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Telomerase is an essential component of reproduction,
development, and maintenance of genomic stability in organisms
with linear chromosomes. Since the discovery of telomerase 30 years
ago, research dedicated to understanding the roles of this ribonuclear
enzyme from the molecular level to its impact on lifespan has grown
into a thriving global community.

Telomerase-dependant telomere extension has been extensively
explored, and the importance of telomerase in the maintenance of
self-renewal capacity in embryonic and adult stem cells is so well
appreciated that no respectable modern publication claiming to
demonstrate the discovery of a novel stem cell is complete without
evidence of telomerase activity. However the regulation of telomerase,
and particularly the activity-limiting component TERT, has yet to be
worked out in detail.

Current understanding of hTERT transcription was recently
reviewed by Daniel and colleagues [1]. The regulation of hTERT is
governed by multiple factors through trans-activation mediated
by the zinc-finger transcription factors GC-box binding Spl,
and CCCTC-binding factor CTCF, in general for up- and down-
regulation respectively. These factors bind the promoter region of
hTERT and modify local chromatin structure by histone acetylation
and methylation leadings to changes in TERT expression, and
subsequently, telomerase activity. In addition, a number of
oncogenic transcription factors have been associated with increases
in hTERT expression, and conversely tumor suppressor transcription
factors with a decrease i.e. the c-Myc [2] and TGF-p [3] pathways
respectively. The elevated telomerase activity common to the
majority of human cancers fueled studies that led to these findings,
and thus the relationship of these classes of transcription factors with
telomerase is not surprising. However, cancer is by nature abnormal.
Therefore whilst the genomic sites and mechanisms of regulation
of TERT elucidated by the study of carcinoma-derived cells are
instructive, it does not necessarily inform us about factors involved
in homeostatic TERT transcriptional control. An apt demonstration
of this is repression in cancer cells and promotion in normal somatic
cells of hTERT by the same members of the E2F transcription factor
family [4].

Little published work has explored the factors and functions of
TERT regulators in healthy models for development and homeostasis,

especially in stem cells. Previously we demonstrated that the low
oxygen tension responsive protein hypoxia inducible factor 1 alpha
(HIF1la) is a regulator of the telomerase catalytic subunit gene TERT
in murine embryonic stem cells (ESC) [5]. This interaction was
discovered using a knockdown screening approach that monitored
for changes in the expression of TERT and activity of telomerase.
Hifla had previously been shown to have a role in the upregulation
of hTERT [6], but since it also stabilizes the TERT repressor p53 [7]
the relationship between Hifla expression and TERT regulation is by
no means clear. Since the inner cellular mass of the blastocyst from
which ESC are derived receive oxygen by diffusion, it is assumed to
be a relatively hypoxic environment, and Hifla expression could be
reasonably anticipated. Following implantation, extensive vascular
networks are formed within the embryo, and the most critical period
of telomerase-dependant telomere extension has passed. Leading to
the question, does Hifla have a relevant role to play in telomerase
regulation later in development, and in adult stem cells? There is a
large body of evidence supporting adult stem cell niches having
low oxygen partial pressures [8], and reduction in oxygen tension
reduces the differentiation capacity and extends the self-renewal of
mesenchymal stem cells [9] and hematopoietic stem cells [10]. This
suggests that the interaction of TERT and Hifla extends well beyond
the embryonic stage of development and may have an important
part in adult stem cell self-renewal that could have implications for
healthy aging.

It is imperative that we elucidate the mechanisms of telomerase
regulation throughout all stages of development, especially in the
homeostatic maintenance of adult stem cell self-renewal. Gaining
insights in the network of normal telomerase regulation would enable
research and therapies that address organ-specific morbidities and
human aging.

References

1. Daniel M, Peek GW, Tollefsbol TO. Regulation of the human catalytic subunit
of telomerase (hTERT). Gene. 2012; 498: 135-146.

2. Cerezo A, Kalthoff H, Schuermann M, Schéfer B, Boukamp P. Dual regulation
of telomerase activity through c-Myc-dependent inhibition and alternative
splicing of hTERT. J Cell Sci. 2002; 115: 1305-1312.

3. Beyne-Rauzy O, Prade-Houdellier N, Demur C, Recher C, Ayel J, Laurent G,
et al. Tumor necrosis factor-alpha inhibits hTERT gene expression in human
myeloid normal and leukemic cells. Blood. 2005; 106: 3200-3205.

4. Won J, Yim J, Kim TK. Opposing regulatory roles of E2F in human telomerase
reverse transcriptase (hnTERT) gene expression in human tumor and normal
somatic cells. FASEB J 2002; 16: 1943-1945.

5. Coussens M, Davy P, Brown L, Fosterb C, Andrewsb WH, Nagataa M, et al.
RNAI screen for telomerase reverse transcriptase transcriptional regulators
identifies HIF1 a as critical for telomerase function in murine embryonic stem
cells. Proc Natl Acad Sci. 2010; 107: 13842-13847.

6. Nishi H, Nakada T, Kyo S, Inoue M, Shay JW, Isaka K . Hypoxia-inducible
factor 1 mediates upregulation of telomerase (hTERT). Mol Cell Biol. 2004;
24: 6076-6083.

Austin J Anat - Volume 1 Issue 5 - 2014
ISSN : 2381-8921 | www.austinpublishinggroup.com
Allsopp et al. © All rights are reserved

Citation: Davy P and Allsopp R. Stem Cell Maintenance and the Imperative to Understand Telomerase
Regulation. Austin J Anat. 2014;1(5): 1023.


http://www.ncbi.nlm.nih.gov/pubmed/22381618
http://www.ncbi.nlm.nih.gov/pubmed/22381618
http://www.ncbi.nlm.nih.gov/pubmed/11884529
http://www.ncbi.nlm.nih.gov/pubmed/11884529
http://www.ncbi.nlm.nih.gov/pubmed/11884529
http://www.ncbi.nlm.nih.gov/pubmed/16020509
http://www.ncbi.nlm.nih.gov/pubmed/16020509
http://www.ncbi.nlm.nih.gov/pubmed/16020509
http://www.fasebj.org/content/16/14/1943.full
http://www.fasebj.org/content/16/14/1943.full
http://www.fasebj.org/content/16/14/1943.full
http://www.pnas.org/content/107/31/13842.abstract
http://www.pnas.org/content/107/31/13842.abstract
http://www.pnas.org/content/107/31/13842.abstract
http://www.pnas.org/content/107/31/13842.abstract
http://www.ncbi.nlm.nih.gov/pubmed/15199161
http://www.ncbi.nlm.nih.gov/pubmed/15199161
http://www.ncbi.nlm.nih.gov/pubmed/15199161

Allsopp R Austin Publishing Group

7. An WG, Kanekal M, Simon MC, Maltepe E, Blagosklonny MV, Neckers LM et al. Reduced oxygen tension attenuates differentiation capacity of human
. Stabilization of wild-type p53 by hypoxia-inducible factor lalpha. Nature. mesenchymal stem cells and prolongs their lifespan. Aging Cell. 2007; 6:
1998; 392: 405-408. 745-757.

8. Mohyeldin A, Garzén-Muvdi T, Quifiones-Hinojosa A. Oxygen in stem cell 10. Eliasson P Rehn M, Hammar P, Larsson P, Sirenko O, Flippin LA, Cammenga
biology: a critical component of the stem cell niche. Cell Stem Cell. 2010; 7: J. Hypoxia mediates low cell-cycle activity and increases the proportion of
150-161. long-term-reconstituting hematopoietic stem cells during in vitro culture. Exp

. Hematol. 2010; 38: 301-310.
9. Fehrer C, Brunauer R, Laschober G, Unterluggauer H, Reitinger S, Kloss F,

Austin J Anat - Volume 1 Issue 5 - 2014 Citation: Davy P and Allsopp R. Stem Cell Maintenance and the Imperative to Understand Telomerase
ISSN : 2381-8921 | www.austinpublishinggroup.com Regulation. Austin J Anat. 2014;1(5): 1023.
Allsopp et al. © All rights are reserved

Submit your Manuscript | www.austinpublishinggroup.com Austin J Anat 1(5): id1023 (2014) - Page - 02


http://www.ncbi.nlm.nih.gov/pubmed/9537326
http://www.ncbi.nlm.nih.gov/pubmed/9537326
http://www.ncbi.nlm.nih.gov/pubmed/9537326
http://www.ncbi.nlm.nih.gov/pubmed/20682444
http://www.ncbi.nlm.nih.gov/pubmed/20682444
http://www.ncbi.nlm.nih.gov/pubmed/20682444
http://www.ncbi.nlm.nih.gov/pubmed/17925003
http://www.ncbi.nlm.nih.gov/pubmed/17925003
http://www.ncbi.nlm.nih.gov/pubmed/17925003
http://www.ncbi.nlm.nih.gov/pubmed/17925003
http://www.ncbi.nlm.nih.gov/pubmed/20138114
http://www.ncbi.nlm.nih.gov/pubmed/20138114
http://www.ncbi.nlm.nih.gov/pubmed/20138114
http://www.ncbi.nlm.nih.gov/pubmed/20138114

	Title
	Editorial
	References

