
Molecular Mechanisms in 
Fibrosis: the role of ECM



Fibrosis is scarring and tissue hardening caused by the excess deposition of 

extracellular matrix (ECM) proteins by myofibroblasts in response to chronic 

inflammation. 

A variety of noxious stimuli—including toxins, infectious pathogens, autoimmune 

reactions, and mechanical stress—are able to induce a fibrotic cellular response.

Fibrosis can affect all tissues of the body, and left unchecked, can result in organ 

failure and death. 

Current research on key signaling pathways that regulate fibrogenesis has 

identified potential therapeutic targets of interest to stem the progression of 

fibrosis and restore cellular function.

Fibrosis



Schematic representation of the organization of the ECM in epithelium and underlying connective tissues . (1)
Basement membrane is a unique pericellular matrix, defined as an amalgam of two networks: the scaffold of self-
associating laminins and the polymer-like network of collagen IV. Perlecan and nidogens further bridge these networks. 
Epithelial cells are connected to the basement membrane through hemidesmosomes, where laminins are bound to 
integrins. (2) Basement membrane anchors to interstitial matrix through a variety of collagen fibrils, including collagens VI 
and VII. The former interacts with collagen IV and perlecan, whereas the latter with collagen IV, laminins, and collagen I 
fibrils. (3) The main collagen type in the interstitial matrix are the heterotypic fibrils of collagens I, III, and V. SLRPs and
fibronectin participate in collagen assembly and fibrillogenesis. Many other components contribute in interstitial matrix 
organization including elastin, proteoglycans and HA. (4) Cell surface receptors of stromal cells such as integrins, DDRs, 
syndecans, glypicans, and growth factor receptors (GFR) interact with ECM components and growth factors (GF). The 
bioavailability and binding of growth factors such as TGFb, is regulated by SLRPs and the LAP and LTBP. (5) HA forms large 
aggregates with hyalectans, contributing to the rigidity of the ECM. It also interacts with cell surface receptors, such as 
CD44.



Schematic representation of wound healing phases. In each phase, the participation of ECM 

proteins is essential and its composition, mainly in the connective tissue, alters the 

hemostatic, inflammatory, proliferative and tissue remodeling phases of healing. 

Fibrin, fibronectin, platelets and HA bound to fibrinogen, vitronectin, factor XIIIα and other 

clotting proteins are major constituents during the hemostatic phase of the wound. 

As leukocytes migrate into the wound site, they release proteases to degrade the fibrin-rich 

ECM. Immune cells secrete a broad range of inflammatory cytokines and growth factors to 

attract stromal cells to migrate into the wound. Several matrix-stored growth factors (i.e. 

PDGF, EGF, TGF-β) and PGs released and secreted from endothelial cells (i.e. syndecans, 

decorin, lumican) are also displaced. 



In the next phase, stromal fibroblasts migrating into the wound area (arrows) produce a 

provisional ECM characterized by the presence of fibronectin, matricellular proteins, 

decreased protease activity, fibrillar (type I, III) and non-fibrillar (type IV, VI, VII) collagen, 

and growth factors (i.e. EGF, FGF, TGF-β). The secreted matrix PGs (i.e. decorin, lumican) and 

collagen that are associated with mature healing wounds are secreted by keratinocytes and 

leukocytes to promote proliferation and migration of vascular components, endothelial and 

epithelial cells. 

During the tissue remodeling phase, the stiffer matrix and several growth factors (i.e. TGF-β) 

trigger stromal cells to induce wound contraction by adopting a myofibroblast phenotype. 

The supportive ECM is enriched in matrix PGs, proteases and realigned collagen type I cross-

linked fibers. The final step in wound repair involves the formation of overly aligned collagen 

fibers that regain almost 80% of the primary tissue functionality. 



Inflammation and
Wound Healing



What is Inflammation?

• Response to injury (including infection) 

• Reaction of blood vessels leads to:

– Accumulation of fluid and leukocytes in extravascular tissues

• Destroys, dilutes, or wash off the injurious agent 

• Initiates the repair process

• Fundamentally a protective response

• May be potentially harmful

– Hypersensitivity reactions to insect bites, drugs, contrast  media in radiology

– Chronic diseases: arthritis, atherosclerosis

– Disfiguring scars, visceral adhesions

• Consists of two general components

– Vascular reaction

– Cellular reaction

• Controlled by a variety of chemical mediators

– Derived from plasma proteins

– Derived from cells inside and outside of 
blood vessels



Historical Highlights

• Celsus, a first century A.D. Roman, listed four 
cardinal signs of acute inflammation:

– Rubor (erythema [redness]): vasodilatation, 
increased blood flow

– Tumor (swelling): extravascular accumulation of 
fluid

– Calor (heat): vasodilatation, increased blood flow

– Dolor (pain)



Types of Inflammation

• Acute inflammation
– Short duration

– Edema

– Mainly neutrophils

• Granulomatous 
inflammation
– Distinctive pattern of chronic 

inflammation

– Activated macrophages 
(epithelioid cells) 
predominate

– +/- Multinucleated giant cells 

• Chronic inflammation
– Longer duration

– Lymphocytes & macrophages 
predominate

– Fibrosis

– New blood vessels 
(angiogenesis)



Acute Inflammation

• Three major components:
– Increase in blood flow (redness & warmth)

– Edema results from increased hydrostatic 
pressure (vasodilation) and lowered 
intravascular osmotic pressure (protein leakage) 

– Leukocytes emigrate from microcirculation and 
accumulate in the focus of injury

• Stimuli: infections, trauma, physical or 
chemical agents, foreign bodies, immune 
reactions



Edema in inflammation
Edema is a general term for 

swelling (usu. due to fluid)

Plasma proteins in blood maintain 
a “colloid osmotic pressure” to 
help draw fluid that leaks out 
into tissue bed via hydrostatic 
pressure

Dysregulation of hydrostatic 
pressure (e.g. heart failure) 
and/or colloid pressure 
(decresased protein 
synthesis/retention) pushes out 
more fluid (transudate) into 
tissue bed

Inflammation causes endothelial 
cells to separate, thus allowing 
fluid + protein (exudate) to 
enter tissue bed. 



Leukocyte Extravasation
• Extravasation: delivery of leukocytes from the vessel lumen to the interstitium

– In the lumen: margination, rolling, and adhesion

– Migration across the endothelium (diapedesis)

– Migration in the interstitial tissue (chemotaxis) 

• Leukocytes ingest offending agents (phagocytosis), kill microbes, and degrade necrotic 
tissue and foreign antigens

• There is a balance between the helpful and harmful effects of extravasated leukocytes



Sequence of Leukocyte Emigration

• Neutrophils predominate during the 
first 6 to 24 hours

• Monocytes in 24 to 48 hours 

• Induction/activation of different 
adhesion molecule pairs and specific 
chemotactic factors in different phases of 
inflammation



Sequence of Events - Injury



Sequence of Events - Infection



Outcomes of Acute Inflammation

• Complete resolution

• Abscess formation

• Fibrosis 
– After substantial tissue destruction

– In tissues that do not regenerate

– After abundant fibrin exudation, especially 
in serous cavities (pleura, peritoneum)

• Progression to chronic inflammation



Types of Inflammation: acute vs. chronic

Types of repair: resolution vs. organization (fibrosis)



Chronic Inflammation

• Inflammation of prolonged duration (weeks or 
months) 

– Active inflammation, tissue destruction, and 
attempts at repair are proceeding simultaneously

• May follow acute inflammation or begin 
insidiously and often asymptomatically

– Persistent infections, exposure to toxic agents 
such as silica (silicosis), or by autoimmunity



Chronic Inflammation

• Persistent infections

– Treponema pallidum [syphilis], viruses, fungi, parasites

• Exposure to toxic agents

– Exogenous: silica (silicosis)

– Endogenous: toxic plasma lipid components 
(atherosclerosis)

• Autoimmunity

– Rheumatoid arthritis, systemic lupus erythematosus



Chronic Inflammation

• Histological features

– Infiltration with mononuclear cells 
(macrophages, lymphocytes, and plasma cells)

– Tissue destruction (induced by the 
inflammatory cells)

– Healing by replacement of damaged tissue by 
connective tissue (fibrosis)  and new blood 
vessels (angiogenesis)



Macrophages

• Monocytes begin to emigrate into 
tissues early in inflammation where they 
transform into the larger phagocytic cell 
known as the macrophage

• Macrophages predominate by 48 hours

– Recruitment (circulating monocytes); 
division; immobilization

• Activation results in secretion of 
biologically active products







Other Cells in Chronic Inflammation

• Lymphocytes

– Produce inflammatory mediators 

– Participate in cell-mediated immune reactions

– Plasma cells produce antibody

– Lymphocytes and macrophages interact in a 
bi-directional fashion 



Other Cells in Chronic Inflammation

• Eosinophils

– Immune reactions mediated by IgE

– Parasitic infections 

• Eosinophil granules contain a protein that is 
toxic to parasites 

• Mast cells

– Release mediators (histamine) and cytokines



Granulomatous Inflammation

• Distinctive pattern of chronic inflammation 

– Predominant cell type is an activated macrophage 
with a modified epithelial-like (epithelioid) 
appearance 

– Giant cells may or may not be present

• Granuloma: 
Focal area of granulomatous inflammation 



Chemical Mediators of Inflammation
• General principles of chemical mediators

– May be derived from plasma or cells
– Most bind to specific receptors on target cells
– Can stimulate release of mediators by target cells, which may amplify or ameliorate the 

inflammatory response
– May act on one or a few target cells, have widespread targets, and may have differing effects 

depending on cell and tissue types
– Usually short-lived 
– Most have the potential to cause harmful effects 



Chemical Mediators of Inflammation

• Vasoactive mediators

– Histamine 

– Bradykinin

– Complement (C3a, C5a)

– Prostaglandins/leukotrienes

– Platelet activating factor

– Nitric oxide

• Chemotactic factors

– Complement (C5a)

– Leukotriene (B4)

– Platelet activating factor

– Cytokines (IL-1, TNF)

– Chemokines

– Nitric oxide



Cytokines  

• Proteins produced by many cell types 
(principally activated lymphocytes & 
macrophages) 

• Modulate the function of other cell types

• Interleukin-1 (IL-1) and tumor necrosis factor 
(TNF) are the major cytokines that mediate 
inflammation 



Chemokines

• Small proteins that act primarily as 
chemoattractants for specific types of 
leukocytes (approximately 40 known)

• Stimulate leukocyte recruitment in 
inflammation 

• Control the normal migration of cells through 
tissues (organogenesis and maintenance of 
tissue organization)

• Examples:  IL-8, eotaxin, lymphotactin







































Schematic representation of the organization of the ECM in epithelium and underlying connective tissues . (1)
Basement membrane is a unique pericellular matrix, defined as an amalgam of two networks: the scaffold of self-
associating laminins and the polymer-like network of collagen IV. Perlecan and nidogens further bridge these networks. 
Epithelial cells are connected to the basement membrane through hemidesmosomes, where laminins are bound to 
integrins. (2) Basement membrane anchors to interstitial matrix through a variety of collagen fibrils, including collagens VI 
and VII. The former interacts with collagen IV and perlecan, whereas the latter with collagen IV, laminins, and collagen I 
fibrils. (3) The main collagen type in the interstitial matrix are the heterotypic fibrils of collagens I, III, and V. SLRPs and
fibronectin participate in collagen assembly and fibrillogenesis. Many other components contribute in interstitial matrix 
organization including elastin, proteoglycans and HA. (4) Cell surface receptors of stromal cells such as integrins, DDRs, 
syndecans, glypicans, and growth factor receptors (GFR) interact with ECM components and growth factors (GF). The 
bioavailability and binding of growth factors such as TGFb, is regulated by SLRPs and the LAP and LTBP. (5) HA forms large 
aggregates with hyalectans, contributing to the rigidity of the ECM. It also interacts with cell surface receptors, such as 
CD44.









Schematic representation of wound healing phases. In each phase, the participation of ECM 

proteins is essential and its composition, mainly in the connective tissue, alters the 

hemostatic, inflammatory, proliferative and tissue remodeling phases of healing. 

Fibrin, fibronectin, platelets and HA bound to fibrinogen, vitronectin, factor XIIIα and other 

clotting proteins are major constituents during the hemostatic phase of the wound. 

As leukocytes migrate into the wound site, they release proteases to degrade the fibrin-rich 

ECM. Immune cells secrete a broad range of inflammatory cytokines and growth factors to 

attract stromal cells to migrate into the wound. Several matrix-stored growth factors (i.e. 

PDGF, EGF, TGF-β) and PGs released and secreted from endothelial cells (i.e. syndecans, 

decorin, lumican) are also displaced. 



In the next phase, stromal fibroblasts migrating into the wound area (arrows) produce a 

provisional ECM characterized by the presence of fibronectin, matricellular proteins, 

decreased protease activity, fibrillar (type I, III) and non-fibrillar (type IV, VI, VII) collagen, 

and growth factors (i.e. EGF, FGF, TGF-β). The secreted matrix PGs (i.e. decorin, lumican) and 

collagen that are associated with mature healing wounds are secreted by keratinocytes and 

leukocytes to promote proliferation and migration of vascular components, endothelial and 

epithelial cells. 

During the tissue remodeling phase, the stiffer matrix and several growth factors (i.e. TGF-β) 

trigger stromal cells to induce wound contraction by adopting a myofibroblast phenotype. 

The supportive ECM is enriched in matrix PGs, proteases and realigned collagen type I cross-

linked fibers. The final step in wound repair involves the formation of overly aligned collagen 

fibers that regain almost 80% of the primary tissue functionality. 























Schematic representation of ECM remodeling during fibrosis ((A) Abnormal tissue repair due to deregulated myofibroblasts
results in a stiff and disorganized ECM. (1) Various persistent stimuli like growth factors (GFs) and cytokines from immune 
cells and injury-activated fibroblasts promote their differentiation to myofibroblasts. (2) Myofibroblasts secrete abnormal 
amounts of ECM macromolecules, whereas their interactions with the stiff matrix via cell surface receptors such as integrins
further advance their activation and fibrous matrix accumulation. TLRs promote proinflammatory signaling via binding to 
fibronectin, TN C or HA. Integrins bind to matricellular proteins activating intracellular signals but also activate TGFb
inducing potent profibrotic signaling. Syndecans also facilitate the profibrotic signaling of angiotensin II. (3) The fibrotic ECM 
is characterized by high amounts of heterotypic collagens I, III, and V fibrils, as well as fibronectin fibrils, versican and HA 
aggregates, matricellular proteins, and cross-linking enzymes, such as LOX and LOX-like enzymes.



Pro-fibrotic growth factors and cytokines at sites of tissue injury

TGFb1, PDGF, Wnts, BMPs, IL-4, and IL-17 have been shown to activate and 

maintain myofibroblasts contributing to progression of fibrosis

Anti-fibrotic growth factors and cytokines

FGF2, interferon c, TGFb3 and IL-1 signaling suppresses myofibroblasts

Mechanical challenge is instructive for the progression of fibrosis for example 

by activating TGFb1 signaling

•Integrins such as avb1, avb3, avb5, avb6 and avb8 bind to RGD sequence of LAP 

of TGFb1 and TGFb3 and activate latent TGFb by applying cell-mediated 

mechanical forces on latent TGFb complexes and present TGFb on cell receptor

•Integrin avb8 activates latent TGFb by presenting this complex to MT1-MMP for 

proteolysis that leads to release of active TGFb1





In response to tissue damage, myofibroblasts—derived from a number of sources including 
resident fibroblasts, mesenchymal cells, circulating fibrocytes, and the transdifferentiation
of other cell types—initiate a wound healing response by remodeling the extracellular 
environment to restore tissue integrity and promote the replacement of parenchymal cells. 
Normally, this pro-fibrotic program is turned off as the tissue heals. However, persistent 
insult and injury results in dysregulation of this process, leading to pathologically excessive 
deposition of ECM proteins and, in concert with upregulated myofibroblast activity, creates 
a chronic inflammatory environment with macrophage and immune cell infiltration. In this 
cellular milieu, cytokines and growth factors are abundantly released, including 
transforming growth factor-beta (TGF-β) family members and Wingless/Int-1 (Wnt1) which 
act as the principal effectors of the fibrotic process. TGF-β and Wnt1 bind to their cognate 
cell surface receptors and initiate downstream signaling—ultimately leading to the nuclear 
translocation of Smad2/3 and CBP/β-Catenin transcriptional modulators, respectively. This 
results in the upregulated expression of target genes that function to further enhance 
myofibroblast differentiation and the production and secretion of ECM proteins including 
collagen, laminin, and fibronectin.

As excessive ECM deposition progresses, the structure of the matrix alters and becomes 
stiff. ECM tension is sensed by cells through mechanotransduction via cell surface integrin
receptors which activate the Hippo signaling pathway and its primary downstream effectors 
YAP and TAZ. In yet another feed forward loop, activated YAP and TAZ translocate to the 
nucleus and contribute to the upregulation of profibrotic genes—including CTGF and 
PDGF—which promote myofibroblast proliferation and activation via the PI3K/AKT/mTOR
pathway.


