Pathology – Healing

Introduction

Repair of tissues involves two general processes: 1) regeneration, which involves the replacement of dead cells by the replication of non-lethal cells, 2) fibrosis, replacement by connective tissue  - this leaves a permanent scar. 

Cell Cycle and Proliferative Potential (Robbins 91)

There are a number of different cell types in the body. Each cell type has its own stimuli for regeneration. There are a number of stimuli and inhibitors, which control the normal growth of cell numbers. In terms of the cell cycle there are three varieties in which a cell’s capacity to divide:

· Continuously dividing cells (Labile cells): These cells are continuously dividing and producing new cells throughout their life cycle. The skin cells is a good example. The stratified squamous epithelium is continuosly being shed and as a result new cells arise from stem cells. Most cells of epithelia that govern excretory ducts of the body are in this category. For example: GI tract, Urinary tract, vagina, biliary ducts.

· Quiescent (stable) cells: These cells are mostly stable in their normal state, but have the capacity to regenerate and proliferate if need be. The cells that fall into this category are mainly parenchymal cells of most glandular organs. For example: liver, pancreas, kidneys, connective tissue fibroblasts, smooth muscle. The can proceed from the G0 (stable phase) to G1 (proliferative phase) in response to various micro environmental chemical stimuli. 

Note: It is probably worth noting here, that even though cells are continuously proliferating and dividing to form new viable cells, or cells have the capacity to do so under various chemical stimuli – the regeneration pattern may not the same as the original tissue. For example: if the connective tissue framework of a particular tissue type is left intact, then the regeneration is normal – but if the framework is disrupted then regeneration is impeded – and disorganisation regeneration occurs. 

· Nondividing (permanent) cells: These type of cells have left the cell cycle, and cannot regenerate. These cells include neurons of the CNS, skeletal muscle fibres (have some regenerative capacity) and cardiac muscle cells. It is important to know that skeletal muscle, and cardiac muscle can regenerate but this is not significant. In the case of an acute MI, scarring is evident because the regenerative capacity of cardiac muscle cells is low – as damage occurs so quickly. 

Molecule events of cell growth (Robbins 92) 

Molecular events in cell growth are important because a major error in these pathways will lead to uncontrolled growth or disordered growth, for example in the condition of cancer. Below is a summary of the signalling systems and cell surface receptors that are involved in cellular growth. 

· Autocrine signalling: This is when cells produces signalling factors and also the receptors to these signals. Fig 4-3 of Robbins illustrates this nicely. The cell secretes signalling factors, which bind to receptors placed on the cell membrane. For example: this sort of pathway is evident in tumor cells which produce excess amounts of signalling factors which bind to the receptors on their surface and stimulate their activity. 
· Paracrine signalling: This is when a cell producing molecules only affects other cells of various types in close proximity. For example, in connective tissue injury, the macrophage may produce a factor which binds to a nearby fibroblast hence having its growth effect. 
· Endocrine signalling: Hormones are secreted by endocrine organs of the body, and these travel in the blood stream to act on a target site some distance away. A good example is the posterior pituitary producing ADH, which travels via blood to the kidneys having its effect on the distal collecting tubules. 
Thus these three different signalling systems set up a way in which cells produce a factor which affects their target cell, which can be themselves, adjacent to them or some distance away to them. This section only summarises what a cell may PRODUCE.

Cell surface receptors

This section deals with the different types of cell surface receptors found. Note that a signalling agent is produced, this is mainly growth factors, and it binds to its specific receptor and this ligand receptor complex initiates a response via acting on the nucleus of the target. This latter mechanism is through signal transduction pathways which will be discussed later in these set of notes. 

· Receptors with intrinsic kinase activity: These type of receptors have three regions. A region which butts into the extracellular domain so that ligands can bind to them. A region which traverses the cell membrane – transmembrane region and a region within the cytosol called cytosolic domain. This cytosolic part can have tyrosine kinase activity or more commonly serine/threonine activity. Basically what happens is that: a ligand binds to the receptor on the outside (two ligands can bind to one receptor), then after binding one receptor phosphorylates the other – this creates binding sites on the cytosolic part for cytosolic proteins. This sets up a cascade of events which ultimately lead to cell growth. Fig 4-4 of Robbins shows this nicely. 
· Receptors without intrinsic catalytic activity: These also have the three regions. The cytosolic region activates a cytosolic protein tyrosine kinase and this phosphorylates the receptor. 
· G-protein linked receptors: These receptors have a number of transmembrane loops. The ligand binding activates the intracellular G protein complex, this activates the intracellular second messenger system. 
Signal transduction systems (Robbins 93) 

This is simple the process in which extracellular signals, such as binding of a growth factor its appropriate receptor, can translate to intracellular signals ( generate specific cellular responses. There are different types of signal transduction systems. We are not expected to know the details of each system – but read and understand to get a summary of how the whole process works. Below is a summary:

· Mitogen-activated protein kinase pathway: Most important when growth factors are concerned. The ligand binds to its receptor, this causes autophosphorylation of the two receptor sites, binding of adapter proteins. This activates the Ras protein. This binds to another protein called Raf, this activates the MAP kinases. This goes into the nucleus altering gene expression. 

· Inositol-Lipid Pathway: Basically, the ligand binds to the receptor (G Protein linked receptors), this activates the G protein, activates phospholipase C – cleaves PIP2 ( IP3 & DAG. IP3 goes into cytoplasm and binds to calcium channels of ER ( Ca2+ released – phosphorylates variety of cellular components important in cell growth and metabolism

· Camp: Hormones bind to G-Protein linked receptors, activate the G protein which activate the enzyme – adenylate cyclase – generates second messenger cAMP ( activate protein kinase A ( stimulates expression of certain genes. 

· JAK/STAT pathway: Ligand binds to the receptors, activates one or more protein kinases. This mediates function responses as opposed to other styles – which mediate proliferative responses. 

Trancription factors (Robbins 95)

Notice that we went from types of ligands which can be produced, where they act (autocrine, paracrine or endocrine), to the types of receptors, and the types of intracellular responses it can brin (transduction pathways). Now we are considering how the transduction pathways can affect the transcription of DNA and therefore cause cell division. 

Transcription factors have a modular structure and they exhibit domains which can specifically bind to sections of DNA. The factor in fact increase or decrease transcription. The transcription factors are phosphorylised by kinases, and this can change the affinity of binding between the factor and DNA. This can in effect alter gene expression. 

Cell cycle and regulation of cell division (Robbins 95)

So far we have dealt with ligands binding to cells and therefore initiating a particular response from the cell. This is mainly for proliferation and growth after tissue inflammation. Now we need to focus on the molecular controls which regulate the passage of cells through specific phases of the cell cycle. There are two distinct phases 1): cyclin pathway 2), monitoring the completion of each molecular event. 

· Cyclins and cyclin-dependent kinases: Cyclins control the entry and progression of cells through the cell cycle. Each phase of the cell cycle represents a peak in the levels of particular cyclins, and then after that phase – the cyclins are degraded rapidly. Cyclins function by forming complexes with cyclin-dependent kinases. Thus the binding is necessary for important transitions between cell cycle phases. 

· Checkpoints: This is a mechanism by which the cell checks for specific processes which need to occur before progressing to the next phase of the cell cycle. For example: if there is DNA damage, the cell recognises this – cell cycle is arrested – delay is established so repair of damage can be performed. Inhibiting activating pathways or stimulating inhibiting pathways does this. 

Growth Inhibition (Robbins Pg 96) 

This concept is relatively new and has been suspected for many years. Thinking about this logically, how does an organ or tissue type know when it has fully recovered from injury such that cell proliferation is stopped or diminished to a maintenance rate? For this to occur, we need some sort of an inhibitory signal pathway, whereby cell proliferation is inhibited by inhibitory signals. These pathways are suspected to work along the same lines as growth factor pathways. For example: TGF-beta inhibits cell cycle progression into S phase, and this affects the transcription factors and cell cycle control proteins. 

Growth Factors (Robbins Pg 97)

· EGF (Epidermal Growth Factor): This binds to its receptors, and initiates the signal transduction pathways. It causes mitosis of epithelial cells and fibroblasts 

· PDGF (Platelet deriving growth factor): Consists of two chains (A and B) and has three isoforms (AA, AB, BB) which bind to cell surface receptors, alpha and beta. Released from platelets upon activation of platelets. It can be produced by cells such as activated macrophages, endothelial cells, smooth muscle cells, and tumor cells. Causes migration and proliferation of fibroblasts, smooth muscle cells, and monocytes. 

· FGFs (Fibroblast growth factor): Has many functions and are summarised below:

· Angiogenesis: bFGF (a type of growth factor) and induce all steps required in the formation of new blood vessels. 

· Wound repair:  FGFs cause migration of macrophages, fibroblasts and endothelial cells towards damaged tissue so it can be repaired. 

· Development: Play a role in skeletal muscle development and lung maturation

· Hematopoesis: FGFs are helpful in development of specific types of blood cells, and also bone marrow stroma

· Vascular endothelial growth factor (VEGF): These factor induce blood vessel formation in early development ( vasculogenesis and are important in the growth of new blood vessels ( angiogenesis (Described in healing part 2). 

· TGF-( and related factors: These growth factors induce fibrogenesis, and development of fibrosis in chronic inflammation. 

· Cytokines: These are largely chemical mediators during the inflammatory process, but they also have some significance in terms of promoting activity of certain cells. 

Summary of cell growth and differentiation (Robbins Pg 102)

Cell growth is dependent on the interaction between the ligands and the receptors. There are different types of interactions. There are different types of receptors which activate different types of signal transduction pathways, which interfere with the DNA transcription. This is largely to do with transcription factors which can increase or decrease transcription. There are a number of mechanism in which the cell cycle is monitored, for example cyclin dependent kinases and check points. These are valuable in delaying the progression of the cell cycle and thus repairing any DNA damage evident. There are a number of growth factors which have a general function and initiate the cell growth response. The interaction between the ECM components with the cell matrix, is important as each contributes to the extent of cell proliferation and growth. 

Now that we understand and have overviewed how exactly growth factors can affect the cell proliferation cycle, we can go on to investigate the physical repair mechanisms, mainly REPAIR BY CONNECTIVE TISSUE (known as FIBROSIS). 

Refer to Healing – Part 2. 

