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Summary:

Recently, the scientists have established a direct link between the cancer growth and formations at the ends of chromosomes, called telomeres. As our organism ages and cells in our body divide, these telomeres shorten, until they get to the point when they can no longer maintain their proper functioning, and the cellular death follows.  However, the tumour cells have been found to be able to activate the telomerase: an enzyme that stops or even reverses the process of telomere shortening. This leads to the unlimited expansion of the carcinoma. An inhibition of telomerase could therefore lead to an effective cancer cure.  Last studies have also shown very unusual characteristics of telomerase genes (TERT) in the Nightshade (Solanaceae) family that includes very common plants such as tobacco, potato or tomato. The further research on them could contribute to better understanding of telomeres and telomerase and to the finding of a cancer cure.

Telomeres and telomerase

Telomeres are the ending parts of chromosomes in every higher organism like plants and all animals including humans. They maintain the genetic information of every single cell in the body (de Lange, 2005). They also have many other regulatory functions, one of the most important being that they serve as a sort of guardians of the chromosomes. In a cell nucleus, where chromosomes are present, there are a number of reparatory enzymes.
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Telomeres as the terminal parts of a chromosome
They seek any damage or even rupture of chromosomes, which can be caused by exposition of the organism to UV radiation, by errors during processes going on inside the cell or even by such a simple thing as stress that our organism undergoes in everyday life. These enzymes then repair the damage and chromosomes can therefore maintain their proper functioning. But how do the reparatory enzymes tell a chromosome rupture and a natural chromosome ending apart? This is where telomeres become involved. Their DNA binds to specific proteins and together they form a kind of shielding complex (de Lange, 2005). Thus the chromosomes are protected from being fused together by activity of those enzymes.

This protection quality of telomeres described above has got a lot to do with another of their functions, for they are responsible for the number of divisions of every single cell in the body. That is because with every cell division they lose their length due to inability of common enzymes present in cells to copy the terminal parts of chromosomes – that are the telomeres (Jiang et al, 2007).

These are not the reparatory enzymes mentioned above but enzymes of a different kind called DNases. Their role consists of duplicating DNA of chromosomes so that there are two sets of chromosomes present in a cell before its division, during which the particular cell becomes two, each of them needing one chromosome set.

The telomere shortening goes on until they become too short and lose their shielding property. Thus the reparatory enzymes mistake them for ruptures and bind the telomere-less chromosomes to each other. Therefore the stability of the cell’s genetic information is threatened and specific receptors make sure such cells do not divide anymore but reach apoptosis (programmed cell death). When this control mechanism fails and the malfunctioning cell continues living, the situation can possibly develop into cancer.

Every cancer cell needs to divide to give rise to tumours, though. That is where telomerase comes into play. This enzyme adds specific DNA sequences to the endings of telomeres and therefore reverses their shortening. Hence, a cell with activated telomerase can multiply itself almost limitlessly (Švec, 2006). Telomerase is normally active in healthy cells that need to divide at higher rate than average, such as liver cells, stem cells or embryonic cells. Also in children, whose organisms need to develop and grow, is telomerase activity higher than in older people because their cells do not have to divide that much. Therefore in tumorous cells, telomerase enables the carcinoma to grow and spread (Švec, 2006).

[image: image2.jpg]



Spreading of a brain tumour
Knowing this, it is not surprising that telomerase is currently one of the most frequently studied subjects of biomedical research striving to develop an effective and non-invasive cancer cure. In this research, suitable inhibitors of telomerase are being sought for. The hope is that such a compound can be found that would solely target telomerase in cancer cells and block it (Švec, 2006). This would stop them from further replication but otherwise would not interact with proper functioning of healthy cells’ metabolism in any way. If successful, this research could ensure a much gentler and safer treatment than chemo- and radiotherapy for patients with cancer, which would also effectively stop every kind of growing tumour including metastases. One question still remains, though: Would the pharmaceutical industry willingly give up a great portion of its incomes from current costly treatments for selling a 100% effective cure? We cannot but hope it would.

Telomere and telomerase biology in Nightshade plants

Certain groups of Nightshade plants show very unusual characteristics in the field of telomere and telomerase biology. These have not been found in any other organisms.

In some plants, such as Cestrum, Vestia and Sessea there is no evidence of telomeres or telomerase activity whatsoever (Sýkorová et al, 2003), whereas genome of tobaccos, tomatoes etc. includes more than one variant of TERT gene (telomerase consists of two subunits: TR, made of RNA, and protein TERT) (Sýkorová et al, 2012). The meaning and significance of these two anomalies is yet to be discovered, as well as why they are so contradictory, although they are present in a single group of closely related plants. 

This makes the Nightshade family very intriguing subject of further research on this part. Explaining these abnormalities could lead to very interesting, if not very important, discoveries and to better understanding of telomere and telomerase mechanisms. Perhaps the key to the cancer cure actually lies within the understanding of function of telomerase enzyme in tobacco, potato or tomato, which all belong to the Nightshade family. Time will show.
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Can further study of telomerase enzyme in tomatoes lead to a cancer cure?
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