
Abstract. PIK3CA, which encodes the catalytic subunit, p110-
alpha, of phosphatidylinositol 3-kinase (PI3K), is implicated
in the development and progression of numerous neoplasias
including head and neck squamous cell carcinoma (HNSCC).
In the present study, we investigated the occurrence of PIK3CA
hot-spot mutations in exons 9 and 20, the genomic gain and
amplification of PIK3CA, the expression of PIK3CA mRNA
and the p110α protein, as well as the expression of phospho-
rylated-Akt (pAkt) in 33 cases of HNSCC and compared the
results with the clinicopathological data. No non-synonymous
mutations were detected. PIK3CA copy number gain and
amplification were found in 36.4 and 9% of the cases,
respectively, whereas mRNA overexpression was observed
in 48.5% of the cases. No correlations could be stated between
DNA gain, DNA amplification and mRNA expression, either
between DNA or mRNA status and p110α expression. Direct
associations were found between PIK3CA gain and lymph
node metastases (p=0.025) and between mRNA expression
and tumour stage (p=0.015). A strong correlation was detected
between p110α and pAkt expression (p<0.001). Concluding,
PIK3CA could be an oncogene implicated in HNSCC
development. However, our data suggest that amplifications
or mutations of this gene seldom occur in HNSCC and that
epigenetic events can play an important role in advanced
tumour stages.

Introduction

Head and neck squamous cell carcinoma (HNSCC) is the
most frequent malignancy affecting the oral cavity, salivary
glands, the larynx, and pharynx and has been associated with
smoking and alcohol consumption (1). Despite advances in
diagnosis and therapy, HNSCC still bears poor long-term
survival rates (2). Considering the frequent genetic aberrations

which characterise HNSCC (3-5), it is of great interest to
detect new molecular markers identifying patients with
aggressive tumours and, hence, poor prognosis. Genetic
alteration involving 3q26-ter is one of the most frequent
events in HNSCC and has been related to disease progression
and survival (6-9). PIK3CA (Acc. No. NM_006218), located
at 3q26.3, encodes the catalytic subunit of phosphatidylinositol
3-kinase alpha (p110α) and is one of the candidate oncogenes
situated in this genomic region (7,10).

Phosphatidylinositol 3-kinase alpha (PI3K) triggers the
activation of the downstream target serine-threonine kinase
AKT by inducing the phosphorylation of the Thr-308 and
Ser-473 sites (pAKT) (11,12). The PI3K-AKT pathway is
implicated in many cellular functions associated with malig-
nant behaviour, such as cell cycle progression, survival and
invasion (reviewed in ref. 13). Recently, somatic missense
mutations of the PIK3CA gene have been reported in
carcinomas of the colon, breast, brain, liver, stomach, lung
and ovary (reviewed in ref. 14). Most frequently they occur
in the kinase (exon 20) and helical (exon 9) domains of the
gene and bear oncogenic capacity in vitro and in vivo, as
demonstrated by overexpression and deletion experiments in
cell cultures (15-17) or tumour xenografts (18). The mutated
p110α protein is able to activate Akt in the absence of growth
factors (15,16,18). In ovarian carcinomas the occurrence of
PIK3CA amplifications was inversely associated with the
presence of the gene's mutations (19). Recent studies have
reported on the somatic mutations of PIK3CA in HNSCC,
although the incidence is lower than in other malignancies
(20-22). HNSCC-derived cell lines showed more frequent
somatic mutations than primary carcinomas (22).

In order to gain a comprehensive view about PIK3CA
regulation in HNSCC, in the present study, we investigated the
occurrence of PIK3CA hot-spot mutations in exons 9 and 20,
the genomic gain and amplification of PIK3CA, the expression
of PIK3CA mRNA and the p110α protein, as well as the
expression of phosphorylated-Akt (pAkt) in 33 cases of
HNSCC and compared the results with the clinicopatho-
logical data.

Material and methods

Patients and tumour samples. The tissue and patient data
were used in accordance with the declaration of Helsinki and
the International Conference of Harmonisation - Good
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Clinical Practice. The anonymity of the patients investigated
was preserved according to the data protection rules of the
Human Medical Faculty, Giessen and the German state of
Hessen.

Primary HNSCCs were selected from the fresh-frozen
tumour archive of the Institute of Pathology, Giessen,
Germany. The histological diagnosis was re-evaluated on
H&E-stained sections. Only samples encompassing >70%
tumour volume were considered for further investigations.
Altogether, 33 cases were selected including 25 males and 8
females, 36 to 90 years of age (mean value 66) with the
following tumour localizations: Twelve in the oral cavity, 16
in the larynx and 5 in the pharynx. The prognosis-associated
factors assessed included primary tumour extent (t), histo-
logical differentiation (23), and the presence of lymph nodes
metastases.

DNA, RNA and protein extraction. Fresh-frozen tissues were
minced with a cryotom (thickness of the sections was 5 μm).
The first and last sections were routinely stained with H&E
and used to sort the appropriate cases (>70% tumour volume).
In each case, the minced tissue was split in two parts. DNA
extraction was carried out with the QIAamp DNA Mini Kit
(Qiagen, Germany) according to the manufacturer's instruc-
tions. RNA and protein extractions were performed using
TRIzolR reagent, as recommended by the manufacturer (Life
Technologies, Germany).

Mutation analysis. Exons 9 and 20 of PIK3CA were
amplified from genomic DNA with primers complementary
to the surrounding intronic sequences (14): Exon 9, forward
5'-TGAAAATGTATTTGCTTTTTCTGT-3' and reverse 5'-
TGTA AATTCTGCTTTATTTATTCC-3'; Exon 20, forward
5'-CATTTGCTCCAAACTGACCA-3' and reverse 5'-
GGTCTTTG CCTGCTGAGAGT-3'. Exon 9 was amplified
using the HotStarTaq DNA Polymerase (Qiagen): 95˚C 15 min,
35x (95˚C 30 sec, 55˚C 30 sec, 72˚C 45 sec), 72˚C 5 min.
Exon 20 was amplified using Taq DNA Polymerase (Qiagen):
95˚C 2 min, 35x (95˚C 30 sec, 58˚C 30 sec, 72˚C 45 sec),
72˚C 5 min. As there is a known pseudogene on chromosome
22 sharing an almost exact match with PIK3CA exons 9-13
(14), the primers for exon 9 were placed over the few differ-
ences that exist for this exon (14). In addition, we checked
the specificity of exon 9 amplification by employing the
endonuclease, FspI, according to the manufacturer's protocol
(New England Biolabs, Germany), which recognizes the
sequence TGCGCA on the pseudogene but not the sequence
TGAGCA on PIK3CA (nucleotides 1789-1794, Acc. No.
NM_006218). If the pseudogene is co-amplified, then the
endonuclease digestion produces two fragments which can be
visualized using conventional agarose gel electrophoresis.

The PCR products were washed using the QIAquick
PCR-purification Kit (Qiagen) and sequenced with the
BigDye terminator method (Applied Biosystems; Warrington,
United Kingdom or Forster City, CA, USA) on an auto-
sequencer (ABI PRISM 3100) using the primers described
above for exon 20, whereas nested primers were designed for
exon 9: Forward 5'-AATATGACAAAGAAAGCTATA
TAAGA-3', reverse 5'-GAAAAAGAAACAGAGAATCTC
CAT-3'. In order to verify the sensitivity of the sequencing

method used, we amplified genomic DNA with primers
situated in exon 9, which are not able to discriminate between
PIK3CA and its pseudogene (forward 5'-AATATGACAAA
GAAAGCTATATAAGA-3', reverse 5'-GAAAAAGA
AACAGAGAATCTCCAT-3'). The obtained PCR product
(containing both PIK3CA and pseudogene fragments) was
sequenced as described using two new nested primers
(forward 5'-AATATGACAAAGAAAGCTATATAAGA-3',
reverse 5'-GAAAAAGAAACAGAGAATCTCCAT-3').
Furthermore, a mixture containing equal quantities of this
PCR product and an arbitrary PIK3CA-only PCR product
(amount of pseudogene to PIK3CA ~1:3), was sequenced.

Evaluation of PIK3CA gene status. The PIK3CA copy
number was evaluated by qPCR (i-Cycler; BioRad, Germany)
using qPCR™ mastermix for SYBR-Green (Eurogentec,
Germany), primers to genomic intronic (between exon 19 and
20) sequences of PIK3CA (forward, 5'-CATTTGCTCCAAA
CTGACCA-3’; reverse, 5'-AGAGATTGGCATGCTGT
CGA-3') and the following protocol: 2 min 50˚C, 6 min
95˚C, 40x (20 sec 95˚C, 30 sec 55˚C, 30 sec 72˚C), 1 min
55˚C, 20 min 55-95˚C dissociation. Template DNA (80 ng)
in a reaction volume of 25 μl were employed in each case.
Non-carcinomatous tissues (5 cases) were used to normalize
the data. The differences between the cycle threshold value
(Ct, the cycle at which the fluorescence rises appreciably
above the background fluorescence) of each carcinoma and
the mean cycle threshold value of the non-carcinomatous
tissue were designated as ΔCt. The relative representation of
the PIK3CA copy number (PIK3CA gain) in each HNSCC
case with respect to non-tumour tissue is given by the
formula 2-ΔCt, which is a simplified calculation tool derived
from the ΔΔCt method for gene expression analysis (24). In
addition, the amount of PIK3CA-specific template was
estimated in each carcinoma with respect to the control gene,
TRAT1, situated on chromosome 3q13 (intronic primers:
Forward, 5'-CATGTCAGGTAAGTGGCATT-3'; reverse, 5'-
GGGTCTTCTCGTTAGGACTTAG-3'). Non-carcinomatous
tissues (5 cases) were used to normalize the data using the
ΔΔCt method. The variation of the PIK3CA copy number
with respect to TRAT1 was specified as ‘amplification’. All
experiments were performed in triplicate and the mean value
was calculated for each case. PIK3CA copy number gain or
amplification ≥2 were considered significant.

Evaluation of PIK3CA mRNA status. Reverse transcription of
total RNA was performed in each case using the OmniScript
Kit (Qiagen). The obtained cDNA was evaluated by qPCR
(i-Cycler; BioRad) using qPCR™ mastermix for SYBR-
Green (Eurogentec), primers to cDNA sequences of PIK3CA
(forward, 5'-CCAAGAATGCACAAAGACAAG-3'; reverse,
5'-AGAGATTGGCATGCTGTCGA-3') and PBGD as the
housekeeping gene (forward, 5'- CCCACGCGAATCACT
CTCAT-3'; reverse, 5'-TGTCTGGTAACGGCAATGCG-3').
The PCR conditions were: 2 min 50˚C, 6 min 95˚C, 40x
(20 sec 95˚C, 30 sec 58˚C, 30 sec 72˚C), 1 min 58˚C, 20 min
58-95˚C dissociation. The dissociation curve analysis checked
the specificity of the products. All reactions were run in
triplicate and the mean value was calculated for each case.
Non-carcinomatous tissues (5 cases/run) were used to
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normalize the data using the ΔΔCt method (24). Values ≥2
reflect an overexpression of PIK3CA mRNA.

Western blot analyses. Four samples containing 5 μl of each
protein extract were resolved by SDS-PAGE on four identical
gradient acrylamide gels (4-12%) (Invitrogen, Germany)
under reducing conditions and, subsequently, electroblotted
onto four nitrocellulose transfer membranes (Invitrogen). In
order to control the blotting performance, the gels were
stained with Coomassie-Brilliant-Blue. Immunodetection
was performed separately at room temperature overnight
with anti-p110α (Abcam, Germany; rabbit polyclonal,
1:200), anti-beta actin (Abcam; rabbit polyclonal; loading
control; 1:500), anti-Akt (Cell Signaling, Germany; rabbit
polyclonal, 1:1000), and anti-pAkt (Cell Signaling; rabbit
polyclonal, 1:2000). The reaction was visualized with the
APAAP mouse detection system (DAKO, Germany) using
mouse-anti-rabbit and rabbit-anti-mouse secondary antibodies
(DAKO) and NBT-BCIP (KPL, USA) as the phosphatase
substrate. Negative controls were performed omitting the
primary antibodies. All experiments were performed in
duplicate. The color intensity of the bands was computationally
assessed with the TotalLab program TL100 (limited license,
www.nonlinear.com). For each experiment and antibody, a
sensitivity test was run using protein extracts diluted 1, 1:2,
1:4 and 1:8 and the band intensities were compared. The band
intensity that corresponds to anti-p110α was calculated as the
fold change to that of anti-beta actin in each case. Similarly,
the band intensity that corresponds to anti-pAkt was
calculated as the fold change to that of anti-Akt in each case.
Reliable data (presence of the reference protein) was obtained
in 29 cases for p110α and in 27 cases for pAkt.

Statistical analysis. The associations between PIK3CA genetic
abnormalities, RNA status, p110α-, pAkt-protein expression
to each other and to the clinicopathological parameters were
assessed by the Spearman rank correlation coefficient. In
addition, PIK3CA gain, amplification and mRNA expression
values were dichotomized (values <2 vs >2) and compared to
the clinicopathological data using Fisher's exact test. For this
purpose, patient age (<66 vs >66) and tumour stage (T1 + T2
vs T3 + T4) were also dichotomized. Associations with the
tumour location (oral cavity, larynx, pharynx) were estimated
with Chi-square tests. All analyses were performed using the
SPSS software for Windows™, release 11.0. A probability of
error <5% was regarded as significant.

Results

Mutation analysis. Under the used PCR conditions, the
primers for exon 9 specifically recognized the PIK3CA
sequence and did not amplify the known PIK3CA pseudo-
gene, as verified by the FspI endonuclease-digestion method
(data not shown). This was also confirmed by the sequencing
chromatograms, where none of the known differences
between PIK3CA and its pseudogene could be observed in
the cases investigated (data not shown). However, applying
the same sequencing method to the PCR products containing
fragments of PIK3CA and its pseudogene (1:1 and 1:3), the
nucleotide profile corresponding to the pseudogene was
clearly recognized on the cromatograms (Fig. 1), demonstrating
the sensitivity of the employed method. Only one synonymous
point mutation (A3128G) leading to the replacement of the
codon ‘cta’ with ‘ctg’ (both encoding leucin) could be found
in exon 20 in one HNSCC case (Fig. 2). No non-synonymous
mutations were detected in exons 9 and 20.

PIK3CA gain, amplification and mRNA expression. The
relationship between PIK3CA copy number gain, PIK3CA
amplification and mRNA expression was assessed in 33
HNSCCs using quantitative PCR methods and 5 samples of
non-tumoural tissue to normalise the data. The cycle threshold
values obtained for the non-tumoural cases in each qPCR
were similar to each other and were around 30. The PIK3CA
copy number in the carcinomas compared to the non-
tumoural tissue ranged between 0.22 and 7.89 (mean 2.27).
Twelve out of 33 (36.4%) HNSCCs showed PIK3CA gains
>2 and 4 cases (12.1%) showed gains >4 (high level). The
PIK3CA amplification related to TRAT1 in the carcinomas
compared to the non-tumoural tissue ranged between 0.4 and
7.46 (mean 1.18). Only 3 HNSCC (9%) displayed amplifi-
cations >2 and 1 of these cases harboured a high level
amplification (>4). The mRNA expression ranged between
0.38 and 90.5 (mean 8.28) and 16 out of 33 (48.5%) cases
showed an overexpression (>2). These results in connection
with the clinicopathological data are summarised in Table I.
A closer analysis of the HNSCCs displaying PIK3CA amplifi-
cation (3 cases) showed that only 1 of them also harboured a
DNA copy number gain (amplification = 7.46, gain = 7.89).
In this case, elevated mRNA and protein expressions could
be stated. Comparing the DNA status (gain or amplification)
with the mRNA expression revealed that in 7 HNSCCs (21%)
elevated copy number gains were associated with mRNA
overexpression whereas 8 cases (24%) displayed an enhanced
mRNA expression and no significant DNA overrepresen-
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Figure 1. Fragment of exon 9 of PIK3CA. The differences between PIK3CA
and its known pseudogene on chromosome 22 were successfully detected
with the sequencing method used.

Figure 2. Fragment of exon 20 of PIK3CA. A point-mutation (A3128G) leads
to the replacement of codon ‘cta’ with ‘ctg’, both of them encoding the
aminoacid leucin.
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tation. In one case, DNA amplification (but no gain) and
mRNA overexpression coexisted. No significant associations
could be stated between DNA gain, DNA amplification and
mRNA expression, as assessed by the Spearman rank
correlation coefficient or Fisher's exact test. Correlations were
found between PIK3CA gain and lymph node metastasis
(rs=0.388, p=0.025), RNA expression and T-classification
(rs=0.419, p=0.015) and between PIK3CA amplification and
the histological tumour grading (rs=0.377, p=0.031). The
first two associations were confirmed by Fisher's exact test
(p=0.032, p=0.037, respectively) but the last could not be

confirmed, due to the small number of cases which showed
amplifications.

p110α- and pAKT-protein expression. The sensitivity tests
for the Western blot method used demonstrated a reliable
detection capacity for each antibody under the employed
conditions (data not shown). The p110α protein expression
compared to ß-actin ranged between 0 and 6.01 (mean 0.88)
(Fig. 3) and that of pAkt compared to unphosphorylated Akt
ranged between 0.1 and 13.89 (mean 3.9) (Fig. 4). In the
non-tumoural tissue (5 cases) the levels of p110 (mean 0.30)
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Table I. PIK3CA-related parameters and pAkt expression in connection with clinical characteristics in 33 HNSCC cases.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
No. Age Tumour T- Lymph Tumour PIK3CA PIK3CA PIK3CA p110α pAkt

locationa stage node grading gain amplifi- mRNA expression expression
metastases cation expression

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 80 1 2 Yes 2 1.47 0.61 1.80 0.01 1.00
2 62 3 1 No 2 2.65 0.61 90.50 0.33 1.00
3 56 1 2 No 2 1.67 1.15 0.96 0.61 1.80
4 68 3 4 Yes 2 2.18 0.87 6.49 0.01 0.20
5 62 3 3 Yes 3 1.70 2.83 2.92 0.33 4.65
6 70 2 1 No 3 0.22 1.23 1.62 0.01 0.49
7 84 2 2 No 2 0.32 1.23 0.84 0.30 11.67
8 90 2 3 Yes 2 1.84 1.15 2.73 0.23 3.47
9 63 2 4 No 2 1.15 1.00 4.43 0.31 5.13

10 67 2 3 No 2 1.97 1.00 3.36 0.01 0.12
11 85 1 1 No 2 0.82 0.93 6.54 2.46 6.00
12 65 2 2 No 2 1.67 0.57 1.62 1.10 3.59
13 61 3 4 Yes 2 2.20 0.61 40.70 0.78 2.890
14 85 2 4 Yes 2 3.10 1.00 0.61 0.01 0.10
15 75 1 1 No 2 1.79 0.43 0.81 6.00 5.59
16 48 1 1 No 2 5.17 1.00 0.69 5.16 8.99
17 78 2 3 Yes 2 2.11 0.81 12.50 0.41 1.62
18 36 1 3 Yes 3 3.50 0.61 4.20 0.46 0.99
19 76 2 4 Yes 3 1.46 0.57 8.00 2.33 8.40
20 68 1 2 No 2 0.85 0.93 4.65 0.38 2.64
21 70 2 4 Yes 2 7.89 7.46 32.00 0.22 0.40
22 70 2 4 Yes 3 0.64 1.15 23.70 0.33 1.00
23 62 2 4 No 2 1.24 0.46 1.96 1.22 13.89
24 59 1 2 No 3 1.49 0.93 10.70 0.61 4.15
25 58 2 4 Yes 3 2.79 1.15 2.00 0.44 4.20
26 70 2 3 No 3 1.13 1.00 0.68 0.85 5.79
27 67 3 3 No 3 0.95 2.00 1.68 0.80 5.55
28 64 2 2 Yes 2 4.92 0.40 0.38 0.01 nd
29 60 2 3 No 2 7.46 0.93 1.25 0.01 nd
30 70 1 2 Yes 2 3.60 1.15 1.00 nd nd
31 48 1 1 Yes 2 1.45 0.70 0.50 nd nd
32 55 1 1 No 3 1.80 1.32 0.66 nd nd
33 49 1 1 Yes 3 1.93 1.23 0.86 nd nd
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
HNSCC, head and neck squamous cell carcinoma. a1 = oral cavity, 2 = larynx, 3 = pharynx; nd, not determined.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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and pAkt (mean 3.48) were slightly lower than those detected
in HNSCC (data not shown). The Spearman rank correlation
coefficient demonstrated a strong correlation between p110α
and pAkt expression in the carcinomas (rs=0.728, p<0.001).
No significant association could be observed between p110α
or pAkt and PIK3CA gain, amplification or mRNA expression.
No associations were found between protein expressions and
clinicopathological data.

Discussion

The PI3K-AKT pathway plays a central role in many physio-
logical processes and is implicated in malignant transformation
by promoting cell cycle progression, survival and invasion
(reviewed in ref. 13). Genomic aberrations of PIK3CA have
been frequently found in HNSCC and encompass copy number
gains and amplifications or oncogenic missense mutations
(21,22,25-27). In a previous study, using fluorescence in situ
hybridisation (FISH) methods and a YAC probe covering
about 1.7 Mb, we showed that copy number gains at 3q26.3,
encompassing PIK3CA, represent an early event in HNSCC
and are more consistent in advanced tumours (28). However,
this approach does not exclude the possibility that other
oncogenes situated near PIK3CA could be responsible for the
malignant transformation in HNSCC. A good example is
ECT2, which has been recently detected together with PIK3CA
within an amplified cluster at 3q26.31-32 in oesophageal
squamous cell carcinomas (25) and has been suggested to
harbour oncogenic functions (29). Other genes clustered at
3q26.3 are ZASC1 (3q26.33) and SCCRO (3q26.3), which
have already been implicated in HNSCC carcinogenesis
(26,30-32). In the present study, we employed PCR-based
methods in order to specifically detect abnormalities which
affect PIK3CA. Amplifications of the gene were detected in
a limited number of cases (9%), whereas copy number gains
were common (36.4%). Only one tumour displayed both
amplification and gain. Therefore, the copy number gain of
PIK3CA detected in our data set is possibly connected to the
polyploidy of chromosome 3, or its short arm 3q, which are
frequent events in HNSCC (3-5). In a previous study
employing multiplex and quantitative real-time PCR, Pedrero
et al reported that 37% of the HNSCC cases investigated,
exhibited PIK3CA amplifications which were not related to
the ploidy of chromosome 3 (27). The different incidences of
amplification found by us and Pedrero et al could be explained

by the reference genes used in the PCR approaches (TRAT1
situated at 3q13 and COL7A1 situated at 3p21, respectively).
The short arm of chromosome 3 (3p) shows frequent genomic
losses in HNSCC (3-5) and the monosomy of 3p was
described as the only chromosomal alteration in diploid oral
squamous cell carcinoma (33). Therefore, choosing the
reference gene on 3p could introduce bias in the evaluation
of PIK3CA amplification. Another explanation could reside
in the fact that Pedrero et al (27) investigated many pharynx-
located HNSCCs (61% of all the cases), which, with the
exception of the nasopharynx localisation, have been related to
pronounced tumour aggressiveness (34), and also, they only
included in their study patients with a history of tobacco and
alcohol consumption. A recent report, published when the
present manuscript was in preparation, describes a lower
incidence of PIK3CA amplifications (16.7%) in a mixed group
of smoking and non-smoking patients with oral squamous cell
carcinomas (22). The authors used a quantitative real-time
PCR approach and COL7A1 as the reference gene. Neither in
our study nor in the other 2 above mentioned publications
(22,27), could any correlation between PIK3CA amplification
and tumour stage be stated. The lack of association with
advanced tumoural stage (T-classification) and the high
incidence of 3q26 and/or PIK3CA overrepresentation in
premalignant lesion of the upper aerodigestive tract
(7,22,27,28) suggest that the genetic amplification of
PIK3CA represents an early event in the development of
HNSCC conferring growth- and spread-advantages to the
tumoural cells, but this amplification is no longer specifically
selected in advanced invasive carcinomas which harbour
genetic defects, thus enabling more aggressive transfor-
mations. Missense mutations occurring in the helical (exon 9)
or kinase domain (exon 20) of PIK3CA are oncogenic (14) and
have been reported to be associated with advanced stages of
HNSCC (22). However, the incidence of somatic point
mutations in the hot-spot exons is reduced in HNSCC (21,22)
compared to other malignancies (reviewed in ref. 14). In the
present study, we could not find any non-synonymous point
mutation in exons 9 and 20 of PIK3CA. The sensitivity of our
sequencing method was proved by the faithful detection of
the known differences between PIK3CA and its pseudogene
(19).

In order to investigate the relationship between PIK3CA
genomic status and its expression, we quantitatively assessed
the transcription (reverse transcription followed by qPCR) and
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Figure 3. Western blot analysis of p110α expression in 29 informative cases.

Figure 4. Western blot analysis of pAkt expression in 27 informative cases. The double band in cases 18 and 20 represent two isoforms of pAkt; the most
intensive band was considered for calculation.
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translation (Western blotting) of the gene. The functional
implication of p110α in HNSCC, reflected by the degree of
activation (phosphorylation) of its downstream effector, Akt,
was investigated by Western blot analysis. Almost half of the
carcinomas displayed an enhanced mRNA expression and in
some of them this could be related to genomic gains and/or
amplifications. However, no significant association could be
stated between genomic abnormalities and mRNA expression.
In vitro studies have shown that the genomic gain of PIK3CA
is followed by an increased transcription and translation in
human ovarian and cervical cancer cell lines (35,36), and
similar data has also been reported in oral squamous carcinoma
cell lines (22,37). However, our results, in line with those
obtained by Pedrero et al (27), suggest that epigenetic events
also influence p110α expression in HNSCC. mRNA expression
was associated with an increased tumoural stage. These data
support the hypothesis that epigenetic mechanisms regulate
the transcription of PIK3CA in advanced tumour stages. One
possibility is given by the inactivation of the tumour suppressor,
p53, leading to enhanced PIK3CA transcription, as observed
in HNSCC cell lines (37).

The strong correlation between p110α and pAkt expressions
detected by Western blotting confirms the importance of the
protein kinase Akt as a downstream effector of p110α in
HNSCC. Given that PI3K is the main upstream regulator of
Akt, our results indirectly demonstrate the activity of PI3K in
HNSCC. The missing correlation of p110α with the PIK3CA
mRNA expression could be due to transcriptional or post-
transcriptional mechanisms which finely tune the expression
level of the catalytic subunit of PI3K. It is possible that p110α
is only transiently overexpressed in tumour cells that exhibit
enhanced mRNA and, as a consequence, is difficult to detect
in heterogeneous tissue. Although p110α and pAkt were more
weakly expressed overall in the non-tumoural tissues
investigated than in the HNSCCs, there were also benign
cases which strongly expressed one or both proteins (data not
shown) so that the mean values of p110α and pAkt in the non-
tumoral tissue were only slightly lower than in the carcinomas.
These data are in line with previously reported observations
(27) and suggest that p110 and its downstream effector, pAk,
have similar basal expression levels in malignant and non-
malignant tissues of the upper aerodigestive tract. A trans-
criptional up-regulation, as observed by us in the HNSCC
cases, could result in a minimal rise of the p110α protein
expression level which is sufficient to confer growth advances
to the malignant cells, but too low to be reliably detected by
Western blotting.

Concluding, PIK3CA could be one of the oncogenes at
3q26.3 implicated in the early stages of HNSCC develop-
ment. Our data, however, suggest that the amplifications or
mutations of this gene seldom occur in HNSCC and that
epigenetic events can play an important role in advanced
tumour stages.
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