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Abstract

COX2 and HER2 expression are associated with a poor prognosis in prostate cancer and HER2 has been linked to COX2
expression in colorectal cancer. The association between COX2 and HER2 expression was investigated in 117 patients with prostate

cancer (89) or Benign prostatic hyperplasia (BPH) (28). Tissue was analysed for HER2 amplification by fluorescent in situ hybri-
disation, and HER2 and COX2 protein expression by immunohistochemistry (IHC). All tumours analysed expressed COX2 at a
significantly higher level than BPH tissue (P=0.041). Only low levels of HER2 gene amplification (8%, 7/89) and HER2 protein

expression (12%, 11/89) were observed. HER2 protein expression was rarely observed and did not correlate with HER2 amplifi-
cation or COX2 expression. Although HER2 does not drive COX2 expression in prostate cancer, this study identified high levels of
COX2 expressed in locally advanced prostate cancer, suggesting COX2 could be a potential therapeutic target. COX2 inhibitors are

currently being used in clinical trials for the treatment of other tumour types.
# 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

There are two isoforms of the enzyme which catalyses
the conversion of arachidonic acid to prostanoids, the
constitutively expressed cyclooxygenase 1 (COX1) and
the inducible isoform cyclooxygenase 2 (COX2) [1,2].
COX2 expression is increased in response to pro-
inflammatory stimuli [3], tumour promoters [4] and
growth factors [5]. COX2 is expressed in many solid
tumour types including colorectal, breast, prostate and
ovarian tumours [6–10].
In some human cancers, a link between COX2 and
HER2, a type one tyrosine kinase receptor, has been
described [5–7,11]. In colorectal cancer, activation of
HER2 induces activation of COX2 promoters [6].
COX2 expression may also be regulated by activation of
the mitogen activated protein (MAP) kinase cascade via
HER2 in breast carcinoma cells in vitro [7].
Increased COX2 expression has been associated with
high prostate tumour grade [12]. COX2 is proposed to
influence prostate cancer progression and development
via neoangiogenesis (the formation of new blood
vessels) and increased resistance to apoptosis [13–15].
Prostate cancer cells expressing COX2 secrete the
prostanoid PGE2, which stimulates production of the
angiogenic vascular endothelial growth factor
(VEGF) [13]. In vivo COX2 inhibitors block VEGF
production and decrease tumour microvessel density
in prostate cancer [13,14]. Increased COX2 expression
in prostate cancer cells in vitro correlates with a
decrease in the apoptotic index and COX 2 inhibitors
induce apoptosis [15,16]. COX2 therefore appears to
have a role in cancer of the prostate. However, no
one to our knowledge has as yet explored the link
between COX2 and HER2 expression in prostate
cancer.
The HER2 oncogene is amplified in 25–30% of breast
and ovarian tumours [17,18] and is associated with a
poor prognosis [19]. HER2 is the second member of the
epidermal growth factor receptor (EGFR) tyrosine
kinase growth factor receptor family [20] which are
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important mediators of cell growth, differentiation and
survival [21,22].
The frequency and significance of HER2 amplification
in prostate cancer remains to be established. Reports of
frequency of HER2 overexpression vary widely as pub-
lished studies use a variety of antibodies with differing
sensitivities and specificity’s [21,23–27]. HER2 over-
expression has been correlated with a high Gleason
score, stage and poor prognosis [27–29] and also shown
to have no correlation to Gleason score, stage and
prognosis [24,25]. HER2 gene amplification rates repor-
ted in prostate cancer range from 41 to 0% [20,30,31]
and has recently been linked to the development of
androgen escape [21,32].
This study investigated the role of HER2 and COX2
in 117 prostate samples from a patient cohort of Benign
prostatic hyperplasia (BPH), pT1, pT2, pT3 and pT4
tumours at diagnosis. By using validated methods
to assess HER2 status [18], we aimed to clarify the
controversy surrounding HER2 status in prostate
cancer.
2. Patients and methods

117 patients were retrospectively selected for analysis,
ethical approval was obtained from the local research
and ethical committee for use of tissue in this study.
Patients selected for analysis included: those with BPH
[28], those with stage pT1 or pT2 prostate cancer at
diagnosis (53) and those with pT3 or pT4 prostate can-
cer at diagnosis [37]. Prostate-specific antigen (PSA)
values and Gleason scores were available for each
patient with prostate cancer.

2.1. Immunohistochemistry

2.1.1. COX2
Tissues sections (5 mM) were dewaxed in xylene and
rehydrated through graded alcohols. Antigen retrieval
was carried out by heating in Tris–ethylene diamine
tetraacetic acid (EDTA) buffer (pH8) for 5 min under
pressure (15 p.s.i.) in a microwave. The tissue was
stained with a COX2 (human) monoclonal antibody
(Cayman Chemicals, USA) at a concentration of 0.625
mg/ml and a biotinylated secondary antibody, strepta-
vidin peroxidase complex and enhanced 3,30-diamino-
benzidine (DAB) as a substrate. Finally, the tissues were
counter-stained with haematoxylin and dehydrated
through graded alcohols and xylene. Negative control
sections were incubated with an iso-type matched con-
trol antibody at a concentration of 1 mg/ml.

2.1.2. HER2
HER2 immunohistochemistry (IHC) was performed
using the DAKO HercepTestTM, with strict adherence
to the kit protocol. Antigen retrieval was carried out in
a heated water bath in Epitope retrieval solution pro-
vided for 40 min at 95–99 �C. Sections were stained
using rabbit anti-human HER2 polyclonal antibody
(7.5 g/ml, 0.05 M) and staining developed with the kit
visualisation reagent and DAB.
Staining was scored blind by two independent obser-
vers using a weighted histoscore method [33]. Histo-
scores were calculated from the sum of (1�% cells
staining weakly positive)+(2�% cell staining moder-
ately positive)+(3�% cells staining strongly positive)
with a maximum of 300. The mean of the two observers’
scores were used for the analysis.

2.1.3. Fluorescent in situ hybridization (FISH)
Sections (5 mm) cut from archival formalin-fixed,
paraffin-embedded tissue were placed on aminopropyl-
triethoxysilane (silane)-treated slides. The slides were
pre-treated on a VP2000 robotic slide processor (Vysis,
UK Ltd). This involved dewaxing and rehydration,
treatment with 8% sodium thiosulphate at 80 �C for 30
min and digestion with 0.05% pepsin at 37 �C for 26
min. Tissue sections were subsequently fixed in 10%
formalin for 10 min and dehydrated through increasing
concentrations of ethanol.
DNA within the tissue was then denatured in dena-
turing solution (70% formamide, 2�SSC, pH 7.5) at
72 �C for 5 min on an Omnislide in situ PCR block
(Thermo Hybaid, UK), then dehydrated in ethanol. The
tissue was then hybridised at 37 �C on an Omnislide in
situ PCR block (Thermo Hybaid, UK) with a probe
from the PathvysionTM kit (Vysis, UK Ltd). This
incorporated a Spectrum GreenTM labelled alpha satel-
lite probe for chromosome 17 and a Spectrum Oran-
geTM labelled HER2 probe. Slides were then washed in
0.4�SSC, 0.3% Nonidet P-40 (NP-40) at 72 �C for 2
min, allowed to air dry and mounted in 0.5 mg/ml 4,6-
diamindino-2 phenylindole-2 hydrochloride (DAPI) in
Vectashield antifade (Vetrolabs, UK). Signals were
visualised using a DMLB Microscope 100 W mercury
lamp (Leica, UK) with a triple band pass filter block
specific for the excitation and emission wavelengths of
the Spectrum GreenTM and Spectrum OrangeTM fluors
(Vysis, UK, Ltd).
Serially-sectioned haematoxylin and eosin-stained tis-
sue sections were first examined microscopically to
localise the tumour areas. FISH stained sections were
then scanned at �100 magnification to localise the
tumour areas. Twenty non-over lapping nuclei per sec-
tion were evaluated from three different areas by two
independent observers. Signals per nucleus for chromo-
some 17 (green) and HER2 (orange) were counted on a
cell by cell basis and the results recorded manually. The
mean chromosomal copy numbers for chromosome 17
and HER2 were calculated. Analysis of copy number in
thin tissue sections can be affected by nuclear truncation
J. Edwards et al. / European Journal of Cancer 40 (2004) 50–55 51



[34]. Therefore, the normal range for chromosome 17
and HER2 copy number were identified using the mean
chromosomal copy number from 10 BPH samples, �2
standard deviations (S.D.) (95% Confidence Intervals
(CI)). Using this approach, the normal range for HER2
and chromosome 17 were defined as 1.95�0.15 (mean
�S.D. of control values) and 1.91�0.12, respectively.
Tumours with more than 2.10 or 2.03 signals per
nucleus were identified as having increased HER2 or
chromosome 17 copy number, respectively. The
observed HER2:chromosome 17 ratio in 10 BPH sam-
ples was 1.02�0.09. However, in line with current Uni-
ted Kingdom (UK) guidelines for the assessment of
HER2 gene amplification, amplification was defined as
a HER2:chromosome 17 ratio greater than 2 [18]. If
tumours were heterogeneous, the area with the most
abnormalities was used in the final analysis.

2.2. Statistical analysis
Mann–Whitney tests were used to compare the
Gleason sum and patient’s age. Fishers exact test were
used to compare the level of chromosome 17 copy
number, HER2 copy number and HER2 gene amplifi-
cation between groups. Dunnetts t-test was used to
compare median COX2 histoscores between groups and
Spearman Ranks Correlation Coefficient was used to
assess if there was a correlation between HER2 ampli-
fication or HER2 copy number and COX2 or Gleason
sum.
3. Results

117 patients were retrospectively recruited for this
study, 28 with BPH, 53 with stage pT1/pT2 prostate
cancer at diagnosis and 36 with stage pT3/pT4 pros-
tate cancer at diagnosis. 22 prostate cancer patients
had metastases at diagnosis, (12 pT1/pT2 and 10
pT3/pT4 stage prostate cancer at diagnosis). Median
age, mean Gleason sum and median survival for all
patients are shown in Table 1, where patients are either
split by tumour stage or by the presence of metastases at
diagnosis.
3.1. COX2 expression

All samples analysed in this study expressed COX2 at
some level, 59% of tumours had high COX2 expression
(defined as a histoscore of above the midpoint value of
150). COX2 expression appeared to be normally dis-
tributed about a mean value of 170 with a S.D. of 60.
Prostate tumours expressed significantly higher levels of
COX2 than prostate tissue with BPH (P=0.041)
(Table 2). When tumour samples were subdivided into
pT1/pT2 and pT3/pT4 staged tumours at diagnosis, pT3/
pT4 tumours at diagnosis were demonstrated to express
significantly higher levels of COX2 compared with BPH
or pT1/pT2 (P=0.009 and P=0.019, respectively). Con-
versely, pT1/pT2 tumours did not show significantly
higher levels of COX2 expression than BPH samples
(P=0.41). COX2 expression was not significantly differ-
ent between tumours from patients that had metastases
absent or present at diagnosis (Table 2). When the
tumours from patients with metastases were split by
tumour group (pT1/pT2 or pT3/pT4), no significant dif-
ference in COX2 expression was noted (P=0.31).
High (histoscore>150) or low (histoscore<150)
COX2 expression was not related to the Gleason sum of
the primary tumour (P=0.54), serum PSA level at
diagnosis (P=0.46) or overall survival (P=0.65) in this
patient cohort.

3.2. HER2 amplification and overexpression

No abnormalities of HER2 gene copy number, chro-
mosome 17 copy or HER2 gene:chromosome ratio were
observed in the BPH tissues. Only 8% (7/89) of cases of
prostate cancer showed HER2 gene amplification (ratio
of HER2:chromosome 17 >2.0). All amplifications
observed were low level (ratio L3), with the exception of
one sample whose ratio was 10. In 39% of tumours, an
increased copy number for HER2 was observed, whilst
in 47% of cases aneusomy of chromosome 17 was
observed (P<0.005 and P<0.005 versus BPH, respec-
tively) (Table 3). The frequency of altered HER2 gene
copy number, chromosome 17 copy number or HER2
amplification was not significantly different between
Table 1

Patients’ age and follow-up information
Pathology

(number in group)
Median age in years

(interquartile range)
Mean

Gleason

sum (SD)
Percentage

death (Pca)
Mean

follow-up

(months) (SD)
Time to

death

(months) (SD)
BPH (28)
 75 (71–75)
 N/A
 4 (1/28)
 59 (10)
 38 (7)
pT1 or pT2 (53)
 64 (60–63)
 6 (2)
 30 (16/53)
 66 (27)
 44 (15)
ppT3 or pT4(36)
 73 (63–76)
 7 (2)
 42 (15/36)
 58 (24)
 42 (26)
Non-metastatic (67)
 64 (61–74)
 6 (2)
 28 (19/67)
 68 (27)
 44 (23)
Metastatic (22)
 74 (68–80)
 7 (1)
 55 (12/22)
 40 (33)
 24 (6)
BPH, benign prostatic hyperplasia; N/A, not available. Percentage death=percentage of patients dying from prostate cancer during the follow-up

period; Pca=number of prostate cancer-specific deaths. N.B. One BPH patient subsequently developed prostate cancer.
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tumour groups (pT1/pT2 tumours or pT3/pT4 tumours)
or between tumours from patients with and without
metastases at diagnosis (Table 3). When tumours from
patients with metastases were analysed by primary
tumour stage (pT1/pT2 tumours or pT3/pT4 tumours),
no significant difference was seen for the frequencies of
abnormal HER2 gene copy number, chromosome 17
copy number or HER2 amplification (P=0.2, P=0.68
and P=0.82, respectively).
No significant differences were observed in the PSA
levels at diagnosis, Gleason sum of the primary tumour
or patient survival between tumours with or without
aneusomy chromosome 17, abnormal HER2 copy
number or HER2 amplification.
No BPH samples expressed HER2 protein and only
12% (11/89) of the tumour samples expressed the HER2
protein. All samples that expressed HER2 protein did
so at very low levels (median histoscore 10, interquartile
range 10–20). HER2 protein expression did not corre-
late with HER2 gene copy number or amplification
(P=0.63 and P=0.71, respectively). Eleven samples
had transitional cells, and 45 exhibited HER2 expres-
sion in the transitional cells, at levels higher than that
seen in epithelial tumour cells (median histoscore of 80,
interquartile range of 30–90).

3.3. HER2 and COX2

There was no correlation observed with either chro-
mosome 17 copy number, HER2 copy number or HER2
amplification and COX2 expression (P=0.4, P=0.36
and P=0.62, respectively). However, tumours with an
increased HER2 copy number exhibited significantly
higher COX2 expression than tumours with a normal
HER2 copy number (Table 4). However, there was no
significant difference in COX2 expression between
tumours with and withoutHER2 amplification or normal
and abnormal chromosome 17 copy number (Table 4).
4. Discussion

Prostate cancer is the second most frequent cause of
male cancer-related deaths in the United States of
America (USA) and Western Europe [35]. Resistance to
hormone therapy is related to a significant proportion
of prostate cancer deaths with few therapeutic options
available thereafter [36,37].
The prognostic significance of HER2 in breast cancer
is now well established [18]. Controversy remains
regarding the significance HER2 in prostate cancer. Our
data showing HER2 amplification in 8% of prostate
cancers (using FISH and IHC methods used for HER2
diagnosis in breast cancer) suggests that HER2 is not
involved in early prostate cancer and is in agreement
with the data of Mark and colleagues who assessed
HER2 amplification using identical methods [17]. Ross
Table 2

COX2 Protein expression
Median

histoscore
Interquartile

range
P value
BPH (28)
 151
 111–190
 0.041
Tumour (86)
 172
 138–221
pT1 or pT2 (49)
 152
 135–192
 0.019
pT3 or pT4 (37)
 207
 155–242
Non-metastatic (46)
 170
 135–226
 0.62
Metastatic (22)
 182
 154–207
P values represent differences between either BPH and all tumours,

pT1/2 and pT3/4 cancers or metastatic versus non-metastatic cases at

diagnosis by the Dunnett’s t-test.
Table 3

HER2 and chromosome 17 FISH results
Chromosome 17
 HER2
 Amplified

HER2
BPH (28)
 0% (0)
 0% (0)
 0% (0)
Tumour (89)
 47% (42)
 39% (35)
 8% (7)
P values
 <0.005
 <0.005
 0.27
pT1 or pT2 (53)
 51% (27)
 32% (17)
 8% (4)
ppT3 or pT4 (36)
 42% (15)
 50% (18)
 8% (3)
P values
 0.51
 0.13
 1.00
Non-metastatic (67)
 43% (29)
 42% (28)
 6% (4)
Metastatic (22)
 60% (13)
 32% (7)
 14% (3)
P values
 0.29
 0.56
 1.00
FISH, fluorescent in situ hybridization.

Percentage of cases with polysomy 17 (chromosome 17), increased

HER2 copy number (HER2) or HER2 gene amplification (amplified

HER2), figures in brackets represent actual number of cases in each

instance. P values represent differences between either BPH and all

tumours, PpT1/2 and ppT3/4 cancers or metastatic versus non-meta-

static cases at diagnosis by Fisher’s exact test.
Table 4

COX2 expression compared with the FISH results
Median
 Interquartile

range
P value
Chromosome 17 copy number
Normal
 178
 135–221
 0.601
Abnormal
 170
 142–219
HER2 copy number
Normal
 155
 135–195
 0.034
Abnormal
 195
 146–230
HER2 amplification
Not amplified
 170
 137–220
 0.757
Amplified
 181
 144–221
Analysis of COX2 expression categorised by FISH results. No sig-

nificant different in COX2 expression was observed between HER2

amplified and non-amplified tumours, nor between chromosome 17

normosomic and aneusomic cases. However, COX2 expression was

significantly higher in tumours with increased HER2 copies (Dunnett’s

t-test).
J. Edwards et al. / European Journal of Cancer 40 (2004) 50–55 53



and colleagues reported 41% of prostate tumours with
an amplified HER2 [20]. However, the FISH method
employed only assessed the HER2 copy number. We
also found an elevated HER2 copy number in 40% of
the tumours, but when this was corrected for chromo-
some 17 aneusomy, the most of these cases were not
amplified. Three other studies found no HER2 amplifi-
cation [30,31,38], although this may be due to sampling
errors. Bubendorf and colleagues [31] disregarded
amplification ratios of >2<3.0 (in contrast to current
clinical diagnostic criteria), these criteria would have
excluded 5/7 cases defined in this study. We conclude
that HER2 amplification is not a frequent event in pri-
mary prostate tumours. However, HER2 amplification
has been linked to the development of hormone-resis-
tant prostate cancer [21].
HER2 protein expression was rarely seen in our
cohort and was only ever present at very low levels.
These results confirm data reported by Sanchez and
colleagues and Jorda and colleagues, both of which used
the DAKO HercepTest and reported a low level of
HER2 expression in primary prostate tumours (2.6%
and 15% weakly positive, respectively) [38,39]. We
observed HER2 protein expression in 12% of tumours.
However, this was never seen at a level above 1 plus
staining (>10% of nuclei with weak positivity) if scored
using the HercepTest criteria as used by Sanchez and
colleagues [38]. They reported that when antigen retrie-
val was altered and the incubation time of the primary
antibody was doubled, positive staining increased from
2.6% (1 specimen) to 40% (19 specimens) [38]. How-
ever, the clinical significance of this finding is unclear.
This may explain why other studies using different anti-
bodies and alternative antigen retrieval techniques have
reported higher HER2 expression levels [26,27].
Extending epitope retrieval times sensitises the
immunohistochemical method and allows the detection
of lower levels of antigens. This would suggest that levels
of HER2 expression in prostate cancer are indeed sig-
nificantly lower than observed in breast and other tumour
types. Therefore, unlike breast cancer, HER2 staining
using the exact method outlined by the UK breast cancer
HER2 diagnostic laboratories is usually of weak inten-
sity, casting doubt on the usefulness of a HER2-targeted
therapy for the treatment of primary prostate cancer. In
addition, unlike breast cancer, HER2 amplification or
increased copy number does not appear to drive increased
HER2 protein expression in this cohort. Even in the sin-
gle case with a high level of HER2 amplification, no sig-
nificant HER2 expression was observed using the
Herceptest. Recently, it has been suggested that HER2 is
only commonly overexpressed in tumours following the
development of resistance to hormonal therapy [28,32]. If
this is proven to be the case, then HER2-targeted thera-
pies may be of use in treating patients following the
development of resistance. We are therefore currently
investigating HER2 expression in a cohort of 54 patients
with tumour samples available both before and following
the development of resistance.
Our study confirms that COX2 expression is elevated
in prostate cancer [10,12,13] and that expression levels
increase with tumour stage. Whilst Madann and collea-
gues reported COX2 expression is significantly higher in
poorly differentiated tumours (Gleason scores 8–12)
compared with well differentiated tumours (Gleason
scores 1–3) [12], we observed no correlation to the
Gleason sum in our study. No well differentiated
tumours (Gleason score <3) were included and there
was no significant difference in COX2 staining between
moderately and poorly differentiated cancers in their
study [12]. COX2 expression was normally distributed
in the locally advanced tumour specimens (i.e. stage pT3
or pT4). pT1 or pT2 (organ-confined) tumours did not
show an increased COX2 expression when compared
with BPH. The increase in COX2 expression between
tumour groups appears to be stage related and not
related to grade or the presence of metastasis at diag-
nosis. The Gleason sum between the two tumour groups
is was significantly different (Table 1) and COX2 expres-
sion was unaltered by the presence ofmetastasis (Table 2).
Therefore, COX2 may be a potential therapeutic target
for prostate cancer. COX2 inhibitors are currently in
clinical trials for treatment of other solid tumours, e.g.
colorectal cancer [9] and may have a role to play in the
treatment of prostate cancer if given to the appropriate
subset of patients with a high expression of this enzyme.
It has been suggested that COX2 inhibitors could
decrease angiogenesis, via decreased PGE2 and VEGF
production [13]. We are currently investigating links
between COX2 and angiogenesis in prostate cancer.
We found no correlation between COX2 expression
and HER2 amplification or expression, suggesting that
COX2 expression is not driven by HER2 in prostate
cancer. COX2 expression is independent of HER2
expression in ovarian cancer [40] and recent evidence
also suggests that the association in breast cancer is
weaker that was previously thought to be the case
[11,22]. It is possible that in prostate cancer another
member of the HER family (possibly EGFR or EGFR-
vIII) is responsible for regulating COX2 expression. In
summary, COX2-targeted therapies may have a role to
play in the treatment of a subset of locally advanced
prostate cancer patients. However, HER2 does not
appear to regulate COX2 expression in this patient
cohort and further investigations are necessary to estab-
lish what regulates COX2 expression in prostate cancer.
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