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Prostate cancer is the second cause of cancer-related death in men of the Western world. The potential

prognostic role of the combined alterations in EGFR and PTEN in prostate cancer is not well established. It was

the aim of the study to investigate this role. Prevalence of EGFR and PTEN somatic mutations, EGFR

amplification and EGFR protein expression were investigated in a series of prostate adenocarcinomas,

classified according to the current Gleason grading system. Mutational analysis revealed eight EGFR and three

PTEN mutations in 98 (8%) and 92 (3%) prostate adenocarcinomas, respectively. The combined prevalence of

EGFR–PTEN mutations was 11%. EGFR overexpression was present in 31% of adenocarcinomas, with a

marginally significant difference (P¼ 0.068) between Gleason grade r7 adenocarcinomas and Gleason grade

Z8 and metastatic adenocarcinomas. Four cases (4 of 31; 13%) had an EGFR gene gain due to chromosome 7

polysomy. In 35% of adenocarcinomas we found some type of EGFR–PTEN alteration, with a tendency to be

associated with advanced-stage prostate adenocarcinomas (P¼ 0.04). The IVS18þ 19 polymorphism was also

associated with more advanced prostate adenocarcinomas. This is the first study reporting mutations of EGFR

and PTEN in the same series of prostate adenocarcinomas. Protein overexpression is the most frequent EGFR

abnormality. Mutations in EGFR and PTEN genes are a minor event, although prostate cancer represents the

third neoplasm in which the EGFR gene mutations are more prevalent. Alterations in the EGFR–PTEN signaling

pathway are present in a third of prostate adenocarcinomas, particularly affecting the more advanced cases.
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EGFR belongs to the ErbB family of tyrosine kinase
receptors.1 They are activated by binding to peptide
growth factors of the EGF family, leading to activa-
tion of multiple downstream pathways. The
Ras-Raf-MEK-ERK1/2, STAT-3, and STAT-5, and
the PI3K/PTEN-Akt-Mtor cascades are the main
pathways activated downstream of ErbB receptors,

which have strong regulatory effects on cell prolif-
eration, differentiation, survival and migration.2,3

In many different cancer cell types, the ErbB
pathway becomes hyperactivated by a range of
mechanisms.2,4 Increased levels of EGFR gene
expression have been reported in adenocarcinomas
of the head and neck, lung, pancreas, bladder, ovary,
cervix, brain, breast, colon and prostate, among
others, and have been frequently associated to
adverse prognosis.1,3,5,6

EGFR gene amplification, as well as structural
genetic alterations, has been reported in several
adenocarcinoma types, including non-small-cell
lung cancer (NSCLC), glioblastoma, pancreatic can-
cer, and head and neck squamous cell carcinoma.
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Point mutations or short DNA deletions have mainly
been reported in lung cancer, with a low frequency
in prostate and colorectal cancers and a very
uncommon occurrence in head and neck, pancreas,
esophagus and breast cancer, among others.3,6–12

In prostate cancer, EGFR overexpression has also
been described. Some studies report an increasing
expression along the natural history of prostate
cancer, as well as an association with poor prog-
nostic factors such as high-grade, advanced-stage
and progression to hormone refractory status.5,13

Recently, EGFR point mutations and amplification
have been found in prostate cancer, particularly in
advanced adenocarcinomas.14,15 However, the num-
ber of cases in these series is small, and on the other
hand another recent study performing analysis of
EGFR somatic mutations, amplification and protein
expression in the same subsets of prostate adeno-
carcinomas did not find mutations.13

The PI3K–PTEN–AKTsignaling pathway has been
shown to be important in the survival and prolifera-
tion of human prostate cancer cells and to regulate
prostate adenocarcinoma angiogenesis.16,17 In re-
sponse to growth factors, the PI3K pathway can be
activated by different protein tyrosine kinases,
including the ErbB family and FGFRs among others.
The PTEN phosphatase, in turn, has an important
role in the regulation of phosphatidylinositol-3-
kinase (PI3K) product (PIP3), as a central negative
regulatory factor of PI3K–AKT pathway.18,19 PI3K–
AKT pathway is one of the major signal transduction
pathways that promote cell growth, survival and
proliferation. In addition, PTEN is involved in cell-
cycle progression and regulation of DNA damage
key checkpoint proteins. Moreover, PTEN regulates
p53 stability, and p53 in its turn positively controls
PTEN transcription.20

PTEN alterations have been described in different
human tumor types such as glioblastoma, breast
cancer, lung cancer, melanoma and prostate cancer,
among others. Somatic alterations of PTEN include
point mutations, small deletions, homozygous dele-
tions and epigenetic silencing.19,21 Functional loss of
PTEN and subsequent activation of the AKT path-
way is one of the most frequent abnormalities in
prostate cancer progression, and chromosomal re-
gion mapping has shown PTEN to be the most
frequently deleted gene in prostate cancer.22 Differ-
ent studies have indicated that PTEN haploinsuffi-
ciency could be an early prognostic marker for
prostate cancer, and complete loss of PTEN expres-
sion appears to correlate with advanced pathologic
stage and high Gleason score.21,23–25 Somatic PTEN
deletions and mutations have been described in
primary and, more frequently, in metastatic prostate
adenocarcinomas. The reported frequency of PTEN
mutations in metastatic adenocarcinomas varies
between 20 and 60%. In primary adenocarcinomas,
lower frequencies have been reported, with discre-
pancy among the different studies, and an overall
estimation of approximately 15%.26–31 However,

both the number of papers analyzing somatic
mutational status of PTEN and their sample size
are too small to establish their actual prevalence in
primary prostatic adenocarcinomas.

The potential prognostic role of the alterations in
EGFR and its downstream effector PTEN in prostate
cancer is not well established. Several clinical
strategies are available to block EGFR receptor-
mediated oncogenic function. It would be very
important to determine the different types of
aberrant events in EGFR and PTEN, to understand
the pathogenesis and natural history of prostate
cancer and to select appropriate treatment strategies
with different inhibitors. In this study, we have
investigated the prevalence of EGFR and PTEN
somatic genetic alterations and protein expression
in a large group of well-defined prostate adenocar-
cinomas from a Caucasian population, classified by
stage and Gleason score.

Materials and methods

Patients and Adenocarcinoma Samples

A total of 98 prostate adenocarcinomas were
selected retrospectively from the files of the Depart-
ment of Pathology, at the Hospital del Mar in
Barcelona, Spain, and were the subject of this
report. From these, 12 were needle biopsy, 61 radical
prostatectomy adenocarcinomas, 16 adenocarcino-
mas found at autopsy, so-called latent adenocarci-
nomas, 3 found at cystoprostatectomy (incidental)
and 6 bone metastases. All adenocarcinomas were
staged with the TNM classification. According to the
current Gleason grading criteria, the prostate tumors
were classified as combined Gleason scores 6
(n¼ 32), 7 (n¼ 39) and Z8 (n¼ 21). 89 samples
were formalin-fixed paraffin-embedded adenocarci-
nomas, and 9 samples were frozen adenocarcino-
mas. Although no information on grade was
available from the respective primary adenocarcino-
mas, metastatic samples (n¼ 6) were grouped to-
gether with Gleason score Z8 tumors, assuming
they belonged to an aggressive category.

The autopsy samples dated from 1993 to 2007.
The remaining cases were recruited between 2000
and 2008.

EGFR and PTEN Mutation Analysis

DNA extraction and DNA quality checking was
performed in all samples as previously described.32

Exons 18–21 of EGFR and exons 5–8 of PTEN were
amplified and sequenced in 98 cases for EGFR and
in 92 cases for PTEN using tumor DNA. We used
exon-specific primers binding to adjacent intron
sequences except for exons 5 and 8 of PTEN, in
which the primer comprised a part of the exon
analyzed. The primers for EGFR were: CCCTTGTCT
CTGTGTTCTTG (forward) and TCATGGTCTGGTG
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GGGA (reverse) for exon 18; AGCATGTGGCACCAT
CTCAC (forward) and TCAGGCCCACCTTTTCTC
(reverse) for exon 19; AGCCACACTGACGTGCCTCT
(forward) and ATAAGGAGCCAGGATCCTCA (re-
verse) for exon 20 and TGCAGAGCTTCTTCCCAT
GA (forward) and AGGTGGCTTTAGGTCAGCCA
(reverse) for exon 21. The primers for PTEN were
CTTATTCTGAGGTTATCT (forward) and GGTGTAA
TGATATGTGCA (reverse) for exon 5A; CACTGTAA
AGCTGGAAAGGGACG (forward) and TCCTCTTCC
TGGATCTGAG (reverse) for exon 5B; TTTTCTGT
CCACCAG (forward) and CCATGTATTGGAACAGT
(reverse) for exon 6; CCTGTGAAATAATACTGGT
(forward) and CATTGGGAGAAATATCCAA (re-
verse) for exon 7 and GTGATCAAGAAATCGATA
(forward) and GGTTGTTGACTTGTATGT (reverse)
for exon 8.

PCR reactions, product purification and mutation
analysis were performed as previously described.32

PCR conditions were 951C (5min) for 1 cycle, 951C
(40 s), 631C (40 s) for EGFR and 541C (40 s) for PTEN,
721C (40 s) for 40 cycles and a final extension step of
721C (5min). PCR products were separated by
electrophoresis and visualized with ethidium bro-
mide. Samples without DNA templates were in-
cluded in all assays as negative controls. Each PCR
product was sequenced in both forward and reverse
directions. All mutations reported were confirmed
with two independent rounds of PCR and direct
sequencing. As quality control, independent PCR
products were amplified and sequenced in 14% of
wild-type (wt) cases to confirm the mutational
results using DNA from the same adenocarcinoma
areas.

Immunohistochemistry of EGFR and PTEN

Immunohistochemical staining for EGFR was per-
formed on 75 cases, all of them from formalin-fixed
paraffin-embedded tissue sections, using a highly
specific mouse monoclonal antibody (Clone H11;
Dako, Glostrup, Denmark). In all samples, immunor-
eaction was revealed using the EnVision Plus system
(Dako) and counterstained with hematoxylin. EGFR
expression was evaluated semiquantitatively by
estimating the percentage of positive adenocarcino-
ma cells as follows: score 0, no detection of positive
cells; 1þ , weak positivity in o10% cancer cells; 2
þ , moderate or strong positivity in 10–40% cancer
cells and 3þ , moderate or strong positivity in
450% cancer cells. An adenocarcinoma was con-
sidered to overexpress EGFR when the score was 2
þ or 3þ .

Fluorescence in situ Hybridization Analysis of EGFR

To assess the genetic status of EGFR, we carried
out fluorescence in situ hybridization (FISH) on
formalin-fixed paraffin-embedded tissues, in the 31
cases in which there was tumor tissue available for

this purpose. The EGFR probe consists of two
probes, one with the centromeric a-satellite probe,
specific for chromosome 7 (spectrum green), and a
locus-specific probe for the EGFR gene, located at
7p12 (spectrum orange) (Abbott Molecular Inc., Des
Plaines IL, USA). We serially performed a hematoxy-
lin–eosin stain and FISH in consecutive tissue
sections. After pathological confirmation, FISH
slides were deparaffinized, pretreated with EDTA
solution in a microwave and digested with pepsin
(0.05mg/ml in 0.01N HCL) for 30min at 371C.
Tissue morphology was assessed by phase-contrast
microscopy to ensure sufficient digestion of the
collagen matrix. Pretreated tissue sections and
probes were co-denatured at 781C for 5min and
hybridized overnight at 371C in a hot plate (Hybrite
chamber; Abbot Molecular Inc.). After hybridization
washes, slides were counterstained with 4,6-diami-
no-2-phenylindole (DAPI counterstain; Abbott
Molecular Inc.).

Results were analyzed in a fluorescence micro-
scope (Olympus; BX51) using the CytoVision soft-
ware (Applied Imaging, Santa Clara, CA, USA).
Tissue sections were scanned at low magnification
(� 100) with DAPI excitation. A minimum of 100
nuclei were scored by two observers. Based on
previous publications,13 an adenocarcinoma was
considered amplified if the EGFR/centromere 7 ratio
was Z2.0. We used adjacent normal tissues from
four cases as controls. The cutoff for polysomy (3—4
copies) was 7%.

Results

EGFR and PTEN Mutational Analyses

EGFR mutations were sought in 98 and PTEN
mutations in 92 prostate adenocarcinoma samples.
All the cases analyzed for PTEN were also tested for
EGFR. Of 98, 8 (8.2%) adenocarcinomas harbored
EGFR mutations, and of 92 adenocarcinomas, 3
(3.3%) had PTEN mutations (Table 1).

All EGFR mutations were located in exons 20 and
21. Two of them were found in Gleason score 6
adenocarcinomas (2 of 32; 6.3%) and 6 of them in
Gleason Z7 adenocarcinomas (6 of 66; 9.1%). We
identified 5 mutations: I821T and I789I in exon 20,
and L858L, H870N and V834A in exon 21. The most
common mutation was V834A substitution, present
in three adenocarcinomas. Only the L858L silent
change had been previously reported (Figure 1).

We also found two polymorphisms: Q787Q in
exon 20 and IVS18þ 19 in intron 18. Both of them
have been described previously in normal popula-
tion (http://www.ncbi.nlm.nih.gov/SNP) with fre-
quencies of 43 and 3%, respectively, in
heterozygosity. The Q787Q polymorphism was
detected in 69 cases (70.4%), and the intron 18
polymorphism IVS18þ 19 was detected in 17 cases
(17.3%). Fifteen prostate adenocarcinomas pre-
sented both polymorphisms in the same sample.
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Thus, the prevalence of both polymorphisms was
higher in our series of prostate adenocarcinomas
than in the SNPs database; 17.3 vs 3% for IVS18þ 19
and 70.4 vs 43% for Q787Q. Distribution of
adenocarcinoma polymorphisms according to the
Gleason score classification is shown in Figure 2.
The presence of IVS18þ 19 was statistically asso-
ciated with more aggressive prostate adenocarcino-
mas (Gleason Z8 adenocarcinomas and metastases)
(Fisher’s exact test P¼ 0.042). With exception of two
cases, all adenocarcinomas with IVS18þ 19 pre-
sented also Q787Q polymorphism.

Only 3 of 92 adenocarcinomas (3.3%) showed
PTEN mutations. Two of them carried missense
mutations, P95S (exon 5) and D223N (exon 7), and
one had a deletion of an adenine leading to a
premature stop in codon 164 (exon 5) (Figure 1).
Both cases with missense mutations were Gleason

score 7 adenocarcinomas, and the case with the
PTEN truncating mutation was a Gleason score 10
adenocarcinoma.

Taking together mutational analyses of both genes,
11 (11.6%) adenocarcinomas presented a genetic
alteration in the EGFR–PTEN signaling pathway.
Presence of PTEN and EGFR somatic alterations
seemed to be mutually exclusive, because none of
the adenocarcinomas harbored mutations in both
genes.

For the statistical analysis, we have excluded
three cases in which it was not possible to perform
PTEN mutational study and EGFR was wt. If we
analyze the overall prevalence of EGFR and PTEN
mutations according to Gleason score, 2 of 32 (6.3%,
Gleason score 6), 6 of 38 (16%, Gleason score 7) and
3 of 25 (12%, Gleason score Z8 and metastases) had
a mutation. Prevalence of mutations in Gleason

Figure 1 EGFR and PTEN sequence analysis in prostate tumors. Case 1 presented a mutation in exon 20, transition T-C at codon 821.
Case 2 presented a mutation in exon 21, transition A-G at codon 834. Case 3 presented a deletion of an adenine at codon 164 in exon 5.
Case 4 presented a mutation in exon 7, transition C-T at codon 223.

Table 1 Spectrum of EGFR and PTEN mutations and pathological features of mutated prostate adenocarcinomas

Case no. Adenocarcinoma precedence Gleason’s score Mutation Type of alteration Gene Codon

12 Prostatectomy G3+4 I821T Missense EGFR Exon 20
69 Prostatectomy G3+3 I821T Missense EGFR Exon 20
45 Prostatectomy G3+4 V834A Missense EGFR Exon 21
27 Metastasis G8�10 V834A Missense EGFR Exon 21
52 Prostatectomy G3+4 V834A Missense EGFR Exon 21
48 Prostatectomy G3+3 I789I Missense EGFR Exon 20
67 Prostatectomy G3+4 H870N Missense EGFR Exon 21
80 Prostatectomy G4+5 L858L Silent EGFR Exon 21
18 Cystoprostatectomy G3+4 D223N Missense PTEN Exon 7
21 Prostatectomy G5+5 Del 164 Stop PTEN Exon 5
32 Prostatectomy G3+4 P95S Missense PTEN Exon 5
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score 7 and 47 adenocarcinomas was similar, so
considering only two groups (adenocarcinomas with
Gleason score 6 vs adenocarcinomas with Gleason
score Z7), 2 of 32 (6.3%) adenocarcinomas with
Gleason score 6 presented a mutation vs 9 of 63
(14.3%) adenocarcinomas with Gleason score Z7.
Although, this difference is not statistically signifi-
cant, it seems that mutations in EGFR–PTEN
signaling pathways may be more frequent in high
Gleason score adenocarcinomas.

EGFR and PTEN immunohistochemistry

In 75 adenocarcinomas we analyzed the protein
expression using immunohistochemistry. Normal,

atrophic and hyperplastic prostate glands showed
EGFR protein expression in basal cells. Neoplastic
prostate glands had no expression in most of the
cases (n¼ 48), whereas EGFR immunostaining was
detected in 27 adenocarcinomas. EGFR overexpres-
sion was considered when adenocarcinoma cells
showed an immunohistochemical score from 2þ to
3þ . Thus, 23 adenocarcinomas (31%) overex-
pressed EGFR. In 4 of 27 adenocarcinomas we
found a very weak expression, classified as score 1
þ , and we grouped them with the negative cases.
Nine adenocarcinomas were considered as score 2þ,
and 14 cases showing very strong EGFR expression
were classified as score 3þ . EGFR-overexpressing
adenocarcinomas belonged to different Gleason
score groups: 6 of 28 (21.4%) were Gleason score
6, 8 of 28 (28.6%) Gleason score 7 and 9 of 19
(47.4%) Gleason score Z8 and metastases (Figure 3).
Comparing adenocarcinomas with Gleason score r7
and adenocarcinomas with Gleason score Z8 and
metastases, 14 of 56 (25%) vs 9 of 19 (47.4%)
showed EGFR overexpression (Pearson’s w2-test,
P¼ 0.068), indicating that there is a statistical trend
toward EGFR overexpression to be associated with
the more aggressive prostate adenocarcinomas. In 75
samples, both mutation and protein expression
analyses were performed. There was no statistical
association between the presence of mutation and
EGFR overexpression.

FISH Analysis of EGFR

EGFR gene amplification was investigated by FISH
analysis in 31 adenocarcinomas, 13 cases were
Gleason score 6 and 14 were Gleason score Z7
and 4 were Gleason score Z8 and metastases. None
of the 31 cases showed EGFR amplification, being
EGFR/centromere 7 ratios o1.5. Four cases (4 of 31;
13.3%) had gain of EGFR gene due to chromosome 7
polysomy. All of these cases had 3–5 copies of
chromosome 7 in 30–70% of the cells (Figure 4).

Figure 2 Prevalence of EGFR polymorphisms in the different
adenocarcinoma Gleason scores. IVS18þ19 is associated with
more aggressive prostate adenocarcinomas (Gleason score Z8
adenocarcinomas and metastases) (Fisher’s exact test P¼0.042).

Figure 3 Examples of immunohistochemical expression of EGFR in prostate adenocarcinomas. (a) Gleason score 9, wild-type prostate
adenocarcinoma showing moderate to strong EGFR expression. (b) Gleason score 9 bone metastatic adenocarcinoma, wild-type, showing
moderate EGFR expression. (c) Absence of EGFR expression in a V834A bone metastatic mutant adenocarcinoma (original magnification,
� 200).
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Although the number of cases with EGFR gain is
low and we have not found statistical significance
(Fisher’s exact test, P¼ 0.120), the presence of
polysomy seems to be related with high-grade
adenocarcinomas, as all cases with chromosome 7
gain were Gleason score Z7.

In 23 adenocarcinomas, immunohistochemistry of
both EGFR and FISH analyses could be performed.
There was no relationship between EGFR protein
expression and gene copy number tested using FISH
analysis: the five EGFR-overexpressing adenocarci-
nomas in this subgroup did not show EGFR gain and
one adenocarcinoma with polysomy did not show
EGFR immunostaining. No information regarding
immunohistochemical expression was available for
the other three cases with EGFR gain due to polysomy.
However, the number of cases studied for both
analyses was too low to draw definitive conclusions.

Total EGFR and PTEN Alterations

Including as EGFR alterations somatic mutation,
copy number gain and/or immunohistochemical
expression, 31 adenocarcinomas presented an aber-
rant event in the EGFR molecule or gene (Figure 5).
The most frequent aberrant activating event was
EGFR protein overexpression, present in 31.1% of
prostate adenocarcinomas analyzed by immunohisto-
chemistry. In 75 cases we performed both mutation
and immunohistochemistry analyses, and in 30 cases
we performed both mutation and FISH analyses.
Overexpression and mutation were coexistent in only
four cases. Nevertheless, taking into account that we
have combined information on the three analyses in
23 adenocarcinomas only, it has not been possible to

determine whether the different types of EGFR
alterations are coexistent or exclusive. In any event,
we tested the distribution of total EGFR aberrant
events in our series of prostate adenocarcinomas. If we
classify the altered EGFR adenocarcinomas according
to their Gleason score, 8 of 32 Gleason score 6
adenocarcinomas (25%), 11 of 38 Gleason score 7
adenocarcinomas (29%) and 12 of 28 Gleason score
Z8 and metastases (43%) presented an EGFR altera-
tion.

Comparing adenocarcinomas with Gleason scores
r7 and 47, we found that the prevalence of
alterations was 27 vs 43%. Taking together total
EGFR alterations and PTEN mutations, we found
that 34 adenocarcinomas (35%) presented an aber-
rant event in the EGFR–PTEN signaling pathway.
However, for the statistical analysis, we excluded
negative cases in which it was not possible to test
EGFR or PTEN alterations by all the techniques.
Thus, in 52 adenocarcinomas we could test the
association between immunohistochemistry and
FISH positivity, mutations and Gleason classifica-
tion. Alterations in the EGFR–PTEN signaling were
related to an increasing Gleason score of the
adenocarcinomas. Eight of 17 (47%) Gleason score
6, 13 of 20 (65%) Gleason score 7 and 13 of 15
(86.7%) of Gleason score Z8 and metastases
presented EGFR overexpression or EGFR copy
number gain or somatic mutations (Pearson’s w2-test,
P¼ 0.063). Comparing Gleason score r7 adenocar-
cinomas with Gleason score Z8 adenocarcinomas
and metastases, we found that the presence of
alterations in EGFR or PTEN was statistically
associated with higher-grade prostate adenocarcino-
mas (Pearson’s w2-test, P¼ 0.04; Figure 6).

Relationship between EGFR Status and Biochemical
Recurrence

Of the 49 patients with available PSA data and a
follow-up of at least 24 months, biochemical

Figure 4 Cells with chromosome 7 polysomy. The adenocarcino-
ma cells show 3–4 signals of chromosome 17 (green) accompanied
by 3–4 signals of EGFR gene (orange).

Figure 5 Distribution of EGFR–PTEN alterations in prostate
adenocarcinomas. The most frequent type of alteration was EGFR
overexpression, with a prevalence of 31%.
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recurrence was detected in 13, whereas in the
remaining 36 cases there was no sign of biochemical
or clinical recurrence at last follow-up. Fourteen
cases in this subgroup with available PSA data
showed some type of EGFR alteration and one
presented a PTEN mutation, whereas the remaining
34 cases were wt. No statistical association between
EGFR–PTEN mutations and recurrence, nor between
EGFR overexpression and biochemical PSA values
was found, although only 8% of cases without EGFR
overexpression showed biochemical recurrence,
whereas 30% of patients with EGFR-overexpressing
adenocarcinomas did. In addition, there was no
statistical association between the polymorphic
variants and recurrence, although the percentage of
patients who showed biochemical PSA increase at
follow-up was higher in cases with the IVS18þ 19
variant (36.4%, corresponding to 4 of 11 cases
with the polymorphism) compared with those with-
out it (23.7%, or 9 from 29 cases without the
polymorphism).

Finally, there was a significant association be-
tween combined Gleason score and biochemical
recurrence, as about 67% of Gleason score Z8 and
metastatic patients developed biochemical recur-
rence, whereas only 24% of Gleason score 7 and
none of Gleason score 6 patients did recur (Fisher’s
exact test Po0.0001). These results are an indication
that this series of patients was not biased and
reflected the normal spectrum of the disease.

Discussion

The molecular changes involved in the pathogenesis
and the natural history of prostate adenocarcinoma
are poorly understood. Thus, the essential steps that

mark the transition from the early phases of prostate
cancer development to more aggressive stages of the
disease are not known. The main parameters
guiding therapy and prognosis are still pathological
grade and stage. There is a need for new prognostic
and therapeutic markers, particularly with the
development of new molecular-targeted therapies,
such as the anti-EGFR molecules. In this study, we
have investigated the changes in EGFR and PTEN in
different clinical–pathological subsets of prostate
cancer.

Increased levels of EGFR gene expression have
been detected in a high variety of human adenocar-
cinomas including prostate cancer, mainly using
immunohistochemical techniques, and they have
been frequently related to adverse prognosis. How-
ever, whether EGFR overexpression is a prognostic
factor in patients with these adenocarcinomas is still
controversial.1,3,6 Till date, very few reports have
analyzed the EGFR mutational status in prostate
cancer. In fact, only three articles have reported the
presence of EGFR somatic mutations in this type of
adenocarcinoma, all of them based on a small
number of cases. To date, the prevalence of EGFR
somatic mutations in prostate cancer published in
the Catalogue of Somatic Mutations in Cancer
(www.sanger.ac.uk) is about 6%. Douglas et al15

identified the presence of EGFR mutations in
prostate cancer for the first time, and they found
four not previously reported missense mutations in
the tyrosine kinase domain of EGFR. The prevalence
of mutations in this study was 4.5% (4 of 89
patients). Interestingly, the samples analyzed be-
longed to Caucasian, African American and Korean
patients, and three of the four mutated adenocarci-
nomas were from Korean patients. Later on, Cai
et al33 reported that three of these four mutations
were constitutively active oncogenic mutations.
Schlomm et al13 also analyzed the EGFR exons 18–
21, but did not find mutations, although the number
of adenocarcinomas analyzed was very low. Cho
et al14 reported nine EGFR mutations in three
advanced prostate cancer cases, and they were not
confirmed by additional independent rounds of PCR
amplification and sequencing.

To the best of our knowledge, this is the first study
in which the significance of the EGFR and PTEN
alterations in prostate cancer is investigated focus-
ing on the relationship among somatic mutations,
gene amplification and protein expression. In addi-
tion, this is the largest series of prostate cancer cases
in which EGFR mutations have been analyzed.
Moreover, this is the first study reporting mutations
of EGFR and PTEN in the same series of prostate
adenocarcinomas. Our study data indicate a pre-
valence of 8.2% for EGFR and 3.3% for PTEN
mutations. Taking together both genes, 11.3%
prostate adenocarcinomas presented somatic
point alterations in the EGFR–PTEN signaling path-
way. The prevalence of mutations was higher in
aggressive prostate adenocarcinomas (Gleason score

Figure 6 For the statistical analysis, we excluded negative cases
in which it was not possible to test EGFR or PTEN alterations by
all the techniques. Comparing Gleason score r7 with Gleason
score Z8 and metastases, EGFR–PTEN alterations are statistically
associated with higher-grade prostate adenocarcinomas (Pearson’s
w2-test, P¼0.04).
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Z7), although this trend was not statistically
significant. The presence of EGFR and PTEN
mutations seemed to be mutually exclusive because
none of the adenocarcinomas harbored mutations in
both genes.

PTEN mutation prevalence in our series is lower
than that reported previously. We have found only
three PTEN mutations, two of them had been
previously described in other tumor types34,35 and
the missense mutation D223N has not been reported
before. In the prostate cancer literature, PTEN
mutations have been described with discrepant
data.26–30 It is noteworthy that although PTEN
mutations were reported in prostate cancer for the
first time in 199736 relatively few papers have
analyzed the mutational status of this gene in
prostate cancer since then, and perhaps the number
of adenocarcinomas tested in these studies has been
too small to establish the true prevalence of somatic
mutations in primary prostate cancer.

In the EGFRmutational analysis, the percentage of
mutations is also low, about 8%. Nevertheless, the
percentage of EGFR mutations reported in the liter-
ature on human adenocarcinomas is also low. The
highest incidence of EGFR mutations in Caucasian
patients (10%) has been reported in NSCLC,
followed by adrenocortical carcinoma (9%) (http://
www.sanger.ac.uk/). According to our study results,
prostate cancer would be the third most frequent
neoplasm harboring somatic EGFR mutations.

Most of EGFR mutations described in human
adenocarcinomas are located in the tyrosine kinase
domain, affecting exons 18–21. The in-frame dele-
tion in exon 19 involving codons 746–753, and a
missense mutation leading to a substitution at codon
858 (L858R) in exon 21, are two mutation hotspots,
which account for more than 90% of all detected
mutations in lung cancer.37–40 Codon 858 is the most
frequently mutated hotspot for EGFR in human
cancer, and missense mutation L858R is almost
exclusive of lung cancer, where it constitutes around
42% of EGFR mutations (http://www.sanger.ac.uk/).

In our series of prostate adenocarcinomas we have
found mutations in exons 20 and 21 of EGFR.
Although the L858L change had already been
reported in upper aerodigestive tract adenocarcino-
mas, the remaining mutations are described for the
first time in this article. Interestingly, codons 834
and 870, which contained mutations in four pro-
static adenocarcinomas in our series, have been
found to be mutated in lung, thyroid and head and
neck adenocarcinomas, but with different resulting
amino-acid changes (http://www.sanger.ac.uk/).
From previous reports in prostate cancer and other
primary adenocarcinomas, data contained in the
‘Catalogue of Somatic Mutations in Cancer’ database
(http://www.sanger.ac.uk/), and our own results, it
appears that in lung cancer EGFR mutations occur
mostly as hotspot somatic mutations, whereas in
other adenocarcinoma types they are distributed in
different codons along exons 18–21. The E709K

missense mutation, found in two prostate adeno-
carcinomas by Cho et al14 could be considered an
exception, as it has been found also in 11 lung
cancer samples (http://www.sanger.ac.uk/).

Several authors have analyzed the immunohisto-
chemical expression of EGFR in prostate cancer.
There is a high variability of EGFR expression,
ranging from 1 to 100% in different studies.5,13,41,42

Data on the relationship between Gleason score and
EGFR expression are also conflicting.43–45 In recent
papers, there is more agreement in the association
between EGFR immunostaining and advanced ade-
nocarcinoma stage, high Gleason score and pre-
operative PSA. These results support a role for EGFR
expression in the development of prostate cancer
and in the progression to an androgen-independent,
hormone-refractory clinical phase.5,13,42 Schlomm
et al13 reported EGFR immunostaining in 18% of
samples, in a large tissue microarray immunohisto-
chemical study with more than 2000 adenocarcino-
mas. In addition, it has been suggested that EGFR
overexpression is significantly less common in
Caucasian (18%) than in African American (46%)
and Korean (72%) patients.15,41 We have found
EGFR expression in 31% of adenocarcinomas, a
higher percentage than that of previous reports
based on Caucasian populations.13,15,41 Moreover,
our study results concur with those of Schlomm
et al13 in finding an association between increased
EGFR expression and high Gleason score. They also
performed mutational analysis in the same cases,
with negative results.

Using FISH, Schlomm et al13 also found gains in
EGFR copy number due to chromosome 7 polysomy
in 3.3% of cases, whereas EGFR amplification was
observed in 0.3% of cases. In addition, they found a
significant association of EGFR copy number gains
with protein expression, and with higher-grade and
advanced-stage adenocarcinomas. In our series,
EGFR gains were identified in 4 of 30 adenocarci-
nomas (13.3%), all of them with a low copy number
increase (3–5 copies) due to chromosome 7 polys-
omy. All FISH-positive adenocarcinomas were Glea-
son score Z7, and EGFR amplification was not
found in any of them. Although there was no
correlation between EGFR expression and EGFR
copy number gains, a statistically significant asso-
ciation was found between increase in EGFR, due to
either protein overexpression or chromosome 7
polysomy, and high Gleason score.

About 31% of prostate adenocarcinomas in the
present series showed EGFR overactivation by
mutation, overexpression and/or increased copy
number. Taking together total EGFR alterations and
PTEN mutations, 34 adenocarcinomas (35%) pre-
sented some sort of aberrant event in the EGFR–
PTEN signaling pathway. Total alterations in EGFR–
PTEN signaling were related to adenocarcinoma
Gleason score, with a statistically significant
association with Gleason score Z8 and metastatic
adenocarcinomas (Pearson’s w2-test, P¼ 0.04).
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PTEN mutation represents a minor aberrant event
in the pathogenesis of prostate adenocarcinomas. It
would be interesting to investigate other PTEN
alteration mechanisms, such as deletion or epige-
netic inactivation. The most common mechanism
for PTEN inactivation of both alleles is mutation of
one of them and deletion of the other, although
reduced PTEN protein levels are often seen in the
absence of genomic abnormalities.46,47 Loss of
heterozygosity (LOH) of PTEN has been frequently
reported in primary prostate adenocarcinomas, but
the proportion of adenocarcinomas with deletion of
one allele and mutation of the other is low.29,48 Dong
et al26 reported, in a series of low-stage adenocarci-
nomas, that PTEN LOH and somatic mutations were
uncommon, and they concluded that alteration of
PTEN was not an early event in prostatic carcino-
genesis. Conversely, different studies have indicated
that PTEN haploinsufficiency could be an early
prognostic marker for prostate cancer, and complete
loss of expression appears to correlate with patho-
logical markers of poor prognosis and tumor
progression.20,21,23,25,30,49 Mouse models for prostate
cancer also suggest that PTEN may have a role in
initiation or early progression of the disease.18,37,50,51

Interestingly, adenocarcinomas from heterozygous
PTEN(þ /�) mice lose the wt PTEN allele, implying
that adenocarcinoma formation requires lack of both
PTEN alleles.24

To the best of our knowledge this is the first paper
and the largest series analyzing EGFR and PTEN
mutations in prostate adenocarcinomas from Cau-
casian population, and also the first to report EGFR
and PTEN mutations in the same series of prostate
adenocarcinomas. In addition, we have also tested
protein expression by immunohistochemistry and
EGFR copy number by FISH. We conclude that the
EGFR signaling pathway is involved in about one
third of prostate adenocarcinomas, particularly in
high Gleason score adenocarcinomas. Protein over-
expression is the most frequent type of EGFR
aberrant event. Furthermore, overrepresentation of
EGFR due to chromosome 7 polysomy or protein
overexpression is statistically associated with more
aggressive prostate adenocarcinomas. Mutations in
EGFR and PTEN are a minor event, although they
are involved in about 11% of prostate cancers, and
thus prostate cancer ranks third among adenocarci-
nomas with EGFR mutations. The use of tyrosine
kinase inhibitors could be beneficial in the
treatment of prostate cancer, however it is impera-
tive to investigate other downstream regulatory
elements of EGFR signaling, to choose the more
adequate targets for effective cancer treatment.
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