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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
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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 
is critical for the organized 
regeneration of tissues.  

• Establishment of tissue 
microenvironments. Basement 
membrane acts as a boundary 
between epithelium and underlying 
connective tissue and also forms part 
of the filtration apparatus in the 
kidney.

• Storage and presentation of regulatory 
molecules..
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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.
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Kolagen

• 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 α

– 3 rantai polipeptida
kolagen berikatan
membentuk struktur
yang unik – rodlike triple 
helix

ECM

collagen
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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

Laminin
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Proteoglikan

• Kompleks 
protein 
polisakarida 

• Terdiri atas :
– core protein 

berikatan 
dengan rantai 
glikosamino-
glikans 
(GAG) 
terdiri atas disakarida yang berulang 

• mengikat banyak molekul air
• membentuk gel yang porous 
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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. 

BM mencegah lalunya protein dari 
darah  pada dinding kapiler 
Dalam ginjal double layer yang 
memisahkan kapiler pada glomerulus 
dari dinding tubulus ginjal. 

• sebagai barier untuk invasi sel ke 
suatu jaringan
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Cell-ECM interaction
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• EMT pathway
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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. 
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MMP family
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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.
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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 
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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.  
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Plasminogen activator

• Two main types : urokinase (uPA) and tissue 
(tPA).

• There are specific inhibitors (PAI-1 and PAI-2) 
for the PA. 
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Cell attachment

1. Integrin: cell-matrix adhesion

2. E-cadherin/catenin adhesion complex: cell-
cell adhesion 
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Integrin 
• Heterodimeric transmembrane receptors 

consists of a and b subunits

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

• Integrin can affect the transcription of MMP 
genes
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Integrin signaling
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2) E-cadherin and catenin complex

• Most important cell-cell adhesion molecules

Cadherin-mediated cell-cell adhesion 
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p120 catenin 
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c) Cell migration 

1. Small Rho GTPase family

2. Motility promoting factors
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Small Rho GTPase 

Stimuli

Cdc42
GTP

Rac1
GTP

Pak1

LIM kinase

Cofilin

Actin polymerisation

MLC Kinase

MLC Phosphorylation

Contraction

Stress fibers

Detachment

Filopodia Lamellipodia
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Model of Rho GTPase regulation 
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Regulation of Rho GTPase
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Cell movement
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Rho GTPase is required for the transition of 

invasive phenotype



2/28/2014

21

41

Signaling pathways related to integrin and small GTPase
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E-cadherin and Rho GTPase signaling 
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