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Despite intense studies, highly effec-
tive therapeutic strategies against 

cancer have not yet been fully exploited, 
because few true cancer-specific targets 
have been identified. Most modalities, 
perhaps with the exception of radiation 
therapy, target proliferating cells, which 
are also abundant in normal tissues. 
Thus, most current cancer treatments 
have significant side effects. More than 
10 years ago, the tumor suppressor p53 
was first explored as a cancer-specific 
target. At the time, the approach was to 
introduce a normal p53 gene into mutant 
p53 (mp53) tumor cells to induce cell 
cycle arrest and apoptosis. However, 
this strategy did not hold up and mostly 
failed in subsequent clinical studies. 
Recent research developments have now 
returned p53 to the limelight. Several 
studies have reported that mutant or null 
p53 tumor cells undergo apoptosis more 
easily than genetically matched, normal 
p53 counterparts when inhibiting a spe-
cific stress kinase in combination with 
standard chemotherapy or when exposed 
to an ataxia-telangiectasia mutated 
(ATM) kinase inhibitor and radiation, 
thus achieving true cancer specificity in 
animal tumor models. This short review 
highlights several of these recent stud-
ies, discusses possible mechanism(s) for 
mp53-mediated “synthetic lethality”, 
and the implications for cancer therapy.

p53-Based Cancer Therapy

Cancer is an extremely multi-faceted 
disease able to escape normal growth 

constraints through a stepwise mutagenic 
mechanism that, in most cases, results 
in refractory responses to chemo- and 
radiation therapies.1 Tumor cells adapt 
to unperturbed growth and survival by 
oncogene and non-oncogene “addiction”, 
making them highly dynamic and evasive 
in their responses to treatment.2,3 Recent 
work has demonstrated that, despite this 
adaptability, tumor cells have unique can-
cer signatures which provide an “Achilles’ 
heel” suitable for therapeutic targeting. 
The concept of “synthetic lethality”4 
was first realized in human cells when it 
was discovered that breast and ovarian 
tumor cells with BRCA1 and BRCA2 
mutations—rendering them defective in 
homologous recombination—were sen-
sitive to PARP inhibitors.5,6 However, 
BRCA mutations are relatively rare, so 
other, more frequently occurring cancer-
specific targets need to be identified and 
exploited for therapeutic intervention.

About 50% of all human cancers have 
mutations in the p53 tumor suppressor 
gene.7 In the late 1990s and early 2000s, a 
therapeutic strategy was developed based 
on the idea that introducing a normal p53 
gene into mp53 tumor cells would restore 
their ability to undergo cell cycle arrest, 
apoptosis, and differentiation in response 
to chemo- and radiotherapy. However, 
inadequate gene delivery and the contin-
ued presence of mp53 in the tumor cells 
promoting genomic instability led to a 
mutation-prone phenotype and subse-
quent escape from the effects of the exog-
enously introduced normal p53. These 
factors likely contributed to the failure of 
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p53 gene therapy, even though such efforts 
continue to this day.8-10 Currently, the 
focus in the field is to restore normal p53 
function of the endogenous mutant form 
with small molecules.11

Mutant p53-Based Therapeutic 
Strategies

Recently, several groups have reported 
on the increased sensitivity of mp53 tumor 
cells to chemo- and radiation therapy. In 
a series of elegant studies, it was demon-
strated that the p38 MAP kinase-MAP-
KAP kinase-2 (MK2) signaling node 
complements the well-established ATM-
Chk2 and ATR-Chk1 nodes converging 
on the cell cycle regulator Cdc25 during 
the DNA damage response (DDR).12,13 
The mechanism by which p38-MK2 reg-
ulates the DDR in an mp53-dependent 

manner was shown to go through the 
G

1
/S and G

2
/M checkpoints, resulting 

in synthetic lethality.14 Downregulation 
of MK2 in p53-null cells, but not in cells 
with normal p53, resulted in mitotic catas-
trophe and apoptosis after treatment with 
chemotherapy.12 In an innovative study, 
Morandell et  al. generated conditional 
knockout mice in which both MK2+ and 
MK2− tumors could be generated within 
the same animal. Combining this tech-
nique with an autochthonous non-small 
cell lung cancer model, the investiga-
tors were able to establish that knocking 
out MK2 in p53-null tumors resulted 
in a much improved in vivo response to 
cisplatin exposure when compared with 
the same treatment of tumors with nor-
mal p53.13 Thus, a strategy to specifi-
cally enhance apoptosis of p53-deficient 
tumors by targeting MK2 was identified. 
Small-molecule p38 MAP kinase and/
or MK2 inhibitors developed primarily 
for controlling inflammation and other 
stress conditions might therefore ben-
efit cancer patients with p53-deficient 
or mutant tumors undergoing standard 
chemotherapy.13

Whereas the work discussed above 
was done with chemotherapeutics, our 
group recently examined the response of 
glioma cells and tumors to radiosensiti-
zation using an ATM kinase inhibitor.15 
Similar to the MK2 studies, glioma cells 
and tumors expressing mp53 were much 
more responsive to radiosensitization than 
isogenic wild-type p53 cells and tumors. 
Using genetically matched, orthotopi-
cally implanted glioma cells, we were able 
to demonstrate significantly increased in 
vivo survival after concurrent treatment 
with ATM kinase inhibition and radia-
tion in the mp53 vs. the wild-type group. 
Impressively, the dual-treatment mp53 
cohort survived, on average, for several 
months longer than their wild-type coun-
terparts. While there is a clear advantage to 
using ATM inhibition concomitant with 
standard chemoradiation for gliomas, it 
is, at this point, unclear as to whether this 
differential p53 response is also dependent 
on MK2. If so, ATM kinase inhibition 
could potentially block TAO-p38-MK2 
signaling and inhibit MK2 activation, 
since ATM and ATR directly phosphory-
late the TAO kinases in response to DNA 

damage.16 Activated TAO kinases, in turn, 
phosphorylate p38 in a complex with 
MK2, resulting in the release and activa-
tion of MK2. Possible mechanisms for the 
increased response of mp53 tumor cells to 
chemo- and radiation therapy are outlined 
in Figure 1. It is currently unclear whether 
this differential p53 response to ATMi 
radiosensitzation is unique to gliomas or 
is of a more general nature. It is, however, 
known that replicative stress is elevated in 
gliomas, contributing to aberrant consti-
tutive activation of DNA damage signal-
ing and perhaps sensitizing them to such 
treatment.17 Another study, using an ATM 
kinase inhibitor derived from the same 
first-generation analog as ours,18 described 
no such p53 dependence on a variety of 
other types of tumor cells.19 However, 
a side-by-side in vivo comparison using 
matched p53 tumors was not done in this 
study. Regardless of whether or not ATM 
inhibitor radiosensitization occurs by an 
MK2-dependent mechanism, if patients 
with mp53 gliomas are as responsive as 
tumors in pre-clinical models,15 a critical, 
cancer-specific effect might be achieved. 
This mp53-specific effect could open 
up an enhanced therapeutic window, 
which would enable a reduction in over-
all radiation dose and sparing of normal 
brain. Of course, mp53-targeted strategies 
could perhaps be further enhanced with 
“cyclotherapy” or “time-staggered” drug 
approaches.20-23

It has long been known that p53 sup-
presses homologous recombination by 
direct binding to RAD51 and the BLM 
helicase that protects against replication-
induced DNA double-strand breaks.24-26 
Conversely, mp53 promotes basal and 
DNA damage-induced increases in 
RAD51 that results in “hyper-recombina-
tion”.27,28 Thus, the heightened sensitivity 
to an ATM kinase inhibitor and increased 
radiosensitivity of mp53 glioma cells could 
be the result of aberrant recombination 
occurring in these cells or, alternatively, 
that cells with normal p53 are protected 
(or both). A few years back, we observed 
that a p38 MAP kinase inhibitor stimu-
lated homologous recombination,29 sug-
gesting that blocking p38 might result in 
hyper-recombination and, consequently, 
links the inhibition of p38-MK2 to aber-
rant DNA repair (Fig.  1). In support of 

Figure 1. Possible mechanism(s) of ATM inhib-
itor-mediated mp53 radiosensitization. See 
text for explanation. For simplicity, focus is 
on ATM signaling nodes. Abbreviations: ATMi, 
ATM kinase inhibitor; IR, ionizing radiation; 
MK2i, MK2 inhibitor; p38i, p38 MAP kinase 
inhibitor. Arrows denote activation and “T”s 
dephosphorylation/inhibition. Shapes out-
lined in red denote phosphorylation events. 
Adapted from references 14 and 16.
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this finding, it was recently shown that 
DNA damage-induced replication fork 
stalling is dependent on MK2,30 a finding 
which might link the mp53 abrogation of 
S-phase checkpoint control with trans-
lesion replication and hyper-recombina-
tion when MK2 activity is blocked. It is 
worth noting that the role of p53 in repli-
cation fork stalling was not determined in 
this study. Interestingly, we reported sev-
eral years ago that BRCA1 mutants unable 
to bind A, B, and C complexes through 
the BRCT domain demonstrated a hyper-
recombination phenotype.31,32 Since 
BRCA1 and p53 are intimately linked 
by direct interaction via the N-terminal 
BARD and C-terminal BRCT domains, 
and mp53 is unable to support BRCA1 
nuclear export,33,34 it is possible that mp53-
directed hyper-recombination is related 
to mutant BRCA1 hyper-recombination. 
Altogether, whereas the consequence of 
MK2- or ATM-targeted therapies of mp53 
tumors is relatively clear, i.e., apoptosis 
through checkpoint failure, the underly-
ing mechanism is not.

Conclusions

Regardless of the mechanism behind 
the increased response of mp53 tumors 
to chemo- and radiation therapy by MK2 
knockdown(out) and small-molecule 
ATM kinase inhibitors, it is likely that 
these findings will spur a closer look at 
stratifying patients according to p53 sta-
tus in future clinical trials. In theory, half 
of all cancers (those with mp53) might be 
candidates for adjuvant therapy targeting 
MK2 and ATM. An advantage with the 
latter is that a single agent would not only 
provide highly effective radiosensitiza-
tion (ideally through conformal radiation 
therapy), but might also inhibit tumor 
dispersal as well as specifically target 
cancer.15,35,36
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