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Abstract
Telomere elongation is protective of genomic stability, whereas telomere shortening
increases genomic instability and thereby increases cancer risk. Long telomeres lower the risk
of clinical cancer, while short telomeres are part of a causal cascade of intracellular events
that result in oncogenesis and, ultimately, clinical cancer. Telomerase therapy is not only
unlikely to result in an increased risk of cancer but is likely to lower the risk of cancer
compared to age-matched patients not treated with telomerase therapy. Review of available
data suggests that cancer should not be considered a significant risk to patients undergoing
telomerase therapy.
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1. Introduction
Telomerase relengthens telomeres, thereby offering an innovative potential point of therapeutic
intervention for age-related human disease [1, 2]. Given the potential benefits of using telomerase
to reset cell senescence and improve human health, and the technical ability to take this approach
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to human trials targeting age-related clinical diseases such as Alzheimer’s, it is appropriate to assess
the possible risks associated with telomerase as a therapy. Among possible risks, the issue of cancer
has been raised [3] and will be addressed here.
Potential benefits of telomerase were first described in the medical and lay literature two
decades ago [3-5]. At almost the same time, a possible link between telomerase and cancer was
also posited and was referred to as the “double-edged sword” of cell senescence [6]. Since that time,
supportive data for the therapeutic potential of telomerase has continued to accrue, while
discussion has also continued regarding the possible risk of cancer.
The potential benefits of telomerase therapy are based on the observation that age-related
diseases are consistent with a model of pathology that includes gradual changes in gene expression,
modulated by changes in relative telomere length [7], and culminating in slower molecular turnover,
decreased cell maintenance, and a concomitant decrease in DNA repair [1, 8, 9].
The potential risk of cancer is based on the observation that although cells with sufficiently short
telomeres are unable to divide (lowering their risk of malignant growth), many cancers are known
to express sufficient telomerase to reenable cell division (while not re-lengthening telomeres
sufficiently to upregulate DNA repair [10]). In fact, cancers require telomerase, or more rarely an
ALT (alternative lengthening of telomeres) mechanism, to continue to replicate and survive [11, 12].
Evaluation of the risk of cancer in the context of telomere length (and telomerase) is confounded
by several problems in the literature. These include three key issues that are rarely appreciated or
acknowledged, and which make an assessment of cancer risk prone to error:
1.1 Inappropriate Cells
Many studies of telomere length use surrogate tissues or peripheral leukocytes to assess
telomere length in cancer, as well as other age-related diseases [13-16], In the case of surrogate
tissues, for example, telomeres may be measured in non-cancerous, rather than cancerous cells,
rendering the conclusions invalid, as the telomeres in such cells need not represent telomere length
(and changes in length) in cancer cells.
The use of peripheral leukocytes (which are easy to sample and widely used) to assess telomere
lengths, rather than measuring telomere length in the appropriate cancer cells is questionable.
While it is often more difficult to obtain and measure telomeres from cancer cells, and while
circulating leukocytes are easily sampled and measured, any conclusions based on this approach are
misleading. The telomere lengths of peripheral leukocytes can correlate with those of other tissues
[17], but should not be considered accurate indicators, as different tissues undergo different rates
of cell aging due to tissue-specific events, for example tissue-specific trauma, infection, or lifestyle
choices.
Peripheral leukocytes represent only a small percentage of the body’s total leukocytes, and
specifically do not represent the underlying telomere lengths of the hematopoietic stem cells
resident in the marrow. Leukocytes divide both prior to release from the marrow and after release,
in the peripheral circulation (with the primary locus of division differing between B cells, T cells,
NKC’s, etc.), in response to the needs of the immune system, including infection, stress, and other
environmental factors. Telomere lengths in leukocytes are not an accurate reflection of telomere
lengths in other, dissociated tissues: the telomeres of a leukocyte have no necessary correlation
with the telomeres in hepatic cancer cells, for example.
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Moreover, the telomere lengths of circulating leukocytes vary in dynamic reflection of current
physiologic stress, immune status, etc., and they vary widely between leukocyte type as well [18].
In fact, studies finding shorter telomeres in the circulating leukocytes of cancer patients (compared
to matched controls) [19-21], may be simply a reiteration of the observation patients with cancer
(let alone cancer therapy) are under significant stress and this may be reflected in an increased rate
of leukocyte cell division.
In this case, shorter telomeres may be a result, not a cause, of cancer and this is reflected in
studies measuring telomere lengths prior to diagnosis, which find no relationship between (future)
cancer and leukocyte telomere length [21-25]. The use of peripheral leukocytes to infer telomere
lengths in coexisting cancer cells may not be a sufficiently valid or reliable indicator [26], yet all too
common in the cancer literature. Such findings offer no useful information regarding the
relationship between telomere length and cancer.
1.2 Inappropriate Measures
Cell senescence, and especially genomic instability correlate with the shortest telomere length,
not with the mean telomere length [27-29]. It is the shortest telomere, whose telomere length
signals DNA damage, that sets the pace and determines the cell’s ability to divide. Most telomere
assays and data reviews [30] reflect the less technically demanding, more available, and cheaper
assays for mean telomere length rather than using an assay for the shortest telomere length.
Conclusions based on the use of inappropriate measures are not definitive and may be
misleading as to actual physiological events. Cancer cells may have mean telomere lengths that are
relatively long, while having several telomeres which are extremely short. The use of mean telomere
lengths to infer the relationship between telomere length and cancer is not based on good science
and conclusions based on this approach can offer no definitive information.
1.3 Inappropriate Attribution
Attribution of causation should not be based on correlation alone. Regardless of this common
caveat, some studies, especially those based upon GWAS (genome wide association studies) have
suggested that there is a relationship between SNP’s (single nucleotide polymorphisms) associated
with long telomeres and the risk of cancer [31-36]. Such associations are simply that: associations,
without inference as to causation.
A SNP may be responsible for both increased telomere length and increased cancer risk, yet this
does not imply that telomere length is causal with regard to cancer. There is no validity to an
inference that increased telomere length is responsible for increased cancer risk. The use of
correlational data to imply a causal relationship between telomere length and cancer is, a priori,
invalid.
Data regarding telomeres, telomerase, and cancer risk often fail to avoid the above errors and
should be considered suspect. Nonetheless, the concern regarding cancer remains appropriate and
should be carefully addressed, with attention to both theoretical understandings and supportive
data, while avoiding the pitfalls listed above.
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2. Concerns
The “two-edged sword” theory depicted telomere loss as serving to restrict carcinogenesis at the
cost of cell senescence [6]. Essentially, telomeres were portrayed as a zero-sum clinical choice
between cancer and aging. In this view, long telomeres served to maintain youthful cell function
(avoiding age-related disease) but increased the risk of carcinogenesis. Short telomeres resulted in
senescence (resulting in age-related disease) but decreased the risk of carcinogenesis. While this
simplistic model has proven an inappropriate and inaccurate representation of reality over the past
two decades, there are more complex theoretical models [1], and the data can be difficult to assess,
in large part due to misconceptions and errors (as above).
The general context in which telomeres and cancer play a role can be readily sketched.
Progression from a normal somatic cell that does not express telomerase to an invasive cancer
requires the sequential acquisition of multiple mutations and/or epigenetic alterations and loss-offunction mutations [37, 38]. In outline, carcinogenesis can be viewed as a cascade of events, with
three significant obstacles to progression. The first obstacle to carcinogenesis is DNA damage repair,
in which detection and DNA repair pathways replace DNA base errors, thereby halting
carcinogenesis. The second obstacle to carcinogenesis is the cell cycle braking system, which detects
residual (unrepaired) DNA damage and blocks any further progression of the cell cycle, thereby
preventing division and halting carcinogenesis, despite residual DNA errors. The third obstacle to
carcinogenesis is cell senescence, in which a sufficiently short telomere stops further cell division,
again preventing sustained cell division and halting carcinogenesis. In normal cells, these three steps
operate sequentially and effectively, thus routinely terminating cancer risk.
Telomerase, normally present in the germ cell line and to a variable extent in stem cell lines
(which are telomerase competent) [39], is not normally present in somatic cells. As a result, lacking
telomerase, as somatic cells divide, they progressively lose telomere length and – after sufficient
base pairs are lost – enter cell senescence and are no longer capable of cell division. In such cases,
the absence of telomerase serves as a “tumor suppressor pathway [40].”
Only cells that 1) have residual DNA errors (either through mutation or inherited alleles), 2) have
evaded the cell-cycle braking system (usually through mutation or inherited alleles), and 3) have
been able to evade terminal cell senescence will be capable of continued cell division, and hence
can progress to clinically significant cancer, in which unrestricted cell division and/or metastasis play
a role.
Neither theory nor data suggest that telomerase causes cancer. Telomerase is, however,
regarded as generally necessary and permissive for continued cell division, a requirement if a cancer
cell is to progress from a few, non-clinically-significant cells to a clinically relevant malignancy. In
line with this, data show that most (85-90%) advanced human cancer cells are known to express
telomerase [41, 42], but additional factors such as SV40 large T antigen and oncogenic Ras in some
cases, are required to obtain a transformed phenotype [41, 42]. If a cancer cell does not express
telomerase, or more rarely, utilize an ALT (alternative lengthening of telomeres) mechanism, the
cancer would not be able to continue to survive [11]. However, telomerase is not sufficient to cause
the cancer. Numerous human cell lines have been immortalized with hTERT, and growth
deregulation did not occur [42]. In cancer, telomerase is generally required, but not sufficient.
Although telomeres remain relatively short in many cancer cells, telomerase expression is just
sufficient to permit cancer cells to continue to proliferate and avoid reaching senescence [43].
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Exceptions, cancers that are not telomerase positive, employ alternate mechanisms (not involving
telomerase) to maintain just sufficient telomere length to permit continued cell division. Failing this,
continued cell division results in progressive shortening of telomeres in cells that do not have a
telomere maintenance mechanism, such as telomerase [40].
Telomere maintenance of some kind, whether through telomerase itself or alternative
lengthening of telomeres (ALT) [12, 44], is necessary for cancer cells to survive, but this does not
indicate that telomerase causes cancer. In fact, there are multiple cellular pathways that must
become deregulated in a cell to allow for aggressive tumor growth [38], including proliferative
signaling, evasion of growth suppressors, activating invasion and metastasis, replicative immortality
(through telomere maintenance), induction of angiogenesis, and resistance to cell death.
Despite the presence of telomerase [45] or alternative methods of telomere maintenance, some
cancer cells do not have the relatively long telomeres that are typical of young cells. In preneoplasia
[46-48], and in most human cancers [39, 49], telomeres are relatively short. Such telomeres are just
sufficiently long to permit cell division, but markedly shorter than telomeres in young cells with long
telomeres and normal DNA maintenance.
In most cancer cells, short telomeres are associated with additional oncogenic alterations and
increased chromosome instability [40, 50]. However, the lengths of telomeres in cancer cells can
vary drastically depending on the expression levels of telomerase, replication rates, and nature of
the particular cancer [51]. Although cancer cells may have high telomerase expression, their
telomeres are far shorter than those of other somatic cells due to their high proliferation rates [52,
53], and long telomeres are predictive of cancer patient survival [54].
Either inherited genetic risk or acquired mutational change can lead to cancer. The former
(inherited risk) is associated with increased cancer early in the lifespan, the latter (acquired risk) is
associated with increased cancer risk later in the lifespan. In regard to inherited risk, those based
upon GWAS (genome wide association studies) frequently find SNP’s associated with telomere
length [31, 33-36, 55], but, as noted above, there is no indication that long telomeres themselves,
as opposed to SNP correlations, increase the risk of cancer [56] (although this has been debated)
[57].
Many studies look only at the average rather than the shortest telomere length, further confusing
the issue [58-65], and none of the studies analyzing SNP correlations have actually measured
telomere lengths, nor have they analyzed telomere lengths in cancer cells. Many of these studies
have neglected to measure telomere lengths in the affected tissues, instead using circulating
leukocytes (or other, non-cancerous tissues) as their surrogate biomarker [66-68]. Surrogate tissues,
and especially leukocytes, are a poor indicator of telomere lengths in cancer tissues. In addition,
leukocyte telomere lengths are inherently unreliable due to several factors [26]. In studies looking
at actual measured telomere lengths, there is a strong association between short telomeres versus
mutation rate and genomic instability [69].
Moreover, there are no published studies showing that lengthening telomeres results in cancer.
To the contrary, studies which specifically extend telomere lengths in animals [70, 71], generally
find no increase in cancer risk. An exception is seen in mice such as the K5-mTert mice which express
high levels of telomerase from birth and have higher rates of spontaneous and induced cancer
incidence at young ages [72]. However, those K5-mTert mice that do not succumb to cancer at a
young age have a mean lifespan 10% longer than the mean lifespan of mice that lack constitutive
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telomerase expression. Note that mouse cells are also generally more prone to malignant
transformation than human cells [73].
3. Safety: Theory
Telomerase expression may lower the risk of malignant transformation by stabilizing the genome
[1], either via DNA repair or by preventing telomere ends from being recognized as double stranded
breaks by DNA repair mechanisms, although the length of telomere (rather than telomerase
expression per se) may be the defining factor. A number of studies [74-76] support the consensus
that DNA repair declines with age [77]. In a number of diseases, it is telomere lengthening and the
prevention of cell senescence that improves chromosome stability [78,80], not vice versa,
suggesting that longer telomeres may be essential to chromosomal stability [84].
This was recognized in the early 1990’s [78] and was supported experimentally as well: hTERT
immortalization confers and is correlated with genetic stability [79] when cells have long (as
opposed to short) telomeres [80], whereas telomerase knock-out mice show a striking problem with
DNA repair [81]. Instability can be conferred by viral transformation [82] and prior chromosomal
damage may increase the risk of malignancy [83], but hTERT-immortalized cells have increased
genomic stability [78, 84].
This is not to suggest that telomerase per se is protective, only that it may be protective if it
lengthens telomeres sufficiently to significantly relengthen telomeres (see figure 1), thereby
restoring DNA repair efficacy to levels typical of non-senescent cells. Telomerase promotes genome
stability through multiple means. In addition to upregulating DNA repair, it offers increased
protection against DNA damage in the nucleus by decreasing mitochondrial ROS production and
inhibiting mutations [85]. Down-regulation of DNA-repair, modulated by telomere attrition, explains
the common observation that cancer risk rises exponentially with age. Mice have higher cancer rates
than humans in a short period of time [73]. The risk of cancer, in both species, increases
exponentially with age, as the rates of DNA repair decrease in association with telomere shortening.

Figure 1 Telomere Length and Cancer Risk. As telomeres shorten, cancer risk maximizes
as genomic instability rises and the probability of cell division is not yet at a minimum.
Cancer risk then falls as the probability of cell division reaches zero at minimum
telomere lengths. Maximum cancer risk occurs with relatively short, but not minimum
telomeres, whereas long telomeres and extremely short telomeres are associated with
lower cancer risk.
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Telomerase increases genetic stability, thereby lowering the risk of clinical malignancy [86]. This
suggests a complex relationship between telomere length and cancer. Cells with long telomeres
have a low risk of cancer because of their genomic stability, whereas cells with relatively short
telomeres have a high risk of cancer because they are unable to maintain genomic stability [69] but
still capable of cell division, while cells with extremely short telomere are incapable of cell division.
In general, telomere loss causes genomic instability, with increased risk of both age-related disease
and cancer [14, 87, 88].
The theoretical model, based on the above observations, would suggest a distinct curve for
cancer risk versus telomere length (see figure 1) with peak risk found for telomeres at low (but not
minimum) lengths or for low levels of telomerase expression, which accords with the clinical data
[89-91]. Maximum cancer risk occurs with relatively short telomeres, while lower cancer risk would
be associated with long telomeres [92] or with extremely short telomeres.
Cancer cells do require telomerase or ALT to survive. Telomerase knockout mice have been
resistant to cancer in several models [93-96]. However, later generations of telomerase knockout
mice also have many health problems and short lifespans, indicating the importance of long
telomeres and telomerase. Numerous efforts have been made to treat cancer by blocking
telomerase [97-99], but these may have harmful effects in the non-cancer cells, resulting in lower
proliferative potential as observed in the telomerase knockout mice. Therefore, once cancer is
present, if one could selectively inhibit telomerase in the cancer cells only, this may be an effective
therapy.
Cells with long telomeres maintain genomic integrity; cells with extremely short telomeres are
unable to divide. This has prompted many to suggest that, rather than being regarded as cancer risk,
telomerase might actually lower the risk of cancer and, in some cases might offer clinical benefits in
cancer therapy as well [100, 101]. This is certainly in keeping with the growing consensus that
telomerase inhibition, rather than being an effective oncology therapy, can result in increasing
mutations and metastasis [102]. On the other hand, selectively blocking telomerase in only the
cancer cells could be an effective strategy.
Transgenic mice constitutively overexpressing the catalytic subunit of telomerase (mTERT),
develop cancers earlier in life (when at highest risk of cancer from inherited gene errors), but this
masks the extension of the mean lifespan induced by telomerase in animals that do not develop
early cancers [103]. Constitutive telomerase expression in cancer-resistant mice dramatically
extended median lifespan by about 40% and reduced aging-related disorders [104].
In human trials, the intention is to treat human patients late in life and to use transient rather
than constitutive expression. In this context, transient telomerase expression would prevent
precancerous cells from proliferating continuously, as well as up-regulate DNA repair (thus lowering
the risk of DNA damage and secondary cancer), and ameliorate age-related diseases, which are
associated with shorter telomere lengths [105, 106].
4. Safety: Data
Telomerase does not appear to increase the risk of cancer or malignant transformation [87, 107,
108]. Supportive data falls into several groups: 1) data showing that short telomeres increase the
risk of cancer, 2) data showing that long telomeres decrease the risk of cancer, 3) data showing that
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telomerase activation does not increase cancer risk, and 4) data showing that telomerase expression
does not increase cancer risk.
Short telomeres are associated with a greater risk of cancer and patients with short or
dysfunctional telomeres have higher rates of cancer [109-113], as well as poorer outcomes [114,
115]. Patients with dyskeratosis congenita (and abnormal telomere maintenance) have an 11-fold
increased risk of cancer relative to the normal population, resulting in cancers such as squamous
cell carcinomas of the skin, upper aerodigestive and anogenital tract cancers, and hematological
malignancies [116], in which long telomeres are a “powerful predictor of survival” [54]. TERT
promoter mutations allow a small increase in telomerase expression, but affect only the shortest
telomeres, resulting in critically short telomeres, thus permitting continued cell division while
promoting genomic instability [117].
Although peripheral leukocytes are an invalid and unreliable biomarker for telomere lengths in
other tissues [26], leukocytes with shorter telomeres are more common in patients with cancer [118]
and may result in immune dysfunction [119], thereby weakening protection against cancer [119].
Moreover, even normal age-associated cell senescence in the immune system, with its associated
decline in immune function, increases cancer risk. The use of telomerase may improve this response
and mitigate cancer risk [120].
Short telomeres increase genetic instability and the risk of chromothripsis [121], increasing the
risk of cancer. In addition, genetic instability permits cancer cells to adapt and evade chemotherapy.
Short telomeres promote metastasis and are correlated with genomic instability and aneuploidy in
tumor cells [122]. A review of the link between short telomeres and cancer found extensive
evidence that: “telomere attrition is associated with, and probably causative of cancer.” With
telomere attrition a “recombination between chromosomes occurs, leading to chromosome
instability, aneuploidy, and transformation to a cancer phenotype [123].” Cell senescence itself,
while initially felt to be a tumor suppressor, is now seen to have paradoxical effects, increasing
cancer risk [124].
A metanalysis of 56 papers published between 2015-2017 found that in 75% of cases, short
telomeres were associated with an increased risk of cancer [125]. A larger metanalysis (11,255 cases
and 13,101 controls from 21 publications) found that “the presence of shortened telomeres may be
a marker for susceptibility to human cancer” [111]. Long telomeres, on the other hand, are
associated with a lower risk of cancer [126]. In this respect, telomerase acts as a tumor suppressor,
ensuring genomic stability and inhibiting mutations [85].
Interventions which activate telomerase in cells have shown no increase in cancer risk. When
human cells are transfected with TERT, for example, there is no evidence of cancer, abnormal
growth control, change in karyotype, or phenotype transformation [107, 108, 127, 128]. Likewise,
when human cells are transfected with a telomerase gene and then used to reconstitute human
tissues, there is no evidence of malignancy [129].
Animal studies show similar findings [106, 130]. Increasing telomerase expression in adults
results in benefits including increased lifespan, without evidence of increased cancer. Likewise,
animals generated to have longer telomeres show less DNA damage, fewer tumors, and are
healthier [92, 131]. This has also been seen in mice that have been genetically altered to express
telomerase in response to tamoxifen and also in normal mice that have been given a transientlyexpressed telomerase gene. In the former case [132], telomerase reactivation extended telomeres,
reduced DNA damage signaling, allowed quiescent cultures to resume proliferation, and eliminated
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degenerative phenotypes in multiple tissues. In the latter case [71], median lifespan was increased
by about 24% when the mice were treated at 1 year of age and the mice were healthier (increased
insulin sensitivity, decreased osteoporosis, increased neuromuscular coordination, and
improvement of several biomarkers of aging), with no increase in cancer. As mice are generally even
more susceptible to cancer than humans [131, 133], this also speaks to the relative risk of
telomerase in human trials. So if telomerase expression is safe in mice, it may be safe in humans.
Despite a broad expression of the TERT gene, there was no increase in cancer compared to
control mice, suggesting that the gene therapy approach to deliver telomerase to individual cells in
tissue is safe. “This study demonstrates that telomerase expression using gene therapy is a viable
approach for improving healthspan and extending lifespan without increasing cancer incidence,
even in organisms that are much more susceptible to cancer development than humans [106].”
Additionally, telomerase overexpression does not accelerate onset or progression of carcinomas,
even in the setting of a p53-null background. Telomerase activation using AAV9-TERT gene therapy
has no detectable cancer-prone effects, even in cancer prone mice with oncogene-induced tumors
[86].
In human studies, using an orally administered telomerase activator, not only has there been no
evidence of an increased risk of cancer [134-135], but there is evidence that the incidence of cancer
actually decreases significantly [134]. Parallel results are seen when mice are given the same oral
telomerase activator [137, 138].
5. Human Trials
Human gene therapy trials are planned, employing AAV9, a non-integrating viral vector with
transient expression of the hTERT gene (TERT does not integrate into the genome or integrates at a
very low frequency [139]). Serial dilution of the hTERT gene, and therefore loss of hTERT gene
expression, will occur with each cell division.
A cell that becomes malignant would not have the benefit of increased telomerase expression
from telomerase gene therapy, while in non-malignant cells, elongation of the telomere would have
already lowered genomic instability, thus lowering the risk of mutation and oncogenesis. Moreover,
the viral vector will not replicate in vivo, as replication requires a helper plasmid [71]. Under such
circumstances, cells with abnormal growth control and rapid cell division will be the first to lose
telomerase expression, a further brake upon potential cancer growth. Cells with normal growth
control will have a lower incidence of mutation and malignant transformation.
In light of current data, as well as the known function of viral vector delivery, both theory and
available data support the view that telomerase therapy is safe and unlikely to cause cancer in
human trials. While it remains possible that telomerase therapy might increase cancer risk in rare
individuals *, the evidence is against it: telomerase therapy should have the net effect of suppressing
cancer in treated humans [134]. Specifically, current data supports the inference that: 1) malignant
transformation due to telomerase is unlikely and 2) telomerase therapy is likely to lower the cancer
risk in such patients to below that typical of age-matched control groups.

*

Patients with neither telomerase nor ALT, but with short telomeres and carcinogenic potential, might incur
increased risk if telomerase expression both remains constitutive (does not dilute or cease) and does not
induce sufficient lengthening of telomeres to induce DNA repair.
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6. Conclusions
Several points should be stressed in summarizing our current knowledge of the relationship
between telomere length, telomerase, genomic stability, and cancer.
1) Does telomerase activity increase the risk of cancer?
No. Malignant transformation requires other mutations or disrupted pathways. Telomerase itself
is not sufficient to cause growth deregulation, mutation, or malignant transformation. Once a cell
becomes malignant, however, then either telomerase or ALT are necessary for such cells to
proliferate and result in clinical cancer.
2) Does telomerase benefit the normal cell?
Yes. Telomerase prevents genomic instability and decreases the risk of transformation from
normal to malignant cell. Once such transformation occurs, however, then the absence of
telomerase (or the presence of telomerase inhibition) may prevent further cell division and
proliferation of the malignant cell.
3) Is the telomerase/cancer relationship simple?
No. Its effects are complex and are dependent upon whether or not a cell has already incurred
genetic damage and consequent growth dysregulation. In normal cells, telomerase can prevent
mutation by preventing genomic instability and malignant transformation. Once such a transition
occurs, however, telomerase activity (or ALT) may permit such proliferation of malignant cells, often
culminating in overt clinical cancer.
4) Does telomerase protect genomic stability?
Yes. Telomere shortening, on the other hand, increases genomic instability and thereby increases
cancer risk. Long telomeres lower the risk of clinical cancer, while short telomeres are part of a
causal cascade of intracellular events that results in oncogenesis and, ultimately, clinical cancer.
Telomerase therapy is not only unlikely to result in an increased risk of cancer but is likely to lower
the risk of cancer compared to age-matched patients not treated with telomerase therapy.
Review of available data suggests that cancer should not be considered a significant risk to
patients undergoing telomerase therapy, but the actual outcome will require human trials.
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