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Ras, PI3K/Akt and senescence

Paradoxes provide clues for pancreatic cancer therapy
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Pancreatic cancer is a leading cause
of cancer-related death in the west-
ern world, and in most patients, cur-
rent chemotherapies have negligible
survival benefit. Evaluation of targeted
therapies, however, is a relatively recent
development. Paradoxically, mutations
in KRAS, and in genes involved in one
if its major effector pathways, the PI3K/
Akt pathway, are often found simulta-
neously in human tumors. Accounting
for this, we have recently found that
activated PI3K/Akt signaling results in
a weak senescence that actually impairs
the stronger Ras-induced senescence. We
showed that loss of Pten and thus activa-
tion of PI3K/Akt/mTOR signaling leads
to acceleration of PDAC progression in
mouse. Similarly, in humans, activation
of PI3K/Akt/mTOR signaling correlated
with poor patient survival. Importantly,
these patients represent a discrete sub-
population of this disease in which
PI3K/Akt/mTOR inhibitors might be
effective. Reactivating senescence has
recently emerged as a realistic outcome of
cancer therapy. Clearly, promising treat-
ments may work only in certain tumor
subsets, or only as part of combinatorial
approaches. Thus, careful consideration
should be taken before selecting pre-
clinical models and patient populations
in which to test new agents.

Pancreatic cancer is one of the leading
causes of cancer-related death in the west-
ern word. Every year over 200,000 cases
are diagnosed worldwide and, in about
90% of cases, the tumor is too advanced
for resection at the time of diagnosis.!
Even in patients with surgically resectable
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tumors, the probability of recurrence is
high.! Tumors are also extremely resistant
to chemotherapy and despite significant
advances in the treatment of other tumors,
current therapies have a negligible survival
benefit in this cancer type. The prognosis
of those diagnosed with the disease is very
poor and the 5-y survival rate is less than
5%.? Consequently, the development of
more effective strategies to combat pancre-
atic cancer is of paramount importance.

Pancreatic  ductal adenocarcinoma
(PDAC) arises from pre-malignant precur-
sor lesions, collectively known as pancre-
atic intra-epithelial neoplasms (PanINs),
that are grouped into three stages based
on increasing levels of architectural and
nuclear atypia.> Progression through these
stages to the resultant invasive adenocar-
cinoma is accompanied by the accumula-
tion of a number of mutations.? Activating
mutations of KRAS are found in over 90%
of invasive PDAC, and are thought to be
the driver mutations,* while inactivation
of a number of tumor suppressor genes
including CDKN2A, TP53, SMAD4 and
BRCA2, occurs and increases in progres-
sively higher PanIN stages.”> Many more
pathways are deregulated by changes at
expression level, albeit less frequently. For
example, one pathway that is frequently
misregulated in pancreatic cancer and is
gaining interest as a potential target for
therapy is the Pten/PI3K/Akt/mTOR
pathway.

In the last decade there has been a
considerable expansion in the use of
genetically modified mouse models for
the study of pancreatic cancer’ These
models have become more sophisticated
in their design, allowing the introduction
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of mutations in a conditional and targeted
way so that animals develop spontaneous
pancreatic cancer that more closely reflects
both the histological and genetic changes
that occur in humans. Hingorani and col-
leagues have developed a genetically engi-
neered mouse model in which expression

of activated Kras®'?P

at the endogenous
allele is targeted to the mouse pancreas via
the Pdx] gene promoter, using Cre-Lox
technology.® The mice develop preinvasive
PanlN lesions that fail to progress quickly
unless combined with other genetic lesions
such as mutant p53"7?", in which case
lesions progress rapidly to invasive and
metastatic pancreatic cancer.”

Cellular senescence is an irreversible
proliferation arrest activated by various
cellular and molecular stresses, includ-
ing activated oncogenes, such as mutated
Ras.® Considering that KRAS mutations
occur in many different tumor types, it
seems paradoxical that activating KRAS
mutations induce a senescence program
in normal human and mouse cells in cul-
ture.” However oncogene-induced senes-
cence (OIS) in vivo is now believed to
represent a major barrier against tumori-
genesis. In particular, recent studies have
now shown that induction of senescence
can restrain progression of premalignant
lesions in vivo."" We recently reported
that although Kras®'?" is one of the
major oncogenic drivers of PDAC, the
PanIN lesions that develop in the PdxI-
Cre, LSL-Kras®"?P mouse model exhibit
many features of senescence.' Consistent
with observations in vitro, inactivation
of tumor suppressor genes, for example,
Ink4a allowed rapid progression of these
premalignant lesions to PDAC." This pro-
gression was consistent with failed senes-
cence of premalignant lesions, suggesting
that long-term growth arrest or senescence
occurs in Kras®'?P-induced PanINs and
that this must be overcome in order for
gross tumor development to occur. In
human PanINs too, features of senescence
have been observed, including senescence-
associated (-galactosidase, low prolifera-
tive index and telomere shortening.'>"

These observations have enabled us
recently to address another paradox in
biology. The Pten/PI3K/Akt/
mTOR pathway is activated downstream
of Ras signaling and likely represents a
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major mediator of Ras-driven oncogen-
esis. It is somewhat surprising then, that
mutations in KRAS and in genes involved
in Pten/PI3K/Akt/mTOR signaling are
often found together in the same human
tumor. For example, mutations in KRAS
and in genes encoding molecules involved
in PI3K signaling occur simultaneously
in endometrial cancer, thyroid cancer and
acute lymphoblastic leukemia.'® In human
colon cancer, 25% of tumors have been
shown to carry mutations both in KRAS
and in multiple PI3K-associated genes."”
In human pancreatic cancer, in which
the ‘driver’ mutation is almost universally
KRAS," deregulation of the PI3K pathway
is found in the majority of tumors. For
example, loss of function of the tumor sup-
pressor PTEN, due to mutation, deletion or
epigenetic silencing has been observed in
about 60% of human PDAC.!"® Activation
or overexpression, of AKT1 itself has been
reported in 20-70% of human pancre-
atic tumors,'”?’ while AK72 is amplified
or overexpressed in 10-20% of human
PDACs.'®2! In the mouse, inactivation of
Pten in the pancreas induces ductal meta-
plasia,?? and recent work has shown that
overexpression of constitutively active
Akt in pancreatic progenitor cells induces
proliferation and expansion of the ductal
epithelium and expression of progenitor
cell markers resulting in the development
of pre-neoplastic lesions and late onset
malignant transformation.?

We have now found that activated PI3K
signaling induces a ‘weak’ senescence,
compared with the robust senescence
induced by activated Ras. Intriguingly,
simultaneous activation of Ras and PI3K/
Akt dampens Ras-induced senescence.
Thus, not all oncogenes are equally capa-
ble of inducing senescence, and in the
case of PI3K/Akt and Ras, the weaker
inducer of senescence is dominant over the
stronger’® (Fig. 1). We hypothesized that
in tumors, the advantage of mutations
coexisting in both KRAS and in PI3K-
associated genes could be the suppression
of Ras-induced senescence. Indeed when
mice harboring a conditional knockout
allele of Pten were crossed with Pdx1-Cre
Kras®?P mice we found that, consistent
with our in vitro observations, activation
of PI3K/Akt signaling bypassed the Ras-

induced senescence normally observed in
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PanINs in this model.?* Crucially, loss or
deficiency of Pten (and consequent activa-
tion of Akt) led to rapid acceleration of
PDAC progression.” Importantly, when
human PDAC samples were analyzed,
approximately 20% of tumors exhibited
activation of PI3K/Akt/mTOR signaling,
and this correlated significantly with a
poorer prognosis.*!

These findings suggest that it may be
possible for human PDACs to be divided
into subsets based on the pathways mis-
regulated, and that treatment should be
selected accordingly. For example mTOR
inhibitors may prove effective in tumors
harboring mutations in both PI3K path-
way members and in KRAS. IGF-1 inhibi-
tors could also inhibit tumor growth
and spread in these cases, since IGF-1
enhances pancreatic cancer cell prolifera-
tion and invasiveness through stimulation
of the PI3K/Akt pathway.”> Conversely,
tumors harboring mutations in other
tumor suppressor genes, with ‘normal’
PI3K signaling may not respond to these
targeted therapies.

The existence of a tumor suppressing
senescent brake also provides an intrigu-
ing new avenue to explore with regard
to cancer therapy. While induction of
apoptosis in tumor cells has long been
seen as an attractive option for cancer
treatment, reactivation of senescence has
only recently been proposed. Senescence
is now being increasingly recognized as a
possible outcome of both drug and radia-
tion therapy. Recent findings suggest that
reactivation of senescence too could be a
realistic option in the treatment of can-
cer. Indeed reactivation of p53 in vivo has
been shown to elicit senescence, in addi-
tion to apoptosis.*®

Pandolfi and coworkers have suggested
that blocking prostate cancer progres-
sion using pro-senescence therapy may
be possible. They found that oncogenic
signaling through the PI3K/Akt path-
way, triggered by loss of Pten, resulted in
a form of p53-dependent senescence in
vivo that they termed Pten-loss-induced
cellular senescence (PICS). Pten loss in a
mouse model of prostate cancer resulted in
the occurrence of senescent lesions, with
tumors only arising with long latency.
When senescence was blocked by inactiva-
tion of p53 however, Pren loss was able to
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tion and tumor formation in vivo.

Figure 1. Activated Ras signaling induces a robust senescence phenotype in vitro and in vivo. Hyper-activation of PI3K signaling induces a weak
senescence when compared with Ras, but simultaneous activation of Ras and PI3K/Akt actually dampens Ras-induced senescence, allowing prolifera-

rapidly drive tumorigenesis in this model,
highlighting the crucial role played by
‘driver’ mutations." In the case of human
prostate cancer, where most tumors have
lost only one allele of PTEN, the authors
postulate that inhibition of the second
copy could trigger senescence.” Indeed,
Pten inhibition triggered senescence and
inhibited tumorigenesis in a xenograft
model of human prostate cancer.

In the last few years, animal models
have been extremely valuable in further-
ing our understanding of novel putative
cancer treatments. Additional work in
these models is still required to fully assess
the utility of pro-senescence therapies in
cancer, and also the relationship between
cancer genotype and therapeutic response;
some promising targeted therapies might
work well in a subset of tumors harbor-
ing particular mutations, but not in oth-
ers. Tailored mouse models of pancreatic
cancer should be used to analyze subsets
of tumors that have particular depen-
dency on specific signaling pathways, and
to determine if inhibition of these path-
ways can improve survival in these groups.
Careful selection of the appropriate in
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vivo models in which to test new drugs,
and importantly, combinatorial chemo-
therapeutic approaches, is vital. These
approaches could lead to new personal-
ized therapies for patients with pancreatic
cancer.
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