and Embryology

MUN I ccoa
ED

Connective
tissue proper

Petr Vanhara

pvanhara@med.muni.cz




CONTEMPORARY TISSUE CLASSIFICATION _

Tissue classification is 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

Epithelial tissue

H*gxi \ x\ ﬁiﬁi _ ,
s.. - == Myofibrils = contraction
“\‘e .| Mesoderm - skeletal muscle, myocard, mesenchyme
: Y — smooth muscles

Muscle tissue

§ Neurons and neuroglia
§ Reception and transmission of electric signals
! Ectoderm

Nerve tissue

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

Connective
tissue



CONNECTIVE TISSUE B

Various functions of connective tissues depend
on its mechanical and biological properties

surrounds other tissues and provides structural support

« compartmentalization

Collagen Nerve Adipose cells Elastin  Macrophage

 physical-chemical environment 4 \® Capilary
* nutrition

* innervation

* immunological support
« storage of energy

» cell signaling and tissue regeneration

Ground substance

Neutrophils

From Williams PL, ed: Gray's anatomy: the anatomical basis of clinical praclice, ed 38, Edinburgh, 1995, Churchill Livingstone.



GENERAL COMPOSITION OF CONNECTIVE TISS_

All tissues are composed of cells and extracellular matrix
In connective tissue, the ECM is dominant

Cells ECM

Permanent and temporary cell populations Fibrous component
 fibroblasts/myofibroblasts » collagen fibers (prototypically col. 1, II)

* immune cells « reticular

* phagocytes « elastic

« adipocytes Amorphous component (ground substance)
* adult stem cells Complex matrix consisting of

» specialized cells of cartilage « glycosaminoglycans
(chondroblasts/chondrocytes) « glycoproteins

« specialized cells of bone * proteoglycans

» (osteoblasts/osteocytes/osteoclasts)

Specific composition and properties is dependent on the tissue type

(connective x ligament x cartilage x bone)



GENERAL CLASSIFICATION OF CONNECTIVE _

: Mesenchyme
Embryonic
C.t.
Mucous
Connective | GsE
tissue (proper) (areolar)
Irregular
Dense
Regular
Adult c.t.
Reticular
Elastic
Specialized

Adipose



CELLS OF CONNECTIVE TISSUEPROPER e

Figure 4-8 The Cells and Fibers of Connective Tissue Proper

Cells of c.t. proper

Reticular
fibers
Melanocyte

Fixed

Permanent . e ,
» Fibroblasts/fibrocytes/myofibroblasts Plasma cell NS &)
« Adipocytes

« Adult stem cells Blood

in vessel

Mast cell

Elastic
fibers

|

R Free
/. 4 4 macrophage
5

Fﬁ;”i Collagen

‘ ., fibers
Fibroblast

Adipocytes
(fat cells)

Transiet (migratory)

Mesenchymal
cell

Ground

« Macrophages of c.t. /histiocytes) substance
* Mast cells

« Plasma cells

* Lymphocytes, granulocytes

Lymphocyte




CELLS OF CONNECTIVE TISSUE PROPER

NIH/3T3 Mouse Embryo
Fibroblast

Fibroblasts

* Principal c.t. cells

« ECM producers

» Originate from mesenchyme and resides in
the c.t. permanently

« Lack typical epithelial polarity

« Migration

» Fibrocyte «» fibroblast

« Myofibroblasts

 Different tissues contain fibroblasts with

different biological properties



CELLS OF CONNECTIVE TISSUE PROPER _

Migration of fibroblasts gy

mCherry - utrophin FITC - collagen

1) Protrusion of the Leading Edge

actin network

2) Adhesion at the Leading Edge

cortex under tension

+ >
new actin
q_'"T“-'—""'"*. new adhesion
¥ ._.-:':..:_.':‘

movement of unpolymerized actin

Deadhesion at the Trailing Edge

3) Movement of the Cell Body
direction of cell body movement




CELLS OF CONNECTIVE TISSUE PROPER
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Source: Mescher AL: Junqueira's Basic Histology: Text and Atas,
12th Ediion: hitp:/ www.accessmedicine.com

Conyrioht @ The NoBiier-1il Comnlad: ac: All fokts resirvail:

https://www.sciencephoto.com/media/1232046/view/fibroblast-tem



CELLS OF CONNECTIVE TISSUE PROPER

DOI: 10.1038/nrm809

<> Focal adhesion site

R Cortical cytoplasmic actins
- Cytoplasmic actins

—— a-Smooth muscle actin

—~_~ Fibronectin

Myofibroblasts

* Features of fibroblasts and smooth muscle cells
» Contractile cellular structures composed of actin m"‘a(
microfilaments and myosin Vi

* Wound closure and healing

TGF-p1
ED-A fibronectin
Mechanical tension

Nature Reviews | Molecular Cell Biology



http://dx.doi.org/10.1038/nrm809
https://doi.org/10.1164/ajrccm.161.5.9903102

CELLS OF CONNECTIVE TISSUE P

Macrophages

» Histiocytes

» Derived from circulating monocytes
(monocyte-macrophage mononuclear system)

« Phagocytosis

* Immunomodulation



CELLS OF CONNECTIVE TISSUE PROPER

Mast cells

» Large, oval, 20-30um
« Similar to other leukocytes with
granules, but it is tissue resident

« Granules
— heparin
— histamine
— serine proteases (inflammation
regulators)
— eosinophil and neutrophil
chemoattractants

— leukotriens

* Perivascular and mucosal mast cells

* Mediators of immediate hypersensitivity reaction



CELLS OF CONNECTIVE TISSUE PROPER

Plasma cells
» Large, ovoid cells

« derived from B-lymphocytes
» Basophilic cytoplasm — RER
» Clockface nucleus (alternating heterochromatin and euchromatin)
* Produce antibodies (immunoglobulins)
« Short lifespan (10-20 days)

https://vaV\.li;;'. ot i\ gé*/hls‘tbpé@é/hi\‘éége.hfm




CELLS OF CONNECTIVE TISSUEPROPER e

Mesenchymal stem (stromal) cells

« Mesenchymal origin

e Adult tissues

» Differentiate to many cells of CT

Undifferentiated
mesenchymal cells

Osteocyte Osteoblasts Chondrocytes Chondroblast (fat cell)

Source: Mescher AL: Junqueira’s Basic Histology: Text and Atlas,
12th Edition: htp://www.accessmedicine.com
Copyright & The McGraw-Hill Companies, Inc. All rights ressrved.



DERIVATIVES OF MESENCHYME

Mesenchymal stem (stromal) cells

Breast Milk

Mesenchymal Stem Dermis
Cells
Wharton's Jelly O Endometrium

Dental Pulp

« Mesenchymal stem cells are different in different tissues



CELLS OF CONNECTIVE TISSUEPROPER e

Mesenchymal stem (stromal) cells

Progenitor
Pool

Angjgg_g_r: s Osteogenesus Chondrogenesns Adipogenesis  Myogenesis
« Mesenchymal stem cells are @) g 9 '
important tools for tissue veoF—s I wrese— ll  rorpMPs— ClEBpg — iy
. . . BMP-2 w——p Aa— — —
engineering and understanding Osi—r g —+ PPARY— 2
. . PDGF —| N-Cadherin _. C/EBPa —*
tissue biology g EGF —» POGF—
\ o e () ==
Endothelial Ostéoblast Cho\ndrocyte Adipocyte Myocyte

cells



MESENCHYMAL STEM CELLS — CLINIC_

A Components of Lipoaspirate

— 3 Discard

-

- on

= ~Adipose Tissue—_

[ |- Infranatant /\/

— Blood & Local Anaesthesic )/ Collagenase Digestion

e 3 & Centrifugation
~SVF Pellet 4

<y Pericytes
B Components of Adipose Tissue + CD140b", CD146°, NG2*
= (D31,CD34, (D144, vWF

O Adipocytes

~®> Adipose Derived Stem Cells
+CD13, D29, CD34", CD44", C090", CO104a°
= CD14, D31, CD45, CD106, CD144
2 D146, aSMA

&=P Pre-Adipocytes

Endothelial & Progenitor Cells
+ (0317, CD34%, CD90", CO146", VWF*
= (D45

Haematopoetic Cells
* Monocytes/Macrophages Tissue Culture Cell-Assisted Lipotransfer

DOI: 10.3389/fsurg.2015.00001



POTENTIAL APPLICATIONS OF MESENCHYMA

Multiple sources

Hair
follicles
Teeth

Liver Blood

Adipose
tissue Bone
marrow
Muscle
Synovia
Amniotic
Umbilical o« fluid
cord

Placenta

Large-scale production

MSCs

Plastic
adherence

Fast growth

Rapidly
expanded

Do express CD73, CD90 and CD105

Do not express CD45, CD34, CD14 or
CD11b, CD79a or CD19 and HLA-DR

Multilineage differentiation

Adipocyte

Chondrocyte
|
Xo X
4

Osteocyte

»

Neuron

\ \i\\

L/

/a

Myocyte

Pleiotropic effects

MSC

i/_\//\,\l\t

- .°
Inmmunomodulatory

TGFp Iis4
IDO iNOS

IENy 1142
1110 TNFa

Anti-inflammatory

TGFB, VEGF, IGF1
bFGF, GM-CSF, HGF
TRAIL, STC1, SFRP2

e > IE

Anti-apoptotic

A KGF, bFGF
IF TIMP
HGF, MMP

P

Anti-fibrotic

VEGF, TGFB, bFGF
IL6, IGF1, MCP1
EPO, CXCL12, MIP

Angiogenic

J ® = @
MN iDC Tre g Tcell Beceell NK

Clinical application

Cardiac ischemia

Diabetes

LT B
Skin problem

https://doi.org/10.3389/fbioe.2020.00043



https://doi.org/10.3389/fbioe.2020.00043

ECM OF CONNECTIVE TisSUE PROPER

ECM = fibers + ground substance

Mesenchymal
cell

Collagen
fibers

Blood
vessel

Elastic
fibers

Collagen Macrophage
Ground Adipocyte
substance (fat cell)

Adobe Stock | #337648542

Extracellular
matrix




ECM OF CONNECTIVETISSUEPROPER

Composition of ECM determines biochemical and biophysical properties of c.t.

ECM of connective tissue is produced by fibroblasts (or chondrocytes, osteoblasts).
However, specific ECM can be produced by virtually any cell of our body (eg. epithelial and muscle cells
producing basal lamina).



ECM OF CONNECTIVETISSUEPROPER

Extracellular matrix

Reticular - = S \ Pioh
fibers i ﬂ Mast cell
elanocyte ‘e (2 aaaal, oy ; .
e N VAVA, - J/ e
. macrophage
Fibrous component N
Plasma cell ——= .‘ > Frezle.l ’
Ay _,  macrophage
« Collagen fibers (e.g. col. I, II) e o\ ;hé‘, —
PN ; N7 O N A\ fibers
* Reticular ~ Blood . ! Fibroblast
in vessel
« Elastic
Adipocytes
(fat cells)
Amorphous component (ground Megenchymel
Ground Lymphocyte
su bstan Ce) substance

Complex matrix consisting of
» Glycosaminoglycans
» Glycoproteins

* Proteoglycans



ECM OF CONNECTIVE TisSUE PROPER

Fibers
Mesenchymal
cell
Collagen
fibers
Elastic
fibers
Blood
vessel
% Collagen Macrophage
2| Ground Adipocyte
€| substance (fat cell)
3
“| Extracellular
;} matrix




EXTRACELLULAR MATRIX — FIBROUS COMPONENT

Collagen fibers

family of fibrous proteins encoded by >35 genes

polymer — subunit = procollagen and tropocollagen; triple helix

different structural and mechanical properties (strength, elasticity, pliability...)

' PP T VTR S L ST LR TR IX Y00

\ T LA I BN

n\.‘_&..n, AL
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Collagen synthesis

« Polyribosomes bind to RER and synthetize peptide chains al a a2 (~250 AA, 28kDa)

Gly
al Structure of alpha chalns %
* In RER peptide chains are modified (hydroxylation of proline and lysine — co-factor vitamin C)

Chains assemble into triple helix - procollagen

mRNA | Translation of mMRNA into amino acid
Y VV VYW sequence by ribosomes

Transcription ~=—Rihosome

of mMRNA Cg < DS — : :

Hydroxyproline R IR 3 L Transfer RNA (tRNA) - amino acid complexes
: s g ; 5 L = attach to ribosome in specific translation
A o B - P
mino acid triple sequence f Er[(\)ll(l::?e _l gqp[atf @ - @ ) sequence
' ¢, @ @D —
< 3 Q e @ 3 @ S}r;\r\]xnv g polypeptide Intramolecular bond between «,

and a, chains

After exocytosis, procollagen

/Q&: e ,ﬁsﬁ)@z& i@}? peptidase outside cell cleaves

S : i nonhelical domains of
ection of procollagen unit procollagen to form

tropocollagen.

Inside the fibroblast: for type I collagen, two «; and one 2
a, chains unite in a triple helix to form procollagen.

* In GA, procollagen is further modified and secreted from cells



EXTRACELLULAR MATRIX - FIBROUS COMP

Collagen synthesis

Procollagen is then modified to tropocollagen (by procollagenpeptidase)
Tropocollagen is organized to higher fibrillar structures in ECM (fibrils, fibers)

Individual collagen molecules are connected (lysyloxidases)

‘ MRNA MRNA Translation of mRNA into amino acid
AAA. A/ VN sequence by ribosomes
Transcription  “—=—Rihosome

— of mRNA ¢ i - ;
Hydroxyproline o DR Transfer RNA (tRNA) - amino acid complexes

S
. = : ot ttach to ri i i
Amino acid triple sequence % Prolifie template @ L7 ) - | attach to ribosome in specific translation
g Q@

Civei sequence
yeme @ o/. @ ) — Growing polypeptide

Intramolecular bond between «,

g @ @ & chain

and a, chains
0y — S Q‘? S € L% After exocytosis, procollagen
o — . 33@ b peptidase outside cell cleaves
. eyt = — nonhelical domains of
Inside the fibroblast: for type | collagen, two a; and one 2 Section of procollagen unit procollagen to form
a chains unite in a triple helix to form procollagen. tropocollagen.

Tropocollagen units form fibrils

-y

Dark band
Light band

Overlap (light band)
Collagen fibril consists of regularly spaced, overlapping
1_ tropocollagen units with a periodicity of 67 nm.
T

Hydroxylation and glycosylation
occur in the RER. Addition of
carbohydrate side chains

occurs in the Golgi complex.

.

e W — Gap regions of 35 nm in

each row are between the

head and tail of adjacent
tropocollagen molecules.
Heavy metal staining
results in repeating light

and dark collagen bands.

f Collagen fibers (about 2 pm in diameter) are made of bundles

| : ohag < p

\ F of collagen fibrils that are cross-linked by proteoglycans and

\\\ ™ fibril-associated collagens with interrupted triple helices (FACIT).
~- :«.,t\

\\.;,,.j/;/; ’/,:;/) Z /Z"x s

Collagen bundle (10-20 pm in diameter) is visible by \
light microscopy and consists of groups of collagen  24//
fibers oriented along the same axis. :

Up to 20 molecular forms
of collagen are determined
mostly by types of alpha

chains in the triple helix. —
Type |, the most common :
has great tensile strength. [

<EFN A.?L?QA{@[E/AE

further study: https://www.ncbi.nlm.nih.gov/books/NBK507709/



EXTRACELLULAR MATRIX — FIBROUS COMP(

Intracellular
environment

Collagen synthesis

-

OH

- m T

Gal-Glu

Attachment of soluble galactosyl and
Ww glucosyl sugars to specific hydroxylysyl residues.

OH Gal-Glu

[Formation of mRMNA for each type of o chain.

# T

at both ends. Clipping of signal peptide.

OH

& o __'_/-/J\l\/w__*‘_ [Symhesis of procollagen o chains with pmpemides]
: m&m [Hydroxylation of specific prolyl and lysyl residues ]
i :

n the endoplasmic reticulum. Vitamin C dependent

OH

[Asssmhly of procollagen molecules (triple helix).

Transfer

t [Nonhelical propeptides.

vesicles

Golgi

[Transport of soluble procollagen to Golgi complex

Centrioles

vesicles

Extracellular
environment

Collagen molecules

Microtubule arrays

NN

in secretory vesicles.

microfilaments transport soluble procollagen

[Packaging of soluble procollagen ]
molecules to cell surface. J

- 5 Secretory —M = {Secret-:;rg.r vesicles assisted by microtubules and

Exocytosis of procollagen molecules to extracellular

f space. Procollagen peptidases cleave most of the
Procollagen Procollagen nonhelical terminal peptides, transforming
peptidases peptidases procollagen inta insoluble collagen molecules,

which aggregate to form collagen fibrils.

Fibrillar structure is reinforced by the formation of

covalent cross-links between collagen molecules

catalyzed by the enzyme lysyl oxidase.

Source: Mescher AL: Jungueira’s Basic Histelogy: Text and Atlas,
12th Edition: http://www.accessmedicine.com

Copyright & The McGraw-Hill Companies, Inc. All rights reserved.

[—



CLINICAL CONTEXT

James Lind 1747

Autor: BIOPHOTO ASSOCIATES/SCIENCE PHOTO LIBRARY

| z 7 I mRNA I Translation of mRNA into amino acid
A A/ f . VNEWVN A/ sequence by ribosomes
Transcription /=
; . )
{ (——————-——-—— - E 1 H .
Hydroxyproline ?rTC)::RIS\GA {) D Transfer RNA (tRNA) - amino acid complexes
; — = ; 9 — P [ [ ific [
Amino acid triple sequence < Proline template Q@ o <\ D zlétéﬁ:ntfenbosome in specific translation
Gl\/cine: ;\ %f ‘
) f — ’
3 Q“é @@5 @ e & S:;\r\]mg pol»peptlde Intramolecular bond between «,
¥ W 'ég and «, chains

Qp — T After exocytosis, procollagen
o — : ; peptidase outside cell cleaves
, s ; sl Bms nonhelical domains of
Inside the fibroblast: for type I collagen, two oy and one @2 Section of procollagen unit

procollagen to form

a, chains unite in a triple helix to form procollagen. tropocollagen
gen.



COLLAGEN FAMILY

Type | Localization Structure Main function
Bone, tendons, meniscus, dentin, dermis, Fibrils (75nm) — fibers | Resilience in pull
| capsules of organs, loose CT 90% of type | (1-20um)
Hyaline and elastic cartilage Fibrils (20nm) Resilience in pressure
[l
Skin, veins, smooth muscles, uterus, liver, Like I, high content of | Shape formation
spleen, kidney, lung proteoglycans and
11 glycoprotiens, reticular
network
Basal lamina of epithelium and endtohelium, No fibrils or fibers Mechanical support
IV | basal membranes
Lamina of muscle cells and adipocytes, fetal Like IV
V' | membranes
Interstitial tissue, chondrocytes — adhesion Connecting dermis and
Vi epidermis
VIl | Basal membrane of epithelium
VIII | Some endothelia (Cornea)
Growth plate, hypertrophic and mineralized Growth of bones,
IX, X cartilage mineralization




COLLAGEN IN LIGHT MICROSCO



COLLAGEN IN ART

Julian Voss-Andreae
"Unraveling Collagen”

2005

Orange Memorial Park  §
Sculpture Garden, City of SEEise-
South San Francisco, CA SSsee




EXTRACELLULAR MATRIX — FIBROUS COI\/*

Elastic fibers

« less abundant than collagen

« polymer —tropoelastin

* minimal tensile resistance, loss of elasticity if overstretched

» reduction of hysteresis = allow return back to original state after mechanic change
« staining — orcein, aldehyde fuchsin




EXTRACELLULAR MATRIX — FIBROUS COMPONENT S

Elastic fibers

A TR ~

Source: Mescher AL: Junqueira’s Basic Histology: Text and Atlas,
12th Edition: http://veww.accessmedicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.

12th Edition: http://veww.accessmedicine.com
Copyright ©® The McGraw-Hill Companies, Inc. All rights reserved.

Elastin ’ Collagen



EXTRACELLULAR MATRIX — FIBROUS COMP_

Elastic fibers

o 3 .
nxﬁf ("~R [o‘b 4.' : £ 3 :o ‘ b :
3 L e
- Source: Mescher AL: Junqueira’s Basi lsmlog Text and Atlas,
?;‘ e dn’z‘esc?:p"h Junqueira’s Baj't H’R"l"gy Text and Atlas, Source: Mescher AL: Junqueira’s Basic Histology: Text and Atlas, o v
jon ‘www.accessmedicine.com

2 Bl bty " 12th Edition: http://www.accessmedicine.com
1 Edition: http://vwww.accessmedicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.
Copyright © The McGraw-Hill Companies, Inc. All rights reserved. Copyright & The McGraw-Hill Companies, Inc. All rights reserved.

« Similarly to collagen, elastin precursors are secreted and polymerize
» Deposition of elastin aggregate along fibers of protein fibrillin
« Amount of fibrillin (nonelastic) and elastin (elastic) determines elasticity of CT



EXTRACELLULAR MATRIX — FIBROUS COMP_
Reticular fibers

collagen 3D meshwork
bone marrow, spleen,
lymphatic nodules
microenvironment for e.g.

hematopoietic stem cells and
progenitors

A - 83
o P 1- W% A T :
Source: Mescher AL: Junqueira’s Basic Histology: Text and Atlas,
12th Edition: http://vww.accessmedicine.com

Copyright € The McGraw-Hill Companies, Inc. All rights reserved.




RETICULAR CONNECTIVE TISSUE




ECM OF CONNECTIVE TisSUE PROPER

Ground substance

Mesenchymal
cell

Collagen

fibers ‘

Elastic
fibers

Blood
vessel

Collagen Macrophage
Ground Adipocyte
substance (fat cell)

Extracellular
matrix

Adobe Stock | #337648542




EXTRACELLULAR MATRIX - GROUND SUBSTANCE

Ground substance

« Amorphous extracellular matrix

» Colorless, transparent, homogenous substance consisting of:

glycosaminglycans, proteoglycans and structural glycoproteins

collagen fibril

proteoglycan
monomer

hyaluronic

hyaluronic ok

acid



EXTRACELLULAR MATRIX — GROUND SUBST_

Glycosaminoglycans (GAGS)

 linear polysaccharides composed of two disaccharide subunits
— uronic acid and hexosamine

glucuronic or iduronic acid

COOoH CHEOH
0 0 0 O-t---
4 1 1
OH s H

glucosamin or galactosamin



Glycosaminoglycans (GAGS)

 linear polysaccharides composed of two disaccharide subunits
— uronic acid and hexosamine

(A) Hyaluronic acid (B) Chondroitin sulfate (E) Glycosaminoglycans polysaccharides

GlcA GlcNAC GlcA GalNAc W
OH OR* OR®
HOOC 0 Hom HOOC &/ Hyaluronic acid (HA)
6S 4s 4565
"  ollreolieolte

NHAc NHAc
p1- 4" 1-3 -4 Chondroitin sulfate (CS)
NS 65 25
GlcA/IdoA GlcNAc/GIcN - Gal GlcNACc _ g fate (HS)
H6 5 6 eparan sulfate
HOOC O OH OR OR 65 65 65
HO o7
R2HN P OH NHAcC Keratan sulfate (KS)
n L -
B/oi1-4 ol-4 B1-4 B13~"  pola <pidoa (Deal  [lciNac [ealNac

https://doi.org/10.3390/cancers15010266



https://doi.org/10.3390/cancers15010266

EXTRACELLULAR MATRIX — GROUND SUBSTA_

Glycosaminoglycans (GAGS)

bind to proteins (except for hyaluronic acid)

Glycosaminoglycan
Hyaluronic acid

Chondroitinsulfate
Dermatansulfate
Heparansulfate
Keratansulfate

Localization

Umbilical cord, synovial fluid, fluid of corpus vitreum,
cartilage

Cartilage, bone, cornea, skin, notochord, aorta
Skin, ligaments, adventitia of aorta

Aorta, lungs, liver, basal membranes

Iris, cartilage, nucleus pulposus, anulus fibrosus



CLINICAL CONTEXT

« glycosaminoglycans = acid mucopolysaccharides (polysaccharides rich in

hexosamines)

. group of rare genetic diseases — mucopolysaccharidoses
autosomal recessive disease caused by mutation in genes coding for enzymes of GAG

metabolism
broad spectrum of problems
typical symptoms - craniofacial dysmorphia, cardiomyopathy, splenomegaly, slow growth

and psychomotor development

MPS TYPE EPONYM ENZYME DEFECT

I Hurler o-L-iduronidase

I Hunter Iduronate 2-sulfatase

II-A Sanfilippo type A Heparan N-sulfatase

I11-B Sanfilippo type B a-N-acetylglucosaminidase

11-C Sanfilippo type C Acetyl-CoA: a glucosaminide N-acetyltransferase
11-D Sanfilippo type D N-acetylglucosamine 6-sulfatase
IV-A Morquio type A Galactose 6-sulfatase

IV-B Morquio type B B-galactosidase

VI Maroteaux-Lamy N-acetylgalactosamine 4-sulfatase
VII Sly B-glucuronidase

MPS-1 MPS-II MPS-IlI MPS-IV MPS-VI



EXTRACELLULAR MATRIX — GROUND SUBSTANCE

Proteoglycans

protein core + dominant linear saccharide
component

proteoglycan aggregates

water-binding, volume dependent of
hydratation

aggrecan (cartilage)
syndecan
fibroglycan

de =

= HA

Aggrecan

p—

Chondroitin sulfate !

‘,‘
/
/
/
{
/

Core protein \

- /" Hyaluronic acid
(b) Link protein’

istry 2/e. © The Benj V/CL ings Publishing Co., Inc.

From Mathews and van Holde: Bioch



EXTRACELLULAR MATRIX — GROUND SUBSTAN_

Structural glycoproteins

« dominant protein + branched saccharide component
* interaction between cells and ECM

— fibronectin — connects collagen fibers and
glykosaminoglycans, cell adhesion and
migration

— laminin — basal lamina — epithelial integrity
— chondronectin — cartilage — adhesion of

chondrocytes to collagen

human mesenchymal stem cells (MSC), BD, Alexa Fluor® 488 Mouse Anti-Fibronectin



Glycoproteins vs. proteoglycans

Prot can

GAG: Heparan sulfate

GAG: Chondroitin sulfate
B GIcNAc

] caiNAc

N-giycan ()OO O
‘ Glc

+ ST Ganglioside
/

@ se [ Glycoprotein

Glycosphingolipid

/ Cellular Membrane B? S ?

IR
BEEIR B GTES



COMPOSITION OF ECM

chondroitin sulfate

chains \
N\
keratan \
sulfate X \
\ .
o g \\\\ \ \ core protein
aggregate proteoglycan
monomer \ \
N S
@™
a
link
pretein aggrecan

hyaluronan

type |
collagen fibril

N-linked
oligosaccharide heparan sulfate
chain

- versican
hyaluronan XN X =

syndecan

decorin



COMPOSITION OF ECM

Cell = ECM interactions




HISTOLOGICAL CLASSIFICATION OF CT PROPER |

Embryonic:

« Embryonic mesenchyme and mucous c.t. (Wharton’s jelly) of umbilical cord
Postnatal (adult):

 Loose collagen c.t. (areolar, interstitial)

 Dense collagen regular and irregular c.t.

« Elastic c.t.

* Reticular c.t.

Wharton’s jelly



HISTOLOGICAL CLASSIFICATION

Amorphous matrix

Collagen fibers

Loose collagen c.t.

/i
= E

Macrophage

-ymphocyte

Monocyte

Mast cell

Fat cells
£ Erythrocyte
viacrophage

g;cl%’. Eosinophil
A%

A Endothelial
cell

Pericyte
Plasma cell

Most abundant type of CT
Rich vascularization and innervation

Walls of hollow organs, interstitium, mucosal and
submucosal CT

Permanent fibroblasts, macrophages (histiocytes),
occasionally adipocytes
Other transient cell types (leukocytes)

Collagen and elastic fibers
Amorphous ground substance is dominant




HISTOLOGICAL CLASSIFICATION OF CT PROPER

Dense collagen c.t.

é 21

\\\ RN

(a) Rogular dense

v

Fibroblast
nuclei

(b) Irregular dense



HISTOLOGICAL CLASSIFICATION OF CT PROPER

Elastic c.t. _a: Lig. flava HE 50X

Elastic membranes of aorta




HISTOLOGICAL CLASSIFICATION OF CT PROPE

Reticular c.t.




HISTOLOGICAL CLASSIFICATION OF CT P_

Adipose c.t.

» Adipocytes, fibroblasts, reticular, collagen and elastic fibers, capillaries
* White and brown adipose tissue




HISTOLOGICAL CLASSIFICATION OF CT PROPER

White adipose c.t.

* rich vascularization
« unilocular adipocytes with only one lipid droplet

 endocrine activity - leptins (adipokinins)

NATURE METABOLISM

@NPY/AGRP  ©POMC

\\\\\

Leptin

Lipid droplet

of adipocyte

10.1038/s42255-019-0095-y




HISTOLOGICAL CLASSIFICATION OF CT PROPER

Brown adipose c.t.

» small cells with numerous fat droplets
* typical localization — between shoulder blades, axilla, mediastinum, around kidneys,

pancreas, small intestine

» fetus and children up to 1 year of life |

» fast source of energy




EMBRYONIC ORIGIN OF CONNECTIVE TISSUE

Mesenchyme

« Mesenchyme = loose tissue between germ layers

« Complex network of small, undifferentiated star- or spindle-shaped cells
« Jelly-like amorphous ground substance rich in hyaluronic acid

« Origin in mesoderm (=germ layer) or neural crest

Hensen's node primitive streak

epiblast

Trilaminar germ disc

¥ endoderm
migrating cells  displacing
mesoderm hvooblast

http://www.mun.ca/biology/desmid/brian/BIOL3530/DB _Ch02/DBNModel.html



http://www.mun.ca/biology/desmid/brian/BIOL3530/DB_Ch02/DBNModel.html

EMBRYONIC ORIGIN OF CONNECTIVE TISSUE

C.t. derivatives of mesenchyme

Hensen's node  primitive streak

epiblast

B endoderm
migrating cells  displacing
hvpoblast




MESENCHYME B

Mesenchyme as embryonic c.t. and a cellular phenotype

« Embryonic mesenchyme — undifferentiated embryonic cell population
Term from embryology

« Mesenchymal phenotype — set of cell properties: ECM production and remodeling,
migration, absence of epithelial polarity and intercellular junctions
Term from cell biology

Epithelial phenotype Intermediate phenotypes Mesenchymal phenotype
as cells transition
T pr-
e ;
Epithelial s > , Mesenchymal
cells g O; cells

E-cadherin Syndecan

Cytokeratin MUCH1
Z0-1 Desmoplakin
Laminin-1 a1 (IV) collagen Progressive loss of epithelial markers
Entactin miR200 family and gain of mesenchymal markers

https://doi.org/10.1172/3JCI139104.



SUMMARY OF CONNECTIVE TISSUE _

Collagen Structure Function and distribution
Abundant ground substance, collagen fibers Microvascularisation
Loose collagen CT . )
with random arrangement Innervation
Irreqular dense collagen CT Few 9r°“r.‘d substance, few cells, many Mechanically resistant organ capsules
collagen fibers, random arrangement
Tightly arranged collagen fibers with Part of musculoskeletal system.
Reqular dense collagen CT fibroblasts intercalated between them Tendons, ligaments
Embryonic
Mesenchyme Undifferentiated cells uniformly dl_s,persed in Undifferentiated progenitors
ground substance, few collagen fibers
Viscous amorphous matrix with collagen
Wharton'’s jelly fibers. ECM-producing stromal cells with MSC | Matrix of umbilical cord
properties.
Special
Reticular CT Network of collagen llI fibers and reticular cells (S:(;Eport of hematopoietic and lymphatic
Lig. flava, lig. vocale. Lung interstitium,
Elastic Rich in elastic fibers flexible support to elastic arteries and
aorta
: : Energy storage (white fat), heat
Adipose Adipocytes production (brown fat)
Cartilage Chondroblasts, chondrocytes Mechanical support
Bone Osteoblasts, ostecoytes, osteoclasts Mechanical suppo_rt, calcium and
phospate metabolism
Blood See lecture on blood & hematopoiesis this semester




FURTHER STUDY B

Guide to General Histology

4 o
JUNQUEIRA S e and Microscopic Anatomy
B asiC ’ 1 : / Petr Vaiihara, Miroslava Sedlatkovd,

. l Irena Lauschova, Svatopluk Cech, Ales Hampl
Histology ‘

FACULTY
OF MEDICINE

TEXT & ATLAS

Antho Mesch

Masaryk University, Bmo 2017

Langman’s Medical Fourt Edidon

Embryology HisToLOCY

/ﬂghﬁm A TEXT AND ATLAS
-

o Tt vanhara@med.muni.cz
S a=r ) p @

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

~
-

T. W. Sadler

Thank you for attention


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