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A role for p53 in telomere protection
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ABSTRACT
Telomeres cap the ends of chromosomes and are crucial for genome stability. The p53 protein (TP53) is a
vital tumor suppressor, activating the transcription of numerous genes in response to cell stress. We
reported that direct binding of p53 at human subtelomeres corresponds with local transcription activation
and enhanced telomere stability in the presence of DNA damage. KEYWORDS
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Telomeres are composed of long stretches of repetitive DNA
that are bound specifically by components of the shelterin pro-
tein complex. Shelterins regulate the length and overall struc-
ture of the telomere and prevent the ends of the chromosomes
from being detected as DNA damage.7 Telomere dysfunction,
whether induced by attrition through excessive cell divisions or
by genotoxic stress, can induce cellular senescence and thereby
inhibit tumor progression.8 Although telomeres possess fea-
tures of heterochromatin they can produce telomere repeat-
containing RNA (TERRA), which initiates in the adjacent sub-
telomere region.1 TERRA induction can result from DNA dam-
age, and a requirement for p53 (TP53) has been reported.3

The p53 protein is a DNA-binding transcription factor with
potent tumor suppressor properties.5 In response to cell stress,
p53 protein accumulates and binds to degenerate consensus
sequences throughout the genome, activating the transcription
of many target genes involved in DNA damage repair, apopto-
sis, and other cellular processes.2 The tumor suppressor func-
tion of p53 is, however, not entirely attributable to its role in
transcription activation, and indeed the majority of p53 bind-
ing sites are not associated with a target gene.4

Both telomeres and p53 play important roles in the mainte-
nance of genome integrity and tumor suppression; however,
direct involvement of p53 in telomere function has not been
previously described. We recently reported the presence of
non-canonical p53 response elements (REs) in the subtelomere
region of human and mouse chromosomes. Binding of p53 to
these sites stimulated local transcription and enhanced telo-
mere stability in the presence of DNA damage.9

By combining p53 chip-seq data with the most recent build
of the human subtelomere genome we identified 12 high-confi-
dence binding sites in proximity to the telomere tract. These
peaks correspond to a sequence element defined by Repeat-
Masker as MER31-int/(TG)n/LTR10C, a string of nucleotides
largely restricted to the subtelomere that contain several conse-
cutive degenerate p53 consensus half-sites with no spacers. The

binding of p53 to several of these sites was confirmed by con-
ventional chip-qPCR.

These subtelomeric p53 REs resemble enhancer elements in
several different ways, consistent with recent reports on p53
function.6 When cloned upstream of a reporter, the 18q p53 RE
confers transcription activation in a p53-dependent manner,
with activity comparable to that of the MDM2 promoter. In
stressed cells, p53 status correlates with induction of TERRA,
local subtelomeric genes, and with a short transcript resembling
an enhancer RNA (eRNA). Metadata analysis of public groSeq
data reveals bidirectional transcription originating from the
18q RE induced by Nutlin-3a–activated p53. Finally, p53 accu-
mulation at subtelomere REs is accompanied by local histone
H3 acetylation at K27, a mark of active enhancers, and at K9, a
modification associated with transcription activation.

Our data implicate a protective effect of p53 at the telomere
in response to DNA damage. The phosphorylation of histone
variant H2A.X (H2AFX) on serine 139 (referred to as gH2AX)
is an early local event in response to DNA double-strand
breaks. Accumulation of gH2AX at the subtelomere in
response to etoposide is suppressed when p53 is present, as is
global production of gH2AX. Cells expressing p53 are better
able to produce colonies following DNA damage, and have
telomeres that are more resilient. In cells lacking p53, DNA
damage causes a rapid loss of telomere length and an increase
in telomere-dysfunction foci. Finally, when the 18q p53 RE is
removed using Crispr genome editing, p53 is prevented from
binding, local transcription is not induced, and local gH2AX
levels are increased in response to DNA damage.

Telomeres and the p53 protein are both critical for chromo-
somal stability, and it is now apparent there is a node of cross-
talk between these 2 important mechanisms of tumor
suppression. The direct binding of p53 to the subtelomere in
response to DNA damage induces changes to local chromatin
structure and transcription, which function to stabilize the telo-
mere (Fig. 1). Further studies will be required to determine the
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exact mechanism, but we propose that p53 can recruit chroma-
tin remodeling factors and DNA damage repair proteins
directly to subtelomeres. The DNA damage-induced binding of
p53 to chromosome fragile sites such as subtelomeres therefore
enhances the ability of these regions to repair and replicate
their DNA. In this way, p53 can directly enhance the stability
of telomeres in response to DNA damage stress.
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Figure 1. Local binding of p53 in response to DNA damage protects telomeres. Undamaged telomeres are heterochromatic and form T loop structures. When stressed by
DNA damage, p53 (TP53) binds to unique response elements in the subtelomere and induces local histone acetylation and transcription. These changes prevent the accu-
mulation of gH2AX (phospho-S139 H2A.X [H2AFX]) and stabilize the telomere tract.
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