HEALING

(repair)




* REGENERATION:

Growth of cells to replace lost tissues whict
dependent on the type of normal turnover the

original tissue has



Cell Population Fates

e PROLIFERATION

—Hormonal, especially steroid hormones
e DIFFERENTIATION*
« APOPTQOSIS

*One of the most KEY concepts in neoplasia
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CELL CYCLE

GO
— Quiescent (not a very long or dominent phase)

Gl
— PRE-synthetic, but cell GROWTH taking place

S

—Cel |l s which have contint
or larger S-phases, i.e., DNA synthesis

— S-phase of TUMOR CELLS can be prognostic
G2

— PRE-mitotic

M (Mitotic)






STEM CELLS

(TOTIPOTENTIALY)

« EMBRYONIC
« ADULT
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Growth Factors (GFs)

« LOCOMOTION

e CONTRACTILITY

e DIFFERENTIATION
« ANGIOGENESIS



Growth Factors (GFs)

* Epidermal

 Hepatocyte

e Vascular Endothelial

 PD (Platelet Derived) GF

* Fibroblast

o Keratinocyte

o Cytokines (TNF, IL-1, Interferons)



CELL PLAYERS
(source AND targets)

Lymphocytes, especially T-cells
Macrophages

Platelets

Endothelial cells

Fibroblasts

Keratinocytes
‘*Mesenchymal”™ cell s
Smooth muscle cells



E (Epidermal) GF

Made In platelets, macrophages
Present in saliva, milk, urine, plasma
Acts on keratinocytes to migrate, divide

Acts on fibroblasts to produce
“granul ati on” tilssue



T (Transforming) GF-alpha

 Made iIn macrophages,T-cells,keratinocytes
o Similar to EGF, also effect on hepatocytes



H (Hepatocyte) GF

eMade I n “mesenchymal’

* Proliferation of epithelium, endothelium,
hepatocytes

eEf fect on Ocel | “mot il



VE (Vascular Endothelial) GF

Made in mesenchymal cells
Triggered by HYPOXIA
Increases vascular permeability

KEYsubstance I n pr omo
tissue




PD (Platelet Derived) GF

Made In platelets, but also MANY other
cell types

Mitogen for fibroblasts
Angiogenesis
Another KEY player in granulation tissue



F (Fibroblast) GF

Chemotactic and mitogenic, for fibroblasts
and keratinocytes

Re-epithelialization
Angiogenesis, wound contraction
Cardiac/Skeletal (striated) muscle



T (Transforming) GF-beta

Made in MANY CELLS

Chemotactic for PMNs and MANY other
types of cells

Inhibits epithelial cells
Anti-Inflammatory




K (Keratinocyte) GF

 Made In fibroblasts

e Stimulates keratinocytes:
—Migration
— Proliferation
— Differentiation




| (Insulin-like) GF-1

 Made In macrophages, fibroblasts
o Stimulates:

—Collagen

—Keratinocyte migration

— Fibroblast proliferation

e Action similar to GH (Pituitary Growth
Hormone)



TNF (Tumor Necrosis Factor)

Made In macrophages, mast cells, T-cells
Activates macrophages

KEY influence on other cytokines

The MAJOR TNF is TNF-alpha



Interleukins

 Made in macrophages, mast cells, T-cells,
but also MANY other cells

« MANY functions:
—Chemotaxis
—Angiogenesis
— REGULATION of other cytokines



INTERFERONS

Made by lymphocytes, fibroblasts
Activates MACROPHAGES
Inhibits FIBROBLASTS
REGULATES other cytokines



SIGNALING

* Autocrine (same cell)
e Paracrine (next door neighbor)

 Endocrine (far away, delivered by blood,
steroid hormones)



AUTOCRINE SIGNALING

Extracellular

® signal

Yﬁemptﬂr

Target sites on same cell

PARACRINE SIGMNALING

Secretory cell Adjacent target cell

ENDOCRINE SIGNALING

Hormone secretion into
blood by endocrine gland

Distant target cells



HEALING

FOLLOWS INFLAMMATIONA

PROLIFERATION and MIGRATION of
connective tissue cellsA

ANGIOGENESIS (Neovascularization)A
Collagen, other ECM protein synthesisA
Tissue RemodelingA

Wound contractionA

Increase In wound strength (scar = fibrosis)



ANGIOGENESIS
(NEOVASCULARIZATION)

From endothelial precursor cells
From PRE-existing vessels

Sti mul ated/ Regul ated [
VEGF

Also regulated by ECM proteins
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HEALING BY SECOND INTENTION

HEALING BY FIRST INTENTION
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WOUND HEALING

o ISLINTENTION

e Edges lined up

e 2"d INTENTION

 Edges NO# lined up
 More granulation

* More epithelialization
« MORE FIBROSIS
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FIBROSIS/SCARRING

« DEPOSITION OF COLLAGEN by
FIBROBLASTS

o With time (weeks, months, years?) the
collagen becomes more dense, ergo, the
ti ssue becomes “ STROI



Wound RETARDING factors
(LOCAL)

« DECREASED Blood supply
e Denervation
e Local Infection
e Hematoma
 Mechanical stress
* Necrotic tissue



Wound RETARDING factors

(SYSTEMIC)
« DECREASED Blood supply

e Age
 Anemia
e Malighancy
« Malnutrition
e Obesity
* Infection
e Organ failure






