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ABSTRACT

Spirulina platensis is a photosynthetic filamentous, edible cyanobacterium that is known as a
superfood. In this study, sapogenins were extracted from the spirulina and the effects of these
compounds on telomerase activity were evaluated in MCF7 and HDF cell lines using Telomeric
Repeat Amplification Protocol and ELIZA assay. The highest increase in telomerase activity
was observed at 0.004 mg/ml of sapogenin by 26% +20.5 in MCF7 cells, while in HDF cells in
the same concentration telomerase activity decreased down to 47%+0.48 and the highest
inhibition of telomerase activity was observed at 0.070 mg/ml of sapogenins from Spirulina by
68%+0.43. In conclusion, a compound could play a role as a telomerase activator in one cell
line while it could play another role as a telomerase inhibitor in another cell line so introducing
compounds as a telomerase inhibitor (anticancer) or as a telomerase activator (anti-aging)
should be done with discreet.
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INTRODUCTION

Spirulina platensis is one of the most important edible microalgae and because of its rich
micro- and macronutrient contents, has a potential of food supplement production and bioactive
compounds extraction properties like anti-cancer, anti-aging, anti-bacterial, anti-viral, immune
protective, anti-oxidant, etc [1, 2]. Telomeres protect the chromosomes from degeneration
rearrangement and end to end fusion. During DNA replication the telomeric fragments were
added to 3 ends of chromosomes by a reverse transcriptase enzyme that nominated telomerase.
Telomeres and telomerase play an important role in the age-related diseases and cancer [3, 4].
Telomerase activity is high in cancer cell line whereas its activity is low in age-related diseases.
Since telomerase discovery, it is a molecular target to cancer therapy while on the other hand
delaying aging prosses [5].

MATERIALS AND METHODS

Spirulina platensis was obtained from (ABRII), Agricultural Biotechnology Research
Institute of Iran and cultured in pH=9.5-10 at 30+3°C with an exposure of 4 kilolux light
intensity. The culture was carried out within a shaker. Biomass was collected, dried and stored
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at 2-4°C [6]. Saponins were extracted as explain by Majinda, briefly, 0.05 g of methanolic
extract dissolve in a mixture of 5 ml of distill water and 5 ml of butanol. Saponins separated in
the organic phase [7]. To obtain sapogenins, 2 mg of saponins were hydrolyzed with 19 ml of
2N HCI in 50% aqueous methanol at 100°C for 2 h. The hydrolyzed mixture was extracted with
15 ml of ethyl acetate. Organic phase that containing sapogenins was collected and dried at
40°C [8].

MCF7 and HDF cell lines obtained from Pasteur Institute of Iran. The cells were cultured in
RPMI-1640 medium, containing 10% Fetal Bovine Serum and 1%penicillin-streptomycin,
(Gibco) under anaerobic incubation of 5% CO, within CO, incubator at 37°C [9]. The MCF7
and HDF cell lines were treated with final concentration of 0.004, 0.070 and 0.500 mg/ml of
sapogenins from spirulina for 24h. All experiments were repeated three times. All experiments
were repeated three times. Telomerase activity was evaluated with Telomerase Repeated
Amplification Protocol and Enzyme-Linked Immunosorbent assay for each reaction by using
Telo TAGGG telomerase PCR ELISA kit, (Roche). Untreated HDF and MCF7 cells were used
as controls. Increase or decrease of telomerase activity were compared with controls and
reported.

RESULTS AND DISCUSSION

Our finding showed sapogenins from S. platensis have different effects on telomerase
activity in different cell lines. As in Yurtcu ef al. study has been reported Silymarin inhibited
telomerase activity in HepG2 cell line [10]. while according to study of Parzonko et al.
Silymarin increase telomerase activity in endothelial progenitor cells [11]. In our study
telomerase activity was inhibited after treatment with sapogenins in HDF cells. The highest
inhibition of telomerase activity in HDF cells was observed at 0.070 mg/ml of sapogenins by
68%+0.43 while in MCF7 at the same concentration increment of telomerase activity observed
by 19.1%+6.7. In MCF7 cells, treatment with other concentrations of sapogenins increased
telomerase activity as well (Fig. 1).
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Figure 1: Telomerase activity after treatment HDF and MCF7 cell lines with different concentration of
sapogenin from S. platensis

TAG65 (cycloastragenol) is a sapogenin extracted from the root of Astragalus membranaceus
that is known as an anti-aging agent. TA65 can increase average telomer length by enhancement
in telomerase activity in keratinocytes, fibroblasts, and immune cells in culture [12]. whereas in
our study sapogenins from S. platensis inhibit telomerase activity in HDF.

Telomerase has a major protein subunit that nominated as TERT [13]. One of the reasons for
different effects of the same compounds on telomerase activity can be alternative telomerase
TERT mRNA splicing. This phenomenon in the expression of TERT can produce different
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variants of TERT gene. In TERT subunit ten different splice variants have been identified.
TERT transcriptional control play a vital role in the complex regulation of telomerase activity
[14].

Another reason can be related to the presence of different protein kinases in different cells.
protein kinase C (PKC) at post-transcription can regulate the enzyme activity by kinase
phosphorylation. Revocable phosphorylation of TERT catalytic subunit in specific serine/
threonine or tyrosine residues that occur in posttranslational regulation of telomerase activity,
can influence on posttranslational regulation of telomerase activity. Numerous reports prove the
role of PKC isoforms in telomerase regulation. It has been realized that telomerase in human
breast cancer cells is controlled by PKC o through phosphorylation of hTERT while in
nasopharyngeal cancer cells and peripheral T lymphocytes, during T-cell activation PKC { has
been described to regulate telomerase activity. The research on head and neck cancer cells
showed that expression of PKC isoenzymes o, B, 8, € and { and TERT phosphorylation was
related with increment of telomerase activity in head and neck tumor cells. These results
illustrated that telomerase is regulated by various PKC isoenzymes, that maybe depending on
the cell type or cell position [14, 15]. A compound may directly, effect on protein kinase C so
that indirectly affects telomerase activity.

To conclude, evaluation of telomerase activity is important in age-related diseases and
cancer. One promising approach to treat cancer is the use of telomerase inhibitors. Using
telomerase activators for improved condition of elderly patients and for the treatment of age-
related diseases is also recommended. However, it should be noted that the effects of a
compound on telomerase in a cell line could be inhibitory, whereas in another cell it might
increase telomerase activity. Therefore, introducing compounds as a telomerase inhibitor
(anticancer) or as a telomerase activator (anti-aging) should be done with cautious.

Acknowledgment: Not applicable.

Contflict of Interest: The authors have declared no conflict of interest.

REFERENCES

1. Mahdieh G, Fazilati M, Izadi M, Pilehvarian A, Nazem H. Investigation of ACE inhibitory
effect and antioxidant activity of peptide extracted from Spirulina platensis. Chem Methodol
J2020;4:172-180.

2. Mathur M. Bioactive Molecules of Spirulina: A Food Supplement. In: Mérillon JM.,
Ramawat K. (eds) Bioactive Molecules in Food. 2018;1-22. Springer, Cham.
https://doi.org/10.1007/978-3-319-54528-8 97-1

. Turner KJ, Vasu V, Griffin DK. Telomere biology and human phenotype. Cells 2019;8:73.

. Wai LK. Telomeres, telomerase, and tumorigenesis, a review. Med Gen Med 2004;6:19.

. Shay J, Wright W. Telomeres and telomerase: three decades of progress. Nat Rev Genet
2019;20:299-309.

6. Shanab S, Mostafa S, Shalaby E, Mahmoud G. Aqueous extracts of microalgae exhibit

antioxidant and anticancer activities. Asian Pac J Trop Biomed 2012;2:608-615.

7. Majinda RT. Extraction and isolation of Saponins. Natural products isolation. Methods Mol
Biol 2012;864:415-426.

8. Kuljanabhagavad T, Thongphasuk P, Chamulitrat W, Winkd M. Triterpene saponins from
Chenopodium quinoa Willd. Phytochemistry 2008;69:1919-1926.

9. Fayyad RJ, Ali AN, Dwaish AS, Abboodi AK. Anti cancer activity of Spirulina platensis
methanolic extracts against L20B and MCF7 human cancer cell lines. Plant Arch 2019;19:
1419-1426.

W W

http://mbrc.shirazu.ac.ir 3


http://mbrc.shirazu.ac.ir/

Akbarizare et al., / Mol Biol Res Commun 2021;10(1):1-4 DOI:10.22099/mbrc.2020.38230.1537 MBRC

10.Yurtcu E, Iseri OD, Sahin FI. Effects of silymarin and silymarin-doxorubicin applications on
telomerase activity of human hepatocellular carcinoma cell line HepG2. J] BUON 2015;20:
555-561.

11. Parzonko A, Naruszewicz M. Silymarin inhibits endothelial progenitor cells' senescence and
protects against the antiproliferative activity of rapamycin: preliminary study. J Cardiovasc
Pharmacol 2010;56:610-618.

12. Harley CB, Liu W, Blasco M, Vera E, Andrews WH, Briggs LA, Raffaecle J]M. A natural
product telomerase activator as part of a health maintenance program. Rejuvenation Res
2011;14:45-56.

13. Ilbeigi D, Nourbakhsh M, Khaghani S, Einollahi N, Kheiripour N, Gholinejad Z, Alace M,
Saberian M. Enterolactone reduces telomerase activity and the level of its catalytic subunit in
breast cancer cells. cell J 2017;19:37-43.

14. Wojtyla A, Gladych M, Rub B. Human telomerase activity regulation. Mol Biol Rep 2011;
38:3339-3349.

15. Chang JT, Lu YC, Chen YJ, Tseng CP, Chen YL, Fang CW, Cheng AJ. hTERT
phosphorylation by PKC is essential for telomerase holoprotein integrity and enzyme activity
in head neck cancer cells. Br J Cancer 2006;94:870-878.

http://mbre.shirazu.ac.ir 4


http://mbrc.shirazu.ac.ir/

