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NORMAL HOMEOSTASIS
(balance of proliferation and apoptosis)
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Renewing tissues
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Complete regeneration:

Epidermis, Gl tract
epithelium,
hematopoietic system
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Stable tissues
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Compensatory growth
of liver and kidney

Wound healing,
scar formation

Chronic intammation
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|
Deposition of connective tissue;
proliferation of residual cells
within disrupted matrix

Proliferation of residual cells
within intact matrix
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A. Skin i Epidermal stem cells  B- Intestine
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Growth Factor Symbol
Epidermal growth a EGF
Transforming growth factor a TGF-a
Heparin-binding EGF HB-EGF

Hepatocyte growth factor/scatter factor HGF

Vascular endothelial cell growth factor ~ VEGF
(isoforms A, B, C, D)

Platelet-derived growth factor (isoforms PDGF
A, B, C, D)

Fibroblast growth factor 1 (acidic), 2 FGF
(basic), and family

Transforming growth factor B (isoforms 1, TGF-B
2, 3); other members of the family are
BMPs and activin

Keratinocyte growth factor (also called  KGF
FGF-7)
Tumor necrosis factor TNF
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Source
Platelets, macrophages, saliva, urine, milk, plasma

Macrophages, T lymphocytes, keratinocytes, and
many tissues

Macrophages, mesenchymal cells

Mesenchymal cells

Many types of cells

Platelets, macrophages, endothelial cells,
keratinocytes, smooth muscle cells

Macrophages, mast cells, T lymphocytes, endothelial
cells, fibroblasts

Platelets, T lymphocytes, macrophages, endothelial
cells, keratinocytes, smooth muscle cells, fibroblasts

Fibroblasts

Macrophages, mast cells, T lymphocytes

Functions

Mitogenic for keratinocytes and fibroblasts;
stimulates keratinocyte migration and granulation
tissue formation

Similar to EGF; stimulates replication of hepatocytes
and most epithelial cells

Keratinocyte replication

Enhances proliferation of hepatocytes, epithelial cells,
and endothelial cells; increases cell motility,
keratinocyte replication

Increases vascular permeability; mitogenic for
endothelial cells (see Table 3-3); angiogenesis
Chemotactic for PMNs, macrophages, fibroblasts, and
smooth muscle cells; activates PMNs, macrophages,
and fibroblasts; mitogenic for fibroblasts, endothelial
cells, and smooth muscle cells; stimulates production
of MMPs, fibronectin, and HA; stimulates
angiogenesis and wound contraction

Chemotactic for fibroblasts; mitogenic for fibroblasts
and keratinocytes; stimulates keratinocyte migration,
angiogenesis, wound contraction, and matrix
deposition

Chemotactic for PMNs, macrophages, lymphocytes,
fibroblasts, and smooth muscle cells; stimulates TIMP
synthesis, angiogenesis, and fibroplasia; inhibits
production of MMPs and keratinocyte proliferation

Stimulates keratinocyte migration, proliferation, and

differentiation
Activates macrophages; regulates other cytokines;
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Growth Factor Symbol
Epidermal growth a EGF
Transforming growth factor a TGF-a
Heparin-binding EGF HB-EGF

Hepatocyte growth factor/scatter factor HGF

Vascular endothelial cell growth factor ~ VEGF
(isoforms A, B, C, D)

Platelet-derived growth factor (isoforms PDGF
A, B, C, D)

Fibroblast growth factor 1 (acidic), 2 FGF
(basic), and family

Transforming growth factor B (isoforms 1, TGF-B
2, 3); other members of the family are
BMPs and activin

Keratinocyte growth factor (also called  KGF
FGF-7)
Tumor necrosis factor TNF

burns@usp.br

Importancia pratica
HER2 / HER2-Neu

Vasos — proliferagGes e nutri¢cdo tumoral

Bloqueio de hipercicatrizacdo
Fatores hematopodiéticos

Inibe crescimento celular mas promove fibrose
Potencial anti-inflamatério mas aumenta algumas
fungdes imunoldgicas (Treg)

E clinica pura

Functions

Mitogenic for keratinocytes and fibroblasts;
stimulates keratinocyte migration and granulation
tissue formation

Similar to EGF; stimulates replication of hepatocytes
and most epithelial cells

Keratinocyte replication

Enhances proliferation of hepatocytes, epithelial cells,
and endothelial cells; increases cell motility,
keratinocyte replication

Increases vascular permeability; mitogenic for
endothelial cells (see Table 3-3); angiogenesis
Chemotactic for PMNs, macrophages, fibroblasts, and
smooth muscle cells; activates PMNs, macrophages,
and fibroblasts; mitogenic for fibroblasts, endothelial
cells, and smooth muscle cells; stimulates production
of MMPs, fibronectin, and HA; stimulates
angiogenesis and wound contraction

Chemotactic for fibroblasts; mitogenic for fibroblasts
and keratinocytes; stimulates keratinocyte migration,
angiogenesis, wound contraction, and matrix
deposition

Chemotactic for PMNs, macrophages, lymphocytes,
fibroblasts, and smooth muscle cells; stimulates TIMP
synthesis, angiogenesis, and fibroplasia; inhibits
production of MMPs and keratinocyte proliferation

Stimulates keratinocyte migration, proliferation, and

differentiation
Activates macrophages; regulates other cytokines;
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Suporte mecanico Controle de crescimento

Manutencdo da diferenciacdo Base para regeneracdo / reparo
Microambientes teciduais Armazenamento de moléculas regulat

prlendll), (e, /UL, (WL, (Tf W, Qe WL, (-, (Whe/ 1A, b,

Fibroblast
Integrins
Endothelial cells

BASEMENT MEMBRANE
* Type IV collagen

Proteoglycan
INTERSTITIAL MATRIX
Type IV collagen « Fibrillar collagens
yPe « Elastin
Laminin « Proteoglycan and
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EXTRACELLULAR
MATRIX

CYTOPLASMIC CYTOPLASMIC
SIGNAL SIGNAL
TRANSDUCTION TRANSDUCTION
PATHWAYS PATHWAYS

PROLIFERATION, DIFFERENTIATION,
PROTEIN SYNTHESIS, ATTACHMENT, ED‘C | N A
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*Inflamacao
*Angiogénese
*Migracao e proliferacao de fibroblastos

*Formacao da cicatriz f .
‘ Maturation [f\
*Remodelamento
e
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Proliferation \ ”'g Collagen
. P deposition
‘ Inflammation \ ’/'
I”’
* Clot formation g « Collagen matrix
* Chemotaxis ,/ * Wound contraction
_»" e« Re-epitheliaization
L #S * Angiogenesis and
et granulation tissue
o * Provisional matrix
F ' | ] ] 1 ] 1
2 4 6 8 10 12 14 16 A
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A. Angiogenesis from pre-existing vessels

| spmutmg
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B. Angiogenesis by mobilization of EPCs from the bone marrow
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-r?- Capillary plexus

Mature network
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Signai-emitting cell Endotheiial “tip” cell Gene transcription
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A. HEALING OF THIN WOUND B. HEALING WITH SCAR FORMATION

AND CONTRACTION

24 hours

3to 7 days

Weeks

Fibrous union
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' Maturation !I
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Debridement
Removal of injured

tissue and debris:
Antimicrobial
activity:
\,] Chemotaxis and
> proliferation of
[ fibroblasts and
keratinocytes:

Macrophage Angiogenesis:

Deposition and
remodeling
of ECM:

Phagocytosis,
collagenase, elastase
Nitric acid, ROS I

PDGF, TGF-f3, TNF,
IL-1, KGF-7

VEGF, FGF-2, PDGF

TGF-8, PDGF, TNF, OPN

IL-1, collagenase, MMPs
L N/ S
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PERSISTENT STIMULUS
{chronic inflammation)

]

‘ Activation of macrophages and lymphocytes ‘Il

Cytokines Decreased metalloproteinase
(TNF, IL-1, IL-4, IL-13) activity

Growth factors
(PDGF, FGF, TGF-f)

Proliferation of fibroblasts, -
endothelial cells, and
specialized fibrogenic cells

L Increased collagen Decreased collagen
i synthesis degradation
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Cellular and vascular response
|

v
Stimulus removed Persistent tissue damage
(acute injury)
| . 1
Parenchymal cell death Parenchymal cell death
(intact tissue framework) (damaged tissue framework)
Superficial wounds Deep wounds
Some inflammatory processes
\J
R - TION REPAIR FIBROSIS
L e Scar formation Tissue scar
Examples: Examples: Examples:
Liver regeneration after partial Deep excisional wounds Chronic inflammatory diseases
hepatectomy Myocardium infarction (cirrhosis, chronic pancreatitis,
Superficial skin wounds pulmonary fibrosis)
Resorption of exudate in lobar
pneumonia
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