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Regeneration - anatomic structures are completely 
replaced by the growth of new cells and tissues

Healing - a tissue response to injury leading to collagen 
deposition and scar formation (fibrosis)

Mammals have a limited capacity for regeneration and a 
greater propensity for healing with fibrosis

Reparative Process





Injury or wound

Immune reactionCut or burn
Infarction

Infection

Chemical agent
Mechanical

force

Tumor
invasion

Genetic
defect



Acute wound - an orderly and timely reparative process 
leading to complete or partial restoration

Chronic wound - failed to proceed in an orderly and 
timely reparative process, or proceeded through the 
repair process without a sustained structure/function

Classification of Wounds





Labile tissues - constantly proliferating (derived from 
tissue stem cells)

Stable tissues - normally a low level of replication and 
can undergo rapid division in response to stimuli (mitosis 
of differentiated cells + stem cells)

Permanent tissues - loss the ability to replicate (no 
apparent stem cells)

Tissue Types and 
Regenerative Capacity
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Acute Tubular Necrosis



Multiple overlapping processes leading to wound closure

Hemostasis - platelets & fibrin

Inflammation - PMNs, macrophages & lymphocytes

Regeneration - re-epithelization

Fibrosis - angiogenesis, fibroblasts & ECM

Remodeling - collagen crosslinking/degradation

Components of Healing



Hemorrhage

Release of vasoactive compounds

Platelets and coagulation cascade 
form a blood clot (fibrin, platelets, 
red blood cells & leukocytes) - a 
protective covering (eschar or 
“scab”)

Blood clot - provisional ECM

Hemostasis Phase



Cells of inflammation - neutrophils, macrophages, 
lymphocytes

Activated macrophage release growth factors 
leading to the formation of granulation tissue via 
angiogenesis

MACROPHAGE orchestrates healing

Inflammatory Phase

Injury Inflammation Repair





Two mechanisms

Migration - dominant process

Mitosis (replication)

Regeneration Phase 
(Re-epithelization)





ECM - adhesion and fibrous proteins embedded in a 
hydrated polysaccharide gel

Proteoglycans (glycoaminoglycans)

Fibrous structural proteins (collagen and elastin)

Fibronectin and laminin

Gel matrix (”ground substance”) - diffusion of nutrients, 
metabolites, growth factors, and hormones

Extracellular Matrix (ECM)



Epithelium

Integrins

Capillary

BASEMENT MEMBRANE
   • Type IV collagen
   • Laminin
   • Proteoglycan

INTERSTITIAL MATRIX
   • Fibrillar collagens
   • Elastin
   • Proteoglycan and
     hyaluronan

Fibroblast
Integrins
Endothelial cells

Proteoglycan

Type IV collagen

Laminin

Fibroblast

Cross-linked
collagen triple helices Proteoglycan

Adhesive
glycoproteins

Integrins

Extracellular Matrix Components



Collagen Location Cells

Type I
Skin, bone, tendon: hard mature scar 
tissue late in fibrosis and in late 
cirrhosis, constituting 90% body 
collagen

Primarily fibroblasts, but in other 
cells also

Type II Cartilage Chondrocytes

Type III

Blood vessels, smooth muscle in 
uterus, GI tract, and other hollow 
organs; in rapidly proliferating tissues; 
during embryogenesis, wound healing, 
organ regeneration; early cirrhosis and 
fibrosis

Smooth muscle cells, primitive 
fibroblasts and stem cells

Type IV Basement membranes
Epithelial cells and highly 
specialized stromal cells such as 
endothelial and muscle cells

Major Collagens



Fibronectin Laminin



Growth factor
Integrin Integrin

Laminin
fibers

Laminin
fibers

Collagen
Collagen

Fibronectin Fibronectin

Growth factor
receptor

Focal adhesion complexes

Actin cytoskeleton

Growth factor
receptors

EXTRACELLULAR
MATRIX

Growth factors
β α β α

Nucleus

CYTOSKELETON-MEDIATED
SIGNALS

PROLIFERATION, DIFFERENTIATION,
PROTEIN SYNTHESIS, ATTACHMENT,

MIGRATION, SHAPE CHANGE

CYTOPLASMIC
SIGNAL

TRANSDUCTION
PATHWAYS

CYTOPLASMIC
SIGNAL

TRANSDUCTION
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Increased collagen synthesis - PDGF, FGF, TGF-beta and 
interleukins (IL-1 & IL-13)

Granulation tissue - type III collagen

Scar formation - type I collagen

Myofibroblasts - wound contraction

Angiogenesis (neovascularization) - Vascular Endothelial 
Growth Factor (VEGF)

Fibrosis Phase



Type I collagenType III collagen



A. Angiogenesis by mobilization of EPCs from the bone marrow

B. Angiogenesis from pre-existing vessels

Bone
marrow

Homing

Capillary
sprouting

Capillary plexus

Mature network

Mature
network

EPCs

EPCs

Angiogenesis in Tissue Repair



Angiogenesis



Granulation tissue



Granulation tissue evolves into scar

Balance between extracellular matrix synthesis and 
degradation

Matrix metalloproteinases (MMPS) - interstitial 
collagenases, gelantinases & stromelysins require zinc 
as a cofactor

Tissue inhibitors of metalloproteinases (TIMPS)

Tissue Remodeling Phase



Tissue Remodeling Phase



PERSISTENT STIMULUS
(chronic inflammation)

Activation of macrophages and lymphocytes

Growth factors
(PDGF, FGF, TGF!)

Cytokines
(TNF, IL-1, IL-4, IL-13)

Decreased metalloproteinase
activity

Proliferation of fibroblasts,
endothelial cells, and

specialized fibrogenic cells
Increased collagen

synthesis
Decreased collagen

degradation

FIBROSIS

Fibrosis



Eschar

Grafts

Regeneration

Fibrosis & Remodeling

Split Skin Graft

Cutaneous Tissue Repair

Meshing Device



24 hours

3 to 7 days

Weeks

HEALING BY FIRST INTENTION
Scab

Neutrophils
Clot

Mitoses

Granulation tissue
Macrophage
Fibroblast
New capillary

Fibrous union

HEALING BY SECOND INTENTION

Wound
contraction



Primary Union (”healing by first intention”)



24 hours

3 to 7 days

Weeks

HEALING BY FIRST INTENTION
Scab

Neutrophils
Clot

Mitoses

Granulation tissue
Macrophage
Fibroblast
New capillary

Fibrous union

HEALING BY SECOND INTENTION

Wound
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Secondary Union (”healing by secondary intention”)



Amount of granulation tissue greater than primary union

Wound contraction and scar is more prominent

Increased risk of bacterial contamination

Epidermis migration is slow

Advantages

Large defects can be closed

Contaminated wounds may heal

Secondary Union



Wound dehiscence - rupture of a wound

Wound contraction

Exuberant granulation tissue (”proud flesh”)

Excessive collagen formation and/or decreased 
degradation

Hypertrophic scar

Keloid

Complications of Cutaneous 
Wound Healing



Hypertrophic scar



Keloid



Hypertrophic Scar



Local Factors Systemic Factors
Blood supply Age

Denervation Anemia

Local infection
Drugs (e.g., steroids, cytoxic medications, intensive 
antibiotic therapy)

Foreign body Genetic disorders (e.g., osteogenesis imperfecta, 
Ehlers-Danlos syndromes, Marfan syndrome)

Hematoma Hormones

Mechanical stress Jaundice

Necrotic tissue Malignant disease

Protection (dressings) Malnutrition

Surgical techniques Obesity

Systemic infection

Temperature

Trauma, hypovolemia and hypoxia

Uremia

Vitamin deficiency (e.g., vitamin C)

Trace metal deficiency (e.g., zinc and copper)

Factors that Retard Tissue Repair



Replacement of wound healing exudate by 
granulation tissue leading to fibrosis

Body cavities - fibrous adhesions

Heart valves - stenosis, or regurgitation

Lungs - reduces total lung capacity

Joint space - immobilized/fused joint

Abscess - walled off by a fibrous capsule

Organization



Stimulus removed
(acute injury)

Parenchymal cell death
 (intact tissue framework)
Superficial wounds
Some inflammatory processes

Examples:
Liver regeneration after partial
 hepatectomy
Superficial skin wounds
Resorption of exudate in lobar
 pneumonia

Examples:
Deep excisional wounds
Myocardium infarction

Examples:
Chronic inflammatory diseases
(cirrhosis, chronic pancreatitis,
pulmonary fibrosis)

Parenchymal cell death
 (damaged tissue framework)
Deep wounds

REGENERATION
Restitution of

normal structure

HEALING
Scar formation;

organization of exudate
FIBROSIS
Tissue scar

Persistent tissue damage

Cellular and vascular response

INJURY

Overview of Tissue Repair



Summary
Tissue repair is a very important biological process

Each tissue has evolved a complex array of 
biochemical and cellular reparative responses to 
injury




