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Prospective observational studies and randomized clinical trials
have demonstrated that regular use of aspirin and selective
cyclooxygense-2 (COX-2) inhibitors reduces the risk of developing
colorectal cancer (CRC) and adenoma.1-7 More recently, large obser-
vational studies have suggested that regular aspirin use may also be
associated with improved survival among patients with established
CRC.8-15 The mechanisms by which aspirin influences CRC risk and
possibly survival are poorly understood. COX-2 (or prostaglandin-
endoperoxide synthase 2 [PTGS2]) promotes inflammation and cell
proliferation, and most adenomas and CRCs overexpress this en-
zyme.16 Previous studies have reported that aspirin may preferentially
reduce the risk of COX-2–expressing CRC17 and also preferentially
improve the survival of patients with CRC with COX-2–expressing
tumors.13 Nonetheless, in laboratory models, aspirin seems to de-
crease proliferation and increase apoptosis in CRC cell lines without
detectable COX activity.18-21

Ongoing studies have sought to define the molecular basis for the
effect of aspirin on CRC risk and progression. In a large observational
study of patients with CRC, Liao et al22 found that aspirin conferred
improved survival in patients with PIK3CA-mutated CRC, but not
among those with PIK3CA–wild-type tumors. In the report accompa-
nying our article in Journal of Clinical Oncology, Domingo et al23

similarly observe a preferential benefit for aspirin in PIK3CA-mutated
CRC in a large randomized trial of rofecoxib in patients with stage
II/III CRC (VICTOR [Vioxx in Colorectal Cancer Therapy: Defini-
tion of Optimal Regime] trial), potentially moving us closer to clinical
use of PIK3CA mutation as a predictive biomarker for aspirin use in
patients with CRC. Here, we review some of the relevant complex
relationships between aspirin, phosphatidylinositol 3-kinase (PI3K)
signaling, and other cellular interactions.

PI3K Signaling Pathway and PIK3CA Mutations in CRC

Activation of the PI3K signaling pathway is one of the most
frequent occurrences in human cancer,24-26 and considerable research
has been devoted to the development of PI3K pathway inhibitors as
potential cancer therapies. PI3Ks belong to a family of intracellular
lipid kinases that phosphorylate the 3�-hydroxyl group of phosphati-
dylinositol and phosphoinositides (Fig 1). The lipid products of PI3K
reactions create binding sites for specific, lipid-binding domains on
many intracellular signaling proteins and thereby regulate a range of
cellular processes, including cancer-cell proliferation, survival, motil-
ity, and metabolism. Among the three classes of PI3Ks, class IA PI3Ks

have been most frequently associated with human cancer, consisting
of heterodimeric proteins that comprise a p85 regulatory subunit and
p110 catalytic subunit. Three mammalian genes, PIK3R1, PIK3R2,
and PIK3R3, encode the various isoforms of the p85 regulatory sub-
unit (encoding p85�, p55�, and p50� isoforms, respectively), whereas
the PIK3CA, PIK3CB, and PIK3CD genes encode the isoforms of the
p110 catalytic unit (encoding p110�, p110�, and p110� isoforms,
respectively).24-26 Both PIK3CA (encoding p110� catalytic subunit)
and PIK3R1 (encoding p85� regulatory subunit) are somatically mu-
tated in cancers, and these mutations activate the PI3K pathway.

In the absence of PI3K mutations, class IA PI3Ks are classically
activated by receptor tyrosine kinases or activated RAS and thereby
recruited to the plasma membrane to convert phosphatidylinositol-
4,5-bisphosphate (PIP2) to phosphatidylinositol-3,4,5-trisphosphate
(PIP3).24-26 PIP3 provides docking sites for signaling proteins such
as PDK1 (3�-phosphoinositide-dependent kinase-1) and serine-
threonine kinase AKT (also known as protein kinase B or PKB). In
contrast, balancing PI3K pathway activation, the tumor suppressor
PTEN (phosphatase and tensin homolog) antagonizes PI3K activity
by dephosphorylating PIP3.

PI3K activation of the AKT and PDK1 kinases leads to the phos-
phorylation of many downstream effectors to regulate several critical
cellular processes, including the mammalian target of rapamycin
(mTOR) kinase and the glycogen synthase kinase 3 (GSK3) and fork-
head box O (FOXO) family transcription factors.24-26 Relevant to
CRC, PI3K activation of Wnt signaling to �-catenin, possibly by
affecting GSK3 activity, has been reported among several studies,27-29

although not all.30 AKT also promotes cell survival by inhibiting pro-
apoptotic Bcl-2 family members BAD and BAX.25,26 Moreover, AKT
impedes negative regulation of the transcription factor NF-�B (nu-
clear factor of kappa light polypeptide gene enhancer in B cells), which
plays a critical role in inflammatory pathways and leads to increased
transcription of antiapoptotic and prosurvival genes.25,31

Activating mutations in the p110� catalytic subunit, PIK3CA,
occur in approximately 15% to 20% of CRCs.32-34 Most mutations are
found in exons 9 (60% to 65%) or 20 (20% to 25%), corresponding to
the helical and kinase domains of p110�, respectively; mutations oc-
cur less frequently in exons 1 and 2.32-34 Because PIK3CA mutations
are found more frequently in invasive tumors than in precursor pol-
yps, they are believed to arise late in the adenoma-carcinoma se-
quence, perhaps coincident with invasion.24,35,36 Alternatively, loss of
the PTEN tumor suppressor gene occurs in 20% to 40% of human
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CRCs through a variety of mechanisms. Less commonly, activating
mutations in PIK3R1, AKT, and PDK1 have also been described
in CRC.24

Interactive Effects of Aspirin and Tumor

PIK3CA Mutation

Despite two independent studies demonstrating a survival bene-
fit for regular aspirin use in PIK3CA-mutated CRC,22,23 the mecha-
nisms underlying this association are largely unknown. The effects of
PI3K-AKT activation on cell signaling are complex, and a fundamen-
tal understanding of the potential interactions with aspirin will emerge
only after considerable additional investigation.

Recent examinations of both the PI3K pathway and aspirin/
COX-2 inhibition provide potential hypotheses to explain the appar-
ent sensitivity of PIK3CA-mutated CRCs to aspirin. PI3K/AKT seems

to activate NF-�B, an inducible transcription factor with a pivotal role
in upregulating proinflammatory genes, including COX-2.25,31,37-39 In
vitro, aspirin has been shown to inhibit NF-�B activity and reduce
NF-�B expression,40-42 although the relevance of this effect to human
CRC remains uncertain. Additionally, PI3K/AKT may activate Wnt
signaling, an essential oncogenic pathway in CRC, and several studies
have suggested that aspirin inhibits the Wnt/�-catenin pathway, pos-
sibly through phosphorylation and breakdown of �-catenin.18,21,28,43

Other studies have suggested that aspirin and COX-2 inhibitors may
inhibit alternative components of PI3K signaling, including mTOR,44

AKT,45 and PDK1.45

Beyond a potential direct inhibitory effect of aspirin on CRC
cells, aspirin affects noncancerous cells within the tumor microenvi-
ronment, including immune and inflammatory cells, platelets, and
several other cell types.20,21,46 Cancer-cell progression and metastasis

Blood vessel

Inflammatory cell

Stromal cell

p85

PIP3

p110

PIP2

PTENRAS

PDK1
AKT

mTOR GSK3FOXO1 BAD

β-catenin

GF

RTK

PI3K

NFKB

Colorectal cancer cell 

Tumor microenvironment

Aspirin

Fig 1. The phosphatidylinositol 3-kinase (PI3K) signaling pathway and its potential interaction with the influence of aspirin on colorectal cancer (CRC) and the tumor
microenvironment. Arrows represent activation, whereas bars reflect inhibition. Activated PI3K converts phosphatidylinositol-4,5-bisphosphate (PIP2) to
phosphatidylinositol-3,4,5-trisphosphate (PIP3), leading to activation of the AKT and 3�-phosphoinositide-dependent kinase-1 (PDK1) kinases, which in turn
phosphorylate several downstream effector pathways, thereby regulating a range of cellular processes, including cancer-cell proliferation, survival, motility, and
metabolism. The tumor suppressor phosphatase and tensin homolog (PTEN) antagonizes PI3K activity by dephosphorylating PIP3. The mechanisms by which aspirin
influences CRC cell growth and progression are poorly understood. Beyond a potential direct inhibitory effect of aspirin on CRC cells, aspirin may indirectly inhibit CRC
progression through influences on the tumor microenvironment, including immune and inflammatory cells, platelets, and several other cell types. Note that the sizes
and shapes of various cells and cellular compartments in this illustration do not reflect actual sizes and shapes. FOX, forkhead box; GF, growth factor; GSK, glycogen
synthase kinase; mTOR, mammalian target of rapamycin; NF-�B, nuclear factor �B; RTK, receptor tyrosine kinase.
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reflect a series of events within the microenvironment, including in-
vasion into the stroma and vascular wall, survival within bloodstream,
formation of tumor microthrombi with platelets and coagulation
factors, adherence of microthrombi to the vascular wall at a metastatic
site, invasion into the vascular wall, and cellular proliferation and
survival at the metastatic site.46 How PI3K/AKT activation might
interact with the tumor microenvironment and how aspirin might
interfere with any potential PI3K-microenvironment interaction are
subjects of speculation, although an interaction of the PI3K and
COX-2 signaling pathways within the tumor microenvironment has
been suggested in select studies.46-49

What Are Our Next Steps?

Additional studies are clearly needed to define the mechanisms of
the effect of aspirin on CRC development and progression as well as
delineate the apparent interaction with tumoral PIK3CA mutation.
Moreover, beyond confirming the reported survival benefit for aspirin
in PIK3CA-mutated CRC, future clinical investigations should assess
whether other mechanisms of PI3K activation (eg, PTEN loss, PIK3R1
mutation) similarly sensitize CRCs to aspirin and COX-2 inhibitors.

Fortunately, ongoing randomized trials assessing the addition
of aspirin (ASCOLT [Aspirin in Dukes C and High-Risk Dukes B
CRCs] trial) and celecoxib (CALGB [Cancer and Leukemia Group
B] 80702) to adjuvant chemotherapy in resected CRC will provide
unique future opportunities to understand the role and mecha-

nisms of aspirin and COX-2 inhibition in the evolving therapeutic
paradigms for CRC.
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