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NORMAL HOMEOSTASIS
(balance of proliferation and apoptosis)

r
=3

INJURY

REGENERATION HEALING

Renewing tissues Stable tissues Wound Chronic inflammation

v v

Y
Epidermis, GI
tract epithelium, Compensatory growth Wound healing, Fibrosis
hematopoietic system of liver and kidney scar formation
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Stem cells

Baseline cell population

v

Cell death (apoptosis)

>
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Fauvent's cell Enucieated oocyt

Nuclear transfer

Nuciear transfer
embryo

Nuciear transfer
blastocyst

Embryonic
stem celis

Differentiation in culture or in vivo

-

Bicod —
cells .
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Dermis
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Hair follicle bulge

Epidermal
stem cell




B. Intestine

Goblet cell
Absorptive
enterocyte

Enteroendocrine
cell

Crypt cells
(stem cells)

— Paneth cells

Intestinal stem cells

Downloaded from. Robbins & Cotran Pathologic Basis of Disease (on 2 November 2006 06:48 AM)
© 2005 Elsevier
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Growth Factors, Cytokines, Matrix

l

Pluripotent
stromal cells

l
Myotube

myo D

myogenin

others

VEGF
-
FGF2

Sox9

Chondroblasts

Osteoblasts




Blastocyst
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E.Mesodermal
progenitor ol

Hemalopoletc

progenior el
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|

3

| ECOON e

— Elotem }—’ll el ol of o, s,
p

Myocyles, osteoblasts, chondrocytes,
adipocytes, endothell cells

Bone marrows cells, red blood cels

&

* Keratnoeyte precursors, neuros,
Oligodendrocytes, ependymal cell
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AUTOCRINE SIGNALING

Extracellular

® signal

Y Receptor

Target sites on same cell

PARACRINE SIGNALING

Secretory cell Adjacent target cell

ENDOCRINE SIGNALING

Blood vessel

Hormone secretion into
blood by endocrine gland

Distant target celis




Cytokines
TNF
IL-6
Others

Growth factors
HGF
TGF-«
Others

Growth inhibitors
TGF-8
Activin
Others

PARTIAL HEPATECTOMY

|

Priming

Proliferation

Growth
inhibition

Adjuvants
Norepinephrine
Insulin
Thyroid hormone
Growth hormone

¢ Cell cycle inhibitors
¥ Growth factors
+ Metabolic demands
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Continuously cycling labile cells
(e.q., epidermis, Gl tract epithelium) B

-

Chromosome duplication

Check for damaged
or unduplicated DNA|

(GM checkpoint)

Check for DNA damage
(Gy/S checkpoint) — /A

Restriction point——
Centrosome duplication
Growth in mass

Quiescent,
stable cells
(e.g., hepatocytes)

Permanent cells
(e.g., neurons,
cardiac myocytes)
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Portal triad:
hepatic artery, portal

Connective tissue
reticular fibers

i 1
Injury to celis Injury to cells and matrix

I
Proliferation of residual cells O apomo Siior u.‘ oo'f‘coofl remsa idcliumue oeuslissue;
within intact matrix PEOSPOERE C
within disrupted matrix

pr ~

REGENERATION REPAIR BY SCARRING

= Elsevier. Kumar et al: Robbins Basic Pathology 8e - www.studentconsult.com

Figure 3-1 Mechanisms of tissue repair. In this example, injury to the liver is repaired by regeneration if only the hepatocytes are damaged, or by laying down of fibrous

tissue if the matrix is also injured.

Downloaded from. StudentConsult (on 13 February 2011 06:53 PM)

© 2005 Elsevier
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HEPATECTOMY
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DNA replication and mitosis
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o

Cellular and vascular response

\

|

Stimulus removead
(acute injury)

|
Parenchymal cell death

(intact tissue framework)
Superficial wounds
Some inflammatory processes

REGENERATION
Restitution of
normal structure

Examples:

Liver regeneration after partial
hepatectomy

Superficial skin wounds

Resorption of exudate in lobar
pneumonia

I
Parenchymal cell death

(damaged tissue framework)
Deep wounds

HEALING
Scar formation;
organization of exudate

Examples:
Deep excisional wounds
Myocardium infarction

'

Persistent tissue damage

\J

FIBROSIS
Tissue scar

Examples.

Chronic inflammatory diseases
(cirrhosis, chronic pancreatitis,
pulmonary fibrosis)
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+ A Angiogenesis by mobiization of EPCs from the bon marrow

P .
7? Capilay plexus

Malure network




B Angogenesi from pre-exitng vesses

Capilary

sprouting
—

Mature
network
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0.1

[\

Wound
contraction

Granulation

Inflammation

0.3

tissue

A Collagen

accumulation
Remodeling
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STIMULATION

7 Steroids
\ /4> Steroid

PDGF
EGF
IL-1/TNF

®

ACTIVATION

@

INHIBITION

l

PROCOLLAGENASES
PROSTROMELYSINS

Plasminogen activators

<+ Plasmin €«————Plasminogen

v
COLLAGENASES
STROMELYSINS

ECM ———> DEGRADED ECM

)I( Inhibit
TIMPs

@




HEALING BY FIRST INTENTION

24 hours

3 to 7 days

\Weeks

Neutrophils
Clot

Mitoses
Granulation tissue

Macrophage
Fibroblast
New capillary

Fibrous union

HEALING BY SECOND INTENTION
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PERSISTENT STIMULUS
(chronic inflammation)

:

Activation of macrophages and lymphocytes

I i ,

Growth factors Cytokines Decreased metalloproteinase
(PDGF, FGF, TGFg) (TNF, IL-1, IL-4, IL-13) activity

Proliferation of fibroblasts,
endothelial cells, and  s——
specialized fibrogenic cells

Increased collagen Decreased collagen
synthesis degradation

Development of Fibrosis in chronic inflammation



