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" General characteristics of epithelial tissue
- lessons from Sponges

— Very early event and very novel innovation in Metazoa evolution

— From simple colonies of cells to highly specialized tissue structures

— Boundaries and interfaces

— Dividing of the body into separated compartments — separating individual milieu
— Lining of cavities or interfaces of open space

— Attachment and adhesion

Epithelial
wall

Amoebocyte

— Basal membrane

Pore

Choanocyte

Spongin






" General characteristics of epithelial tissue

— 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
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" C(Classification of epithelial tissues

= Morphology = Covering (sheet) epithelium
» Trabecular epithelium

» Reticular epithelium

* Function _
= Covering

» Glandular

» Resorptive
= Sensory

» Respiratory
= Alveolar

= Germinal



= C(Classification of epithelial tissues

1. Covering (sheet) epithelia

V Classification of epithelia. Intestine
Kidney Simple columnar

Vessels

Simple cuboidal

Simple squamous

Keratinized
stratified squamous

Non-keratinized

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

Transitional

Stratified columnar Urinary tract

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

Closed or Continuous Fenestrated Capillary
Capillary
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= Simple cuboidal epithelia

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

Nucleus of cuboidal
epithelium cell

— Secretion or resorption

Simple cuboidal epithelium

Examples:

Serous acini — Ovarian surface epithelium
— Renal tubules
— Thyroid
— Secretion acini

Simple cuboidal epithelium of
intralobular duct




Ovarian surface epithelium




» Simple columnar epithelium

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

- stomach
- small intestine
- large intestine

Central lacteal
Smooth muscle fibers

Reticular tissue

Columnar epithelium

Resorption / Secretion




= Simple columnar epithelium with kinocilia

— Uterine tube

— flow of the oocyte towards the uterus
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= Simple columnar epithelium with kinocilia (also pseudostratified)

— Upper respiratory passages

— Removes mucus produced by epithelial glands

blood vessels

respiratory epithelium

hyaline
cartilage

Y ) s,

Other locations:

— Spinal cord ependyma
— Epididymis
— Vas deferens

© http://www.unifr.ch
www.siumed.edu



http://www.unifr.ch/
http://www.siumed.edu/~dking2/crr/CR005b.htm

= Stratified squamous epithelium

= Multiple layers of cubic cells with central nuclei,
flattening towards the surface

= First layer in contact with BM, last layer — flat

= Constant abrasion

= Mechanical resilience
= Protection from drying
» Rapid renewal

Keratinized vs. non-keratinized

Examples:

— Cornea

— Oral cavity and lips
— Esophagus

— Anal canal

— Vagina



» Stratified squamous epithelium

keratinized stratified squamous
dead, keratinized cells at swnface

Keratinized

Stratum corneum Skin (epidermis)

Nail
Stratum lucidum o Helix .
Stratum granulosum & \lfl\i’ J fﬁf

Ke ratlns Coiled coil of two a-helices
Fibrous proteins, ~ 40 types LIRS
Very stable, multimeric

Disorders of keratin expression

) Stratum S — variety of clinical symptoms
\ basale

e.g. Epidermolysis bullosa simplex




» Stratified cuboidal epithelium

Large ducts of :

— sweat glands

e

_ mammary glands ﬁ'}l

— salivary glands a1 3
.




Transitional epithelium (urothelium)

Fluctuation of volume
- organization of epithelial layers
- membrane reserve

Protection against urine

Urinary bladder, kidneys, ureters

< >

Empty: rather cuboidal with a domed apex
relaxed: flat,stretched

Basal cells Bladder H&E

dome-shaped ‘relaxed’ transitional

Intermediate layer surface cells LT
Surface cells




» Transitional epithelium (urothelium)
glycosaminoglycan layer (GAG) on the surface

— osmotic barrier

— antimicrobial properties
Barrier architecture:

Bladder H&E — GAG-layer
dome-shaped ‘relaxed’ Bansitional — surface cells (tight junctions), uroplakin

surface cells epithelium ) ’ ]
proteins in the apical cell membrane
— capillary plexus in the submucosa

folded mucosa

connective tissue

A "




= Stratified columnar epithelia

— several layers of columnar cells
— secretion / protection

— ocular conjunctiva

— pharynx, anus — transitions

— uterus, male urethra, vas deferens
— Intralobular ducts of salivary glands

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



= C(Classification of epithelial tissues

‘// _~Bile ducts

Central vein

2. Trabecular epithelium

Liver — trabecules (cords) of hepatocytes

Interlobular

Bile ducts 2
Portal vein  Bile duct Hepatic artery

P Liver cell plates

Interlobular
connective tissue

N §
j Branches of hepatic artery |
Bleducs 1 ¥ Branches of portal vein

Branches of portal vein



* Endocrine glands

100 pm

Islets of Langerhans
Cords of endocrine active cells

Delta cell
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» Endocrine glands

Adrenal cortex

Cortex of adrenal gland — epithelial cells in cords secreting corticoid

Zona fasciculata

Zona reticularis

Maultinucleated mass
of protoplasm

Medulla



= Endocrine glands

Adenohypophysis — anterior pituitary

3rd wentricle

optic chiasm
# # neurchypophysis
n Rathke’s pouch adenchypophysis

diencephalon




Classification of epithelial tissues

3. Reticular epithelium

Thymus

Capsule
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= Hallmarks of epithelial cell

The apical or free surface

layered tissues.
Glycocalyx—/ 2y
JEOpSihaae _| Intermediate
Jincton) (keratin)

4\ flaments

FAnchorin
Plasma junction 9
memboranes (desmosome)
cf adjacant
cells | Gap -
Extracellular— o (communicating)
spﬁce petween junction
il \:‘—-Channel
Underly ng ——— <7 between
base'nrw'g? e cells
membrane " it (corinexon)

The basal or attached
surface, usually with an
underlying connective tissue.

Especially
important in

Gap junctions are found in
epithelia, smooth and

cardiac muscle, nerve, and
certain connective tissues.

© www.webanatomy.net



Basement membrane

Epithelial cells

— Attachment of epithelium to underlying tissues

— Selective filter barrier between epithelial and
connective tissue

— Communication, differentiation

Basement
membrane

Connective
tissue

Capillaries




Basement membrane

lamina rara@rna

lamina densa

lamina rara externa

lamina fibroreticularis
(kolagen IV - pficny fez)

lamina rara externa
lamina densa

lamina rara interna

Two basic layers
— lamina basalis

* lamina densa,

* lamina rara ext. et int.
— lamina fibroreticularis

Ja

BM(em)

—— BM(im)

Mg

Extraceltular matrix .



Basement membrane

» Glycosaminoglycans — heparansulphate
« Laminin, collagen lll, 1V, VI

single molecule
of laminin

integrin
receptors

e - . ) / AN} ‘A“ ° ;‘:ﬁ""g\.ﬁ,
‘ ¢ laminin e
polymer

basal
lamina <

type IV collagen
suprastructure

nidogen/
entactin

perlecan



Basement membrane

Tissue specific distribution

Descemet’s membrane (under
endothelial layer of cornea)

Glomerular basement membrane
(Bowman capsule)

part of Bruch’s membrane in retina

Pathology example- Membranous

glomerulonephritis

circulating antibodies bind to glomerular
basement membrane

complement (C5b-C9) complex forms and
attacks glomerular epithelial cells

filtration barrier is compromised

proteinuria, edema, hematouria, renal failure




Modifications of cell membrane — cell junctions

Zonula occludens — a tight junction

surface

Occludin
Claudin 1
E-cadherin
Z0-1
JAM-1
Catenins
Cingulin
Actin

Paracellular space
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Modifications of cell membrane — cell junctions

Zonula adherens

Adherens Junctions
(Zonula adherens)

Plasma membrane

Catenin

Actin
filaments

Cadherin

(Farquhar, M.G., and Palade, G.E. Junctional Complexes in Various Epithelia, J. Cell Biol.17,
375-412, 1963)



Cell adhesion is a regulated event

F-acti

" .

n / VE-cadherin Zoom
" Inactive junction

Active junction

© http://www.hubrecht.eu/research/derooij/research.html



Modifications of cell membrane — cell junctions

Desmosome - a spot junction

Keratin

Attachment plaque

desmoplakin
plakoglobins

Plasma membrane

Keratin
(cytoskeletal filaments)
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Cadherin
{adhesion protein)

Extracellular space

(Farquhar, M.G., and Palade, G.E. Junctional Complexes in
Various Epithelia, J. Cell Biol.17, 375-412, 1963)



Modifications of cell membrane — cell junctions

Hemi-desmosome - a spot junction

(a) (b) KERATINS

EPITHELIUM

HEMIDESMOSOME

BASAL LAMINA

LAMININS ’

doi:10.1186/1465-9921-7-28.



http://www.enotes.com/topic/Digital_object_identifier
http://dx.doi.org/10.1186/1465-9921-7-28

Modifications of cell membrane — cell junctions

Nexus — gap junctions

Closed Open

connexin monome

Plasma membranes

Intercellular spacé

2-4 nm space

Hydrophilic channel
@®



Modifications of cell membrane — cell junctions

Nexus — gap junctions

Replica of Gap junction (nexus) Thin section-G|

*
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Inireplica




Signaling in Gap Junctions

lons, Metabolites,
Amino acids, Elecirical
Signals and Second
messengers lons, Metabolites,
Amino acids, Electrical
Signals and Second
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Modifications of cell membrane — cell junctions

Summary

Specialized cell junctions

Plasma membranes

Extracellular " ' ' '.' ' Ny A
space ) “1 ’ ‘l’ “
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Modifications of cell membrane — basal cell surface

Basal labyrinth




Modifications of cell membrane — apical cell surface

Microvilli
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Modifications of cell membrane — apical cell surface

Stereocilia

- e.g. Inner ear

- not actively moving

- like microvilli, with parallel actin
microfilaments

- sensory apparatus

N .

quvvvvqu,
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Modifications of cell membrane — apical cell surface

Kinocilia

koncova ¢ast rasinky

viastni volna cast fasinky

pfechodna &4st Fasinky

bazdini nozZicka

bazalni talisko

kofinek




Modifications of cell membrane — apical cell surface

Kinocilia

Nucleus

Connecting piece

Proximal centriole
Coarse outer fiber

Quter doublet
microtubules
Central paired
microtubules

Annulus

Circumferential fibers

Acrosome

— Tail

Mitochondrial
sheath

Quter dense
fibers

> Mitochondrion
(Cut open)

Microtubules of the
axoneme

Longitudinal
column of the
fibrous sheath

Circumferential &
ribs of the

fibrous sheath : -\‘\\?\\

OQuter fibers-912

Doublets of the
axoneme

Quter fibers-4567,

SL 86438 [RM] @ www.visualphotos.com



Modifications of cell membrane — apical cell surface
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Epithelium may posses a function
Glandular epithelium

Secret <« excret
Process of secretion:

Exocrine Glands
Merocine Apocrine Holocrine

Endocrine
Glands

Paracrine
Glands




Glandular epithelium

= Single cell glands
— Goblet
— Enteroendocrine




= 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
lonic charge

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




Multicellular glands

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

Branching
— Simple
— Branched
— Compound

Secretion
— Mucous
— Serous
— Compound

Simple tubular

Compound tubular

Microvillj ===

Secretory

Golgi complex
RER

Basement membrane

Compound acinar

Compound tubuloracinar




Multicellular glands
— Endocrine vs. endocrine

Endocrine glands

pi80,
g;l"".

Exocrine glands




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.

% Mucous
, AL | ~= 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.



= Mucous glands




= Serous glands

< 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
Bl acinar cells, with round basal nuclei, face a small central
o’ 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. H&E.

S i
&
v .Serous
acinus # ¢

Centroacinar
Cell

» LM of part of a mixed salivary gland. Several pale
mucous acini surround two round serous acini. Serous
P T cells have conspicuous, dark-stained secretory vesicles;

5 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




= Compound glands

- both serous and mucous







= Respiratory epithelium

Respiratory passages

Moisten, protect against injury and pathogen
Remove particles by ,mucociliary escalator®
Pseudostratified columanr epithelim with cilia
Basal cells- epithelium renewal

Alveolar epitheithelium
— Gas exchange
— Respiratory bronchiols, alveolar passages and alveoli
— Type | and Il pneumocytes

-. %’\ d/. m

acrophages ! R’

( 2 Type i
4 pneumocyte

'? " ’\ Type |

pneumocytes 5

e & p.
‘..‘?1:-'/ "

Bronchiolus

Alveolus




= Sensory epithelium

— Supportive and sensory cells

Primary sensory cells — directly convert stimulus to membrane potential
Receptory region, body, axonal process

Nasal epithelium (regio olfactoria nasi), rods and cones

Secondary sensory cells

Receptory region and body

Signal is trasnimtted by adjacent neurons ending on secondary sensory cell
Taste buds. vestibulocochlear appartus

Sweet Umami Bitter Salty or sour

NT e

Primary gustatory
neurons



= Myoepithelium

— Star-like or spindle cells

— Connected by nexus and desmosomes

— Actin microfilaments, myosin and tropomysoin
— Contraction

— Sweat and salivary glands — enhance secretion




= Regeneration of epithelial tissue

Different regenerative potential (epidermis x sensory epithelium of inner ear)

Multi- a oligopotent stem cells
Microenvironment — stem cell niche

Example: Regeneration of intestine epithelium

Vein carrying
blood to
hepatic portal
vessel

layers

Large
circular

Intestinal
crypt
Muscularis
mucosae

Duodenal

(b) gland




Example: Regeneration of intestine epithelium

TA
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Absorptive Goblet
Enterocytes cell cell
.j:{':'f}‘a
Ny
Progenitor
cells
Transit i R
amplifying
(TA) cell
Lgr5 +ve
stem cell
(CBC)

Paneth

Entero- Tuft
endocrine cell
cell

T50 g
LTy o ‘

t / /

S
f

Niche signals L J

%

' J i ©
Al o

X




= Plasticity of epithelial tissues
Metaplasia

Stratified squamous epithelium

Simple columnar epithelium - | Y Simple columnar epithelium

Squamous metaplasia of cervix uteri
Respiratory passages



= Plasticity of epithelial tissues

Metaplasia

Development of precanerous lesions

¢ Normal oral mucosa d Moderate dysplasia
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= Plasticity of epithelial tissues
Hyperplasia

Normal prostate

Normal Cells /

Nucleus

m<-==-9>»0>

rrmo

Hyperplasia of prostate
glandular epithelium

nmOZPIO

Prostate
adenocarcinoma

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



= Plasticity of epithelial tissues

Epithelial to mesenchymal transition (EMT)

Epithelial phenotype

Epithelial
cells
E-cadherin Syndecan
Cytokeratin MUCAH
Z0-1 Desmoplakin

Laminin-1 a1 (IV) collagen
Entactin miR200 family

Intermediate phenotypes
as cells transition

Progressive loss of epithelial markers
and gain of mesenchymal markers

Mesenchymal phenotype

@-

[ > Mesenchymal
w

J Clin Invest. 2009;119(6):1420-1428. doi:10.1172/3CI39104.



= EMT in embryonic development

streak Epiblast

Primary mesenchyme Hypoblast

Ectoderm

Ao
6/
9{
5
¥

=

Migrating neural crest cells

Notochord

Mesoderm Ectoderm

==

Smooth muscle cells Osteoblasts Adipocytes Chondrocytes Melanocytes Schwann cells Neurons
Osteoclasts



Plasticity and regeneration of the epithelial tissue...

\ A

DEATH TO THE SYSTEM/
DEATH TO THE SYSTEM/

SOMEWHERE IN AN EPITHELIUM ‘
A CANCER CELL EMANCIPATES...

... has also a reverse side



= EMT and tumor dissemination

Adherens
junction

Integrin Basement
membrane

iii iv




= Cancer development and regeneration share common mechanisms

= Renal or hepatic Primary epithelial
g epithelial cell tumor cell

™
[

Neural
O crest cell
EMT inducers EMT inducers EMT inducers
Physiological Aberrant Aberrant
expression activation activation

Cancer-associated

fibroblagt —— Invasive migratory

tumor cell

Mesodermal cell

| Epithelial cells

Activated fibroblast
ECM or epithelial cell
L‘ Mesenchymal cells accumulation after EMT

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



Clinical correlations — Epithelial to mesenchymal transition

Cancer
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Thank you for attention

pvanhara@med.muni.cz

http://www.med.muni.cz/histol/histolc.html
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