Neoplasia – Lecture 3 – 05/05/2003

Differentiation (Robbins pp 264-265)

We have dealt with the fact that benign neoplasms usually are well differentiated and do not have any anaplastic characteristics, and the opposite is generally true for malignant neoplasms. 

Benign tumour cells resemble their normal counterparts, thus the massing of the tumour cells in nodulous form distinguishes it as a tumour. For detailed analysis of characteristics on malignant tumours, refer to Neoplasia Lecture 2. Just to summarise the main points are:

· Anaplasia, pleomorphism, hyperchromatic + increased size of nuclei, numerous mitotic figures, tumour giant cells, loss of polarity of cells, no capsule / pseudocapsule. 

Tumour Angiogenesis (Robbins pp 30)

The rate of tumour growth is altered by cell kinetics and tumour angiogenesis. Tumours need blood supply to enlarge, as oxygen can only diffuse a certain distance from existing blood vessels. Thus, tumours relying on oxygen diffusion soon develop hypoxia and apoptosis occur due to activation of p53 (tumour suppressor gene). 

The reason why angiogenesis is important for tumour growth is diverse, including: 1) angiogenesis means: a) supply of O2 and nutrients, b) new endothelial cells induce adjacent tumour cells to grow by secreting growth factors: PDGF, GM-CSF, IL-1. 2) Angiogenesis is prerequisite for metastasis ( hence one way of determine prognosis and malignancy is tumour angiogenesis. 

How does tumour angiogenesis occur? Tumour associated angiogenic factors may be produced by tumour cells or derived from inflammatory cells infiltrating the area. Two such important factors are: 1) VEGF, 2) basic FBG. These growth factors are highly produced by tumour cells ( inducing tumour angiogenesis. 

Is tumour angiogenesis inhibited as well? Yes, and this is done by presence of antiangiogenesis factors. Thus, tumour growth controlled by TAF & antiangiogenesis factors. Antiangiogenesis factors may be produced by tumour cells (e.g.: thrombospondin 1) or their production may be influenced by tumour cells. Angiostatin, endostatin, vasculostatin belong to the latter group. These are derived from cleavage of collagen, plasminogen & transthyretin. 

Clinical trials are being done on whether therapy by antiangiogenesis factors will inhibit tumour growth. 

Genetic and chromosomal changes (Robbins pp 276-277)

Cancer occurs as a result of mutations of genes that control normal cell growth and differentiation (protooncogenes). Such genetic damage may be acquired through environment factors (i.e.: radiation, chemicals, viruses) or genetic factors (family tree). Thus, the acquisition of genetic malproducts causes cancers. Thus, morphological and biochemical changes seen in cells is as a result of these genetic mutations. 

The principal targets of genetic mutations/damage are: 1) protooncogenes, 2) cancer-suppresor genes, 3) apoptotic genes, 4) DNA repair genes. 

Carcinogenesis is a multi-step process, known as tumour progression. The phenotypic characteristics expressed by tumour cells are acquired as the tumour progresses (i.e.: first you get excessive growth ( local invasiveness ( metastases). The genetic lesions also accumulate as the tumour progresses ( hence giving rise to the phenotypic characteristics mentioned above. 

Monoclonal Proliferation (Tutorial notes, Robbins pp 302, Fig 8-37)

Monoclonal proliferation refers to proliferation of cells – which all derive from the one cell originally. All cancers have monoclonality, that is, they all derive from the same cell. Originally, there is genetic mutations in some genes (i.e.: protooncogenes, antioncogenes, apoptotic genes, genes for DNA repair) – and this mutated has lost cell cycle regulation – therefore undergoes uncontrolled proliferation ( new clones. Now it is gnomically unstable, so is vulnerable to another mutation. This newly mutated cell has further cell cycle regulation – therefore further proliferates ( new clones. In the end, you get numerous subpopulations of tumour cells all derived from the same cell. 

Tumour progression is a phenomenon whereby preneoplastic lesions ( become benign ( become invasive (malignant). The level of malignancy is acquired over a period of time, where the tumours become more aggressive. We mentioned above that all tumour cells have a monoclonal origin. But, by the time they become clinically evident their constituent cells are heterogenous. This is because, over time, several subpopulations appear and the cells that make up these populations differ with respect to each in terms of their phenotypic characteristics. 

All of these subpopulations have differing antigenicity. The most antigenic subpopulation is killed by the host’s immune response, whilst those that are least antigenic survive. Thus, the surviving clones are the most aggressive and the most adapted to invasiveness and adaptation. 

Tumour growth (Robbins pp 299, pp 296)

Tumour growth depends on the 1) imbalance between cell gain and cell loss. This imbalance is determined by the 2) growth fraction, which is the proportion of cells within a tumour that are in the proliferative phase. The growth fraction has a huge impact on treatment options for neoplasia. Chemotherapy and Radiotherapy are more efficient when the cells are in the proliferative phase. Thus, tumours with high growth fractions are more susceptible to chemotherapy and radiotherapy. What happens to tumours that have low growth fraction (i.e.: breast cancer, colon cancer etc)? We need to shift the tumour cells from G0 phase to cell cycle phase. This can be done by excising part of the tumour, thus the remaining cell sense the ‘loss’ and shift into cell proliferation mode. Now we can attack them with chemotherapy etc. 

Telomeres and Cancer

Cellular senescence describes the fact that normal cells continually divide but reach a stage (after fixed number of divisions) where they become arrested in a nondividing state. What determines this termination? Actually, at the ends of chromosomes there are specialised structures known as telomeres. Each time a cell divides, the telomeres shorten – and if they shorten beyond a certain limit – then the cell cannot divide any more. Germ cells can divide continually, so how are they able to do it? The enzyme telomerase prevents the shortening of the telomeres, therefore termination of cell division does not occur. So, when germ cells differentiate into their specialised variety – the telomerase enzymes become deactivated/absent – therefore are susceptible to cellular senescence. 

How does all this relate to tumour growth? Well, tumour growth can occur continually and rapidly. So the concept of cellular senescence does not work here. How come, don’t tumour cells derive from normal host cells? Yes they do – but tumour cells can reactivate telomerase – therefore can prevent telomere shortening. 

Mechanisms of Invasion and Metastasis (Robbins pp 302, Fig 8.39)

For tumours to become malignant, they need to metastasise – but out of the millions of cells released into the blood/lymph stream – only a few metastases are formed – therefore metastasis is an inefficient process. Why? Because only certain subclones (described previously) possess the right characteristics to complete all the steps to achieve metastasis. The tumour cells need to: 1) detach themselves from surround tumour cells, 2) breach basement membrane, 3) traverse extracellular matrix, 4) breach basement membrane of endothelial cells. They need to do this at the site of metastasis as well. 

Invasion of extracellular matrix

The tumour cells become increasingly motile. Normal cells are adhered to each other. Adhesion molecules mediate this adhesion (e.g.: cadherin family of transmembrane glycoproteins is one such example). In tumours, there is down regulation in expression of these molecules, so cells have decreased adherence and increase motility. They now need to attach to the basement membrane, and this is mediated by receptors such as laminin and fibronectin. Once attached, they need to actively degrade membrane and gain access to the extracellular matrix. Penetration is also assisted by passive growth pressure. Tumour cells secrete proteolytic enzymes, or induce host cells to do so. There is a regulation of protease activity, but antiproteases – but obviously this regulation is lost here. Now, the tumour cells need to be propelled into the extracellular matrix, this is done by two things 1) motility factors made by tumour cells, 2) cleavage products of matrix components (i.e.: collagen, laminin etc). 

Note that the proteolytic enzymes not only cleave pathway through basement membrane, but also through ECM. That is, “roads” are set up so tumour cells can traverse the ECM

Vascular Dissemination and Homing of tumour cells

They enter the vascular system via the same mechanism described above – the most important being the proteolytic enzymes produced by the tumour cells, and host cells. Once reaching the vascular system, the tumour cells are highly vulnerable to attack from natural killer cells. So, tumour cells clump to other tumour cells (i.e.: homotypic adhesion) or tumour cells clump to blood cells (i.e.: heterotypic adhesion). This enhances tumour cell survival. Then, they adhere to the endothelium (e.g.: adhesion molecules ( integrins, laminin receptors) and proteolytically cleave the basement membrane to reach the site of implantation. Vascular dissemination does not always correlate to drainage patterns, three mechanisms described on pp 305. Read up!
