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Definitions

• Regeneration : 
• to growth of cells and tissues to replace lost structures
• Kidney, Liver 
• hematopoietic system , epithelia of the skin and gastrointestinal tract

• Healing :
 is a tissue response to 
(1) a wound (commonly in the skin)
(2) to inflammatory processes in internal organs 
(3) to cell necrosis in organs incapable of regeneration
Regeneration + Scar formation ( stomach, heart, pericard,..)





Regeneration & Healing

Regeneration requires an intact connective 
tissue scaffold.

 By contrast, healing with scar formation 
occurs if the extracellular matrix (ECM) 

framework is damaged, causing 
alterations of the tissue architecture



Control of Normal Cell Proliferation
and Tissue Growth



Cell proliferation

Physiologic Pathologic



Control of Normal Cell Proliferation
and Tissue Growth

• Liver and kidney
• Myocytes and neurons: terminally 

differentiated cells

• bone marrow and the epithelia of the skin 
and gut



1. Continuously dividing tissues 
(labile tissues)

surface epithelia, stratified squamous surfaces of 
the skin, oral cavity, vagina, and cervix; the 
lining mucosa of all the excretory ducts of the 
glands of the body (salivary glands, pancreas, 
biliary tract); the columnar epithelium of the 
gastrointestinal tract and uterus; the 
transitional epithelium of the urinary tract, and 
cells of the bone marrow and hematopoietic 
tissues



2- Quiescent (stable) tissues 

parenchymal cells of liver, kidneys, and 
pancreas; mesenchymal cells, such as 
fibroblasts and smooth muscle; vascular 
endothelial cells

 resting lymphocytes and other leukocytes



3- Nondividing (permanent) 
tissues

neurons and skeletal and cardiac muscle 
cells



TISSUE-PROLIFERATIVE ACTIVITY



STEM CELLS

Regenerative Medicine

• Prolonged self-renewal capacity
• Asymmetric replication







Regenerative Medicine

• The realization that some stem cells 
present in tissues of humans and mice 
may be similar to embryonic stem cells

• Identification of stem cells in various 
tissues, including the brain

• Recognition that stem cells from various 
tissues and particularly from the bone 
marrow may have broad developmental 
plasticity



Embryonic Stem Cells (ES)







Embryonic Stem Cells (ES)

• Study the specific signals and 
differentiation steps required 
for the development of many 
tissues

• Knockout mice



Embryonic Stem Cells (ES)

In the future, be used to repopulate 
damaged organs 

(Therapeutic cloning)



Therapeutic 
cloning





Adult Stem Cells

Pluripotent or a more 
Restricted differentiation ?



Stem Cells
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Bone Marrow Stem Cells

Hematopoietic Stem Cells (HSCs)
• collected directly from the bone marrow,  umbilical cord blood, and from circulating 

blood of individuals receiving cytokines
• capable of giving rise to neurons, hepatocytes, and other cell types

• Transdifferentiation: A change in stem cell differentiation from 
one cell type to another

• Developmental plastisity: The multiplicity of stem cell 
differentiation options

• Cell fusion: transplanted HSCs fuse with host cells and transfer 
genetic material to them, thus giving the false appearance of having 
transdifferentiated with generation of new cells in the host









Bone Marrow Stem Cells
Stromal cells



Bone Marrow Stem Cells

Bone marrow stromal cells
•  Depending on the tissue environment, 

can generate chondrocytes, osteoblasts, 
adipocytes, myoblasts, and endothelial cell 
precursors





Bone Marrow Stem Cells

Multipotent adult progenitor cells (MAPCs)
• mesodermal, endodermal, and euroectodermal cell types
• isolated from muscle, brain, and skin, and, similar to bone marrow MAPCs, 

can be made to differentiate into endothelium neurons, hevatocytes and 
other cell types

• MAPCs constitute a population of stem cells derived from, or closely related 
to, ES cells
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Tissue Stem cells









Liver stem cells

Stem Cells

(canal of hering)

secondary or reserve 
compartment

fulminant hepatic failure, 
liver carcinogenesis, and in some cases of 

chronic hepatitis
and advanced liver cirrhosis

Oval Cells

(bi-potential)



Neural stem cells

• rodent brains: olfactory bulb, and dentate 
gyrus of the hippocampus

• Canaries: vocal center neurogenesis
• mammalian hippocampus



Skeletal and Cardiac muscle

• In contrast to hepatocytes, myocytes of 
skeletal muscle do not divide, even after 
injury.

• satellite cells (beneath the myocyte basal lamina)

• Stem cells have not been found in cardiac 
muscle



Epithelial Tissue

1. Stem cells

2. Highly proliferative intermediate cells that 
constitute an amplifying compartment





Key events in stem cell research
• 1960s - Joseph Altman and Gopal Das present evidence 

of adult neurogenesis, ongoing stem cell activity in the 
brain; their reports contradict Cajal's "no new neurons" 
dogma are largely ignored 

• 1963 - McCulloch and Till illustrate the presence of self-
renewing stem cells in mouse bone marrow 

• 1968 - bone marrow transplant between two siblings 
successfully treats SCID 

• 1978 - haematopoietic stem cells are discovered in 
human cord blood 

• 1981 - mouse embryonic stem cells are derived from the 
inner cell mass 

• 1992 - neural stem cells are cultured in vitro as 
neurospheres 

• 1995 - President Bill Clinton signs into law the 
Dickey Amendment which makes it illegal for Federal 
money to be used for research where stem cells are 
derived from the destruction of the embryo. 

http://en.wikipedia.org/wiki/Joseph_Altman
http://en.wikipedia.org/wiki/Neurogenesis
http://en.wikipedia.org/wiki/Santiago_Ram%C3%B3n_y_Cajal
http://en.wikipedia.org/wiki/Ernest_McCulloch
http://en.wikipedia.org/wiki/James_Till
http://en.wikipedia.org/wiki/Bone_marrow
http://en.wikipedia.org/wiki/Transplant
http://en.wikipedia.org/wiki/SCID
http://en.wikipedia.org/wiki/Haematopoietic_stem_cell
http://en.wikipedia.org/wiki/Cord_blood
http://en.wikipedia.org/wiki/Embryonic_stem_cell
http://en.wikipedia.org/wiki/Inner_cell_mass
http://en.wikipedia.org/wiki/In_vitro
http://en.wikipedia.org/wiki/President
http://en.wikipedia.org/wiki/Bill_Clinton
http://en.wikipedia.org/wiki/Dickey_Amendment


Key events in stem cell research
• 1997 - leukemia is shown to originate from a 

haematopoietic stem cell, the first direct evidence for 
cancer stem cells 

• 1998 - James Thomson and coworkers derive the first 
human embryonic stem cell line at the University of 
Wisconsin-Madison. 

• 2000s - several reports of adult stem cell plasticity are 
published 

• 2003 - Dr. Songtao Shi of NIH discovers new source of 
adult stem cells in children's primary teeth

• 2004-2005 - Hwang Woo-Suk claims to have created 
several human embryonic stem cell lines from 
unfertilised human oocytes. The lines are later shown to 
be fabricated 

• July 19, 2006 - President George W. Bush vetoes a bill 
which would have allowed Federal money to be used for 
research where stem cells are derived from the 
destruction of the embryo. 

http://en.wikipedia.org/wiki/Cancer_stem_cell
http://en.wikipedia.org/wiki/James_Thomson_%28cell_biologist%29
http://en.wikipedia.org/wiki/Stem_cell_line
http://en.wikipedia.org/wiki/Adult_stem_cell
http://en.wikipedia.org/wiki/Hwang_Woo-Suk
http://en.wikipedia.org/wiki/Embryonic_stem_cell
http://en.wikipedia.org/wiki/Oocyte
http://en.wikipedia.org/wiki/President
http://en.wikipedia.org/wiki/George_W._Bush
















GROWTH FACTORS

• Polypeptide growth factors

• Restricted cellular targets ?

Cell proliferation, cell locomotion, contractility, 
differentiation, and angiogenesis

Growth FactorSource Cell Target Cell
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p
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r



Epidermal Growth Factor (EGF) and Transforming
Growth Factor-a (TGF-a)

EGF

• Common receptor : EGFR
• EGF: Precocious tooth eruption and eyelid opening in newborn mice



HGF: scatter factor, hepatocyte and billary duct,

VEGF: Vasculogenesis, Angiogenesis
Mice that lack a single allele of the gene (heterozygous VEGF knockout 
mice) die during embryonic development with defective vasculogenesis



FGF

• New blood vessel formation 
(angiogenesis): FGF-2

• Wound repair
• Development

• Hematopoiesis



TGF-β  and Related Growth 
Factors

1. TGF-β is a growth inhibitor for most epithelial cell types and for leukocyte
2. The effects of TGF-β  on mesenchymal cells depend on concentration and 

culture conditions, it generally stimulates the proliferation of fibroblasts and 
smooth muscle cells

3. TGF-β is a potent fibrogenic agent
4. TGF- has a strong anti-inflammatory effect



SIGNALING MECHANISMS IN CELL GROWTH

liver regeneration, 
proliferation of antigen 
stimulated lymphocytes, and 
the growth of some tumors

Healing of wounds,
hepatocyte replication

Hormones,
HGF,
Several cytokines



Receptors and Signal Transduction Pathways

EGF, TGF-ά,
 HGF, PDGF

vasopressin, serotonin
, histamine, epinephrine

Interleukin, interferon





CELL CYCLE AND THE REGULATION OF CELL REPLICATION









1. The replication of cells is generally stimulated by growth factors or 
by signaling from ECM components through integrins

2. the cell cycle has multiple controls and redundancies, particularly 
during the transition between the G and S phases

3. Progression through the cell cycle, and particularly the G,/S 
transition, is tightly regulated by proteins called cyclins and 
associated enzymes called cyclin-dependent kinases (CDKs)

4. The activity of cyclin-CDK complexes is tightly regulated by 
inhibitors, which are called CDK inhibitors

5. Checkpoint: ensure that cells with damaged DNA or 
chromosomes do not complete replication

6.  The G1/S checkpoint checks the integrity of DNA before replication, 
whereas the G2/M checkpoint checks DNA after replication and monitors 
whether the cell can safely enter mitosis

CELL CYCLE AND THE REGULATION OF CELL REPLICATION



CELL CYCLE AND THE REGULATION OF CELL 
REPLICATION

7-    Checkpoint activation delays the cell cycle and triggers 
DNA repair mechanisms. If DNA damage is too severe 
to be repaired, the cells are eliminated by apoptosis

8-    Checkpoint defects allow the replication of cells with 
DNA strand breaks and chromosome abnormalities 
that may cause tissue alterations and neoplasia



Mechanisms of Tissue 
Regeneration

• Compensatory growth processes that involve hypertrophy and 
hyperplasia. They restore the functional capacity of an organ without necessarily 
reconstituting its original anatomy

• liver regeneration
• regeneration of the liver after partial hepatectomy involves the replication of 

mature cells without stem cell participation

• kidney, pancreas, adrenal glands, thyroid, and the lungs of very 
young animals, are also capable of compensatory growth, although 
they display it in less dramatic form than the liver



Liver Regeneration





Important !

The end-point of liver regeneration after 
partial hepatectomy is: 

The restitution of 
functional mass rather 

than form









Extracellular Matrix (ECM) 
Cell-Matrix Interactions



Extracellular Matrix Functions

• Matrix proteins sequester water that provides turgor to soft tissues 
and minerals that give rigidity to skeletal tissues

• Reservoir for growth factors controlling cell proliferation
• important for cell-to-cell interactions and provides a substratum for 

cells to adhere, migrate, and proliferate, directly modulating cell form 
and function

• Synthesis and degradation of ECM accompanies morphogenesis, 
wound healing, and chronic fibrotic processes, as well as tumor 
invasion and metastasis



ECM Structure

Fibrous structural 
proteins (Collagens, 
elastins)

adhesive 
glycoproteins

Proteoglycans and 
hyaluronic acid

1. Interstitial matrix
2.Basement membrane (BM)



Basement membrane (BM)

• Produced by epithelial and mesenchymal 
cells

• A network of amorphous nonfibrillar 
collagen (mostly type IV), laminin, heparan 
sulfate, proteoglycan, and other 
glycoproteins



COLLAGEN

Collagen is the most common protein in the 
animal world



Pro collagen



tensile strength







ELASTIN, FIBRILLlN,
AND ELASTIC FIBERS

Blood vessels, Skin, 
Uterus, Lung

Tensile strength

Collagen

Elasticity , Recoil

Elastic fibers



Elastic fibers

Elastin

Fibrilin

Marfan Syn.





CELL ADHESION PROTEINS



Repair by Healing, Scar 
Formation and Fibrosis



Granulation tissue



• Hallmark of healing
• The formation of new small blood vessels 

(angiogenesis) and the proliferation of 
fibroblasts

• new granulation tissue is often edematous, 
why?



ANGIOGENESIS

• Angiogenesis & Vasculogenesis
• Angiogenesis = neovascularization : 

branching and extension of adjacent blood 
vessels or ?









Angiogenesis from Pre-Existing 
Vessels

1. Vasodilation

2. Proteolytic degradation of the BM

3. Migration of endothelial cells

4. Proliferation of endothelial cells

5. Maturation of endothelial cells

6. Recruitment of periendothelial cells (including 
pericytes for small capillaries and vascular 
smooth muscle cells for larger vessels)







Angiogenesis

is critical to
1.chronic inflammation

2.fibrosis

3.tumor growth

4.vascularization of ischemic 

tissues



Growth Factors and Receptors 
Involved in Angiogenesis

• Many growth factors exhibit angiogenic 
activity

VEGF & Angiopoietins



Angiogenesis from Endothelial 
Precursor Cells:
 mobilization of endothelial cell 
precursors from the bone marrow and 
enhances the proliferation and 
differentiation of these cells

Angiogenesis from Pre-Existing 
Vessels:
VEGF stimulates both proliferation 
and motility of endothelial cells, thus 
initiating the sprouting of new 
capillary

mesenchymal 
and stromal cells

endothelial cells 
and

 their precursors
VEGF

VEGFR-2
Tyrosine kinase receptor



Stabilization process

• Recruitment of pericytes and smooth 
muscle cells and the deposition of ECM 
proteins

• Angiopoietins 1 and 2, PDGF, TGF-b



SCAR  FORMATION

Growth factors and 
cytokines:
TGF-b, PDGF, EGF,
FGF, and the 
cytokines IL-I and TNF

Fibroblast proliferation 
and migration

Deposition of ECM

Tissue remodeling

Formation of  
Scar

platelets,
inflammatory cells 
(macrophages),
activated endothelium



TGF-β 
the most important because of the multitude of effects that 

favor fibrous tissue deposition

• causes fibroblast migration
• proliferation
• increased synthesis of collagen and 

fibronectin

• decreased degradation of ECM by 
metalloproteinases

• chemotactic for monocytes and causes 
angiogenesis



ECM Deposition and Scar 
Formation

growth factors (PDGF, FGF,
TGF-b) and cytokines (IL-1, 
IL-13), which are secreted by
leukocytes and fibroblasts in 
healing wounds

Fibroblasts
Fibrillar collagens 
(major portion of the 
connective tissue)



Tissue Remodeling

replacement of granulation tissue with a scar

ECM synthesis ECM degredationremodeling

matrix metalloproteinases



Cutaneous Wound Healing



HEALING BY FIRST INTENTION 
(WOUNDS WITH OPPOSED EDGES)





HEALING BY SECOND INTENTION
(WOUNDS WITH SEPARATED EDGES)





WOUND STRENGTH

first week= 10% third month=70-80% …







COMPLICATIONS IN CUTANEOUS
WOUND HEALING

(1) Deficient scar formation
• Dehiscence
• Ulceration

(2) Excessive formation of the repair 
components

(3) Formation of contractures



hypertrophic scar & keloid





Fibrosis



Overview



"Great people are great 
because they solve

 countless seemingly
 unsolvable problems

you can too.. if you choose to." 

– Mark Victor Hansen
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