Pathology – Lecture – Healing 2

Introduction

Healing is a dynamic process in which cells need to divide and proliferate to replace the damaged and/or dead cells. So far in these notes, we have mentioned the pathways by which replication and proliferation occurs. We have considered the transcription factors and the signal transduction pathways involved. We have mentioned the growth factors which stimulate growth and proliferation of cells. We have mentioned the inhibition of cell growth in normal viable cells. Now, we will go on to talk about fibrosis (connective tissue repair), and the process of which wound healing occurs. 

Repair by connective tissue (Robbins Pg 102) 

Repair by fibrosis occurs after necrotic damage is established due to inflammation. There are four steps for this process. Each of these steps have been summarised below under each heading. 

Angiogenesis (Robbins Pg 103)

Vascularisation can occur by two process. One is when new blood vessels are born from embryonic development and this is termed vasculogenesis. The endothelial cells are derived from precursors called angioblasts. Note the term “blast” refers to the immature versions of endothelial cells. The other process is termed neovascularization. This word basically means “new vascularisation” referring to new blood vessels forming after damage to old blood vessels. That is, new vessels sprout from non-damaged pre-existing vessels. To develop new capillaries a series of steps are needed and these are summarised below:

· The basement membrane of the parent vessel must be broken down. This then leads to new sites for sprouting to occur of new blood vessels. Also allows for endothelial cell migration from parent vessels. 

· The migration of endothelial cells then results in proliferation of these cells. 

· The endothelial cells need to mature

· The new blood vessel formation requires periendothelial cells to also migrate and support the vessel, providing the maintenance of the new blood vessel. These periendothelial cells can be smooth muscle cells, pericytes (contractile cells) etc. 

It is important to note that each of these steps is controlled by growth factors. 

Growth factors and receptors 

Many growth factors are involved in the development and maturation of new blood vessels, but VEGF and angiopoetins play the most important role. VEGF binds to its receptor (VEGF-R2) on angioblasts and stimulates formation of new endothelial cells. VEGF also binds to VEGF-R1 and this induces tube formation, forming the capillary networks. Angiopoetins 1 and 2 further control the progression of angiogenesis. For example: Ang 1 interacts with Tie2 on endothelial cells – and this stimulates recruitment of periendothelial cells to stabilise the new blood vessels formed. Ang2, on the other hand, also binds to Tie2 loosen endothelial cells so angiogenesis is either inhibited to even more stimulated by VEGF. 

Extracellular matrix proteins as regulators of angiogenesis

Note that for angiogenesis to occur, several factors present in ECM are important. For example: integrins are critical for the formation and maintenance of new blood vessels. Matricellular proteins are important to degrade the ECM to a certain extent such that angiogenesis can penetrate new blood vessels into the tissue. Thus, tissue remodelling is important during angiogenesis. 

Fibrosis (Fibroplasia) (Robbins Pg 106) 

Fibrosis is the migration of connective tissue cells and the deposition of ECM. Fibrosis occurs within the granulation tissue framework. 

Fibroblast proliferation 

Granulation tissue contains new blood vessels. We know that VEGF stimulates angiogenesis, but it also increases vascular permeability. This causes increased deposition of plasma proteins, fibronectin and fibrinogen into the ECM. This provides a framework from which new connective tissue can be developed. The migration and proliferation of fibroblasts is controlled by many growth factors. The most important growth factor is TGF-(. This has a number of effects including:

· Cause fibroblast migration into the connective tissue stroma

· Proliferation of these fibroblasts

· Increased synthesis of collagen and fibronectin

· And inhibition of degradatory procedures by metalloproteinases. 

Other growth factors include FGF, PDGF, EGF and also cytokines: interleukin –I and TNF-(. If chemotactic agents are present, then the migration of eosinophils, macrophages and other inflammatory cells will also be present. 

Extracellular matrix deposition 

As the repair process if well underway and when new fibroblasts are not in great demand, the proliferation of endothelial and fibroblast cells is decreased and as a result – the already present fibroblasts tend to produce lots of collagen. Most of the ECM tends to be composed of lots of collagen, because new tissue formation requires good tensile strength. Many of the growth factors that stimulate proliferation of fibroblasts also regulate the ECM deposition. For example: some growth factors include ( PDGF, FGF, TGF-( and cytokine agents such as: (IL-1, IL-4). In the end, the granulation tissue scaffolding is transformed into scar tissue composing of fibroblasts and ECM. Slowly, angiogenesis stops and the capillary network is degraded, transforming from a richly vascularized area to a avascular scar tissue. 

Tissue Remodelling (Robbins 106)

The conversion of a richly vascularized area, called granulation tissue to an avascular fibrotic scar requires specific changes in the ECM composition. The growth factors that regulate ECM deposition also regulate the synthesis of metalloproteinases. These are enzymes that degrade the ECM components such that remodelling of the tissue can occur and the transition can be complete. Remodelling, can be considered as a battle between synthesis and degradation of ECM. 

Metalloproteinases are a family of enzymes, and they function in the presence of Zn2+. Interstitial collagenases cleave collage types I, II, and III. Gelatinases degrade amorphous collagen and fibronectin. Stromelysins, degrade proteoglycans, laminin, fibronectin and amorphous collagen. The MBMM (membrane bound matrix metalloproteinases) are produced by fibroblasts, macrophages, neutrophils and the secretion is modulated by growth factors (FGF, PDGF), cytokines (IL-1, TNF-(). It is important to understand that knowing each and every growth factor is not necessary and extremely tedious. They have been provided in these notes for “completeness”. You should aim to understand the concept of remodelling and how this occurs. 
Basically, what happens is that these collagenases cleave collagen from the triple helix structure into two fragments, which get digested by other enzymes. Because this enzyme tends to degrade collagen, it can be potentially harmful to the host. Thus they exists in procollagenase form, which need to be activated by HOCl- and proteases. Once activated they degrade the collagen. But because of the potential threat, they get rapidly inhibited by TIMP (tissue inhibitors of metalloproteinases) ( derived from mesenchymal cells. 

Wound healing (Robbins Pg 107) 

Wound healing is a dynamic process which involves an acute inflammatory response, regeneration of damaged or dead cells in the parenchyma, migration and proliferation of fibroblasts, ECM deposition, remodelling of the fibrosed tissue and the acquisition of wound strength. 

Most of these process involves inflammatory mediators, including cytokines (IL-1 andn TNF), growth factors, proliferation, cell interactions, angiogenesis, granulation tissue, fibrosis, ECM deposition, regulatory factors involved in this and tissue remodelling and the stimulants and inhibitors. 

Healing by first intention – wounds with opposed edges (Robbins 107) 

Let us consider a clean surgical incision through the skin, penetrating the epidermal, dermal layers and cuts the BM, disrupting its continuity. Because blood vessels are damaged, blood leaks out of these vessels and fills the wound. A blot clot is formed rapidly. The surface blood clot is formed and dehydrates, forming what is known as a scab. 

· 24 hours: The inflammatory response starts. Neutrophils appear near the margins of the wound. The edges of the cut epidermis begin to mitotically divide and thicken, and the basal cells migrate along the cut edges of the dermis and fuse at the base of the wound reforming the basement membrane which had been damaged. 

· Day 3: Macrophages replace neutrophils, granulation tissue invades the wound space at the base. This means angiogenesis, and fibrosis is occurring, tissue remodelling is also occurring. The epithelial cells start to proliferate and the layer thickens

· Day 5: Granulation tissue fully invades the space, new blood vessels are formed rapidly (angiogenesis) – the epidermic thickens considerably and collagen is being deposited at a rapid rate into the dermal layer. 

· Second week: The inflammatory response erodes and fibroblasts continue secretion of ECM components into the dermis. The vascularity is decreased considerably. Collagen fibres are in abundance within the dermis. 

· End of first month: The dermis begins to take good shape, tensile strength is slowly established, no inflammatory cells present, epidermis is fully thickened and the dermal appendages (such as hair follicles etc) have been permanently lost. Note that wound strength will take a while before returning to full levels. 

Healing by second intention – Wounds with separated edges (Robbins Pg 109) 

This type of healing is present in wounds that are considerably larger, in infarction and abscess formation for example. The regeneration of parenchymal cells is not fully indicative of pre-wound status. That is, pre-wound status is probably never achieved. 

The differences between healing by primary intention and this is summarised below:

· The inflammatory response to a larger wound is more intense compared to small wound. This is because there is more cellular debris which must be taken out. 

· The amount of granulation tissue formed is in considerably excess to that formed during healing by first intention. Normally, wounds of the skin can be drained by dressings every day. For example: an abscess formation under the skin, can be surgically excised and left open for healing by second intention. But if a wound or infarct occurs within a visceral organ, then it cannot be left open hence the granulation tissue will contain much more macrophages and other inflammatory cells to get rid of excess cellular debris. 

· Wound contraction is a specific phenomenon of healing by second intention. Wounds of the skin, can be rapidly reduced by the contraction process. This can be attributed to the presence of myofibroblasts which are contractile versions of original fibroblasts and function similar to a smooth muscle cell. 

Thus, the nature of the wound: its location, size and the availability of nutrients largely determines which type of healing is present. A small wound may initiate healing by first intention, whereas a large wound may initiate healing by second intention. 

Wound strength (Robbins Pg 109) 

Wound strength can sometimes return to maximal levels but mostly will return to 70-80% of its original strength. The tensile strength is provided by deposition of huge amounts of collagen and when this ceases, modification of collagen fibres occurs – for example: cross linking, increased fiber size etc). 

Summary of wound healing (Robbins Pg 109) Refer to Fig: 4-18

Wound healing is a dynamic process. It involves inflammation of the injured site which brings inflammatory cells and causes release of chemical mediators. The end result of this is the removal of necrotic cells and other cellular debris caused by the injurious agent. Then the healing process involves, formation of new blood vessels called neovascularisation – by a process known as angiogenesis. Then, maturation of these new blood vessels occurs – and then migration, proliferation of connective tissue fibroblasts occurs. These synthesis and release the components of ECM and there are a number of regulators in this process. Then tissue remodelling occurs, which is a battle between synthesis and degradation of ECM. This is done by a number of collagenases, which split the triple helix structure into two unequal fragments – and this is then broken down further by proteases. The enzymes involved in tissue remodelling are rapidly inhibited by TIMP. There are two main types of healing: healing by first intention which occurs in small wounds, and healing by second intention which occurs for wounds who edges are not close together and the wounds are considerably larger. 

Local and systemic factors that influence wound healing (Robbins Pg 109) 

We have considered wound healing but have not considered what affects it, and what influences it. There are a number of systemic factors and host factors. These are covered in his lecture notes titled: “REPAIR & REGENERATION”. 

· Nutrition: this is important in wound healing. Protein deficiency of lack of vitamin C can hinder the healing process dramatically. That’s why it takes longer for wound healing to occur in vegetarians and vegans than in non-vegetarians. 

· Metabolic status: the state of the body can alter wound healing. For example: a pathological condition such as diabetes mellitus can inhibit the healing process. 

· Circulatory status: The healing process requires high vascularisation initially. Vascular impedance such as atherosclerosis means diminished nutrient supply (point one), and hence impaired healing process. 

· Hormones: for example: glucocorticoids have anti-inflammatory effects. Hence these can affect inflammation to occur, and hence healing is also affected as the latter proceeds the former. 

· Infection: if the site of wound healing is infected, then cell necrosis begins and inflammation starts to occur. We are back to step 1. 

· Mechanical factors: the healing wound must not undergo any rapid movement. This is why wounds located in the cleft of the buttocks or arm pits take a long time to heal, because of the constant movement which is inevitable.

· Foreign bodies: sutures can infact hinder healing of wounds

· Size, location, type of wound influences its healing time: wounds near richly vascularized areas tend to heal more quickly than other areas. Wounds that are small tend to heal faster than larger wounds (primary difference between healing by first and second intention). 

Healing of Bone Fractures (Robbins Pg 1229)

There are a number of different types of bone fractures, which need not be understood. The healing of bone fractures is a multistep process, which each one initiates the other. Below is a summary of the healing process:

· When a bone fractures, the associated blood vessels rupture, therefore blood leaks out into the fracture space and a hematoma results. This allows a fracture site to the closed off, also allowing the inflammatory cells access to the injured area

· The migrating inflammatory cells release a number of growth factors mainly: PDGF, TGF-(, FGF, Ils. These growth factors activate the osteoprogenitor cells within the periosteum and these cells begin their activity in secreting osteoid. Traumatic Inflammation
· By the end of the first week, the two fractured ends are brought together via a callus (or procallus – uncalcified tissue). The cellular debris by now is completely removed and the space is ready for new tissue formation. Demolition
· The osteoprogenitor cells begin to secrete osteoid more rapidly, forming organised woven bone just beneath the periosteum. The soft callus tissue, has mesenchymal cells which differentiate into chondroblasts and secrete cartilage matrix. Granulation tissue / Woven Bone and Cartilage Formation.
· When the woven bone approaches the newly formed cartilage, the cartilage begins to ossify ( called endochrondral ossification. This way, the cartilage ossification is in effect a bony callus as it mineralises. 

· In the early stages of the healing process, the bony callus and cartilage produced seems to be at an excess. As the callus matures and transmits the weight bearing forces, the portions that do not experience much stress are resorbed ( tissue remodelling. Tissue remodelling
Problems of Fracture Healing (Robbins Pg 1231) 

There are two main problems with the healing of fracture. The delayed union of the fractured ends, or the non-union of the ends. The latter is a more severe condition. The possible causes are outlined below:

· Infection: This is most serious obstacle to fracture healing, and healing altogether. Infection must be killed off before any attempts for bony union are made. 

· Inadequate blood supply: The fracture healing site is in a high metabolic state of activity. Thus, a rich vascular network is required. This is usually achieved by formation of granulation tissue and the capillary networks mentioned. 

· Inadequate immobilisation: For fractures to heal efficient, we need to keep the fractured bone from moving too much. A soft callus and then a bony callus must be formed. But if you keep moving the site, then this callus formation is disrupted hence healing is hindered. 

· Disease: Pathological fractures, for example – osteoporosis and osteomalacia – are harder to rectify than normal fractures. 

Note: It is important to correlate the processes of inflammation and the end result of wound healing. Notice that there is a distinct pathway followed in this course, and the series of notes. 

We have discussed how cells die, the inflammatory response initiated, the clean up of cellular debris, the growth factors involved in the growth if new tissue, the regulatory mechanisms of cell division and proliferation, the process of wound healing, different types of wound healing, and finally the healing of fractures. You should also keep in mind the hindrance to healing. Healing is not always perfect, so what are the factors that can disrupt the healing process? 

