ROLE OF THE SUBSTRATE IN
REGENERATION

relationship between the regenerating cells and their substrate is

critical for:
— maintenance of normal tissue functions and

— the migrations or changes in state that are part of healing and regenerative

processes

cell adhesion molecules: membrane-bound glycoprotein molecules
that mediate attachments between cells and other cells or

components of the ECM

Epidermis

Dividing

cells |

Basement —

membrane ”

Dermis |

Specialized
cell—cell
contact

Specialized
cell—substratum
contact

Basement membrane

Reticular fiber
Proteoglycan
Collagen fiber
Cell surface
receptor
(integrin)
Fibroblast

Elastic fiber
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ECM function

* Mechanical support for cell anchorage and cell
migration, and maintenance of cell polarity

* Control of cell growth. ECM components can regulate
cell proliferation by signaling through cellular
receptors of the integrin family.

* Maintenance of cell differentiation. The type of ECM
proteins can affect the degree of differentiation of
the cells in the tissue, also acting largely via cell
surface integrins.

ECM function

* Scaffolding for tissue renewal. The
maintenance of normal tissue
structure requires a basement
membrane or stromal scaffold. The
integrity of the basement membrane
or the stroma of the parenchymal cells iy s
is critical for the organized P H%*}f’
regeneration of tissues. ' :

Portal triad:
hepatic artery, portal
vein, bile duct

Sinusoid—{-
Hepatocyte —~

* Establishment of tissue
microenvironments. Basement
membrane acts as a boundary Prolfeaton of rescualcels Dp"vvt‘htd‘rmdém.‘u
between epithelium and underlying
connective tissue and also forms part
of the filtration apparatus in the
kidney.

REGENERATION REPAIR BY SCARRING

* Storage and presentation of requlatory sz sl oo sxvaoliir

in regeneration a
vepalr. Liver regenera ton with res storation of normal tis: o attor

I | injury requires an intact cellular matrix. If the matrixis da amagedthe
molecules.. infury is repaired by Toraus tseus deposition and scer formation.
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* The ECM is composed of three groups of macromolecules:

— fibrous structural proteins, such as collagens and elastins that
provide tensile strength and recoil;

— adhesive glycoproteins that connect the matrix elements to one
another and to cells; and

— proteoglycans and hyaluronan that provide resilience and
lubrication.

* Two basic forms of ECM:
— interstitial matrix

* is found in spaces between epithelial, endothelial, and smooth muscle
cells, as well as in connective tissue.

* It consists mostly of fibrillar and nonfibrillar collagen, elastin,
fibronectin, proteoglycans, and hyaluronan.

— basement membranes.
* closely associated with cell surfaces,

 consist of nonfibrillar collagen (mostly type IV), laminin, heparin
sulfate, and proteoglycans.

BASEMENT MEMBRANE &= —_— e Fibroblast
+ Type IV collagen - E— Integrins
+ Laminin Endothelial cells Adhesive
+ Proteoglycan Capillary glycoproteins
AP R T,
Am\, Ly

Proteoglycan

INTERSTITIAL MATRIX
Type IV collagen - Fibrillar collagens
« Elastin
Laminin - Proteoglycan and Cross-linked )
hyaluronan collagen triple helices Proteoglycan



* merupakan glikoprotein

 disintesis terutama oleh
fibroblast, sel otot polos

dan sel epitel

+ struktur kolagen memiliki

kesamaan pada :

— semua molekul kolagen

memiliki trimer yang
terdiri dari rantai

polipeptida - rantai a

— 3 rantai polipeptida
kolagen berikatan
membentuk struktur

yang unik - rodlike triple

helix

collagen

Kolagen

(b) Collagen fibril

 achain

Triple helix

" 4
=i .

| [ n Collagen molecule }\
=

=t ¢

! — bi

-X—

c) Collagen fiber

- Aiarag --_' ; ! qh R

ECM

67 nm
L i

67 nm

Table 2.1 Classification and types of collagens based on the collagen chain encoding genes, their distribution in tissues and disorders caused by their

mutations
Own Disorders caused by mutation
Classification Type chains Gene Exons Chromosome®  Distribution in tissues in genes
Fibrillar collagens I al COLIAT 51 17921.3-q22 Bone, tendon, ligament, Osteogenesis imperfecta, osteoporosis
a2 COLIA2 52 7q22.1 skin
n al COL2A1 54 12q13.11 Cartilage, intervertebral Several chondrodysplasias,
Col2al 54 disc, vitreous humor osteoarthritis
i al COL3AI 51 2q24.3—q31 Co-expressed with collagen T Ehlers-Danlos syndrome (type IV),
Col3al 51 1 in vasculature and skin arterial aneurysms
s al COL35AI 66 9q34.2-q34.3  Co-expressed with collagen I Ehlers-Danlos syndrome (types [
o2 COL5A2 54 2ql4-q32 in lung, cornea and bone and 1I)
o3 COL5A3 66 19p13.2
XI al COLIIAT 68 1p21 Co-expressed with collagen IT Chondrodispasias, non-systematic
a2 COLIIA2 66 6p21.2 heating loss, osteoarthritis
al(ITy
XXV ol COL24A1 57 1p22.3 Co-expressed with collagen Tin ~ Not known
bone and comea
XXvi al COL27A1 61 9q32 Co-expressed with collagen ITin  Not known
cartilage and epithelia
XXVIT  al COL28AT 32 7p21.3 Peripheral nerves Not known
3D network w al COL4A1 52 13q34 Most basement membranes Alport syndrome
(BM-collagens) o2 COL4A2 47 13q34 Glomerular and alveolar BM (COLA4A3, COLAA4, COLAAS)
Colda2 47 8 Alport syndrome with diffuse
o3, COL4A3 52 2q34-q37 oesophageal leiomyomatosis
(COL4AS, COL4AG)
o4 COL4A4 48 2q35-q37
oS COL4AS 51 Xq22 Lethality at 14 weeks, progressive
ab COL4A6 46 Xq22 glomerulonephritis, renal failure®
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TADIC L1 (CUNLLIUCU )

Own Disorders caused by mutation
Classification Type chains  Gene Exons Chromosome®  Distribution in tissues in genes
Microfibril (Beaded- VI al COL6AT 36 21q22.3 ‘Wide tissue distribution, not bone Bethlem myopathy
filaments) v COLOA2 36 21¢22.3
a3 COLBA3 41 2q37
Anchoring fibril Vi al COL7AT 118 3p21 Squamous epithelium BM zone  Epidermolysis bullosa
Col7al 118 9
Hexagonal lattice VIIT al COLSAT 5 3ql2.3 Many tissues, descement’s Corneal endothelial dystrophy
a2 COLSA2 2 1p34.2 membrane of cornea
X al COLI0AT 3 6q21—q22 Hypertrophic cartilage Schmid metaphyseal chondrodisplasia
CollOal 3 10
FACITs X al COL9AT 38 6ql2—ql4 Associated with type 11 fibrils in ~ Epiphyseal dysplasia, intervertebral
a2 COL9A2 32 1p32 cartilage and cornea disc disease, osteoarthrosis
Col9a2 32 4
a3 COL9A3 32 20q13.3
X al COLI2Al 65 6q12—ql3 Associated with type I fibrils in  Disruption of periodontal
perichondrium, ligament, and and skin matrix structure®
tendon
X1V al COLI14A1 44 8q23 Associated with type I Not known
fibrils in many tissues
XVI al COLIGAI 67  1p35-p34 Associated with type 11 fibrils  Not known
in hyaline cartilage and with
microfibrils in skin
XX al COL20AI 35 20ql13.33 Associated with type I fibrils in ~ Not known
sternal cartilage, comea,
and tendon
XXI al COL21A1 28 6pl2.3-pl1.2  Associated with type I fibrils in ~ Not known
vessel walls
FACIT-like XIX ol COLI9AT 51 6ql2—ql4 Rare BM zones, in developing Abnormal muscle layer in the
muscle oesophagus®
XXIT al COL22A1 63 8q24.23 Associated with microfibrils at Not known
tissue junctions
XXVI ol EMID2 13 7q922.1 Testis and ovary Not known
Trans-membrane X1 al COLI3AT 41/42 10922 Many tissues at a low level Fetal lethal, cardiovascular and
collagens Coll3al 42 10 placental defects, tumor
formation”
Progressive muscular atrophy"”
XV ol COLI7AI 56 10q24.3 Skin and intestinal epithelia Epidermolysis bullosa
XXIII ol COL23A1 20 5¢35.3 Heart, lung and brain, Not known
metastatic tumor cells
XXV ol COL25A1 35 4q25 Neurons Not known
Multiplexins XV ol COLISAT 42 992122 Many BM zones Mild myopathy, cardiovascular
Collsal 40 4 defects”
XVIIT ol COLISAI 43 21q22.3 Endothelial and epithelial BM Knobloch syndrome
Coll8al 43 10 zones Vascular abnormalities in the eye®

“The cromosomal locations and the exones were collected from the Entrez Gene data base

"In transgenic mouse models; BM — basement membrane; Modified from Jidlinoja et al. 2007, Cosgrove et al. 1996, Reichenberger et al. 2000, Myllyharju

et al. 2001, Fukai et al. 2002, Sund et al. 2001, Kvist et al. 2001 and Eklund et al. 2001.
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ECM: Non collagen
Laminin

« Terdiri dari 3 rantai
polipeptida yang berikatan
melalui rantai disulfida

 Berperan dalam migrasi sel,
diferensiasi, pertumbuhan

* Berperan dalam migrasi PGC

« ECM lain : tenascin, entactin,
trombospondin

Binds to
sulfated |IDIdS\

215 000 MW) a
Binds to collagen,
BindstotypelV | ||| sulfated lipids
collagen |1

o-Helical Binds to integrins
o . n
coiled coil and entacti

Binds to neurites

Heparan sulfate
binding site

1

11

Laminin

Table 2.2 Classification laminins, their abbreviations according to current nomenclature with
some alternative names and the genes encoding them

Laminin (LM)

Abbreviation and alternative names

Genes encoding the laminin chains

LM-alBlyl
LM-a2p 1yl
LM-alp2yl1
LM-a2p2y1
LM-a3AB3y2
LM-a3Bp3y2
LM-a3AB1yl
LM-a3AB2y1
LM-adplyl
LM-a4p2yl
LM-a5B1y1
LM-a5p2y1
LM-a2p1v3
LM-a3p2y3
LM-a4p2y3
LM-a5p2y3
LM-a5p2y2

LM-111, Ln-1

LM-211, Ln-2

LM-121, Ln-3

LM-221, Ln-4
LM-332/LM-3A32, Ln-5/5A
LM-3B32, Ln-5B
LM-311/LM-3A11. Ln-6
LM-321/LM-3A21, Ln-7
LM-411, Ln-8

LM-421, Ln-9

LM-511, Ln-10

LM-521, Ln-11

LM-213, Ln-12

LM-323, Ln-13

LM-423, Ln-14

LM-523, Ln-15

LM-522

LAMAI, LAMBI, LMACI
LAMA2, LAMBI, LAMC1
LAMAI, LAMB2, LAMC1
LAMA2, LAMB2, LAMC1
LAMASA, LAMB3, LAMC2
LAMA3B, LAMB3, LAMC2
LAMAJA, LAMBI, LAMC1
LAMAS3A, LAMB2, LAMC1
LAMA4, LAMBI, LAMC1
LAMA4, LAMB2, LAMC1
LAMAS, LAMBI, LAMC1
LAMAS, LAMB2, LAMC1
LAMA2, LAMBI, LAMC3
LAMAS3, LAMB2, LAMC3
LAMA4, LAMB2, LAMC3
LAMAS,LAMB2, LAMC3
LAMAS, LAMB2, LAMC2

Modified from Patarroyo et al. 2002, Aumailley et al. 2005, Tzu et al. 2008 and Egles et al. 2007.
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Proteoglikan

Kompleks
protein
polisakarida

Terdiri atas :

— core protein
berikatan
dengan rantai
glikosamino-
glikans
(6AG) >
terdiri atas disakarida yang be

mengikat banyak molekul air
membentuk gel yang porous

: 1
rulang™
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Basal membran

Mengelilingi sel otot dan sel lemak

Di bawah jaringan epitel, sel-sel

endotelium

tempat pelekatan sel;

substrat untuk migrasi sel;

membatasi jaringan dalam suatu

organ,

sebagai suatu barier makromolekul.
M mencegah lalunya protein dari

darah - pada dinding kapiler

Dalam gﬂnjal double layer yang

memisahkan kapiler pada F}Iomerulus

dari dinding tubulus ginjal.

sebagai barier untuk invasi sel ke

suatu jaringan

& FIGURE 22:20 Modal of the basal lamina. (P O, Yurchenco and J. C. Schittry, 1990, FASEB . 4: 1771580
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Cell-ECM interaction

ECM
PM
Recruitment of Adaptor Proteins
Activation of Signal Ti ion Cascades
Changes in Cell Adhesion,
igration, Proliferation, A :
Reparative and Regenerative
Tissue Responses
alb integrin Non-ntegrin Growth factor  Z—ee—
hetarodimer ECM receptor ' roceptor == Actin
Epithelial Mesenchymal
Apical Surface
- .
Tight Juntions: % {
-claudin -occludin f

Trailing Edge

Adherens Juntions: |
E E -E-cadherin a
-B-catenin

Direction of
Migration
Basal ||Surface

Basal Lamina: collagen, fibronectin, and laminin Basal Lamina

Matrix-metalloproteases

Leading Edge

FIGURE 1.1

Epithelial versus mesenchymal. Epithelial cells adhere tightly together by tight junctions and adherens junctions localized
near the apical surface. Epithelial cells also have a basal surface that rests on a basal lamina. Mesenchymal cells in
contrast do not have well-defined cell-cell adhesion complexes, have front-end/back-end polarity instead of apical/
basal polarity, and are characterized by their ability to invade the basal lamina.
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 EMT pathway

NF-kB Smads

Smurf14—Par5K/i i \X i J_
i

Zeb1\/ Snail-1  Lef-1 \r B-catenin

L 1

crumbs3  e-cadherin  fibronectin
patj claudin mmp-3
occludin mmp-7

ILK— GSK-3g |—LOX

et

v v v
loss of loss of gain of
epithelial cell-cell invasive

polarity adhesion motility

Components of invasion

a) Matrix degrading enzymes
b) Cell adhesion

c) Cell motility
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Matrix degrading enzymes

* Required for a controlled degradation of
components of the extracellular matrix (ECM)

* The proteases involved in this process are
classified into serine-, cysteine-, aspartyl-, and

metalloproteinase.

19

Table 2.6 Classification of matrix metalloproteinases (MMPs) based on their domain arrangement and their alternative names, molecular weights and their

collagenous, non-collagenous and other substrates

Classification MMP

Alternative
names

Mw*

Collagen substrates

Non-collagenous substrates

Other substrates

Archetypal MMPs
Collagenase 1

Stromelysin 3

Collagenase-1

Collagenase-2

Collagenase-3

Stromelysin-1

Stromelysin-2

52/41

T5/58;54/42

60/48

54/43, 28

54/43, 24

I, 11, T, VII, VIII,
X, XTI, gelatin

L I1, 1L, V, VII, VIII,
X, gelatin

L IL 1L, IV Y, VIL IX,

X, XIV, XVII,
gelatin

L, IV, V, VIL DX, X,
XI, gelatin

LI TV, V, IX,
X, XI, gelatin

Dntactin, fibronectin,
laminin, perlecan,
proteoglycans.

tenascin,
vitronectin

Entactin, fibronectin,
laminin,

proteogly cans,
tenascin

Fibronectin, laminin,
proteoglycans,
tenascin

Decorin, elastin,
fibronectin,
laminin,
proteoglycans,
tenascin, vitronectin

Aggrecan, elastin,
fibronectin,
integrin, laminin,
vitronectin

o -antiprotease, ol P, a2M,
casein, Clg, fibrinogen,
IL-1otand -3,
proMMP-1, -2, pro-
TNF-ci, SDF-1

ADAMTS-1, a2M, a1PI,
fibrinogen, Ln-35,
proMMP-8, substance
P, tissue factor
pathway inhibitor

Clq, fibrinogen, MCP-3,
proMMP-9, -13,
SDF-1

alPL, «2M, E-cadherin,
casein, fibrin,
fibrinogen, L-selectin,
proHB-EGF,
proMMPs, proTNF-a.

ol PL, «2M, casein,
fibrin/fibrinogen,
proadefensin,
proMMPs, proTNF-o

2/28/2014
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MMP family

MMP structure

f 7— ' Mintenal domain: MMP-7 MMP-26
R | cooD
s 5
T | e ...
5 s

21

Matrix metalloproteinases (MMP)

16 members, subdivided into 4 groups, based
on their structural characteristics and substrate
specificities

Soluble and secreted groups; collagenase,
gelatinase and stromelysins

Membrane type (MT-MMP) group are
anchored in the plasma membrane

A zinc ion in the active centre of the protease
IS required for their catalytic activities.

22
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Regulation of MMP

MMP is controlled by an increased expression on a
transcriptional level.

MMPs are calcium-dependent proteases, which are
synthesized as a inactive proenzymes and are activated
by the cleavage of a propeptide.

MMP activity is regulated by specific inhibitors, the
tissue inhibitors of MMP (TIMPs). Binding TIMP to MMP
is in a 1:1 stoichiometry.

MMP2 and MMP9, which cleave type IV collagen the major
constituent of basement membrane, are believed to be of
special importance

Serine proteases

Serine protease involved in ECM degradation are
plasmin, plasminogen activators and cathepsin G.

Plasmin is believed to be the most important serine
protease, firstly because its ability to degrade several
matrix components like gelatin, fibronectin or laminin,
and secondly by the possible activation of numerous
proforms of MMPs by propeptide cleavage.

Plasmin is synthesized in its inactive proform,
plasminogen, which can be converted to plasmin by
plasminogen activator.

12



Plasminogen activator

* Two main types : urokinase (uPA) and tissue

(tPA).

* There are specific inhibitors (PAI-1 and PAI-2)

for the PA.

25

Examples of Growth Factors and Cytokines That Are Bound to Components of the

Extracellular Matrix

Bound to heparin/heparan sulfate proteoglycans
EGF

FGF-1 to FGF-9

GM-CSF

HB-EGF

HGF/SF

IL-2,-3,-4,-6.-8

IP-10

KGF

MCP-1

MK

NT-6

PDGF-A, -B

Platelet factor-4

Purpurin

Schwann cell growth factor
TGF-B

VEGF

Bound to chondroitin sulfate chains
Platelet factor 4

Bound to matrix proteins

Collagen type IV: TGF-p, BMP-2, BMP-7
Decorin: TGF-

Fibrin: TGF-B

Fibronectin: TGF-p, TNF-o

IGF-binding proteins: IGF-1

Proteoglycan core proteins: TGF-p
SPARC: PDGF-AB, PDGF-BB
Thrombospondin: TGE-B

160-kDa protein: LIF

2/28/2014
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Cell attachment

1. Integrin: cell-matrix adhesion

2. E-cadherin/catenin adhesion complex: cell-
cell adhesion

Classes of Cell-Surface Adhesion Molecules

Ca™ or Mg™

Class Interaction type  involvement Ligand
Cell adhesion Homophilic/ No Other CAMs
molecules (CAMs) heterophilic
Cadherins Homophilic Yes Identical cadherins
Selectins Heterophilic Yes Sialyl structures, in blood vessels only
Integrins Heterophilic No Various: collagen, fibronectin, vitronectin,

laminin, thrombospondin, complement,
fibrinogen, von Willebrand factor

Integrin
* Heterodimeric transmembrane receptors
consists of o and 3 subunits

* Function to provide interactions between cells
and macromolecules in the ECM

* Integrin can affect the transcription of MMP

/ a2

genes \\

-----------------

uuuuuuuuu

28
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Laminin Laminin
fibers

fibers

Collagen

Fibronectin

Growth factor Growth factors

srowth factor
receptor

Growth factor
receptors

CYTOSKELETON-MEDIATED [ / 4
! SIGNALS

CYTOPLASMIC CYTOPLASMIC
SIGNAL SIGNAL
TRANSDUCTION TRANSDUCTION
PATHWAYS PATHWAYS

PROLIFERATION, DIFFERENTIATION,
PROTEIN SYNTHESIS, ATTACHMENT,
MIGRATION, SHAPE CHANGE

Integrin signaling

30
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2) E-cadherin and catenin complex

* Most important cell-cell adhesion molecules

NCAM120 Q 0
Vo)
Yo NCAM140

©
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@ cAD domain
() CAD-HAV domain
© Ca?*-binding site
== Intracellular domain
W Actin
U 1g-like domain

I Ficronectin type Ill domain

NCAM
Q
(= 1S
() a-catenin o
@ B-catenin %
(1) y-catenin
@120 p120-catenin
17 GPlanchor

©-© Polysialic acid

Nature Reviews | Cancer

Cadherin-mediated cell-cell adhesion

A.

E-cadherin E-cadherin

Loss

cell membrane

B-catenin

- increased
- w— motility,
- invasion,
. . anchorage
Cytoplasmic p120 stable, independence
ci-and -catenins degraded INK, 38
Signaling
p120 Functioning as a
e A R
. Tumor Suppressor:
Loss of p120 — >

and subsequent loss of
cadherin-catenin complex

31

pP120 catenin

p120 Functioning as a
Metastasis Promoter:

morphologic and other effects
associated with loss of p120 and
the cadherin-catenin complex

32
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E-cadherin

Tensin (p211)

TJ: tight junction
D: desmosome

Crk associated substrate (CAS pl 3

Focal adhesion kinase (FAK pl215)
pl20-catenin (pl120e™)

Actin filament associated protein (AFAP pl11y
Cortactin (p8§5)

Sre (and Sre-like) kinases: Fyn, Yes, Fer

SEL UL

Heparan sulfate
proteoglycan
in matrix

Hyaluronan
synthase

Attached
proteoglycans

Free bFGF

s

bFGF complexed
with heparan sulfate

FGF receptor

// M \Q\ Actin cytoskeleton
Il A\\N c

Cytosol
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c) Cell migration

1. Small Rho GTPase family

2. Motility promoting factors

35

Small Rho GTPase

Stimuli

11
iii

- @

N
Paki,

N

LIM kinase /
l Stress fibers

MLC Kinase

¥ MLC Phosphorylation Cofilin .

Actin polymerisation Detachment

Filopodia

Lamellipodia

36
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Model of Rho GTPase regulation

Growth factors and
integrin engagement

l

@ Activation

GHO-GTP —— Cytoskeleton and
— cell regulation

Sequestration ¥ 4
A
Inactivation

37

Regulation of Rho GTPase

38
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Direction of movement
alholoaldid o bt sl

Focal adhesion

Cell movement

- - —_

1 Extension
Lamelipodium

New adhesion

//

Cell body movemant
Lt et btmtel (i i

3 Translocation

4 De-adhesion
Otd adhesion

— — — —

Rho GTPase is required for the transition of
invasive phenotype

ADHERENT MIGRATORY
APICAL

CYTOSKELETON

BASAL PROTEOLYSIS SECRETION GEME EXPRESSION
#E % ECM DEADHESION CONTRACTION ADHESION PROTRUSION

40
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Signaling pathways related to integrin and small GTPase

o
<

E-cadherin and Rho GTPase signaling

42
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Blood vessel

Fibrin clot
Macrophage

Platelet plug

Granulation
tissue

MMP-1,2,3
TPA
UPA

/

\Q/
Myofibroblast

Fibroblast
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