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Telomerase in Mammalian Cells
Telomerase is a reverse transcriptase that maintains telomeres 

in cells where it is active. For that function, 2 minimal components 
are required and sufficient in vitro [1]: the catalytic subunit TERT 
(Telomerase Reverse Transcriptase) and the RNA component 
TR/TERC which also contains the 11 nucleotide template region 
for the addition of TTAGGG hexanucleotides onto the 3’ G-rich 
telomeric overhang. This catalytic function of telomerase has been 
initially described by E. Blackburn and colleagues in unicellular 
protozoans [2]. However, it quickly emerged that most eukaryotic 
organisms use this ancient enzyme which, due to its composition, 
is a ribonucleoprotein, for maintaining linear chromosomal ends. 
Telomeres shorten during cell division predominantly due to the 
inability of the semiconservative DNA replication process which 
leaves an RNA primer at the very end which cannot be replaced 
by DNA [3]. This is also known as the “End Replication Problem” 
(ERP) [4]. In addition, oxidative stress can contribute to telomere 
shortening as well as telomeric DNA damage [5-7].

The catalytic function of telomerase has been well studied and 
described and plays a major role in dividing cells. However, telomere 
shortening, due to induction of cellular senescence or apoptosis, 
also acts as a tumour suppressor mechanism [8]. While most 
mouse tissues have telomerase activity present during adulthood 
in the majority of tissues and organs, most human somatic cells 
downregulate telomerase activity early during development [9- 

 
11]. In contrast, germline cells, embryonic stem cells and most 
cancer cells have high, constitutive activity of telomerase which 
is a prerequisite for their immortality [12-14]. The majority of 
human somatic cells does not have telomerase activity. Exceptions 
are endothelial cells and lymphocytes such as T- and B-cells as well 
as adult stem cells that are both able to upregulate telomerase 
activity upon stimulation [15-17]. During differentiation of human 
embryonic stem cells in vitro telomerase activity and the expression 
of hTERT are downregulated quickly, while the hTR component is 
still detectable after differentiation [18]. This scenario most likely 
also occurs in vivo during development.

In general, it is thought, that the presence of the catalytic subunit 
TERT is the limiting factor for the presence of telomerase activity in 
cells, including human cells. This is the reason, why human somatic 
cells can be transfected by hTERT in order to generate telomerase 
activity and extend the lifespan of mortal cells and avoid senescence 
and apoptosis due to continuous telomere maintenance [19,20]. 
This is due to the fact that the RNA component is present in most 
human somatic cells and it had been speculated that it might fulfil 
other roles in there. In addition to its canonical function in telomere 
maintenance, over the past years it emerged that the catalytic 
subunit TERT has various non-canonical functions. This includes 
it’s shuttling to mitochondria where it protects cells from oxidative 
stress, DNA damage in mitochondrial and nuclear DNA as well as 
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Abstract 
While telomerase is best studied in its canonical function on telomere maintenance during cell division, various non-canonical 

functions beyond any telomere involvement and nuclear localisation of the protein part TERT (Telomerase Reverse Transcriptase) 
have been discovered in recent years. It currently emerges that the TERT protein seems to have a particular important function in 
the brain and neurons. While in most human somatic tissues the TERT component is downregulated while the RNA component TR/
TERC persists, in human brain it seems to be the opposite: the RNA component is downregulated early during development and 
TERT persists even in neurons from old brain. This mini-review gives a brief overview of the special relationship of telomerase in 
the brain which might be exploited in future therapies of neurodegenerative diseases. 
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apoptosis [20-22]. TERT has a mitochondrial localisation signal and 
is exported from the nucleus upon phosphorylation in a Src-kinase 
dependent manner [23,24]. Moreover, TERT is able to complex with 
mitochondrial RNA’s in order to generate a reverse transcriptase 
function within the organelle [25], although it’s biological 
significance is not entirely clear. In addition, the non-canonical role 
of TERT has been shown to promote various properties of tumour 
cells such as migration, epithelial-mesenchymal transition (EMT), 
invasion and more [26].

Telomerase in Mouse and Human Brain Cells
Over the last years various groups have demonstrated a 

particular role of the TERT protein in brain and specifically 
in neurons [27-29]. Mouse and human microglia due to their 
macrophage-related origin display some telomerase activity and 
TERT protein [30,28]. However, contradicting data exists for rodent 
astrocytes, with some studies demonstrating initial but over time 
subsiding telomerase activity during in vitro culture [30] while 
other studies found a decrease of telomerase activity and TERT 
expression during in vitro differentiation of mouse neural stem 
cells into astrocytes [31]. Our group did not detect TERT protein 
in astrocytes of the human hippocampus and cultured mouse 
astrocytes [28]. However, we found TERT protein present even in 
brain neurons from old AD patients, while no telomerase activity 
is detectable in embryonic brains after post-conception week 10 
when measured with a conventional TRAP assay at 30 cycles [32]. 
Our study demonstrated that instead of TERT, in human brain it 
seems to be rather the RNA subunit hTR that is downregulated. This 
could be the mechanism how telomerase activity is downregulated 
in the human brain in contrast to most other human tissues. Our 
results suggest a different mechanism of down-regulation of 
telomerase activity in human neurons compared to other human 
tissues (Figure 1).

Figure 1: Different regulation of telomerase in human cells: A: 
Activated lymphocytes and endothelial cells have telomerase 
activity (TA), B: most somatic cells have no TA and no TERT, but 
express hTR, C: Neurons and the adult brain don’t have TA, but 
express hTERT and have hTR downregulated.

The situation is slightly different in mice where telomerase 
activity is still detectable in whole brain until early postnatal stages 
[33] and thus rodents have a slightly different telomerase biology 
and kinetics of downregulation of telomerase activity. However, in 

contrast to most other mouse and rodent tissues, adult rodent brain 
also does not have measurable telomerase activity unlike most 
other mouse organs [33]. Nevertheless, some aspects of telomerase 
biology in adult mouse brain seem to be rather similar to humans 
since the use of telomerase activators demonstrated beneficial 
effects in a model of Amytrophic Lateral Sclerosis (ALS) [34]. Our 
group has found that mTERT protein accumulates specifically in 
mouse brain mitochondria under conditions of dietary restriction 
(DR) and rapamycin treatment while it did not do the same in 
other tissues such as liver [35]. This observation confirmed 
again that TERT protein has a protective function specifically in 
brain mitochondria, not only under increased stress conditions 
as shown in cells and neurons previously [20,22,29], but also 
under beneficial physiological conditions. We also found that the 
decrease in oxidative stress due to decreased mTOR signalling was 
dependent on the presence of TERT protein [35,36]. Similarly, we 
had demonstrated previously in a neuronal model that the presence 
of TERT protected cells from oxidative stress and cellular damage 
caused by the expression of pathological tau [28]. 

Together, these results suggest that the presence of TERT might 
be particularly beneficial in the brain and neurons. This could be 
the underlying reason for the downregulation of the telomerase 
RNA component TR/TERC in brain while in other human somatic 
tissues it is TERT which is downregulated while hTR is present, but 
in both cases telomerase activity (TA) is absent. An overview about 
the differential regulation of telomerase including hTERT and hTR 
subunits in the human body is shown in Figure 1.

Importantly, the potentially beneficial effect of TERT in brain 
implies that increasing TERT levels using telomerase activators 
might be an attractive novel treatment option for therapies aiming 
to delay and ameliorate symptoms of neurodegenerative diseases 
such as Alzheimer’s disease (AD) and Parkinson’s disease (PD) in 
the future.
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