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Abstract
Biochemical and genetic changes precede histologically identifiable changes accompanying
cell transformation often by months or years. De-expression of the extracellular matrix
adhesive glycoprotein tenascin and the cell-to-cell adherent protein E-cadherin have been
suggested as markers of early neoplastic change in prostate epithelial cells. Previous
studies have been inconclusive, probably due to epitope masking. This study examined
2378 biopsy cores from 289 prostates using a heat antigen retrieval protocol at low pH
to improve the accuracy of detection. Tenascin and E-cadherin de-expression was correlated
with purinergic receptor and telomerase-associated protein labelling, as well as prostate-
specific antigen (PSA) levels and Gleason scores. E-cadherin was a poor marker, as it
was expressed in all lesions except carcinomas of the highest Gleason score. Tenascin
was maximally expressed in the extracellular matrix and acinar basement membrane in
normal and prostatic intraepithelial neoplasia tissue. In prostate cancer tissue, tenascin
expression did not correlate with Gleason score but was significantly de-expressed as
purinergic receptor and telomerase-associated protein expression increased. Marked changes
in tenascin, telomerase-associated protein, and purinergic receptor expression were apparent
before any histological abnormalities were visible by haematoxylin and eosin (H&E) stain,
making these potential markers for early and developing prostate cancer. Moreover, the
potential increased accuracy of diagnosis of underlying prostate cancer using purinergic
receptor translocation (PRT) assessment suggests that PSA levels may be more accurate
than has generally been supposed when apparent false negatives arising from H&E-based
diagnoses are correctly categorized. Copyright  2003 John Wiley & Sons, Ltd.
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Introduction

To become invasive, prostate cancer cells must first
penetrate histological barriers such as the acinar base-
ment membrane proteins and extracellular matrix
adhesive glycoproteins. In prostatic intraepithelial neo-
plasia (PIN), neoplastic acinar epithelial cells are pre-
vented from invading the interstitium by basement
membrane components such as collagen IV, laminin,
fibronectin, CD44, and heparan sulphate proteoglycan
(perlecan) [1]. Other proteins may also be involved in
the prevention of interstitial invasion. Tenascin is an
adhesive glycoprotein found in both the extracellular
matrix and the acinar basement membrane. E-cadherin
is another adhesion protein that surrounds each aci-
nar epithelial cell. These proteins have been proposed
as markers for the invasive process [2]. However,
inconsistent results have been obtained when expres-
sion levels have been measured, possibly due to epi-
tope masking.

The tenascin literature is ambiguous. Some work-
ers have proposed that tenascin is involved in the
maintenance of normal prostatic stromal–epithelial

homeostasis [3] and protects against the effects of neo-
plasia. This view is supported by studies that show
that tenascin is secreted by stromal cells and fibrob-
lasts, but not by prostate cancer cells [4,5]. In this
scenario, tenascin acts as a defence mechanism against
the degradation of basement membrane components by
neoplastic metalloproteases [6–9]. Similarly, studies
have shown that patients with high tenascin expres-
sion have a better long-term survival than patients with
weak or absent tenascin expression [10]. Conversely,
other studies indicate that tenascin is secreted by can-
cer cells and that tenascin expression is required for
stromal invasion [11–14]. Another study suggested
that tenascin immunoreactivity does not appear to
correlate with currently used prognostic indicators at
all [15]. Perhaps these contradictory results reflect the
inherent difficulty in reliably labelling the tenascin epi-
tope. This may be due to the incorporation of tenascin
in fibronectin matrix fibrils, under the control of hep-
aran sulphate glycosaminoglycans and its proteogly-
can core perlecan, causing masking of the epitope
in both the basement membrane and the extracellular
matrix [16].
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Similarly, reports of E-cadherin expression in can-
cer have been contradictory. Cadherins are a fam-
ily of glycoproteins that act as ‘glue’ between adja-
cent epithelial cells. Suggestions have been made
that prostate cancer cells induce de-expression of E-
cadherin, which is associated with de-differentiation,
invasion, and metastasis [17,18]. The prostate carci-
noma cell line PC-3N also demonstrates loss of E-
cadherin [19]. Another study found consistent loss
of E-cadherin expression with increasing tumour
grade [20]. Conversely, other studies have shown
that E-cadherin expression is increased in metastatic
prostate cancer [21,22] and in invasive prostate can-
cer tissue [23]. In view of these contradictory reports,
the use of E-cadherin as a prognostic indicator has
been questioned [24,25].

Telomerase is a ribonucleoprotein enzyme that can
synthesize telomeres, restoring chromosomal length
after cell division and leading to cellular immortal-
ization. It has long been associated with carcino-
genesis, although the nature of this relationship is
not entirely clear. In at least one study, immortaliza-
tion of cells by telomerase does not appear to con-
fer other changes associated with malignancy [26]. In
fact, low levels of activity have been noted in normal
lung, oral mucosa, skin, oesophagus, stomach, colo-
rectum, pancreas, prostate, bladder, kidney, cervix, and
vulva. These normal tissue samples were often taken
adjacent to tumours, however [27], suggesting that
there may be a ‘field effect’ of biochemical changes
associated with transformation that is not detectable
using common histological stains. The authors have
described a similar field effect in prostate cancer, using
the three patterns of purinergic receptor translocation
(PRT) [28]. Similarly, another study found telomerase
activity in prostate cores diagnosed with benign pro-
static hyperplasia where a focus of established cancer
existed elsewhere in the same prostate [29]. Other
studies have noted telomerase activity in epithelial
cell cancers, premalignant lesions, and sun-exposed
skin [30]. Conversely, a study in breast cancer found
that only 24 of 34 (71%) infiltrating breast carcino-
mas (type not stated) were positive for telomerase and
that no activity was seen in adjacent tissue areas or in
benign lesions [31]. The telomerase antibodies used in
all of these studies were raised against a sequence in
hTERT. In an effort to clarify the role of telomerase,
we used an antibody raised against a novel segment
of the telomerase-associated protein hTP1.

In the present study, heat and enzymatic antigen
retrieval techniques were used with a range of pH
values in order to develop a protocol that enabled
reliable labelling of tenascin and E-cadherin. Once the
optimum protocol was established, serial sections of
each block were immunolabelled for the neoplastic
markers P2X1–2 and hTP1, as well as tenascin, E-
cadherin, and the standard haematoxylin and eosin
(H&E) stain. Labelling for P2X1–2 was included
because of its recent discovery as a consistently
reliable marker for the initial biochemical changes

indicating very early neoplastic transformation in the
prostate [28].

Materials and methods

We examined 2378 cores taken from different areas
of the prostates from 289 patients. We have expressed
the results by case rather than core by core, as the
Gleason score takes into account all the examined
cores while PRT exhibits a field effect, with the same
PRT pattern being seen in all the cores of the same
case. A total of 23 cases were confirmed as normal;
77 as preneoplastic or very early neoplastic (by
PRT assessment), including PIN; and 189 contained
carcinoma. Of the Gleason-scored cancer cases, 3%
were low grade (Gleason score 4 or lower), 85% were
medium grade (Gleason score 5–7), and 12% were
high grade (Gleason score 8–10). Tissue samples
were supplied as 4–5 µm paraffin-embedded sections
from prostate core biopsies on glass slides. These
were dewaxed in two changes of fresh Histoclear
for 10 min each and rehydrated. The sections were
incubated for 5 min in 0.3% hydrogen peroxide in 1%
bovine serum albumin in phosphate-buffered saline
(PBS) and washed in PBS three times, 5 min per
wash. Approximately serial sections from each case
were labelled without antigen retrieval, as well as with
enzyme and heat antigen retrieval protocols at high
(10), low (2), and physiological (7) pH.

For enzymatic retrieval, the contents of one packet
of pepsin (DAKO Corp, Carpinteria, CA, USA) were
dissolved in 500 ml of 0.2 N HCl. This solution was
preheated in Coplin jars to 37 ◦C in a convection
oven. The deparaffinized and H2O2-treated slides were
placed in Coplin jars for 15 min at 37 ◦C. They were
then removed and washed in distilled water.

Heat antigen retrieval (HAR) was carried out in
Target Retrieval Solution (DAKO Corp, Carpinteria,
CA, USA). Solutions at pH 10.0, 7.0, and 2.0 were
prepared. Slides were tested at 100 ◦C for 10 min,
90 ◦C for 30 min, 80 ◦C for 50 min, and 70 ◦C for
1 h at each pH. The slides were allowed to cool
to room temperature and then washed in buffer.
Thereafter, they were placed in a solution of 5%
normal horse serum (0.5 ml of horse serum in 10 ml
of PBS) and washed in PBS for 2 min, to block non-
specific labelling.

Production of hTP1 antiserum

The consensus sequence of human telomerase-associa-
ted protein (TP1) [32] was examined for suitable
epitopes. A segment in the C-terminal domain corre-
sponding to the segment Cys2524–Glu2540 was cho-
sen and the peptide synthesized using standard t-BOC
chemistry on an ABI synthesizer [33]. After HPLC
purification, the peptide was cross-linked to diphtheria
toxin using maleimidocaproyl-N -hydroxysuccinimide.
The peptide–antigen conjugate was suspended in
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water at 5 mg/ml and aliquots were emulsified by mix-
ing with Complete Freund’s Adjuvant. Emulsion vol-
umes of 1 ml containing 2 mg of peptide epitope were
injected intramuscularly into a sheep, with second
and subsequent boosts at intervals of 6 weeks using
Incomplete Freund’s Adjuvant. Bleeds via venepunc-
ture were obtained after 12 weeks when adequate anti-
body titres had been obtained. The blood was incu-
bated at 37 ◦C for 30 min and stored at 4 ◦C for 15 h,
after which the serum was collected following cen-
trifugation and stored at −20 ◦C in small aliquots. Sera
were tested with an ELISA assay. The titre of the anti-
body used in the experiments, defined as the reciprocal
of the serum dilution resulting in an absorbance of
1.0 above background in the ELISA assay, was in the
range 82 000 ± 3300, compared with 225 ± 25 for pre-
immune serum. Specificity of the hTP1 antibody was
demonstrated by pre-incubating tissue slides otherwise
found positively stained with 10 µM of the peptide epi-
tope for 10 min prior to the normal addition of the
primary antibody. All such slides were devoid of all
stain of the type shown in Figure 2B, compared with
positive stain of the type shown in Figure 1C.

The sections were then labelled with either an equal
amount of rabbit anti-human P2X1 and P2X2 or sheep
anti-human TP1, respectively, at a concentration of
1 : 100 in PBS for 30 min. Sections labelled with
monoclonal anti-human tenascin (clone BC-24; Sigma,
MO, USA) or monoclonal anti-E-cadherin (Zymed,
San Francisco, CA, USA) were treated with HAR
at 90 ◦C for 50 min. Slides were then washed three
times in PBS for 10 min each, followed by a 30-min
incubation with a 1 : 100 dilution of HRP-conjugated
rabbit anti-mouse or donkey anti-rabbit secondary
antibody (Dako, Carpinteria, CA, USA). All slides
were then washed three times in PBS for 10 min
each, visualized using a 0.05% solution of diamino-
benzidine (DAB) for 10 min, washed, dried, and
mounted in Entellan mounting medium (Merck). No
counterstaining was used. In addition, approximately
serial sections were stained with a standard H&E
protocol. For practical, ethical, and legal reasons,
only formalin-fixed, paraffin-embedded biopsies from
previously diagnosed cases were used.

Method controls

Tissue that was previously known to stain positively
for each respective antibody was used as a positive
control. Negative controls for each labelling parame-
ter were established by incubation with mouse IgG
or either sheep or rabbit pre-immune serum (1 : 25
dilution) in BSA in PBS and also by omission of
the primary antibodies. In each case, this procedure
resulted in a complete absence of labelling. The sec-
tions were also incubated with a monoclonal antibody
of the IgM isotype, which does not react with any
known human protein (Silenus), as IgM aggregates
may sometimes cause non-specific labelling. This pro-
cedure also resulted in no apparent labelling.

Labelling intensity quantitation

Actual levels of antigen were not quantified in this
study, but rather relative differences in labelling inten-
sity were determined using a standardized protocol.
Differences in relative labelling density were measured
using previously published methods [34,35]. In short,
sections to be compared were labelled at the same
time, using a single protocol. A Leica DC 200 digital
camera using Leica ‘DC Image’ capture software was
mounted on a Leitz Diaplan research microscope. The
illumination remained fixed at 5 V. The exposure com-
pensation option of the camera was deactivated and the
resolution set at 1798 × 1438 dpi. These precautions
ensured that all the images were taken under identical
conditions and could therefore be validly compared.
Images were saved in TIFF format, transferred to a
Macintosh G4 computer, and opened without alter-
ation directly into NIH Image 1.6 (Wayne Rasband,
http://rsb.info.nih.gov/nih-image/). This resulted in an
image of each acinus that occupied approximately half
the field of view. Using the freehand selection tool, the
prostatic epithelium component (only) of each acinus
was selected and the labelling intensity of the image
analysed, resulting in mean and standard deviation val-
ues. The reproducibility of epithelial tissue selection
was tested by outlining a single defined area of epithe-
lium ten times, resulting in a variation coefficient of
only 1.0%. The alternative Welch t-test (two-tailed p
value) was chosen for analysis of the data because it
does not rely on the assumption that the sampled popu-
lations have equal standard deviations. It is more con-
servative than Student’s t-test and results in a higher p
value and a wider confidence interval. The null hypoth-
esis was that the two population means were equal.

Results

Tenascin was abundant in the extracellular matrix
and basement membrane in all normal tissue, tissue
diagnosed with PIN, and in all cores showing features
of PRT 1, indicating early neoplastic change [28], but
was essentially absent in higher-grade cancer tissue
from Gleason score 4. Detection of tenascin in the
basement membrane was unsurprising since its co-
localization with fibronectin fibrils has previously been
reported [16] and is probably the source of the widely
encountered epitope masking problems.

Routine immunoperoxidase protocols resulted in
inconsistent and/or low levels of labelling for both
tenascin and E-cadherin. Enzyme (pepsin) retrieval
caused marked protein precipitation and unacceptable
levels of damage to both the tenascin- and the E-
cadherin-labelled tissue. Reproducible labelling was
only possible using a heat antigen-retrieval (HAR)
protocol at 90 ◦C for 30 min at pH 2.0. HAR at temper-
atures of 100 ◦C or above caused protein precipitation
and tissue damage, although less than with the enzy-
matic methods. Of the time and temperature ranges
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used, 90 ◦C for 30 min produced optimal results. HAR
at pH 10.0 and pH 7.0 did not improve labelling, but
HAR at pH 2.0 dramatically improved the labelling
intensity of both tenascin and E-cadherin, even where
no label had been noted using routine protocols. With-
out the use of HAR, labelling was inconsistent or
absent for both proteins. Controls demonstrated that
these results were due only to the combination of HAR
and immunoperoxidase labelling, not to the HAR pro-
cedure itself.

In the present study, a significant reduction in
tenascin expression was apparent in PRT 2 tissue
and little or no tenascin labelling could be observed
in PRT 3 tissue. We have previously demonstrated
that P2X immunolabelling of prostate detected early
neoplastic biochemical changes in apparently normal
tissue [28]. This reduction in tenascin labelling did
not correlate well with the Gleason score, as reduced

expression was often already complete in tissue with
a low Gleason score. Both tenascin and PRT labelling
exhibited a field effect, in that while the H&E appear-
ance of the tissue varied in different locations of
the prostate, both purinergic receptor expression and
tenascin degradation were seen throughout the tissue.
Telomerase-associated protein expression (TP1) com-
pletely mimicked that of the P2X1–2 receptors. In con-
trast, E-cadherin labelling around each epithelial cell
remained intact in tissue that was normal, benign pro-
static hyperplasia (BPH), or showed evidence of PIN,
as well as in all prostate carcinomas except those of the
highest Gleason scores. An example of the PRT and
TP1 labelling is shown in Figure 1. An apparently nor-
mal core (by H&E stain, Figure 1A) is from a prostate
that contained a tumour. The PRT stain (Figure 1B) of
a serial section of the same core shows type 2 label
(PRT 2) or cytoplasmic stain in the acinar epithelial

A B

C D

Figure 1. (A) One of three cores taken from a 47-year-old patient diagnosed as normal. In this core, no neoplastic features are
evident. H&E stain. (B) The same histological area in approximate serial section, labelled with anti-P2X1– 2. The labelling features
are those of PRT 2, as the anti-P2X1−2 label is translocating through the cytoplasm. (C) The same histological area in approximate
serial section, labelled with anti-telomerase-associated protein antibody. The labelling features are similar to those of the PRT label
in the previous micrograph. Bar = 30 µm. (D) High-power micrograph of an acinus from the same core, labelled with anti-P2X1– 2
antibody. Note that translocating P2X puncta are visible in the cytoplasm. Some nuclei have lost their label (long arrow) and some
still retain a nuclear label (short arrow). Bar = 20 µm

Copyright  2003 John Wiley & Sons, Ltd. J Pathol 2003; 199: 368–377.
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cells. Normal cells are completely unstained. Simi-
larly, TP1 label of a serial section also shows the same
cytoplasmic stain (Figure 1C). A higher-power image
in Figure 1D shows PRT label with several of the
nuclei (short arrow) stained, but with others unstained
(long arrow) as the receptors have largely moved into
the cytoplasm. While BPH/normal tissue was entirely
devoid of both P2X and TP1 labelling, early can-
cer tissue produced labelling for both sets of mark-
ers that occurred in two well-defined patterns before
the usual diagnostic histological markers of cancer
became evident by H&E stain. A third pattern (PRT
3) co-localized with obvious early prostate cancer and
took the form of an apical membrane deposition of
the label. Overall, PRT assessment therefore involves
P2X receptor expression first appearing within indi-
vidual nuclei in the acini (type 1) before progressing
to a cytoplasmic punctate label in the acinar epithe-
lium, with an associated lack of nuclear stain (type 2).
Finally, in advanced cases, where clear morphologi-
cal evidence of cancer was apparent by H&E stain,
the P2X label condensed exclusively on the apical
epithelium (type 3). Of these three types of purinergic
receptor translocation, PRT 1 and PRT 2 can occur in
the absence of identifiable morphological change and
thus appear as a field effect, whereas PRT 3 always
accompanies obvious cancer by H&E stain. Reduc-
tion in tenascin expression coincided with PRT 2 and
was effectively de-expressed in tissue showing PRT 3.
TP1 expression exactly matched that of P2X recep-
tors in the present study. In both normal tissue and
PIN, there was maximal expression of tenascin in the
extracellular matrix and basement membrane, as well
as a strong label for E-cadherin surrounding each cell.
Labelling for E-cadherin was uniformly strong along
the borders of each adjoining prostatic epithelial cell
in normal tissue, BPH, PIN, and all grades of prostate
cancer except Gleason score 8–10, where acini were
no longer identifiable.

Figure 2 shows serial sections from normal prostate
tissue. No prostatic hyperplasia was present by H&E
stain (Figure 2A). The complete lack of label for
P2X1–2 (Figure 2B) suggests that no early neoplasia
was present. Tenascin label in this tissue was strong
in the extracellular matrix and acinar basement mem-
brane (Figure 2C, arrow) and the E-cadherin label
surrounding each epithelial cell was continuous and
intense (Figure 2D).

Figure 3 shows an apparently normal cluster of acini
(by H&E stain, Figure 3A). A core from another loca-
tion in this prostate revealed the presence of prostate
cancer, Gleason score 5. Some mild hyperplasia is
seen (Figure 3A, arrow). The presence of translocating
P2X1–2 receptors in the cytoplasm (Figure 3B, arrow)
was found in all cores, representing a field effect that
suggests the presence of a tumour somewhere in this
prostate. These epithelial cells are unstained in nor-
mal tissue (cf Figure 2B). Similarly, TP1 label of a
serial section also reveals the same cytoplasmic stain-
ing pattern (not shown). Figure 3C shows tenascin

expression (arrows) that is only 38.4% (p < 0.0001)
that of normal tissue (Figure 2C). This pattern was
always accompanied by a PRT 2 P2X1–2 (Figure 3B)
labelling pattern and an identical telomerase label.
Figure 3D shows that cell-to-cell E-cadherin labelling
remains intense.

Figure 4 shows serial sections from a core biopsy
from an 81-year-old man diagnosed as having Glea-
son score 6 prostate cancer by H&E stain (Figure 4A).
The P2X1–2 receptor label type is PRT 3, ie recep-
tor expression condensed on the apical epithelium
(Figure 4B, arrow), a labelling pattern only seen in
obvious moderate–advanced cancer tissue. Figure 4C
(arrow) shows that tenascin expression in the pres-
ence of PRT 3 was only 19.0% (p < 0.0001) that
of normal tissue (Figure 2C). Despite the obvious
cancer present, the E-cadherin label remained strong
(Figure 4D), even though the histological architecture
was itself degraded in this moderate-grade cancer tis-
sue. These results are summarized in Table 1.

Correlation of PSA levels in each of the patients
at the time of biopsy was made. A total of 23 cases
were assigned normal status on the basis that there
was no PRT or TP1 label while tenascin was maxi-
mal and H&E appeared normal. The average PSA was
0.8 ± 0.1 ng/ml (mean ± SEM, range 0.1–1.8 ng/ml).
Among the 77 cases found with PRT 1 and sim-
ilar nuclear TP1 label, there was no reduction in
tenascin label and the H&E stain always appeared nor-
mal in all tissue cores. These early neoplastic cases
showed highly elevated PSA (13.2 ± 0.8 ng/ml, range
3.0–47.8 ng/ml) compared with the established nor-
mals. The bulk of the cases numbering 189 all exhib-
ited cancer with Gleason scores from 3 to 9. Each
exhibited PRT type 2 or 3 with similar TP1 and
greatly reduced tenascin. The PSA remained essen-
tially unchanged in this cohort from the PRT 1 cohort,
with a level of 13.7 ± 0.9 ng/ml with a range of
0.5–60 ng/ml. No differences were apparent due to
patient age in the cohort.

Discussion

One of the main tools of histological diagnosis is the
observation of cytological and histological change as
revealed by stains such as H&E. The present study
adds to previous work [28] that details neoplastic
biochemical changes that occur some time before
the usual histological markers are visible. The P2X,
TP1, and tenascin expression patterns described were
consistent throughout each core from a particular case.
This field effect suggests that a biopsy does not have
to sample directly the few cells that exhibit visible
cancer for the presence of the tumour to be detected.
E-cadherin expression was not altered by neoplasia.
All normally sampled areas of an affected prostate
exhibit the changes described, with PRT 1 present
months to years before cancer becomes detectable by
H&E stain.
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A

D

B

C

Figure 2. (A) A prostatic epithelial acinus from a 76-year-old patient. This core biopsy was originally diagnosed as being normal,
with areas of benign prostatic hyperplasia (BPH). H&E stain. (B) The same acinus in approximate serial section, labelled with
anti-P2X1– 2 antibody. No significant label was observed in epithelial cells, confirming the diagnosis. (C) The same acinus in
approximate serial section, labelled with anti-tenascin antibody. The stroma and epithelial basement membrane are strongly
labelled. (D) The same acinus in approximate serial section, labelled with anti-E-cadherin antibody. The plasma membrane of each
epithelial cell is strongly labelled. Bar = 50 µm

Early markers of neoplasia are needed to improve
the accuracy of diagnosis of prostate cancer. This dis-
ease is usually heterogeneous and multifocal, with
diverse clinical and morphological manifestations.
Current understanding of the molecular basis for this
heterogeneity is limited, particularly for PIN, the only
putative precursor that can be identified according to
morphological criteria. It is conceivable that a stem
cell of basal phenotype, or an amplifying cell, is the
target of prostatic carcinogenesis. Prominent genetic
heterogeneity is characteristic of both PIN and car-
cinoma and multiple foci of PIN arise independently
within the same prostate. The strong genetic similar-
ities between PIN and cancer strongly suggest that
evolution and clonal expansion of PIN, or other precur-
sor lesions, may account for the multifocal aetiology
of carcinoma. This observation suggests that a field

effect probably underlies prostatic neoplasia. This was
evident in the present study. It is well known that mul-
tiple foci of cancer often arise independently, lending
additional support to this hypothesis [36]. It has fur-
ther been suggested that populations of secretory cells
in a state of early neoplasia compound the absence of
key genome protective mechanisms, thus setting the
stage for an accumulation of genomic alterations and
instability in high-grade PIN. This action occurs along
with activation of telomerase, resulting in an immortal
clone capable of developing into invasive carcinoma.
Such a model predicts that genome protection remains
intact in BPH, minimizing its malignant potential [37].

Apoptosis, a type of programmed cell death, is a
decisive mechanism in cell processes such as home-
ostasis, development, and many diseases including
cancer. The process of apoptosis is characterized

Copyright  2003 John Wiley & Sons, Ltd. J Pathol 2003; 199: 368–377.
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A B

C D

Figure 3. (A) A micrograph of a prostate biopsy core from a 57-year-old patient diagnosed as having Gleason grade 3 + 3 = score 6
carcinoma with areas of benign prostatic hyperplasia (BPH). The appearance of tissue in this particular core is normal, with
some mild hyperplasia (arrow). H&E stain. (B) The same histological area in approximate serial section, labelled with anti-P2X1– 2
antibody. The features of PRT 2 (cytoplasmic puncta) are present in the acinar epithelium (arrow), indicating the presence of
tumour in another area of the prostate. (C) The same histological area in approximate serial section, labelled with anti-tenascin
antibody. The anti-tenascin label was only 38.4% (p < 0.0001) that of normal in the ECM, compared with normal tissue, and there
were extensive breaks in the continuity of the basement membrane (arrows). (D) The same histological area in approximate serial
section, labelled with anti-E-cadherin antibody. The appearance is that of hyperplasia. The plasma membrane of each epithelial cell
is strongly labelled. Bar = 20 µm

Table 1. A total of 289 prostate cases comprising 2378 cores were examined, average age
72 ± 9 years. Each core was labelled for PRT, TP1, H&E, tenascin, and E-cadherin

H&E, TP1, and
PRT typing No of cases Tenascin labelling E-cadherin labelling

Normal by H&E 23 (8%) Maximal Maximal
PRT −ve, TP1 − ve
Normal by H&E 77 (27%) Maximal Maximal
PRT 1, TP1 + ve
Gleason score 3–4 6 (2%) Only 38.4% that of normal.

Accompanied by PRT2
Maximal

PRT 2–3, TP1 + ve
Gleason score 5–7 160 (55%) Only 19.0% that of normal.

Accompanied by PRT3
Maximal

PRT 2–3, TP1 + ve
Gleason score 8–10 23 (8%) 8.6-fold decrease with PRT 3 Architecture degradation =
PRT 3, TP1 + ve antibody de-expression

Copyright  2003 John Wiley & Sons, Ltd. J Pathol 2003; 199: 368–377.
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A B

C D

Figure 4. (A) One of three cores taken from a 61-year-old patient also diagnosed as having Gleason grade 3 + 3 = score 6
carcinoma. In this core, neoplastic features are evident by H&E stain. (B) The same histological area in approximate serial section,
labelled with anti-P2X1– 2 antibody. The labelling features are those of PRT 3, as the anti-P2X1– 2 label is concentrated on the
apical epithelium (arrow). (C) The same histological area in approximate serial section, labelled with anti-tenascin antibody. The
anti-tenascin label was only 19.0% (p < 0.0001) that of normal in the extracellular matrix, compared with normal, and completely
absent in the acinal basement membrane (arrow). (D) The same histological area in approximate serial section, labelled with
anti-E-cadherin antibody. The plasma membrane of each epithelial cell is strongly labelled. Bar = 20 µm

by specific biochemical and morphological changes.
At present, there is convincing evidence that a sus-
tained increase in intracellular Ca2+ can activate cyto-
toxic mechanisms in various cells and tissues. Among
these ionic channels, the P2X purinoreceptors and the
channels of capacitative entry of calcium have been
described. Pro- and anti-apoptotic molecules such as
bax and bcl-2, respectively, have also been shown
to participate in the process [28,38]. Direct injection
of the rat prostate with an adenoviral vector that
expresses Fas ligand (AdFasL/G) also results in rapid
apoptosis in primary prostate epithelial cells through-
out the gland [39].

Following damage to one or more of the four classes
of regulatory genes — the growth-promoting proto-
oncogenes, cancer-suppressor genes (anti-oncogenes),

apoptosis-regulating genes, or DNA-damage repair
genes, neoplastic growth may occur. This process is
often accompanied by abnormalities in the expres-
sion of oncoproteins such as PDGF, FGF, EGF,
CSF-1, transcriptional activators, transducing proteins,
cyclins, and their receptors [40]. DNA-damage repair
is crucial to prevent the proliferation of neoplas-
tic cells. The DNA base excision repair pathway is
responsible for the repair of cellular alkylation and
oxidative DNA damage. A crucial step in the BER
pathway involves the cleavage of baseless sites in
DNA by an apurinic/apyrimidinic or baseless (AP)
endonuclease (Ape1/ref-1). Ape1/ref-1 is dramatically
elevated in prostate cancer. The level of staining for
Ape1/ref-1 increases from low in BPH to intense in
PIN and cancer, and there is an increase in the amount
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of Ape1/ref-1 in the cytoplasm of PIN and cancer com-
pared with BPH, with all tissue diagnosed by H&E
stain. There was no correlation with PSA values [41].
The use of cDNA microarrays with labelled cDNA
from tumour samples obtained from TURP or radical
prostatectomy has identified many up-regulated tran-
scripts. Novel prostate cancer associations for several
well-characterized genes or full-length cDNAs were
identified, including PLRP1, JM27, human UbcM2,
dynein light intermediate chain 2, and the human
homologue of rat sec61. Novel associations with
high-grade PIN included breast carcinoma fatty acid
synthase and cDNA DKFZp434B0335 [42]. Tissue
microarray technology also promises to enhance clin-
ical diagnosis and tissue-based molecular research
greatly by allowing improved conservation of tissue
resources and experimental reagents, improved inter-
nal experimental control, and increased sample num-
bers per experiment [43].

The present study demonstrates that P2X1–2 and
TP1 in particular and tenascin expression to a lesser
extent may prove to be reliable markers of early neo-
plastic transformation, while E-cadherin is unsuitable
for this purpose. Moreover, the increased accuracy of
diagnosis of underlying prostate cancer using the PRT
typing process suggests that PSA levels are actually far
more accurate than has generally been supposed when
the false negatives arising from H&E-based diagnoses
of sampled tissue that missed existing tumours are
correctly categorized. New trials of the reagents are
needed to validate further this approach.
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