Study understanding of neoplastic transformation
Q: Despite low spontaneous mutation rates, tumours often exhibit multiple mutations. Describe in brief our current understanding of neoplastic transformation.

Ans: Carcinogenesis exhibits as a slow process. Most of the cancers are genetically unstable and they show increased mutation rate. Tumour progression involves successive rounds of mutations and it is a multistage process that progresses over many years and is described by a chain of chromosomal changes (VOGELSTEIN et al. 1988).

When identified, some cancers have gathered as many as 50 chromosomal rearrangements and most likely they could have an even greater number of nucleotide changes or aberrations in their nucleotide sequence of the tumor cells. The various mutations seen in human tumors cells cannot be considered as the spontaneous somatic mutation rate and it is not possible to propose that it could be an early step in tumor progression which could be involved in creating a mutator phenotype (LOEB 1991).

Some evidence even suggests that cancer cells could manifest a mutator phenotype, and later there could be a possibility that a mutator phenotype can arise transiently within a population of cells. The tumour promoter can highly increase the population of mutant cells, thus it can also increase the likelihood of tumour development by additional genetic change or damage in the genome.

Also, there is growing evidence that tumor development and progression is a stepwise process and it comprises the accumulation of phenotypic and genotypic variations. All these alterations can have point mutations or more highly complex DNA rearrangements (like translocations or inversions) and thereby activating dominant oncogenes and even deletions which could eliminate even tumor suppressor genes (J Harwood et al. 1991).

There is a novel pathway which is marked in the form of multiple dispersed mutations in which two errors can be separated by as far as 1,800 base pair and that can fall in the same mutant gene. Such mutations can be due to the result of error-prone DNA synthesis which occurs during normal replication or when there is a long-patch excision-repair of naturally arising DNA lesions. This process could also add to the chromosomal instability which is highly marked in the tumor cells.

We can explain the accumulation of such high numbers of mutations; it has been proposed that an acquired genetic lability or a mutator phenotype may be gained as a very early event or step in tumoriogenesis. Unluckily, this argument seems to be not compatible with the low rate of spontaneous mutation which is found in both normal and malignant cells (A Tachibana et al. 1991).

This is why despite of having low spontaneous mutation rates, tumours often exhibit multiple mutations.

Neoplastic transformation is a process in which cell changes manifested by escape from control mechanisms, show increased growth potential, with changes in the cell surface, even consisting of karyotypic abnormalities, exhibits morphological and biochemical deviations from the model and it has other attributes conferring its ability to invade, metastasize, and even kill.

Neoplastic cell transformation is assumed to result from a multi-step process which involves the activation of oncogenes and inactivation of tumor suppressor genes. Both metal and radiation can induce neoplastic transformation and which has been shown to be related with genetic alterations in some specific oncogenes and in some tumor suppressor proteins, e.g. ras. Still we do not have any through evidence that neoplastic transformation consist of epigenetic mechanisms, we even cannot rule out their possible connection in the transformation process. Even it has been reported that alteration in growth control is critical to neoplastic transformation.

Neoplastic cells usually have various or many genomic mutations and it also has chromosomal aberrations, which includes point mutations, gene amplifications and deletions, and even replication errors are more frequent. Gaining of such genomic instability can be marked as the early step in the development of cancer. The proteins which are involved in DNA replication, DNA repair, cell cycle progression, and others are all the different modules of complex overlapping the biochemical pathways whose role is to sustain its cellular homeostasis. Therefore, if there is a mutational modification of genes encoding proteins which is involved in these cellular processes which can also contribute to genomic instability. If there is a loss of normal cellular mechanisms that guard against genomic mutation or instability and increase in genomic instability might lead in increase of multiple stable mutations in the genome of these affected cells and resulting in neoplastic transformation that is when some critical number of transformation in which the related target genes would go damaged. Thus, communications of vital cellular processes play an important role in sustaining cellular normality, and change in any of these homeostatic processes could stress the cells to undergo genomic instability and there we could see the phenotypic evolution characteristic of carcinogenesis.

The molecular mechanisms that governs the DNA mutation and genomic instability in genetically normal cells which could lead to the development of neoplasia, these include (a) molecular change in genes encoding DNA repair enzymes, (b) molecular alteration of genes in charge of cell- cycle control mechanisms, and (c) direct molecular change of dominantly transforming cellular proto-oncogenes (Coleman and Tsongalis 1995).

Genomic stability checks for cellular homeostasis and genetic continuity in multicellular organisms. In either case cellular genomes are frequently subjected to endogenous and environmentally induced structural damage that can produce stable mutations which can even alter the informational sequence of the cellular DNA. The process of carcinogenesis is also thought to need multiple genetic or epigenetic events that could affect the patterns of gene expression or even by mutational alteration; the nature of expressed genes can be altered. It is to be considered that, though epigenetic mechanisms may play a very important role in carcinogenesis, most of the tumors or transformed cell types show some type of variation to the cellular genome. The genomic modifications present in any specific tumor cell type may range from point mutations, there by affecting a specific gene or by chromosomal aberrations there by affecting numerous genes within a chromosomal segment. Cancer is being induced from the mutation of a few specific proto-oncogenes (such as c-H-ras and c-myc) have been contradicted by the identification of increasing numbers of proto-oncogenes and tumor suppressor genes. It is now believed that neoplastic transformation needs the modification in both protooncogenes and tumor suppressor genes. Genomic instability can be looked upon as a condition that predisposes a cell to the accumulation of stable DNA mutations at a greater rate than normal.

There is good evidence that genomic instability signifies a general feature of neoplasia that can be got through a genetic process and thus it can be mechanistically related to the neoplastic development and tumorigenesis.

There are various reports on genomic mutation and replication errors in human tumors, and several investigational studies that clearly shows that there a predisposition for gene mutation and amplification in neoplastic cells, and further research has even showed that there is a very strong correlation between cancer development and human genetic deficiencies which can be related to DNA repair and genomic homeostasis. The studies even shows that there is a genetic predisposition to cancer development which involves dysregulation of cellular processes which can directly or indirectly affect the cell’s capability to repair damaged DNA. Thus, the phenomenon of neoplastic transformation is an understanding of the mechanisms that govern mutation and development of genomic instability in normal cells (Coleman and Tsongalis 1995).
