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qWound healing is the process of repair that follows injury to

the skin and other soft tissues.

q Healing generates resurfacing, reconstitution, and

restoration of the tensile strength of injured tissue.

qWound healing is a complicated biological process involving

many cell types, various cytokines, growth factors and their

interactions.



The Skin Layers



Wound classification according to depth
of the wound



Wound classification according to healing 
duration
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1) The injured area is covered with clot 12-24 hours after
injury.



2) Between 3-7 days after injury, endothelial cells migrate to this region, multiply and
new blood vessels form. Fibroblasts migrate to the scar tissue where they are
proliferating. The new tissue is called the granulation tissue. Keranocytes multiply at
the wound edge and migrate to provisional matrix of damaged dermis.



3) One-two weeks after injury, the wound is completely filled with granulation

tissue. Fibroblasts become myofibroblasts. This leads to wound contraction

and collagen accumulation. The wound is completely covered with new

epidermis.



Wound Healing Phases



Inflammatory phase

� The reaction that occurs immediately after wounding

includes a series of defensive events that involves the

recognition of a pathogen and the mounting of a

reaction against it.

� This reaction involves both coagulation and

inflammation



Inflammatory phase
� Coagulation. Apart from an initial period of

vasoconstriction lasting for 5-10 minutes, tissue injury

causes vasodilation, the disruption of blood vessels and

extravasation of blood constituents, including platelets

� The main functions of the exudate are to:

� Provide cells capable of tissue reconstruction

� Dilute microbial toxins

� Remove contaminants present in the wound



Inflammatory phase
• Coagulation. Shortly after tissue damage, in the first

step of wound healing, blood components and tissue

factors are released into the wound area.

• The platelets are early modulators of the healing

process. They undergo adhesion, aggregation, and

activation as a result of their contact with collagen of the

damaged vessels, which leads to release of adhesion

glycoproteins for platelet aggregation



Blood Cloting
• The key glycoproteins, which are released from α granules of

platelets, are fibrinogen, fibronectin, vitronectin,

thrombospondin

• The surface of the activated platelets simultaneously

becomes the place of prothrombin activation, which

leads to creation of active thrombin—the key factor of

the coagulation process catalyzing the transformation of

fibrinogen into fibrin and as a result of that it forms a

blood clot



Blood Cloting



• The blood clot protects the structural integrity of vessels and

provides a provisional “scaffolding” which enables formation of a

temporary matrix in the wound bed.

• The main component of this temporary, hyaluronan-rich matrix

is also plasma fibronectin, which is accumulated in the wound

during the first 24 hours after the injury

• The polymerized fibronectin shows highly adhesive properties

entering the interaction with numerous cells by integrin

receptors and stimulates the migration and adhesion of

fibroblasts, keratinocytes, and endothelial cells.



q Cell-ECM interactions are equally important in closing
epithelial wounds. 24 hours after injury, accumulation of
fibronectin occurs, followed by collagen type IV and
laminin deposition to form basement membrane. In this
way, matrix adhesion and migration are closely related to
wound closure of the matrix deposition.



q Fibroblasts originate from the connective tissue and

travel along the fibrin filaments to the wound area.

During cutaneous wound closure, keratinocytes

migrate primarily through a transient matrix of

fibronectin, vitronectin, tenascin and collagen type III.



Inflammation phase

v Neutrophils

v Macrophages

v Lymphocytes



Neutrophils

• Neutrophils are the first inflammatory cells

that arrive the wound bed.

• It is visible in the wound after 6 hours

• Neutrophil sterilizes the bacteria and necrotic

tissues for three days by phagocytosis.



• Macrophages participate in phagocytosis and process of

killing bacteria or removing debris, by secreting matrix

metalloproteinases, for example, collagenase, or

elastase.

• They are the source of TGF-β also secreting PDGF, TGF-

α, bFGF, HB-EGF, IL-1, IL-6, and TGF-α.

• stimulating the proliferation of fibroblasts and collagen

biosynthesis,

• modulate the epithelialization, collagen accumulation, and

angiogenesis

Macrophages



Lymphocytes

• In the late inflammatory phase, lymphocytes

also infiltrate the wound environment

influencing fibroblast proliferation and collagen

biosynthesis







Proliferative Phase

• As the healing progresses, fibronectin produced

by macrophages and fibroblasts contributes to the

formation of granulation tissue in the wound bed.

• These matrix molecules act as substrates in the

migration of endothelial cells

• Endothelial cells form vessels in the wound bed.



Granulation Tissue

o Fibroblasts,
o Myofibroblasts,
o Monocytes / macrophages,
o Lymphocytes, Microvessel
o Endothelial cells and
o ECM molecules (embryonic fibronectin,

hyaluronic acid, type III collagen, and small
amounts of type I collagen)



These ECM molecules lead to proliferation of fibroblast,

epithelium and endothelial cells by providing signals to the

cells with growth factors secreted by platelets and other

cells in the granulation tissue. This stage is called as

fibroplasia

The main function of fibroblasts is collagen synthesis. This

synthesis starts on the second day of the injury and shows

the highest activity on 5-7 days.





• PDGF and TGF-β, which is also secreted by blood
platelets and macrophages, regulates the accumulation
of ECM components

• The matrix of the early granulation tissue (up to the third
day after the injury) contains great amount of hyaluronic
acid and fibronectin.

• The hyaluronic acid molecules, which are characterized
by an ability to swelling, create a woven structure which
enables the coming cells to penetrate the wound area



• Fibronectin also facilitates the fibrogenesis of collagen.

• Starting with the third day after the injury, the

concentration of hyaluronic acid within the wound area

quickly decreases, while collagen takes the place of this

glycosaminoglycan.

• The collagen content in the granulation tissue increases

up to the third week.

• That is accompanied by a gradual decrease of the

fibroblast when they disappear in the process of

apoptosis



o Epithelization is the division of the lower layers of the skin
tissue and the covering of the granulation tissue. Epithelization
begins 24 hours after injury.

o Extracellular matrix, growth factors, and changes in the
electrical area generated by the wound stimulate the migration
of epithelial cells.

o After covering the wound surface, the epidermis begins
keratinization. Keratinocytes and fibroblasts secrete laminin
and type IV collagen to form the basal membrane.

Epithelization



Angiogenesis

• Angiogenesis is a key phase of the healing process. In

the course of this process, endothelial cells migrate to

the temporary matrix of the wound

• Without angiogenesis, there will be no invasion of

macrophages and fibroblasts into the wound bed because

there will be no oxygen and nutrients. Therefore, angiogenesis

continues until the end of wound healing.



ü Remodeling is the last phase of the healing process. In its
course, the wound surface is contracted. The key
phenomenon of wound contracture is phenotypic
differentiation of the preexisting fibroblasts into
myofibroblasts. The latter ones contain fibrils of alpha
smooth muscle actin (α-sma) microfilaments, which give the
cells the property of contracting



ü During this phase of the healing process, the granulation

tissue “matures” to the form of a scar, which is

accompanied by the increase of mechanic strength of the

formed tissue.

ü The mutual proportion of collagen types changes (type I

collagen content increases in favor of collagen type III), the

total collagen content increases, its spatial organization

becomes arranged, and the number of covalent cross-links

increases, which leads to increased tensile strength of the

tissue.



v Apoptosis plays an important role in the conversion of
granulation tissue to scar tissue.

v When the wound heals, the number of fibroblasts,
myofibroblasts, endothelial cells, pericytes decreases
considerably, matrix molecules, especially interstitial collagen
accumulate and scarring occurs.

v Cell death by apoptosis
during remodeling leads
to the elimination of many
different types of cells at
the same time without
causing tissue damage.









In studies up to now, it has been shown that ECM
molecules interact with cell surface receptors and transmit
signals directly or indirectly via a secondary messenger.

Secondary messengers illuminate the sequence of events
leading to coordinated expression of various genes that
cause cell adhesion, migration, proliferation, differentiation
and death.

Signal transmission is a network that occurs between
pathways associated with growth factor receptors, integrins
and G protein-coupled receptors (GPCRs).



§ Receptor tyrosine kinases (RTK) phosphorylate tyrosine
residues from substrate proteins.

§ EGF (Epidermal growth factor), NGF (Neuronal growth
factor), PDGF (Platelet derived growth factor), insulin
and some growth factor receptors are tyrosine kinases.

§ There are two classes of tyrosine kinases: 1) receptor
tyrosine kinases; 2) non-receptor tyrosine kinases. The
first group are transmembrane proteins with a ligand
binding extracellular domain and a catalytic intracellular
kinase domain. The second group is found in the
cytosol, the nucleus and the inner surface of the plasma
membrane.



§ The RTK binds to the signaling protein containing the
SH2 (src homology-2) region via the phosphorylated
tyrosines on them.

§ This interaction is like a well-customized key lock
compatibility. For example, the SH2 region of Src
recognizes phosphotyrosine - glutamic acid - glutamic
acid - isoleucine motifs.

§ Other proteins containing SH2 include the Grb2 adapter
protein, phospholipase C (PLC) and phosphoinositide-3-
kinase (PI3K). The signal is transmitted to the proteins by
the Grb2 and Sos adapter proteins and the non-receptor
tyrosine kinases (Src) that come together by the receptor.





§ The active secondary messenger in the intracellular

signaling pathway is from a phospholipid, PIP2

(phosphatidylinositol 4,5 biphosphate). Hydrolysis of

PIP2 with the enzyme phospholipase C (PLC) results in

the formation of two secondary reporters, diacylglycerol

(DAG) and inositol 1,4,5 triphosphate (IP3). These two

messengers activate two different signaling pathways:

protein kinase C (PKC) and calcium (Ca ++) release.



§ PKC activates other intracellular targets, such as the MAP Kinase
pathway, and causes phosphorylation in transcription factors that
affect gene expression and cell proliferation.



§ MAP kinases were serine and threonine protein kinases that were
activated by growth factors and other signaling molecules and
translocated to the nucleus. Upon activation by mitogenic signaling
pathways, MAPKs go to the nucleus and induce transcription factors to
bind to DNA.

§ There are at least three subgroups
of the MAPK family: 1) ERKs
(extracellular signal-regulated
kinase), 2) P38 and 3) Jnk (c-Jun
NH2-terminal kinase).

§ For ERK activation, two protein
kinases are involved: Raf, followed
by MEK (MAP kinase or ERK
kinase).



Cell receptor-ECM interactions leading to cellular
events are examined in three categories:
1) Type I Interactions contain integrins and proteoglycan
receptors and participate in cell adhesion / deadhession
processes during migration.
For example, cell migration is promoted when fibronectin is
bound to integrins along the cell-binding domain and to the
proteoglycan receptors along the heparin binding site.



(A) In the focal adhesion, the proteoglycan (tree-like structure) and integrin
(heterodimer) receptors on the plasma membrane (pm) bind to different
epitopes in the same ECM molecule. This binding leads to the
reorganization of the cytoskeletal. Many protein phosphorylation (eg, pp
125 FAK, Src, PKC) discloses gene activation pathways that are important
for migration, adhesion / deceased.



2) Type II interactions include processes that affect
survival and proliferation, as well as differentiation and
continuity of differentiated phenotypes.

In these processes, the extracellular matrix interacts with its
receptors and cooperates with growth factors and cytokine
receptors. These cooperative effects occur, for example,
during anchoring-dependent cell growth.



(B) The ECM molecule binds to integrin receptors via specific ligands to activate
the cytoskeletal elements. On the other hand, growth factors linked to matrix
molecules are bound to receptors with kinase activity.
Phospholipase C becomes active. Activated phospholipase C (PLC) catalyzes the
translation of phosphatidyl inositol biphosphate (PIP2) to two secondary
messengers known as, inositol triphosphate (IP3) and diacylglycerol (DAG). IP3
binds to receptors on the smooth endoplasmic reticulum, inducing the release of
intracellular calcium. These Ca ions either directly lead to gene expression or
indirectly work with protein kinase C (PKC) leading to gene expression. In this
case, gene activation is important in cell proliferation, differentiation and protection
of differentiated phenotypes.



3) Tip III interactions often involve processes leading to cell
death and mesenchymal transition from epithelia.

Signal transduction pathways lead to apoptosis, which is
designed for endothelial cells and leukocytes, and appears to
primarily involve tyrosine kinase activity.

Remodeling of the matrix during the transition from epithelial
cells to mesenchymal cells is an important component of the
interaction. The enzymatic degradation of the ECM contributes
to the release of the soluble components and components of
the ECM, which contain specific sequences that affect cell
behavior.



(C) Integrin receptors bind to ECM molecules that contain specific
domains. This binding leads to the activation of matrix protease genes.
The resulting products (black ellipse shaped) degrade the matrix and
release the peptide (line shaped), growth factors (triangle and tile). These
peptides and growth factors then interact with specific cell surface
receptors to activate G proteins and kinases. This activation also leads to
the expression of genes important in cell death and morphology.



1) ECM can prevent inflammation and tissue

rejection

2) ECM can provide suitable ground for cellular

differantiation and survival

3) ECM can provide appropriate environment for

preventing tissues from outer stimulants

Suitability of ECM for Tissue Engineering







Failure of Chronic Wound Healing





Diabetic Foot Ulcers (Chronic 
Wounds)



Skin Tissue Engineering



Skin Tissue Engineering








