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- 6 x 103 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




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

Stroma: surrounding, supportive tissue

BOPTRES 5 ot LIVER

Parenchyma
- . °  Parenchyma:
- Hepatocytes
- Sinusoids and adjacent
structures
Stroma:

- Connective tissue and
adjacent structures

- Vessels

- Nerves

- Bile ducts




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

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

Nerve

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

Connective




CONTEMPORARY TI

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)

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

Connective

Dominant extracellular matrix

- Connective tissue, cartilage, bone...




EPITHELIAL TISSU

General characteristics
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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
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CELL POLARITY

EPITHELIUM

Basolateral BASOLATERAL DOMAIN

Y

VS.

MESENCHYME

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



CELL POLARITY

A Apical
2
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& OCceludin
Basolateral Basement membrane ElEUd in
JAM
Nectin
E-cadherin

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



HALLMARKS OF

Narrow
extracellular

Microvilli-absorb

Apical region of
an epithelial cell

Cell junctions
Tight junction
Adhesive belt
Desmosome
Gap junction

Basal region
Basal

: e = —— lamina % >
/ [ Reticular| —ocemen
- R Nerve ending fibers membrane

Connective-|
tissue

www.webanatomy.net



BASEMENT M

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

tissue
*  Communication, differentiation

Epithelial cells

Basement
membrane

Connective
tissue

Capillaries




BASAL LAMINA v

50-100nm
Glycosaminoglycans — heparansulfate

= Laminin, collagen lll, IV, VI,

Nidogen/entactin

Perlecan

Proteoglycans

Epithelial cell

Lamina

.....

Basal
\Lamina lamina

Reticular fibers
(type Il collagen)
»)

Anchoring fibrils

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

Lamina
reticularis




BASEMENT MEMB

O— — Kolagen IV

S~ =L
{ j,{_..

\ Golgi Complex y

Aggregation on / Cytoplasm
“ Oag Extracellular Space
3. [

Type IV Collagen
Network on Laminin

F: p— o )
0-0-0—p

Perlecan,
Nidogen/Entactin
Laminin ?t. .

Epithelial cell
4 Integration of Other
BM Components
Linking Type IV Integrin

Collagen Network WH *"’*"""\'H&;\ v O i 9
and Laminin Polymer LT B Har B A -E %
Pad o s BN

~——— Laminin 5

3 > «—Type 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.



ARCHITECTURE

BM

Basement membrane

|’.pil|1.c||'n| cell

Plasma membrane

Epithelium

Lamina hucida

]1|I.1:|_.;r.i|.‘|:.

.E )

Collagens XVl and IV ~
Dystroglycans = —

laminins 1,5 .6, 10

e —

Lamina densa
Collagen Iy ———F=

R ——

Entactin/midogen
Perbecan

Heparin sulfate profeogheans

g

Lamina reticularis
Collagen 1 11,V p—

e
Proteoglycans L

PFlasma membrane

— Fibroblast

Fibroblast

asil
ini

Lamina
basalis

Lamina

fibroreticularis




MODIFICATIONS OF

lamina rara ﬁ%ﬁrna
lamina densa

lamina rara externa

lamina fibroreticularis
(kolagen IV - pficny fez)

lamina rara externa
lamina densa

lamina rara interna

* Two basic layers of basement membrane e 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
* |amina densa
* lamina rara (lucida) ext. et int.



BASEMENT M

Albuminuria

Foot process effacement
. : Claudin1T
Mesangial Q

cells NMN/
Afferent

4 Sirt1l
arteriole

Podocyte foot
process

Urinary space

Q
° @ Protein @ Glomerular

basement
o (%] © o membrane

Efferent

arteriole Proximal tubule

Endaothelial cell
epithelial cell

riciaidl I i - - o
cells \ . epithelial cell — :
Basement membrane — [N o8| (podocyte) : . . :

Slit diaphragm
Podocyte process

Glycocalyx




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

NOMM &l e— Membranous glomerulopathy




EMBRYONIC ORI

P — Mammary Sweat
/_‘.4:7_ E':m:srrc \ glands \ gla;ds/ Sebaceous glands
L] Hair
Embryonic anorﬁnl?l Embryonic Embryonic ~ (I:‘El'lﬁitrm
endoderm Capli mesoderm b > Nails
of body
Lateral plate T
Auditory Proctodeal
Ontie vesicle epithelium
Gametes Splanchnic  Somatic  Myotomes Dermatomes P
) - Gonads mesoderm  mesoderm Sclergtomes vesicle
Trophoblastic Amniotic
lacuna Epiblast | Cytotrophoblast Lens
- . : Inner ear 4 Anal canal
Dermis Retina
Axaal Axial of skin Epiphysis Stomodeal
Pranephros Limb mtlsn;:jss MUSCIBS ¢y alston Posterior Anterior spihslium
skeleton pituitary  pituitary
hiesear
— SP'”:' Brain Comea Oral
Parameso- | Mesonephros Trunk i \aCranial mator epithelium
i nephric neural aries
Syncytiotrophoblast ; Pleura crast
ducts Panetal-[ Pericardium “u_ Schwann Spinal motor Schwann
Metanephros Peritoneum \ cells nerves cells
Visceral | Fleura Sensory
- O i Mesonephric Peritoneum nerves
Parietal i Vagina n )
andodenn Uterus ducts Mesenteries Pigment Denti E |
2 ¢ e entine name|
Uterine tubes l @) Cranial _/ oftesth  of teeth
i Hemangioblastic
Ductus epididymis e S e neural
t Ductus deferans ympathetic crest \.’_ )
Allantols Blood cells ganglia Cephalic
; Endothelium connective
) Adronal; tissue and bones
Gut Urinary  cortex
y T T ] bladder medulla
Endometrium i r . 2 E
Epicardium
Extraembryonic Primary Hypoblast Trachea Myacardium
mesoderm yolk sac Lungs Endocardi Qutflow tract
Courtesy of Dr Ray Gasser Wall of IQCArCAUTY AURTION rey 3
Fig. 5-3. Digital photomicrograph of a 12-day human embryo (Carnegie No. 7700) taken just as implantation within the Pancreas l‘espifalﬂf)‘ pha"!"m‘ \alls of aortic | Middle ear
endometrium is completed. tract arches Audit tubi
i s Stroma of
Il Tonsils pharyngeal
Liver  Digestive Wal of i polch
tract Thyroid e, derivatives
s Phanyngeal Inf. parathyroids
pouches

IV Sup. parathyroids
Post. branchial bodies
Fig. 6-27. Flow chart showing the formation of the organs and tissues of the embryo from the fundamental
germ layers. The arrows are color-coded according to the germ layer of origin of the structure (see Fig. 4-1 for color
code).

) Copyright @ 2014 by Saunders, an imprint of Elsevier Inc.



EMBRYONIC ORIGIN

=  derived from all three germ layers

Germ layer Epithelial derivatives

Ectoderm 1. Epidermis (stratified squamous keratinized epithelium)
2. Sweat glands and ducts (simple and stratified cuboidal epithelium)
3. Oral cavity, vagina, anal canal (stratified squamous non-keratinized epithelium)

Mesoderm 1. Endothelium of blood vessels (simple squamous epithelium)

2. Mesothelium of body cavities (simple squamous epithelium)

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

Endoderm 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)

6. Part of urinary system (cloaca-derived)

ok 0N~




CLASSIFICATION

= Covering (sheet) epithelium

1) morphology

= Trabecular epithelium

According to
2) function = Reticular epithelium
= Covering
= Glandular
a0 :‘0 y ¥ ® " e iy “”' .\ 0. %. . ‘ \‘\\\ "‘“b‘
Syag teekl CUER NTNESS \ ( i/ = Resorption
s o S\\E\f W et oY # ‘-’} s

’:-'iu\“’

= Sensory
= Respiratory
= Alveolar

® Germinal



CLASSIFICATION

Classification by morphology



CLASSIFICATION

1) Covering (sheet) epithelia

¥ Classification of epithelia.  Intestine
Kidney

Simple columnar

Vessels

Simple cuboidal ’

Simple squamous

Keratinized
stratified squamous

Non-keratinized
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—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



CLASSIFICATION O

= 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
Cell #3

\
LUMEI/ |
J/

<\ 7

Part of capillary wall
cell #2

Closed or Continuous Fenestrated Capillary
Capillary



Kari llare des Glomerulums
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CLASSIFICATION

= 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:

— Opvarian surface epithelium
— Renal tubules

— Thyroid

— Secretion acini

Serous acini

Simple cuboidal epithelium of
intralobular duct




CLASSIFICATION

Ovarian surface epithelium




CLASSIFICATION

= Simple columnar epithelium

Central lacteal

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

Smooth muscle fibers
;=

Reticular lissue

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

Columnar epithelium




CLASSIFICATION

= Simple columnar epithelium with kinocilia

Uterine tube

— flow of the oocyte towards the uterus

T

pE163938 [RM] © www. visualphotos.com



CLASSIFICATION

" Pseudostratified columnar epithelium with kinocilia and
goblet cells

Upper respiratory passages
— Removal of mucus produced by epithelial glands

blood vessels

respiratory epithelium

hyaline
cartilage




CLASSIFICATI

" Pseudostratified columnar epithelium with stereocilia

Male reproductive passages
— Epididymis
— Ductus deferens

el N
e I NN !

. *> Stereocilia [

e I, ¥ 51 ¥
B, - T g




CLASSIFICATION OF E

" 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

= Oral cavity and lips
= Esophagus

= Anal canal

= Vagina




CLASSIFICATION OF

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

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

= Keratins

= Fibrous proteins, ~ 40 types . o

* Intermediate filaments N AN AN AN ANY ANV o

= Very stable, multimeric Coiled coil of two ahelices

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

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

Stratum corneum

Stratum lucidum
| Stratum granulosum

4

¥ Stratum spinosum

4} Stratum
¥ ' basale




CLASSIFICATI

= Stratified cuboidal epithelium

Large ducts of:

- sweat glands

- mammary glands
- salivary glands




CLASSIFICATIO

" Transitional epithelium (urothelium)

» fluctuation of volume

= organization of epithelial layers

* membrane reserve

» protection against hyperosmotic urine

Urinary system m
< >

= 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
Intermediate layer
Surface cells

{ - -. - 4 L R B
] ‘  connective tj;aiue.!"‘ |
\ A g~



CLASSIFICATION

" Transitional epithelium (urothelium)

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

EpRder Barrier architecture:
domeshaped ‘relaxed’ transitional

surface cells epithelium " GAG'Iayer

= surface cells (tight junctions), uroplakins
proteins in the apical cell membrane

. subeplthellal capillary network
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CLASSIFIC

= 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



CLASSIFICATION

2) Trabecular epithelium

Hepatic artery Portal vein
_Bile ducts

Central vein

Portal vein  Bile duct Hepatic artery

Interlobular
branches
of portal vein

Bile ducts

> Liver cell plates

. Interlabular
connective tissue



CLASSIFICATION

Liver

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

eB.25

Prox1
Oc1/0c2
MMPs
Pcomt

hepatoblasts:

BMPR, FGFR, c-Met, TGFR,
Pi3K, Sek1/JNK, EIf5, Arf6, Raf1
Smad2/3, f-catenin, c-jun, Tbx3, NFkf

Foxm1b, Xbp1, Mtf-1

FGF + BMP

BNSTM ™ heart (@ gut epithelium

(® hepatoblast

=== hasal lamina

-~ gndothelial cells

mesenchyme signals:
BMP, FGF, HGF, Wnt, TGFf3, RA
Gatad, WT1, N-myc, Hix, Lhx2

MWSTM @ hepatoblast @ bloodcells -« endothelial cells



CLASSIFICATION OF EPITH

= Endocrine glands

Islets of Langerhans

Cords of endocrine active cells

Delta cell

Alpha cell —____

Capillanes



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




CLASSIFICA

3rd ventricle = Endocrine glands

diencephalon

optic chiasm
# # neurchypophysis
n Rathke’s pouch adenchypophysis
o R

Adenohypophysis — anterior pituitary




CLASSIFICATION

Thymus - cytoretikulum

Thymus gland

p243250 [RM] & www.visualphotos.com

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




SUMMARY

Sheet Trabecular Reticular



CLASSIFICATION O

Classification by function



CLASSIFICATION OF

Ways of secretion

« Secretion < excretion
*  Process of secretion:

.'n': ;
Disintegrating Secretion

cell and its
contents
(secretion)

Intact cell

Pinched off
portion of cell
(secretion)

Holocrine x Merocrine x Apocrine



GLANDULAR EPIT

= Single cell glands

— Goblet
— Enteroendocrine




GLANDULARE

= 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

e o .
LY o 8
® Chiorice lons @
s © 0 LR

e o



GOBLET CELL

Mucinogen
droplets

Nucleus




GLANDULAR EPIT

= Multicellular glands

Exocrine Endocrine




GLANDULAR EPIT

= Development of multicellular glands
— Endocrine vs. exocrine

Endocrine glands _ Exocrine glands

a i
L %
B. [trdy

3 LR
5 a0 RIS L
N vigeane'tty
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GLANDULAR EPI

= Exocrine multicellular glands

* Shape of secretion part

— Alveolar (acinar)

— Tubular

— Tubuloalveolar (tubuloacinar)

Branching
— Simple
— Branched
— Compound

Secretion
— Mucous
— Serous

Compound

Simple tubular

e
%

¥
E e

Microvillj ——=

Secretory
vesicle

Nucleus & A e
L Py J g | Golgi complex
RER

Basement membrane

Compound acinar
! Compound tubuloracinar

Compound tubular

Simple acinar Simple
tubuloacinar




GLANDULAR EP

= 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
nuclel. Serous cells are smaller than mucous cells. The
square outlines the area of interest seen in the EM
below. 295x. H&E.

#

Mucous
-~ acinus

» 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.



GLANDULAR EP

= Mucous glands
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GLANDULAR EP

= 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
B\ acinar cells, with round basal nuclei, face a small central
jumen 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 to larger pancreatic
ducts. 385x. HEE.

_Serou‘s !
acinus # ¢

Centroacinar
Cell

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. 600, "
Toluidine bive, plastic section. et ! . 4 Serous
i ;s acini

Acinus — Secretory

Product

Basal region of
) acinar cell showing
\ basophilia




GLANDULAR EPIT

 Mixed glands

n mixed serous and mucous secretion

-'\_x Serous
- demilune

Lumen ~
__ e “~ Serous
Lumen _ demilune
‘\.
Mucous cells

L - \
87—~ Serous cells

Secretory +
capillaries



GLANDULAR EPI
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CLASSIFICATI

Myoepithelium

= star-like or spindle cells

= connected by nexus and desmosomes

= actin microfilaments, myosin and tropomyosin
= contraction

= sweat and salivary glands — enhancing secretion |« |

Demilune cells S Serous cells

DOI: 10.4103/0973-029X.190952



GLANDULAR EPITH

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

Blood Epithelial cells Intestinal lumen Basolateral Apical
High Ma’ Lo Ma’ Diatary glucose membrang memibrane
Low K High K* High {dietary} Na’
CI” channal
GLUT 2 protein
\\I_ Anion ¢ :
Glucose < —— Gycose Glucose antiport —-—--_._:_‘_-J T
) | t ;
Ma Na pratein RN
ATP 3 &' 2 Na* HCO,- &7~ HCO; H b ¢
Ma"/K* ATFase q Na*/glucose 1]‘ e ~— HY/K* ATPase
K 'ﬁx .-ﬁ.DP+ F; symport L ADP + P, i+
' Carboni 2 ; ;
L FC"‘ protein al?lrwd'r.;;e lL K K
Basolateral :—-_"‘ | ; . g\ Apical K" channel
memkrane e itmeloy membrane CO, — CO, + OH protein
junction

Stomach lumen

Glucose transport HCI secretion in stomach

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



CLASSIFICATION OF

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

= Typeland Il pneumocytes

) WS
acrophages ! 'H"L

£ Type I
4 pneumocyte

t" !"\ Type |

pneumocytes %

¢ “d8'd - ®

Bronchus

Alveolus




CLASSIFICATION O

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 YL
secondary sensory cell '

— taste buds, vestibulocochlear apparatus

Primary gustatory
neurons



REGENERATION

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
Microvilli

Vein carrying
blood to
hepatic portal
vessel

Muscle
layers

Large
circular
folds

vill

crypt
Muscularis
mucosae
Duodenal ~ # =— Submucosa
gland

(b)



REGENERATION OF

Example: Regeneration of intestine epithelium

A B Absorptive Goblet Paneath Entaro- Tuft
Enterocytes cell cell endocring  cell
cell
¢ Siog - p
G, ’ ¢ 3 w5, ¥ f
[ ] { :nk ‘- ,\\ 1. T r ,/
TA, = ,E Progenitor
compart- r B cells
meant | i
| t &\ Transit N f i
t- -1 1 amplifying
+4 position |= l'— 7 i— i (TA) cell R
Stemcell | " ¢ Lgrs +ve
zone ; stem cell
| (CBC)

Miche signals ‘ L J
AW '

o
o
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PLASTICITY OF E

Abnormal renewal: metaplasia

Stratified squamous epithelium

Simple columnar epithelium Simple columnar epithelium

* sguamous metaplasia of cervix uteri
* respiratory passages



PLASTICITY O

Abnormal renewal: metaplasia

* risk of development of precancerous lesions

€ Normal oral mucosa d Moderate dysplasia
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Abnormal renewal: hyperplasia

Normal prostate

Normal Cells /

M<==T>0>

Hyperplasia of prostate
glandular epithelium

WnmOZP>»IN rrmo

Prostate
adenocarcinoma

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

* 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
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Abnormal renewal: neoplasia

uncoupling from regualtory mechanisms

tumor development

A

Genetically Hyperplasia
altered * Cell divides
epithelial cell  more rapidly
than normal

B

Dysplasia
* Cells change

form

.

C

In situ cancer
* Cells stay in
one place

D E

Malignant tumor (cancer)

« Cancer cells invade normal tissue
and enter blood and lymph

» Metastases form at distant sites
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Epithelial to mesenchymal transition (EMT)

Epithelial phenotype Intermediate phenotypes
as cells transition

Epithelial —_— | _ , ) Mesenchymal
P cells a Q O J T cells

Mesenchymal phenotype

E-cadherin Syndecan
Cytokeratin MUCH1
Z0-1 Desmoplakin

Laminin-1 a1 (IV) collagen
Entactin miR200 family

Progressive loss of epithelial markers
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

Primary mesenchyme Hypoblast

Neural crest

___;7 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

Adherens
junction

Integrin Basement
membrane

iii iv
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Breast Egﬁ] o Activate mesenchymal genes
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cancer cell
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EMT overview

Neural
crest cell

EMT inducers
Physiological
expression

Mesodermal cell

| Epithelial cells

| Mesenchymal cells

Renal or hepatic
epithelial cell

ECM
accumulation

EMT inducers

Aberrant
activation

Activated fibroblast
or epithelial cell
after EMT

Cancer-associated

Tumor progression

Primary epithelial
tumor cell

EMT inducers

Aberrant
activation

: ___Invasive migratory
f|broblast—s’__i.__ &~ tumor cell

J Clin Invest. 2009;119(6):1438-1449. doi:10.1172/JCI38019.
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P Includes 500 full-color OVERSIZED photomicrographs
for use in the histology laboratory
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photomicrographs for identification of tissues and
organs with similar morphologic features

Langman’s Medical

Embryology
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General Histology Microscopic Anatomy

2 Epithelial tissue

cells of epithelial tissue are

1 Cell ultrastructure of the epithelial cell is ariented to

2 Epithelial tissue

re
{adhering, Epithelial tissue

and is avas

eluding, communicating)

Base: lassified as
planar

-. 5 Nerve tissue
‘..__ 6 Blood rr

hematop
T. W. Sadler

phology and

according to the number of layers and cel

epithefium - amnistic

ple squamous epithelium - preumacytes

ical eord (HES) alveolus (HE!

%LANGE' : | (ILANGE

B8 2.3 simple cuboidal epithelium - kidney (AZaN| ple columnar epithelium - galibladder

& 2.5 Simple columnar epithelium - oviduct (HE

d o
- Amue mis (HE)
K5 2.5 Transitional epithellum - ureter (HE) 2.1 Psemostratied ourmra il
&
apitheiium
2,11 Sarous acinus (alveolus] - lacrimal gland . 2.12 Muzaus tubula - sublingual salivary oland
= ) E crass section, HE]
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saction, HE

 epithelium - liver parenchyma

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




Thank you for attention

Questions? Comments?

¥

pvanhara@med.muni.cz

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