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When the guardian becomes the enemy: Targeting ATM in PTEN-deficient cancers
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ABSTRACT
Ataxia telangiectasia mutated (ATM) is an important signaling molecule in the DNA damage response and
inhibitors of ATM are under clinical development. We identified a synthetic lethal interaction between
ATM inhibition and phosphatase and tensin homolog (PTEN) loss that was the result of increased oxidative
stress. Inhibition of ATM therefore represents a novel strategy to target PTEN-associated cancers. KEYWORDS

ATM; DNA damage; DSB;
PTEN; ROS

The genomes of all living organisms constantly suffer deleteri-
ous attacks. Of the many types of DNA lesion, one of the most
harmful is the double-stranded break (DSB). DSBs are caused
by exogenous damage, such as ionizing radiation (IR), or by
endogenous damage, mainly oxidative stress.1 DSBs are also
generated during the normal processes of meiotic recombina-
tion and V(D)J recombination.2 DSBs are therefore a frequent
event in the cell and, if left unchecked, represent potentially
lethal lesions that may result in cell death or in chromosomal
rearrangements, which in turn may promote neoplastic trans-
formation. In order to respond to this damage, cells activate a
complex network called the DNA damage response (DDR),
which coordinates the activation of cell cycle checkpoints,
appropriate DNA repair pathways, and numerous other
responses.2

The primary transducer following the detection of DSBs is
the serine–threonine protein kinase ataxia telangiectasia
mutated (ATM), which phosphorylates numerous key proteins
in various branches of the DDR.2 ATM is recruited to DSBs as
a homodimer through interaction with the MRE11/RAD50/
Nijmegen breakage syndrome 1 (MRN) complex at these sites.
Autophosphorylation of ATM generates an active monomer
that phosphorylates several other proteins required for an
appropriate response, including cell cycle regulation, repair,
and, in the event of failed repair, activation of senescence3 or
programmed cell death2, thereby guarding against malignancy.

Loss of tumor suppressor gene (TSG) function is an impor-
tant step in malignant progression. Loss of TSGs can result in
DSBs either through loss of repair processes or through
increased production of toxic metabolic by-products.4 In the
early phase of cancer development following loss of TSGs these
DSBs activate ATM, which prevents replication of damaged
cells.3 Later in malignant progression, however, the DNA dam-
age is detected and repaired to allow cancer cell survival and
proliferation. Previously, ATM has been shown to be important
for cellular viability in the absence of the Fanconi anemia (FA)/
breast cancer susceptibility gene 1/2 (BRCA1/2) pathway, a

DDR mechanism that is frequently lost in cancer.5 Inhibition
of ATM together with loss of TSGs associated with this path-
way results in cell death. Importantly, this toxic effect is specific
to the cancer cell in that loss of ATM function or the FA/BRCA
pathway alone is not lethal, a phenomenon referred to as “syn-
thetic lethality.”6

In our current publication7 we have extended this work
to look for synthetic lethal interactions between ATM and
other TSGs. We used siRNA screening to individually
knockdown 178 TSGs in paired ATM functional and non-
functional cell lines and identified potential synthetic lethal
interactions. One of the top hits was phosphatase and ten-
sin homolog (PTEN), a phosphatase important in regulat-
ing the phosphoinositide 3-kinase (PI3K)/v-akt murine
thymoma viral oncogene homolog (AKT) pathway. PTEN is
one of the most commonly lost tumor suppressor genes in
cancer. For example, approximately 50% of advanced pros-
tate cancers have lost function in this gene through either
mutation or epigenetic silencing,8 making a synthetically
lethal treatment approach attractive for this group of
patients.

Consistent with the screening results, small interfering RNA
(siRNA)-mediated knockdown and chemical inhibition of
ATM resulted in selective toxicity in a range of PTEN-deficient
cell line models. PTEN-deficient cells were found to arrest in
the mitotic part of the cell cycle and demonstrated DNA aber-
rations consistent with catastrophic DNA damage7 that led to
apoptotic cell death (Fig. 1). This synthetic lethal interaction
may be clinically important as ATM inhibitors are under clini-
cal development.9 We therefore introduced a tetracycline
inducible PTEN prostate cancer cell line model (PC3 cells C/¡
PTEN) into a mouse system. The PTEN-deficient cell line was
aggressive and rapidly grew into a tumor mass, but was signifi-
cantly inhibited by administration of an ATM inhibitor com-
pared to cells expressing wild-type PTEN.7

From a mechanistic perspective, PTEN-deficient cells were
found to have elevated levels of endogenous DNA damage and
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activation of ATM compared to PTEN wild-type cells. RAD51 is
an important component of DSB repair through a process
termed homologous recombination (HR). Loss of RAD51 has
previously been observed in PTEN-deficient cell lines and could
potentially explain the increased DNA damage and requirement
for ATM that we had observed. However, RAD51 expression
and function was entirely normal in our PTEN-deficient model
systems.7 We therefore asked whether the observed increase in
DNA damage occurred through another mechanism. Metabo-
lism is the major cause of endogenous DNA damage in the cell.
Oxidative species are particularly toxic as they can oxidize DNA
bases, eventually leading to DSBs.4 PTEN loss was correlated to
increased oxidative stress and DNA damage in our model sys-
tems indicating that this was probably the underlying mecha-
nism for the synthetic lethal interaction observed between PTEN
loss and ATM inhibition (Fig. 1). Consistent with this notion,
antioxidants were found to attenuate the effects of ATM inhibi-
tion in PTEN-deficient cells.7

Interestingly, ATM has been reported to prevent malignant
progression of premalignant conditions through the signaling
of oncogene-related DNA damage.3 Our study suggests that
loss of tumor suppressors such as PTEN during malignant pro-
gression may result in a dependency on ATM to maintain
DNA integrity.7 Rather than being protective, ATM has
become complicit in the malignant process. This change in
roles, however, may provide an opportunity for a novel
approach to cancer treatment. Cancers with a poor outcome,
such as advanced prostate cancer or glioblastoma, are often
PTEN deficient and may respond to therapeutic ATM inhibi-
tion. Both of these cancer types are often treated with localized
radiotherapy, which may also be more effective following
administration of a therapeutic ATM inhibitor.10 ATM inhibi-
tors may therefore provide a novel dual approach to cancer
treatment by improving both localized response to

radiotherapy and specifically targeting metastatic PTEN-defi-
cient tumors. With the development of ATM inhibitors for
clinical use, a clinical study to test this hypothesis should be rel-
atively straightforward to perform.
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Figure 1. Synthetic lethality between PTEN loss and ATM inhibition. Loss of phosphatase and tensin homolog (PTEN) results in increased oxidative stress (reactive oxygen
species [ROS]) and DNA damage, resulting in checkpoint activation, DNA repair, and cell survival. In the absence of ataxia telangiectasia mutated (ATM), loss of check-
points and further DNA damage result in genomic instability and death.
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