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CONTEMPORARY TIS

Based on morphology and function:

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

===

Epithelium

Myofibrils = contraction

Mesoderm - skeletal muscle, myocard, mesenchyme
- — smooth muscles

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

Muscle

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

Nerve

Dominant extracellular matrix
-, Connective tissue, cartilage, bone...
= Mesenchyme

Connective




EPITHELIAL TISSUE

General characteristics




EPITHELIAL V.




GENERAL CHA

Avascular (without blood supply) — in covering epithelia, 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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HALLMARKS OF

Marrow
extracellular

Microvilli-absorb

Apical region of
an epithelial cell *-

Cell junctions
Tight junction
Adhesive belt

Desmosome
Gap junction

Basement
membrane

Connective
tissue

www.webanatomy.net




BASEMENT ME

Attachment of epithelium to underlying tissues
Selective filter barrier between epithelial and

connective tissue

Communication, differentiation
Term from light microscopy

Basement membrane = lamina basalis + lamina
(fibro)reticularis

Epithelial cells

Basement
membrane

Connective
tissue

Capillaries




BASAL LAMINA vs. B

« Basal lamina (lamina basalis)
« term of electron microscopy

« two layers: lamina densa and lamina rara
« lamina rara (lucida) - GAGs (visualized by PAS reaction) - attachment of hemidesmosomes, light
» lamina densa - collagens (IV), dark

« product of epithelial cells
« 50-100nm

Epithelial cell
g ld® b Lamina
; I_Z-‘;-I,::;::- lucida
R R Basal
\Lamina lamina
- < densa
/ <J {"_’
Reticular fibers
(type Il collagen)
Anchoring fibrils famiba
' - e Vil collagen
Anchoring plague (typ gen) reticularis

(type IV collagen)




BASAL LAMINA vs. B

Lamina (fibro)reticularis

« term of electron microscopy

« collagen Ill and other collagens (1V, VI)
 fibrilin

« product of connective tissue cells

Epithelial cell

Q\_\ﬁﬂ:ﬂ\;,_:\ ‘\\ ,.f \\1 fl - \,L-’ fl :,”)/( . \‘1 ,':i“f r?--""""—’# Lal:ﬂina
yozzingsd P R Conozdznt<o L lucida
\ Basal
Lamina Iamma
X = ‘;/-’-'-1: B vf?%.'-?: densa
! Reticular fibers
798 (type Ill collagen)
38 > Anchoring fibrils f.amibea
: g e VIl collagen . :
Anchoring plaque (typ gen) retailas

(type IV collagen)




BASEMENT MEMBRA
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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.




ARCHITECTURE

Basement membrane ™

Epithelium

I— Epathelial cell >-

Plasma membrane
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MODIFICATIONS OF B

* Two basic layers

— lamina basalis
* lamina densa,
* |aminarara

if two epithelium and endothelium meet,
laminae basalis may fuse. Then there is
common lamina densa and lamina rara
ext. and int.

— lamina fibroreticularis

lamina rara _L'g}erna

lamina densa

lamina rara externa

C ]

== lamina fibroreticularis
0 Yy ! L {-ra‘#;_ (kolagen IV - pficny fez)

F
4“?7““ lamina rara externa

-
lamina densa

lamina rara interna

Tissue specific modifications
Descemet membrane (cornea)
Glomerular BM (Bowman’s capsule)
Part of Bruch’s membran of retina




BASEMENT M

Mesangial
cells

Afferent
arteriole

Efferent
arteriole

Endothelial
cells
Basement membrane

Slit diaphragm
Podocyte process

Albuminuria
Foot process effacement
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BASEMENT MEM

* 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 complexes

Normal »Membranous glomerulopathy




EMBRYONIC ORIG
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EMBRYONIC ORIGIN O

derived from all three germ layers

Germ layer

Epithelial derivatives

Ectoderm

Mesoderm

. Endothelium of blood vessels (simple squamous epithelium)

. Epidermis (stratified squamous keratinized epithelium)

Sweat glands and ducts (simple and stratified cuboidal epithelium)
Oral cavity, vagina, anal canal (stratified squamous non-keratinized epithelium)

Mesothelium of body cavities (simple squamous epithelium)

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

Endoderm

R

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)




CLASSIFICATION

= Covering (sheet) epithelium

1) morphology

According to " Trabecular epithelium

2) function = Reticular epithelium

= Covering

= Glandular
= Resorptive
= Sensory

= Respiratory
" Alveolar

" Germinal




CLASSIFICATION O

Classification by morphology




CLASSIFICATION O

1) Covering (sheet) epithelia

¥V Classification of epithelia. Intestine
Kidney

Simple columnar

Vessels
Simple cuboidal

Simple squamous

iig%m% Skin
L Oesophagus

Keratinized
stratified squamous

Non-keratinized
it 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—Iinings of the oral cavity, esophagus,
anal canal, part of the urethra, and vagina. It also covers the cornea.

Transitional

Stratified columnar Urinary tract

Ducts




CLASSIFICATION O

= Simple squamous epithelium

— Single layer of flat cells with central flat nuclei

—_

— Capillaries
- Lung alveolus ’“ SE'ECtiVE permeabilty

— Glomerulus in renal corpuscle

Endothelium
heart, blood, and lymphatic vessels.

Mesothelium
serous membranes - body cavities

Caplliary
Wall Cell #1

Part aof capillary wall
Coll £3

LUMEN

Part of caplllary wall
cell #2

Closed or Continuous Fenestrated Capillary
Capillary
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CLASSIFICATION

= Simple cuboidal epithelium

— Single layer of cubic 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
lntralobular duct
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Ovarian surface epithelium




CLASSIFICATION

= Simple columnar epithelium

Central lacteal

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

Sl Smooth muscle fibers

Reticular lissue

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

Columnar epithelivm




CLASSIFICATION

= Simple columnar epithelium with kinocilia

Uterine tube

— flow of the oocyte towards the uterus

pE16393 [RM] & www.visualphotos.com




CLASSIFICATION

= Pseudostratified columnar epithelium with kinocilia

Upper respiratory passages
- Removal of mucus produced by epithelial glands

blood vessels

respiratory epithelium

hyaline
cartilage

Male reproductive passages
— Epididymis
— Ductus deferens




CLASSIFICATION OF E

= Stratified squamous epithelium

» Multiple layers of cubic cells with central nuclei,
flattening towards 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




CLASSIFICATION OF

= Stratified squamous epithelium

keratinized stratified squamous
dead, keratinized cells at smmface

Keratinized

cells flatten
toward surface

!

mitotic divisions

Stratum corneum Skin (epidermis)
Nail
% Stratum lucidum ortelix )
j Stratum granulosum . _ANY ANV ANY ANY ANY ANV <
t: Keratlns Coiled coil of two i@-helices
| ) ] __ -
B Stratum spinosum Fibrous proteins, ~ 40 types

Very stable, multimeric

Disorders of keratin expression

4 Stratum S — variety of clinical symptoms
\ basale

-' ." .':' e.g. Epidermolysis bullosa simplex




CLASSIFICATIO

= Stratified cuboidal epithelium

Large ducts of :

— sweat glands

— mammary glands
— salivary glands




CLASSIFICATI

" Transitional epithelium (urothelium)

— fluctuation of volume

— organization of epithelial layers

— membrane reserve

— protection against hyperosmotic urine

Urinary system m
« >

— urinary bladder, kidneys, ureters

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

Bladder H&E
Basal Ce”S domeshaped 'relaxed’ transitional

. surface cells epithelium
Intermediate layer
Surface cells




CLASSIFICATION

" Transitional epithelium (urothelium)

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

BIMCHnE A= Barrier architecture:
domeshaped ‘relaxed’ transitional
surface cells epithelium - GAG'layer
— surface cells (tight junctions), uroplakin
proteins in the apical cell membrane
— capillary plexus in the submucosa

|
w,l'ﬂes”:* ' = ‘
connective tissue

L -




CLASSIFICA

= 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

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




CLASSIFICATION

2) Trabecular epithelium

Hepatic :ulrr_\'\

Central vein

Portal vein
_-Bile ducts

Intertobular
branches
of pontal vein

Bile ducts.

B9 Liver cell plates

o
o, Interiobular
connective tissue

2 ;
: Branches of hepatic artery |
Bile ducts T A Y . anshes: of portal vein

Branches of portal vein

<




CLASSIFICATION

B i%3 HNF 4o
= Liver
Cords of hepatocytes
L
el.25
hepatoblasts:

BMPR, FGFR, c-Met, TGFR,
Pi3K, Sek1/JNK, EIf5, Arf6, Raf1
Smad2/3, f-catenin, cjun, Tbx3, NFxf
Foxm1b, Xbp1, Mtf-1

G |

FGF + BMP

mSTM ® heart (© gutepithelium (8 hepaloblast === basal lamina -« endothelial cells
mesenchyme signals:
BMP, FGF, HGF, Wnt, TGFj3, RA
Gatad, WT1, N-myc, Hix, Lhx2

STM @ hepatoblast ® bloodcells -« endothelial cells




CLASSIFICATION OF EPITH

= Endocrine glands

Islets of Langerhans

Cords of endocrine active cells
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CLASSIFICATIO

= Endocrine glands Adrenal cortex

Cortex of adrenal gland — epithelial cells in cords secreting corticoid

Ly Zona fasciculata

S sHp 0T LG
o A Rt AN
S ol 0 T S\ o
] .-'. .,ﬂ.: IIJ': 1
: ’infuili,\:,

; Zona reticularis
Multinucleated mass
of protoplasm

Medulla




CLASSIFICAT

ardvenmcle = Endocrine glands

optic chiasm

neurchypophysis

adenchypophysis
ST

dlencephalcn

Rathkfe s pouch ‘

Adenohypophysis — anterior pituitary




CLASSIFICATION

3) Reticular epithelium

Cortex

Medulla
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CLASSIFICATION O

Classification by function




CLASSIFICATION OF

Glandular epithelium

e Secret «— excret
* Process of secretion:

Disintegrating Secretion

cell and its
contents
(secretion)

Intact cell

New cell

Pinched off
portion of cell
(secretion)

Holocrine x Merocrine x Apocrine




GLANDULAR EPIT

= Single cell glands

— Goblet
— Enteroendocrine
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GLANDULAR EP

= 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

L] (3]
® Chioride lons® o
a ° @ e




GOBLET CELL

Mucinogen

droplets

i




GLANDULAR EPIT

= Multicellular glands Microvli——=,

Secrelory
vesicle

Golgi complex

* Shape of secretion part

1 RER
— Alveolar (acinar)

— Tubular Basement membrane
— Tubuloalveolar (tubuloacinar) S
* Branching
— Simple
— Branched
— Compound
* Secretion
— Mucous

Simple tubular Compound acinar

— Serous

3
LT

— Compound

Compound tubular

Simple acinar Simple

tubuloacinar

Tapsne
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GLANDULAR EPIT

= Multicellular glands
— Endocrine vs. endocrine

Endocrine glands
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GLANDULAR EPI

= Mucous glands

» EM of part of a mucous acinus in a mixed
salivary gland. Parts of three mucous cells line the
acinus lumen (). Euchromatic basal nuclei have
prominent nucleoli. Basal cytoplasm contains many
profiles of rough endoplasmic reticulum (RER). Many
large, electron-lucent secretory vesicles (SV)
dominating the remaining cytoplasm are discharged
by exocytosis into the acinus lumen. 5400x.

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




GLANDULAR EPI

* Mucous glands
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GLANDULAR EP

= Serous glands

Acinus —

Centroacinar
Cell

Duct

Acinus

Secretory
Product

Basal region of
acinar cell showing
basophilia

‘Sermis
acinus # ¢

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

<4 LM of part of the exocrine pancreas. The exocrine
part of the gland consists of closely packed spherical or
pear-shaped serous acini. Several columnar to pyramidal
acinar cells, with round basal nuclel, face a small central
lumen in each serous acinus. Basal cytoplasm is basop-
hilic; apical cytoplasm is more eosinophilic. Small clear
centroacinar cells (GA) in acini centers help distinguish
this purely serous gland from others, such as the parotid
salivary gland. A small duct, in the connective tissue
stroma, conveys secretions from acini o larger pancreatic
ducts. 385x. HEE.




GLANDULAR EPIT

= Compound glands

- both serous and mucous

-‘;, Serous
- demilune

L e . ——— ——— \ ’ # . ! . h.SEfDUS
Lmen ) A Priteg > demilune

Mucous cells e\
WY > Serous cells

Secretory #
capillaries
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GLANDULAR EPITH

Absorptive epithelium

Blood Epithelial cells Intestinal lumen
High MNa“ Low Ma* Diatary glucose
Loww K High K* High {dietary} Ma’
GLUT 2 l S g
r
Glupose e G yinsE Glucoss
Na‘y oo  Na’
ATP 2 Na' 2 Na*
Ma" /K ATPase Nat
a'fglucose
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membrane
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Glucose transport
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CLASSIFICATION OF

Respiratory epithelium

Epithelium of respiratory passages
— Moisten, protection against injury and pathogen
— Remove particles by ,mucociliary escalator”
— Pseudostratified columnar epithelium with cilia
— Basal cells - epithelium renewal

Alveolar epithelium

— Gas exchange
— Respiratory bronchiols, alveolar passages and alveoli

— Type l and Il pneumocytes Beonihan Brondhlotes Alveolus

W T
acrophages ! 'i'. .

& Type I
pneumocyte

t' 4 ‘\ Type |

* pneumocytes %
Ay 34°

< -®

u”.}.--' ¢




CLASSIFICATION OF

Sensory epithelium

— Supportive and sensory cells

Primary sensory cells

— directly convert stimuli to membrane potential

— receptory region, body, axonal process
— olfactory epithelium (regio olfactoria nasi), rods and cones

Secondary sensory cells

— receptory region and body

Sweet Umami Bitter Salty or sour

— signal is trasmitted by adjacent neurons terminating on “ \,. .
secondary sensory cell . >

— taste buds, vestibulocochlear appratus




CLASSIFICATION OF E

Myoepithelium

— star-like or spindle cells

— connected by nexus and desmosomes

— actin microfilaments, myosin and tropomyosin
— contraction

— sweat and salivary glands — enhancing secretion




REGENERATION

Renewal of epithelium

— different regenerative potential (epidermis X sensory epithelium of inner ear)

— multi- a oligopotent stem cells
— microenvironment — stem cell niche

Example: Regeneration of intestine epithelium

Muscle—
layers

Large
circular
folds

Vein carrying

blood to

hepatic portal

vessel

cells

Blood

Muscularis = 0
mucosae e

— e = =
Duodenalﬂ":—f ./
gland =

Absorptive -- /

capillaries

/-\— Microvilli
] [ f

(c)
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Example: Regeneration of intestine epithelium
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PLASTICITY OF E

Abnormal renewal: metaplasia

Stratified squamous epithelium

Simple columnar epithelium Simple columnar epithelium

* squamous metaplasia of cervix uteri
* respiratory passages
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Abnormal renewal: metaplasia

* risk of development of precancerous lesions

c Mormal oral mucosa d Moderate dysplasia
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Abnormal renewal: hyperplasia

Normal prostate

Normal Cells /

Nucleus

mM<H=-T>»0D>

Hyperplasia of prostate
glandular epithelium

WmAOAZP>PIO rrmo

Prostate
adenocarcinoma

Wikipedia.org; http://radiology.uchc.edu
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Abnormal renewal: dysplasia and neoplasia

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

 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
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Abnormal renewal: neoplasia

e uncoupling from regualtory mechanisms

e 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

* Metastases form at distant sites

than normal
U l ) -
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Epithelial to mesenchymal transition (EMT)

Epithelial phenotype Intermediate phenotypes Mesenchymal phenotype
as cells transition

_ Mesenchymal

Epithelial
cells cells
E-cadherin Syndecan
Cytokeratin MUCH1
Z0O-1 Desmoplakin
Laminin-1 a1 (IV) 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.
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= EMT in embryonic development

streak Epiblast

ol

( —e—
:{'_“C_Y_Y_"(_‘('_Y_—V_‘ T . — A— (—" A— (U——" f— g—. g

Primary mesenchyme Hypoblast

Neural crest
__——— Ectoderm

Migrating neural crest cells =———___

Notochord

Mesoderm Ectoderm

¢ | =

Smooth muscle cells Osteoblasts Adipocytes Chondrocytes Melanocytes Schwann cells Neurons
Osteoclasts

===
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= EMT in tumor dissemination

Apical polarity Epithelial cells
complex _ ,

E-cadherin
Adherens

junction Catenins ——

Actin

Integrin Basement
membrane

il iv
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= EMT

Renal or hepatic Primary epithelial
epithelial cell tumor cell

Neural

; crest cell
EMT inducers EMT inducers EMT inducers
Physiological Aberrant Aberrant
expression activation activation

\

Cancer-associated
fibroblast

_Invasive migratory
@ > tumor cell

Mesodermal cell

| Epithelial cells

Activated fibroblast
' ECM or epithelial cell
J Mesenchymal cells accumulation after EMT

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

Introduction General Histology Microscopic Anatomy.

Guide to General Histology
and Microscopic Anatomy

% 2 Epithelial tissue

Ccells of epithelial tissue are tightly arranged, most frequently into sheets. Apical part
of the epithelial cell is oriented towards a free space or cavity and is equipped by various
functional structures (microvilli, stereocilia, kinocilia, etc.). The basal part interacts with
issue basement membrane. Epithelial cells are laterally connected by intercellular junctions
(adhering, occluding, communicating). Epithelial tissue contains scarce extracellular matrix
and is avascular.

1 Cell ultrastructure

2 Epith

3 Connective tissue

Based on the structure, epithelia are classified as sheet or covering (continuous
planar structures), trabecular (cells form anastomosing cords — in liver or endocrine glands)
and reticular epithelium (star-shaped cells form three dimensional network — in thymus)
Based on the function, epithelia are classified as covering (epithelial membranes or sheets),
glandular, absorptive, respiratory, sensory. The most common type of epithelial tissue is the
covering epithelium, that is further classified according to the number of layers and cell
morphology.

- 4 Muscle tissue
5 Nerve tissue

6 Blood morphology and
hematopoiesis

T. W. Sadler

2.1 Simple squamous epithelium - amniotic
ectoderm of umbilical cord (HES)

.. 2.2 Simple squamous epithelium - pneumocytes
! inlung alveolus (HE)

#8 23 Simple cuboidal epithelium - kidney (AZAN) g 2.4 Simple columnar epithelium - gallbladder
(AzZAN)

%% 2.5 Simple columnar epithelium - oviduct (HE) seudostratified columnar ciliated

epithelium - trachea (Iron-hematoxylin)

F

2.7 Nonkeratinized stratified squamous
epithelium - esophagus (HES)

2.8 Keratinized stratified squamous epithslium -

P epidermis (HE)

IS 2.9 Transitional epithelium - ureter (HE) L 210 eeudostratified columnar ciizted
"~ epithelium - trachea (HE)

sg 2:12 Mucous tubule - sublingual salivary gland

iy 211 Serous acinus (alveolus) - lacrimal gland
(H " (cross section, HE)

2.13 Mucous tubule - sublingual salivary gland
(longitudinal section, HE)

2.14 Demilune of Gianuzzi - submandibular
salivary gland (HE)

W 2.15 Trabecular epithelium - liver parenchyma




Thank you for attention

pvanhara@med.muni.cz

http://www.med.muni.cz/histology/petr-vanhara/
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