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Abstract
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Cellular mortality and uncontrolled mitotic divisions are the main characteristics of cancer, as they give it, in addition to other 
factors, the ability to outbreak in the patient’s body which hardens the curability of cancer while cellular ageing is the main reason 
behind many ageing diseases. In the last few decades researches showed that telomerase enzyme activity is the main controller of 
cellular mortality and ageing as its ability to make the cell exceed the hayflick's limit or the normal number of mitotic divisions that 
normal cells can do. This discovery not only opened the doors to many new cancer treatment techniques but also gives us new medi-
cal prospects capable of changing organ transplantation in the future.

Introduction
Cancer and cellular aging as known relate to the limitation of cellular divisions; cancer cells, infinitely divide in contrary to cellular 

ageing in which cells lose their ability to divide. But the question is: What are those factors that control division?

Actually, the answer to this question took decades of researches, first about what difference there is between cancer cells and aged 
ones. To answer this question, we should know how normal cells divide and how they age or become cancer cells then the connection ring 
between them becomes clear.

Normal cells divide by mitosis and within every mitotic division [1], the length of telomere in the end of cell DNA gets shorter till defi-
nite limit called hayflick’s limit. At this limit cells cannot undergo further divisions [2]. 

In cancer cells, in addition to major activation of oncogenes and suppression of P53 “tumor suppressor gene”, there is an enzyme called 
telomerase enzyme that is activated which as a result, increases the length of telomere so that cancer cells can divide continuously [3-5]. 

Without telomerase enzyme, cancer cells will age like normal ones and will be localized so cancer will lose its major characteristics of 
metastasis or malignancy.

About 90% of cancer types show expression of telomerase enzyme which makes telomerase inhibition one of the possible mechanisms 
to control the outbreak of cancer in the patient’s body [6].
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Many cancer drugs depend on their mechanism as inhibitors of telomerase activity but side effects are painful as these drugs affect 
normal cells that have levels of telomerase expression since these cells frequently divide more than other cells such as “hair follicle cells 
– cells lining mouth… etc”. [7,8].

 Unlike cancer cells, aged cells show no expression of telomerase enzyme, so every mitotic division causes erosion of cells’ telomere 
with no ability to reconstruct the missing parts lacking telomerase enzyme [9].

Cells, with each division, get closer to a limit that there are no more telomere parts to be lost. As a result, cells would then lose their 
ability to divide making them become larger in size and prone to programmed cell death by apoptosis [10].

So, the connection between aged cells and cancer cells is telomerase activity.

Telomerase enzyme is a complex enzyme formed of two main parts: telomerase reverse transcriptase (TERT) and telomerase RNA 
(TER) [11].

Telomerase reverse transcriptase uses telomerase RNA as a template to build up new parts on 3’ end of DNA “telomere” as shown in 
Figure 1 [12].

Figure 1

Telomerase activated in cancer by activation of telomerase enzyme genes which is found on chromosome 5 and formed of 16 exons 
and 15 introns [13].
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The translation of telomerase gene is affected by epigenetic effects and many factors that regulate transcription process.

Epigenetic effects on chromatin structure and reshaping of the telomerase gene region that resembles the first control of telomerase 
regulation [14]. In contrary to the base of epigenetic control that methylation makes genes silent and couldn’t be expressed, telomerase 
gene region in cancer cells is hyper methylated and that seems to help in promotion of transcription process [15] with the help of Histone 
acetylation [16,17].

In addition, there are many proteins that are believed to be responsible for transcription promotion like c-Myc protein family [18-20].

In addition, there are many viruses that have ability to activate telomerase gene like cytomegalovirus (CMV), Epstein-Barr virus (EBV), 
Kaposi sarcoma-associated herpes virus (KSHV), human papillomavirus (HPV), and hepatitis B, C virus [21-25].

The development of 3d bioprinting was promising to build up organs from the same body cells which will make organ transplantation 
without any hypersensitivity side effects but there is one big problem hinders that project is to find continuous source of cells [26-28].

Stem cells were a reasonable solution but it is still so difficult to use stem cells to build up 3 – 6 different types and maybe more of 
tissues to build up an organ but using safe activation of telomerase will lead to a huge jump in this field as it will give you the ability to 
build up a complete tissue from few cells.

Vaccine manufacturing is a complex industry but in general, it entails injecting a host by targeted virus and allowing the virus to pro-
pagate and then making a collection of all produced viruses. By using chemicals or other methods, viral infectivity will be removed then 
you will have a suitable antigens for immune system [29].

The host mostly is a mammalian cell line. So, in this industry, you should have a continuous source of cells. Using primary cell lines is 
expensive and badly effects on the stability of production.

The viral activation of telomerase is the key factor in this industry nowadays. Using tumor viruses to activate telomerase enzyme in 
host cells will give a cell lines called immortalized cell lines which will resemble an infinite source of host cells [30].

Conclusion
Finding the method of achieving full control of telomerase activity will open doors for development in many scientific and medical 

aspects.

Bibliography

1. King Randall W., et al. “Mitosis in transition”. Cell 79.4 (1994): 563-571. 

2. Shay Jerry W and Woodring E Wright. “Hayflick, his limit, and cellular ageing”. Nature Reviews Molecular Cell Biology 1 (2000): 72-76. 

3. Artandi Steven E and Ronald A DePinho. “Telomeres and telomerase in cancer”. Carcinogenesis 31.1 (2009): 9-18. 

4. Greider Carol W and Elizabeth H Blackburn. “Telomeres, Telomerase and Cancer”. Scientific American 274.2 (1996): 92-97. 

5. Harley CB., et al. “Telomerase, Cell Immortality, and Cancer”. Cold Spring Harbor Symposia on Quantitative Biology 59 (1994): 307-315. 

6. Yuan Xiaotian., et al. “Mechanisms underlying the activation of TERT transcription and telomerase activity in human cancer: old actors 
and new players”. Oncogene 38.34 (2019): 6172-6183. 

7. Saretzki Gabriele. “Telomerase inhibition as cancer therapy”. Cancer Letters 194.2 (2003): 209-219. 

doi:10.1016/0092-8674(94)90542-8
doi:10.1038/35036093
doi:10.1093/carcin/bgp268
doi:10.2307/24989399
doi:10.1101/SQB.1994.059.01.035
doi:10.1038/s41388-019-0872-9
doi:10.1038/s41388-019-0872-9
doi:10.1016/S0304-3835(02)00708-5


120

Telomerase Activity as a Connection Ring Between Oncology, Cellular Ageing, 3D Bioprinting and Vaccine Manufacturing

Citation: Ahmed Muhammad. “Telomerase Activity as a Connection Ring Between Oncology, Cellular Ageing, 3D Bioprinting and Vaccine 
Manufacturing”. EC Pharmacology and Toxicology 8.4 (2020): 117-121.

8. Coates Alan., et al. “On the receiving end—patient perception of the side-effects of cancer chemotherapy”. European Journal of Cancer 
and Clinical Oncology 19.2 (1983): 203-208. 

9. Chiu Choy-Pik and Calvin B Harley. “Replicative Senescence and Cell Immortality: The Role of Telomeres and Telomerase”. Proceedings 
of the Society for Experimental Biology and Medicine. 214.2 (1997): 99-106. 

10. Hengartner Michael O. “The biochemistry of apoptosis”. Nature 407.6805 (2000): 770-776. 

11. Nugent Constance I and Victoria Lundblad. “The telomerase reverse transcriptase: components and regulation”. Genes and Develop-
ment 12.8 (1998): 1073-1085.

12. Yasumoto S., et al. “Telomerase activity in normal human epithelial cells”. Oncogene 13.2 (1996): 433-439.

13. Cong YS., et al. “The human telomerase catalytic subunit hTERT: organization of the gene and characterization of the promoter”. Hu-
man Molecular Genetics 8.1 (1999): 137-142. 

14. Liu Tiantian., et al. “Cancer-Specific Telomerase Reverse Transcriptase (TERT) Promoter Mutations: Biological and Clinical Implica-
tions”. Genes 7.7 (2016): E38.

15. Takakura M., et al. “Telomerase activation by histone deacetylase inhibitor in normal cells”. Nucleic Acids Research 29.14 (2001): 3006-
3011. 

16. Xu D., et al. “Switch from Myc/Max to Mad1/Max binding and decrease in histone acetylation at the telomerase reverse transcriptase 
promoter during differentiation of HL60 cells”. Proceedings of the National Academy of Sciences USA 98.7 (2001): 3826-3831. 

17. Ge Zheng et al. “Mitogen-activated protein kinase cascade-mediated histone H3 phosphorylation is critical for telomerase reverse 
transcriptase expression/telomerase activation induced by proliferation”. Molecular and Cellular Biology 26.1 (2006): 230-237. 

18. Liu Cheng., et al. “The telomerase reverse transcriptase (hTERT) gene is a direct target of the histone methyltransferase SMYD3”. 
Cancer Research 67.6 (2007): 2626-2631. 

19. Casillas Mark A., et al. “Induction of endogenous telomerase (hTERT) by c-Myc in WI-38 fibroblasts transformed with specific genetic 
elements”. Genetics 316 (2003): 57-65. 

20. Bellon Marcia and Christophe Nicot. “Regulation of telomerase and telomeres: human tumor viruses take control”. Journal of the Na-
tional Cancer Institute 100.2 (2008): 98-108.

21. Strååt Klas., et al. “Activation of telomerase by human cytomegalovirus”. Journal of the National Cancer Institute 101.7 (2009): 488-497. 

22. Counter CM., et al. “Stabilization of short telomeres and telomerase activity accompany immortalization of Epstein-Barr virus-trans-
formed human B lymphocytes”. Journal of Virology 68.5 (1994): 3410-3414.

23. Wang Ling., et al. “Immortalization of Primary Endothelial Cells by the K1 Protein of Kaposi’s Sarcoma–Associated Herpesvirus”. Can-
cer Research 66.7 (2006): 3658-3566.

24. Klingelhutz Aloysius J., et al. “Telomerase activation by the E6 gene product of human papillomavirus type 16”. Nature 380.6569 
(1996): 79-82. 

25. Ray Ratna B., et al. “Hepatitis C Virus Core Protein Promotes Immortalization of Primary Human Hepatocytes”. Virology 271.1 (2000): 
197-204.

https://www.ncbi.nlm.nih.gov/pubmed/6681766
https://www.ncbi.nlm.nih.gov/pubmed/6681766
doi:10.3181/00379727-214-44075
doi:10.3181/00379727-214-44075
doi:10.1038/35037710
http://genesdev.cshlp.org/content/12/8/1073.full
http://genesdev.cshlp.org/content/12/8/1073.full
https://www.ncbi.nlm.nih.gov/pubmed/8710384
doi:10.1093/hmg/8.1.137
doi:10.1093/hmg/8.1.137
https://www.ncbi.nlm.nih.gov/pubmed/27438857
https://www.ncbi.nlm.nih.gov/pubmed/27438857
doi:10.1093/nar/29.14.3006
doi:10.1093/nar/29.14.3006
doi:10.1073/pnas.071043198
doi:10.1073/pnas.071043198
doi:10.1128/MCB.26.1.230-237.2006
doi:10.1128/MCB.26.1.230-237.2006
https://www.ncbi.nlm.nih.gov/pubmed/17363582
https://www.ncbi.nlm.nih.gov/pubmed/17363582
doi:10.1016/s0378-1119(03)00739-x
doi:10.1016/s0378-1119(03)00739-x
doi:10.1093/jnci/djm269
doi:10.1093/jnci/djm269
doi:10.1093/jnci/djp031
https://www.ncbi.nlm.nih.gov/pubmed/8151802
https://www.ncbi.nlm.nih.gov/pubmed/8151802
https://www.ncbi.nlm.nih.gov/pubmed/16585191
https://www.ncbi.nlm.nih.gov/pubmed/16585191
https://www.ncbi.nlm.nih.gov/pubmed/8598912
https://www.ncbi.nlm.nih.gov/pubmed/8598912
https://www.ncbi.nlm.nih.gov/pubmed/10814584
https://www.ncbi.nlm.nih.gov/pubmed/10814584


121

Telomerase Activity as a Connection Ring Between Oncology, Cellular Ageing, 3D Bioprinting and Vaccine Manufacturing

Citation: Ahmed Muhammad. “Telomerase Activity as a Connection Ring Between Oncology, Cellular Ageing, 3D Bioprinting and Vaccine 
Manufacturing”. EC Pharmacology and Toxicology 8.4 (2020): 117-121.

26. Murphy Sean V and Anthony Atala. “3D bioprinting of tissues and organs”. Nature Biotechnology 32 (2014): 773-785. 

27. Mandrycky Christian., et al. “3D bioprinting for engineering complex tissues”. Biotechnology Advances 34.4 (2016): 422-434.

28. Palakkan Anwar A., et al. “Liver tissue engineering and cell sources: issues and challenges”. Liver International 33.5 (2013): 666-676.

29. Nara Peter L., et al. “How Can Vaccines Against Influenza and Other Viral Diseases Be Made More Effective?”. PLoS Biology 8.12 (2010): 
e1000571. 

30. Genzel, Yvonne. “Designing cell lines for viral vaccine production: Where do we stand?”. Biotechnology Journal 10.5 (2015): 728-740. 

Volume 8 Issue 4 April 2020
©All rights reserved by Ahmed Muhammad.

https://www.nature.com/articles/nbt.2958
https://www.sciencedirect.com/science/article/abs/pii/S0734975015300665
https://www.ncbi.nlm.nih.gov/pubmed/23490085
doi:10.1371/journal.pbio.1000571
doi:10.1371/journal.pbio.1000571
https://www.researchgate.net/publication/275360348_Designing_cell_lines_for_viral_vaccine_production_Where_do_we_stand

	_GoBack

