion
* Process of secretion:

Disintegrating
cell and its
contents

: 2| e Intact cell
(secretion) ot o= /

Pinched off
portion of cell
(secretion)

Holocrine x Merocrine x Apocrine



= Single cell glands

— Goblet
— Enteroendocrine
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= Goblet cells

- Mainly respiratory and intestinal tract

- Produce mucus = viscous fluid composed of electrolytes and highly
glycosylated glycoproteins (mucins)

- Protection against mechanic shear or chemical damage

- Trapping and elimination of particular matter

- Secretion by secretory granules constitutive or stimulated

- After secretion mucus expands extremely — more than 500-fold in 20ms

- Dramatic changes in hydration and ionic charge

- Chronic bronchitis or cystic fibrosis — hyperplasia or metaplasia of
goblet cells

QFo b oe
@ Chloride lons® o
o © 0 °



GOBLET CELL

= Mucinogen
3 droplets

Nucleus




L ANDULAR ERITHE

= Multicellular glands

Exocrine Endocrine




GLANDULAR EPI

= Development of multicellular glands
— Endocrine vs. exocrine

Endocrine glands

Exocrine glands
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= Exocrine multicellular glands Microsli——=.

Secretory
vesicle

Golgi complex

* Shape of secretion part
— Alveolar (acinar)
— Tubular
— Tubuloalveolar (tubuloacinar)

RER

Basement membrane

* Branching
— Simple
— Branched
— Compound
* Secretion
— Mucous

Simple tubular

— Serous

iy
Compound tubular

— Compound
Simple acinar Simple
tubuloacinar

e
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GLANDULAR E

= Mucous glands

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

» EM of part of a mucous acinus in a mixed
salivary gland. Parts of three mucous cells line the
acinus lumen (x). 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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GLANDULAR E

= Serous glands
Y

< 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.

,Serou‘f
acinus # ¢

" Rl
NG F

Centroacinar
Cell

» 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.

Acinus —

Basal region of
) acinar cell showing
\ basophilia




 Mixed glands

n mixed serous and mucous secretion

fﬁikmw
demilune

g Serous
demilune

Mucous cells o \
87~ Serous cells

&%mmm;"“ '
capillanes



GLANDULAR EPI




Myoepithelium

= star-like or spindle cells

= connected by nexus and desmosomes

= actin microfilaments, myosin and tropomyosin
= contraction

= sweat and salivary glands — enhancing secretion

DOI: 10.4103/0973-029X.190952



Transcellular transport through epithelial cells is driven
by concentration and/or charge gradients

Blood Epithelial cells Intestinal lumen
High Na’ Low Na* Dietary glucose
Low K* High K~ High {dietary} Na’
GLUT 2 l O §
\[
Glucose et G lucose Glucose
Nat. A Na’
Rt ATP 2 Na' 2 Na*
Na'/K* ATPase Na’
< : a'/glucose
S ~ .ADP+P, symport
B protein
/
Basolateral 4/119'“ junction %\ Apical
membrane membrane

Glucose transport

http://www.ncbi.nim.nih.gov/books/NBK21502/

Basolateral Apical

membrane membrane
Cl channel
protein
Anion cl b
antiport ~N=r"
protein oo e
HCO, &7~ > H+
’ 1 = D t:: /K* ATP
K ase
ADP + P
H,0 Rl S
Carbonic 2 K* K
anhydrase
K" channel
CO, = CO, + OH protein

junction

Stomach lumen

HCI secretion in stomach



Respiratory epithelium

Epithelium of respiratory passages
= Moistening and protection against injury and pathogens
= Remove particles by mucociliary clearance
= Pseudostratified columnar epithelium with cilia
= Basal cells = epithelium renewal

Alveolar epithelium
= Gas exchange
= Surfactant
= Respiratory bronchioles, alveolar passages and alveoli

Bronchiolus Alveolus

Bronchus

= Type |l and Il pneumocytes

/.
20 um
re
crophages -®
Type !

pneumocyte

‘ 4 \ Type |
m" pneumocytes '}

< ” -
. b




Sensory epithelium

— Supportive and sensory cells

Primary sensory cells

— directly convert stimuli to membrane potential
— receptor region, body, axonal process
— olfactory epithelium (regio olfactoria nasi), rods and cones

Secondary sensory cells

— receptor region and the cell body

Sweet Umami Bitter Salty or sour

— signal is transmitted by adjacent neurons terminating on ! ‘./
secondary sensory cell ’

— taste buds, vestibulocochlear apparatus

Primary gustatory
neurons



Renewal of epithelium

= different regenerative potential (epidermis x sensory epithelium of inner ear)
= multi- and oligopotent stem cells
®" microenvironment — stem cell niche

Example: Regeneration of intestine epithelium

Vein carrying
blood to
hepatic portal
vessel

Intestinal
crypt

Muscularis
mucosae

Duodenal
gland

(b)



Example: Regeneration of intestine epithelium

A B  Absorptive  Goblet  Paneth  Entero-  Tuft
Enterocytes cell cell endocrine cell
cell
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metaplas

Abnormal renewal

Stratified squamous epithelium

Simple columnar epithelium

Simple columnar epithelium

sqguamous metaplasia of cervix uteri

respiratory passages



Abnormal renewal: metaplasia

* risk of development of precancerous lesions

¢ Normal oral mucosa d Moderate dysplasia
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Y/ S -~ ’c‘”- - — o G .‘.,. . 1
l‘:ﬁﬁ""?‘? e 557 4,«&““ STy \
P NN o RSP e ~ "




PLASTICITY OF E

Abnormal renewal: hyperplasia

Normal prostate

Normal Cells

Nucleus

m<-==-9>»0>

rrmo

Hyperplasia of prostate
glandular epithelium

nmOZPIO

Prostate
adenocarcinoma

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



Abnormal renewal: dysplasia and neoplasia

e uncoupling from regulatory mechanisms
* change in morphology and acqusition of new biological properties

e tumor development

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 cancer.
https://doi.org/10.1016/j.cell.2011.02.013



Abnormal renewal: neoplasia

e uncoupling from regualtory mechanisms

* tumor development

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

»




Epithelial to mesenchymal transition (EMT)

Epithelial phenotype Intermediate phenotypes Mesenchymal phenotype
as cells transition

—_— D > S Mesenchymal
cells

Epithelial

cells
E-cadherin Syndecan
Cytokeratin MUC1
Z0-1 Desmoplakin
Laminin-1 a1 (V) collagen Progressive loss of epithelial markers
Entactin miR200 family and gain of mesenchymal markers

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



EMT in embryonic development

streak Epiblast

Primary mesenchyme Hypoblast

— Ectoderm

Notochord
Mesoderm Ectoderm
N \ . ‘
== 3
.
N
S th le cells Osteoblast Adipocytes Chondrocytes Melanocytes Schwann cells Neurons

Osteoclasts



PLASTICITY OF ERITHE

EMT in tumor dissemination

Apical polarity Epithelial cells

E-cadherin
Adherens Gt
junction | “ateNinS—
Actin
-
Integrin Basement
membrane

i i




PLASTICITY OF E
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EMT overview

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 I ; ;
; nvasive migrato
fibroblast—— g el

>, tumor cell

Mesodermal cell

| Epithelial cells

Activated fibroblast
i ECM or epithelial cell
g Mesenchymal cells accumulation after EMT

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



FURTHER STUDY

Fourth Edition

HISTOLOGY

A TEXT AND ATLAS

»
With Correlated Cell

Michael H. Ross

Gordon 1. Kaye

Wojciech Pawlina

P Includes 500 full-color OVERSIZED photomicrographs
for use in the histology laboratory

P SELF. T section pi 60 test
photomicrographs for identification of tissues and
organs with similar morphologic features

JUNQUEIRA'S
Basic
Histology

TEXT & ATLAS

color atlas
fbbasic hlstology

IRWIN BERMAN

i LANGE

LANGE

http://www.histology.med.muni.cz/

and Molecular Biology

NETTER’S

ESSENTIAL

HISTOLOGY

WILLIAM K. OVALLE » PATRICK C. NAHIR
9

Langman’s Medical

Emb_ryology

T. W. Sadler

FACULTY
OF MEDICINE

Guide to General Histology
and Microscopic Anatomy

Petr Vaithara, Miroslava Sedlatkova,

— Irena Lauschova, Svatopluk Cech, Ales Hampl

phology and




Thank you for attention

Questions? Comments?

$

pvanhara@med.muni.cz

http://www.histology.med.muni.cz



http://www.histology/
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