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Phosphatidylinositol 3-kinases (PI3Ks) are
lipid kinases that regulate signaling path-
ways important for neoplasia, including
cell proliferation, adhesion, survival, and
motility (1–3). To determine if PI3Ks are
genetically altered in tumorigenesis, we se-
quenced PI3K genes in human cancers and
corresponding normal tissue.

Hidden Markov models were used to
identify eight PI3K and eight PI3K-like
genes, including two uncharacterized genes,
in the human genome (3) (table S1). We
initially examined the sequences of 117 ex-
ons that encode the predicted kinase domains
of these genes in
35 colorectal cancers
(3). PIK3CA, which
encodes the p110�
catalytic subunit, was
the only gene with so-
matic (i.e., tumor-spe-
cific) mutations. Sub-
sequent sequence anal-
ysis of all coding exons
of PIK3CA in 199 ad-
ditional colorectal can-
cers revealed mutations
in a total of 74 tumors
(32%) (Fig. 1, fig. S1,
and table S2). We also
evaluated 76 premalig-
nant colorectal tumors; only two mutations were
found, both in very advanced tubulovillous ade-
nomas greater than 5 cm in diameter. Thus,
PIK3CA mutations generally arise late in tumor-
igenesis, just before or coincident with invasion.

Mutations in PIK3CA were also identi-
fied in 4 of 15 glioblastomas (27%), 3 of 12
gastric cancers (25%), 1 of 12 breast can-
cers (8%), and 1 of 24 lung cancers (4%)
(table S2). No mutations were observed in
11 pancreatic cancers or 12 medulloblasto-
mas. In total, 92 mutations were observed,
all of which were determined to be somatic
in the cancers that could be assessed.

The sheer number of mutations ob-
served in this gene strongly suggests that
they are functionally important. This hy-
pothesis is buttressed by two lines of evi-

dence. First, analysis of the ratio of non-
synonymous (NS) to synonymous (S) mu-
tations is a good measure of selection dur-
ing tumor progression, as silent alterations
are unlikely to exert a growth advantage.
The ratio of NS to S mutations in PIK3CA
was 92 to 3, far higher than the 2 to 1 ratio
expected by chance (P � 0.0001). Second,
the prevalence of NS changes located in the
PI3K helical and kinase domains was �120
per Mb of tumor DNA, more than 100
times higher than the background mutation
frequency of nonfunctional alterations ob-
served in cancer cells (P � 0.001) (4 ).

The positions of the mutations within
PIK3CA imply that they are likely to increase
kinase activity. No truncating mutations were
observed and �75% of alterations occurred in
two small clusters in the helical and kinase
domains (Fig. 1 and table S2). The affected
residues within these clusters are highly con-
served evolutionarily. The clustering of somatic
missense mutations in specific domains is sim-
ilar to that observed for activating mutations in
other oncogenes, such as RAS, BRAF,
CTNNB1, and members of the tyrosine kinome
(3). To directly test this hypothesis, we ex-
pressed the wild-type p110� or a “hot-spot”
mutant (H1047R) in NIH3T3 cells and as-
sessed lipid kinase activities in immunoprecipi-
tated PI3K complexes. Expression of mutant
p110� conferred more lipid kinase activity

than expression of wild-type protein (fig. S2).
Our data suggest that mutant PIK3CA is

likely to function as an oncogene in human
cancers. This idea is consistent with previously
reported alterations of members of the PI3K
pathway, particularly inactivation of the PTEN
tumor suppressor, whose function is to reverse
the phosphorylation mediated by PI3Ks (1, 3).
Reduplication or amplification of the chromo-
somal regions containing PIK3CA has been
reported in some human cancers (1, 5). We
found no evidence of PIK3CA gene amplifica-
tion in 96 colorectal cancers, suggesting that
amplification is not a common mechanism of
activation in this tumor type.

These data imply that PIK3CA may
prove useful for diagnostic and therapeutic
purposes. The clustering of mutations with-
in PIK3CA could make the gene an excel-
lent marker for early detection of cancers
or for monitoring tumor progression. If
future experiments verify that mutational
activation of PIK3CA is essential for tu-
mor growth, specific inhibitors of PIK3CA
could be developed for treatment of
the large number of patients with these
mutations.

References and Notes
1. I. Vivanco, C. L. Sawyers, Nature Rev. Cancer 2, 489
(2002).

2. W. A. Phillips, F. St. Clair, A. D. Munday, R. J. Thomas,
C. A. Mitchell, Cancer 83, 41 (1998).

3. Materials and methods are available as supporting
material on Science Online.

4. T. L. Wang et al., Proc. Natl. Acad. Sci. U.S.A. 99,
3076 (2002).

5. L. Shayesteh et al., Nature Genet. 21, 99 (1999).
6. We thank S. Kern for tumor samples. Supported by
the Benjamin Baker Scholarship Fund, the Ludwig
Trust, the European Molecular Biology Organization
Fellowship Fund, and NIH grant nos. CA 43460, CA
57345, CA 62924, CA 88128, and CA 67900.

Supporting Online Material
www.sciencemag.org/cgi/content/full/1096502/DC1
Materials and Methods
Figs. S1 and S2
Tables S1 to S3
References and Notes

6 February 2004; accepted 27 February 2004
Published online 11 March 2004;
10.1126/science.1096502
Include this information when citing this paper.

1The Sidney Kimmel Comprehensive Cancer Center,
Howard Hughes Medical Institute, The Johns Hopkins
University Medical Institutions, Baltimore, MD 21231,
USA. 2Department of Pathology, Duke University
Medical Center, Durham, NC 27710, USA. 3Hamon
Center for Therapeutic Oncology Research and De-
partment of Pathology, University of Texas South-
western Medical Center, Dallas, TX 75390, USA. 4Di-
vision of Gastroenterology/Hepatology, University of
Virginia Health System, Charlottesville, VA 22908,
USA. 5Howard Hughes Medical Institute, Ireland Can-
cer Center, University Hospitals of Cleveland and
Case Western Reserve University, Cleveland, OH
44106, USA.

*To whom correspondence should be addressed. E-
mail: velculescu@jhmi.edu

Fig. 1. Mutations in PIK3CA. Arrowheads indicate the location of mis-
sense mutations, and boxes represent functional domains (the p85
binding domain, Ras binding domain, C2 domain, helical domain, and
kinase domain). The percentage of mutations detected within each
region is indicated below, and the fraction of tumors with mutations is
noted above. Nucleotide positions of the mutations are listed in table S2.
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